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EXECUTIVE SUMMARY 

 

 

This Injury Assessment Plan is intended to describe the Hanford Trustees’ current 
understanding of the studies necessary to determine and quantify contaminant-related 
injury to Hanford Site natural resources and to assess associated service losses.   

The identified studies, which are summarized in Exhibit ES-1, include efforts to carefully 
evaluate existing information as well as efforts designed to generate new information 
relevant to natural resource injury determination and quantification.    

The Trustees have selected these studies and produced this document as part of their 
duties in connection with the ongoing Hanford natural resource damage assessment 
(NRDA).  The following paragraphs describe the purpose and need for a NRDA, identify 
opportunities for public involvement, describe the identity and role of the Trustees (who 
work on behalf of the public), provide more information about NRDA, and briefly 
summarize the events and general processes undertaken by the Trustees that resulted in 
the selection of the indicated studies.   

 

Public lands, waters, air, and living resources are held in trust for the benefit of all people 
and future generations.  Since the 1970s, the U.S. Congress has enacted a number of 
statutes to protect and manage the natural resources that belong to all Americans.  Certain 
of these statutes designate natural resource Trustees.  These Trustees serve as stewards of 
natural resources on behalf of the public, identifying potential natural resource injuries 
and restoring resources when they are threatened or harmed by releases of hazardous 
substances.  In the case of Hanford, designated Trustees include several Federal agencies 
as well as states and tribes.  

Since 1943, activities on the Hanford Site in south-central Washington have resulted in 
the widespread release of a large volume of radiological and other hazardous contami-
nants into the environment. Cleanup of the Site began around 1989 and will continue for 
several more decades.  While cleanup efforts continue, the Hanford Natural Resource 
Trustees are conducting a natural resource damage assessment.  

PURPOSE AND NEED  
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EXHIBIT ES-1   SUMMARY OF INJURY ASSESSMENT STUDIES   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: The studies for quantifying lost services due to injury to geological  and groundwater resources, and the study for quantifying lost human use services are listed 

here for illustrative purposes and are not unique studies described in Chapter 7; these studies will be completed using the results of the other resource-specific studies.  

The numbers in parentheses indicates the priority group of each study, as described in the text. Additional studies may be added to this list. 
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The goal of the NRDA is to restore, replace, or acquire the equivalent of natural 
resources that have been injured as a result of the release of hazardous substances.  

 

As defined by the Department of the Interior’s (DOI) regulations implementing the 
damage assessment provisions of the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA), the purpose of this Plan is to outline the 
approach the Hanford Trustees will take to assess injuries to natural resources stemming 
from releases of Site-related hazardous substances. The development of a Plan is 
intended to ensure that the natural resource damage assessment is conducted in a planned 
and systematic manner and at a reasonable cost (43 CFR § 11.30(b)).  This Injury 
Assessment Plan describes ongoing and anticipated studies designed to evaluate past, 
current, and future natural resource injury and associated losses of resource services. 
Ultimately, the information collected through implementation of this Plan will inform the 
scope and scale of restoration activities needed to make the public whole for natural 
resource injuries and associated service losses.  

This Plan describes the Trustees’ current understanding of the studies necessary to 
determine and quantify injury to Site resources and resource services. The studies have 
been initially grouped into three general prioritization categories (nearer-term, middle-
term, and longer-term).  The exact timing of studies has not been determined and will 
depend on a number of considerations including but not limited to available funding.  The 
DOI regulations also provide that an assessment plan may be modified as new 
information becomes available (43 CFR § Section 11.33(e)).  Implementation of initial 
studies may result in the addition of studies to the current list, and may deprioritize 
others.  

 

The DOI regulations provide that an assessment plan, as well as any significant 
subsequent revisions that may be made to it, be made available for review and comment 
by potentially responsible parties, other natural resource trustees, other affected Federal, 
state, or tribal agencies, and any other interested members of the public for a period of at 
least 30 calendar days, with reasonable extensions granted as appropriate (43 CFR § 
11.32(c) and (e)).  

The Trustees are interested in receiving feedback on this Injury Assessment Plan. To 
facilitate this process, the Trustees are asking the public to review the Assessment Plan 
and provide feedback on the proposed approach and studies. Comments should be 

Trustees undertake natural resource damage assessments 

on behalf of the public.  The purpose of these assessments 

is to define the scope and scale of natural resource 

restoration required to make the public whole for natural 

resource injuries and associated service losses. 

PUBLIC 

INVOLVEMENT 
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submitted by December 31, 2012. These comments will help the Trustees plan and 
conduct an assessment that is scientifically valid, cost effective, and that incorporates a 
broad array of perspectives. To that end, the Trustees request that you carefully consider 
this Plan and provide any comments you may have. 

Modifications to the Assessment Plan documents may occur at any time during the 
Assessment phase as new and additional information becomes available. Such 
modifications may result in additional need for public notification and opportunities for 
comment. Minor modifications could result in public notification, but need not result in 
delay of the implementation of those modifications pending public comment (43 CFR § 
11.32(e)).   

Commenters are encouraged to submit electronic comments to 
Larry.Goldstein@ecy.wa.gov. Comments can also be sent via U.S. mail to: 

Mr. Larry Goldstein 
Hanford Natural Resource Trustee Council Chair 
Washington State Department of Ecology 
Nuclear Waste Program 
PO Box 47600 
Olympia, WA 47600 

For more information, please visit www.hanfordnrda.org. 

 

Designated Federal, state, and tribal entities are authorized to act as Trustees of natural 
resources on behalf of the public.1 In this role, Trustees may assess and recover damages 
for natural resource injuries resulting from the release of hazardous substances to the 
environment to ensure that the services that would have been provided by the injured 
resources but for Hanford Site-related contamination are restored, and the public made 
whole. Natural Resource Trustees for the Hanford Assessment Area include:  

 U.S. Department of Energy (DOE); 

 U.S. Department of the Interior (DOI) through U.S. Fish and Wildlife Service 
(US FWS); 

 U.S. Department of Commerce through the National Oceanic and Atmospheric 
Administration (NOAA);  

 State of Washington, through the Washington Department of Ecology, in 
consultation with the Washington Department of Fish and Wildlife (WDFW); 

                                                      
1 More specifically, CERCLA as amended (42 U.S.C. 9601 et. seq.), the Oil Pollution Act of 1990 (OPA) (33 U.S.C. 2701 et. 

seq.) and the Federal Water Pollution Control Act (the "Clean Water Act" (CWA)), as amended (33 U.S.C. 1251 et. seq.), 

authorize the Federal government, states, and Indian tribes to recover, on behalf of the public, damages for injuries to, 

destruction of, or loss of natural resources belonging to, managed by, appertaining to, or otherwise controlled by them (42 

CFR § 9607(f)(1); 9601(16)). Under the National Oil and Hazardous Substances Pollution Contingency Plan (NCP), when there 

is injury to, destruction of, loss of, or threat to the supporting ecosystems of natural resources, the Trustees are also 

authorized to act (40 CFR Subpart G § 300.600).  

THE HANFORD 

TRUSTEES  
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“Remediation” and “restoration” 

represent two related, but distinct 

processes under CERCLA. 

 

 State of Oregon, through the Oregon Department of Energy;  

 Confederated Tribes and Bands of the Yakama Nation (Yakama Nation); 

 Confederated Tribes of the Umatilla Indian Reservation (CTUIR); and 

 The Nez Perce Tribe.   

The Trustees have formed the Hanford Natural Resources Trustee Council (HNRTC), a 
collaborative working group chartered to address natural resources injured by Hanford 
Site releases of hazardous substances.  The Trustees have established several Technical 
Working Groups (TWGs) that provide technical expertise and guidance to the Council.   

The party responsible for discharges and releases of oil or hazardous substances at this 
site (i.e., the “responsible party”) is DOE.  DOE is also responsible for site remediation; 
in addition, as noted above, DOE is a Trustee. The Trustees have agreed to follow a 
cooperative assessment process, as recommended by the DOI Natural Resource Damage 
Assessment regulations, meaning that DOE and the other Trustees are jointly and 
collaboratively conducting the assessment, including development of this Plan. 

  

Following the release of a hazardous substance that resulted in injury to a natural 
resource or resources, CERCLA provides an avenue by which the affected sites and 
resources can be remediated and restored.  “Remediation” and “restoration” represent two 
related, but distinct processes under CERCLA.   

Remediation and/or cleanup activities are risk-based.  They are designed to reduce 
current and future risks to public health and the environment to acceptable levels. At 
Hanford, remediation activities are overseen by the U.S. Environmental Protection 
Agency (EPA) and the Washington State Department of Ecology.   

 
In contrast, restoration – the focus of the natural resource damage assessment process – is 
designed to restore injured natural resources to their “baseline” condition, defined as the 
conditions that would have existed in the assessment area (over time) absent the release 
of the hazardous contaminants in question.  Achieving a risk-based cleanup goal 
(remediation) does not necessarily return injured natural resources to their baseline 
condition.  However, Trustees are directed in the DOI regulations to take cleanup 
activities and outcomes into account – and whenever possible coordinate with the 
remedial process – in order to enhance the cost-effectiveness of proposed restoration 
activities. 

 

 

NATURAL 

RESOURCE DAMAGE 

ASSESSMENT VS. 

REMEDIATION 
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Section 301(c) of CERCLA provides the statutory authority for natural resource Trustees 
to assess and recover damages resulting from the “injury to, destruction of, or loss of 
natural resources resulting from the release of oil or hazardous substances.”  Injury 
assessment planning represents one step within the multi-phased framework of natural 
resource damage assessments.  As noted above, the ultimate goal of the assessment is to 
restore (or replace) injured natural resources and services lost due to the release of 
hazardous substances.  To achieve this goal, Trustees must complete a number of interim 
steps which are outlined within the DOI regulations, and can be divided into three 
sequential phases.  These phases are presented graphically in Exhibit ES-2, and are 
described below. 

In the Pre-Assessment Phase, a review of readily available information is conducted that 
allows the authorized official to make an early decision on whether a natural resource 
damage assessment can and should be performed. During this phase, the Trustees 
determine whether an injury has occurred and if a pathway of exposure exists.2  The pre-
assessment phase is a pre-requisite to conducting a formal assessment.  The Hanford 
Trustees have completed this process and confirmed that a formal assessment of injuries 
to resources on the Site is warranted. 

Development of the present injury assessment plan, indicated by a red outline in Exhibit 
ES-2, is the first step within the Assessment Phase of a natural resource damage 
assessment.3  There are two primary components of the Assessment Phase: planning and 
implementation. First, the Trustees must write a plan, or series of plans, to ensure that the 
assessment is performed in a systematic manner, and that the methodologies selected can 
be conducted at a reasonable cost.4  Second, the Plan is implemented.  

This report represents the Trustees’ current plan for injury assessment. It focuses on 
studies to be undertaken as part of the injury determination and injury quantification 
phases of the assessment.  It does not include studies associated with the damage 
determination phase—i.e., it does not include efforts aimed at identifying the appropriate 
amount of compensation, expressed either in dollars or in terms of actions to be taken to 
restore natural resources and the services they provide, associated with any potential 
injuries.  The Trustees will develop one or more additional planning documents when 
appropriate to describe efforts to be undertaken as part of damage determination. In 
addition, the Trustees may make modifications to this Plan over time to reflect new 

                                                      
2 “Injury” is generally defined in the regulations as a measurable adverse change, either long- or short-term, in the chemical 

or physical quality or the viability of a natural resource resulting either directly or indirectly from exposure to a discharge 

of oil or release of a hazardous substance, or exposure to a product of reactions resulting from the discharge of oil or 

release of a hazardous substance” (43 CFR § 11.14(v)). 

3 In addition to the assessment documents and steps listed in Exhibit ES-2, the Trustees have commissioned a Preliminary 

Estimate of Damages, which uses existing information to estimate the scale and scope of injury and damages at the Hanford 

Site.  This document and the process of its development informed this injury assessment plan. 

4 The U.S. Department of the Interior NRDA regulations at 43 CFR § 11 require that the Trustees perform either a Type A or 

Type B assessment.  Type A assessments are assessments performed using the CERCLA Type A Natural Resource Damage 

Assessment Model for Coastal and Marine Environments.  Type B assessments employ alternative methodologies for damages 

determination.  In the case of Hanford, the Trustees are conducting a Type B assessment. 

THE NRDA PROCESS  
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information and/or analyses as they become available. Future assessment planning 
documents will be developed that provide more technical details for particular studies 
(e.g., detailed sampling and analysis plans, statistical approaches). The implementation of 
studies generally described in this Injury Assessment Plan, and to be described in more 
detail in study-specific work plans, ultimately will result in the identification and 
quantification of injury to natural resources resulting from hazardous contaminant 
releases from the Site.   

The DOI NRDA regulations state that a Restoration Compensation and Determination 
Plan (RCDP) shall be part of the Assessment Plan (43 CFR § 11.81(d)(1)).  The RCDP is 
a document that lists a reasonable number of possible alternatives for restoration, 
rehabilitation, replacement, and/or acquisition of equivalent resources and their related 
services, selects one of the alternatives, and provides a rationale for the alternative (43 
CFR § 11.81(a)).  The DOI NRDA regulations, however, allow Trustees to defer 
development and public release of a RCDP after completion of injury determination or 
quantification phases if existing data are not sufficient to develop a RCDP at the time that 
the overall assessment plan is released (43 CFR § 11.81(d)(1)).  The Hanford Trustees 
believe there is insufficient information to complete a RCDP at this time, and have 
chosen to develop a RCDP later in the assessment process. 

After completing injury determination and quantification (including pathway 
determination), the damage determination planning and implementation will follow.   
Subsequent to damage determination, the Trustees enter the Post-Assessment Phase. As 
part of this phase, the Trustees will prepare: 1) a Report of Assessment detailing the 
results of the Assessment Phase; and 2) a Restoration Plan that is based upon the RCDP 
and describes how natural resources and the services they provide will be restored. 

The Trustees note that although the various phases and steps of a natural resource damage 
assessment are set forth as a sequential process within the DOI NRDA regulations, in 
practice evaluations for different natural resources may occur at different rates: for some 
categories of injury the Trustees may choose to proceed through the steps in a sequential 
order; in others the availability of existing information or the ability to establish 
reasonable assumptions may allow the Trustees to take an alternative, but still sound 
approach to establish the scale and scope of required restoration. 

In addition, the Trustees may from time to time identify early restoration opportunities—
i.e., chances to commence with a restoration project before the assessment has proceeded 
completely through earlier phases.  Because these opportunities may be short-lived in 
duration, the Trustees may agree to pursue them and to estimate restoration credits for 
such projects that could eventually be used to offset the final tally of environmental 
liabilities. 

Exhibit 1



 Final Hanford Natural Resource Damage Assessment Injury Assessment Plan 

 

  ES-8 

EXHIBIT ES-2  PHASES OF THE NATURA L RESOURCE DAMAGE ASSESSMENT PROCESS  
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ACTIVITIES  LEADING TO CONTAMINANT RELEASE 

In 1943, the United States established the 586 square mile Hanford Site as the Hanford 
Nuclear Reservation to produce nuclear materials for national defense.5  In addition to 
producing the materials needed for nuclear weapons, Site activities produced significant 
quantities of waste containing hazardous chemicals and/or radioactive materials.6  The 
Federal government managed these wastes by storing them on land and by releasing them 
into ponds and ditches.7  Over time, many of these production facilities have leaked 
contaminants onto the land and into the air and water, including into the Columbia 
River.8  The production facilities, which included nine nuclear reactors and associated 
processing facilities (Poston et al. 2010), are now considered “closed” (not operational) 
and are being decommissioned and cleaned up by DOE, which is currently the Federal 
agency responsible for overall management of the Site.9  

CONTAMINANTS OF POTENTIAL CONCERN 

At Hanford, the list of contaminants known to have been used and released from the Site 
is extensive.  The Hanford Trustees have identified a suite of contaminants on which to 
focus the assessment.  The Trustees have reviewed a number of information sources in 
assembling this list, including but not limited to site risk assessments (e.g., CRCIA 1998, 
DOE 2011a, b), contaminant data for onsite underground tanks (e.g., Gephart 2003b) and 
major groundwater plumes (e.g., DOE 2011c), reports on historic and current releases 
(e.g., Hall 1991), and Site contaminant databases.  Although the Trustees’ work in this 
area is ongoing and subject to further refinement, the preliminary list of contaminants of 
potential concern (COPCs) is presented in Exhibit ES-3. 

  

  

                                                      
5 Tri-Party Agreement, Article VI, Part 23 (A). 

6 Tri-Party Agreement, Article VI, Part 23 (D) and http://www.hanford.gov/page.cfm/HanfordsPresentMission 

7 http://www.hanford.gov/page.cfm/HanfordsPresentMission 

8 Statement added by Trustees, in part supported by http://www.hanford.gov/page.cfm/HanfordsPresentMission and the 

Cleanup Progress at Hanford Factsheet. 

9 Tri-Party Agreement, Article VI, Part 24 (E). 

SITE HISTORY, 

NATURAL RESOURCES,  

AND INJURY 

ASSESSMENT PLAN 

DEVELOPMENT 
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EXHIBIT ES-3  PRELIMINARY L IST OF CONTAMINANTS OF POTENTIAL CONCERN 

RADIOISOTOPES ORGANICS INORGANICS 

Americium-241 

Carbon-14 

Cesium-137 

Cobalt-60 

Europium-152 

Gadolinium-152 

Iodine-129 

Neptunium-237 

Plutonium-239/240 

Potassium-40 

Radium-226, Ra-228 

Strontium-90 

Technetium-99 

Thorium-232 

Tritium 

Uranium-233/34/35/38 

Zirconium-93 

Total radiological dose 

 

1-2 Dichloroethane 

1,4 Dioxane 

2,4,6 Trichlorophenol 

Acetonitrile 

Benzo(a)pyrene 

Carbon tetrachloride 

Chlorodane 

Chloroform  

Cyanide 

DDT/DDE 

Dichloromethane  

Glyphosate  

Hydrazine 

Hexone  

PCBs 

Tributyl Phosphate 

Trichloroethylene (TCE) 

Total Petroleum 
Hydrocarbons/PAHs 

Vinyl chloride 

Antimony 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium (includes Cr6+) 

Cobalt 

Copper 

Fluoride 

Lead 

Manganese 

Mercury 

Molybdenum 

Nitrate 

Nickel 

Phosphate 

Selenium 

Silver 

Strontium 

Uranium 

Vanadium 

Zinc 

RESOURCES OF CONCERN  

Natural resources of concern include all Trust resources within the assessment area, 
including groundwater, surface water, sediment, soil, plants, insects and other 
invertebrates, fish, amphibians, reptiles, birds, and mammals.10  The Hanford Site has 
unique terrestrial and aquatic ecosystems that are home to 40 species of mammals 
(Fitzner and Gray 1991), over 200 species of birds (TNC 1999), and a large variety of 
amphibians, reptiles, and invertebrates (Fitzner and Gray 1991). Rare plant surveys 
conducted by The Nature Conservancy confirm the Site is a critical area for the 
conservation of rare shrub-steppe, riparian, and aquatic plants. At least 725 individual 
plant species have been identified on the Site (Sackschewsky and Downs 2001), 13 of 
which are listed by Washington State as threatened or endangered (Poston et al. 2010). 
The adjacent Columbia River also supports a number of economically and culturally 
important fish species including the Chinook salmon, coho salmon, steelhead, white 
sturgeon and Pacific lamprey.  

The Chinook salmon species is managed as a federally protected species by population 
according to spawning location and timing of spawning. There are seventeen populations 
of Chinook that are considered to be “substantially reproductively isolated” and that are 
managed in divisions known as Evolutionarily Significant Units (ESUs).  Two Chinook 

                                                      
10 Available information does not indicate that the air resource itself has been subject to injury due to releases from the 

Hanford Site.  For the purposes of this Plan, air is considered as a pathway for contamination. 
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“The most appropriate way to understand 

our cultural values is to view our cultural 

practices conducted today on our landscape.  

They reflect a complex tradition showing high 

regard for the land.  There isn't a daily 

activity of a traditional lifestyle that doesn't 

have oral traditions telling how the activity is 

part of the land and plays a role in taking 

care of the land”  (Nez Perce 2010). 

ESUs currently occur within the Hanford Reach (the portion of the Columbia River 
adjacent to the Hanford Site): (1) the Upper Columbia River (UCR) summer-/fall-run 
Chinook, and (2) the UCR spring-run Chinook.  The fall-run Chinook naturally spawn in 
the Hanford Reach, as do fall-run steelhead trout (federally threatened) (Duncan et al. 
2007).  Spring-run Chinook, which pass through the Hanford Reach to their spawning 
grounds, are listed as federally endangered.    

HUMAN USES OF NATURAL RESOURCES  

Historically, the lands making up the Hanford Site were home to several mid-Columbia 
Indian Tribes and bands, including ancestors of the present-day Wanapum Band of Priest 
Rapids, Confederated Tribes and Bands of the Yakama Nation, Nez Perce Tribe, Cayuse 

Tribe, Confederated Tribes of the 
Umatilla Indian Reservation, and Walla 
Walla people.  The Site continues to have 
tremendous cultural and religious 
significance for local tribes.  Non-tribal 
historical and present uses of the Site 
include recreation (e.g., fishing, hunting, 
birding) and agriculture. The Wanapum 
and Yakama Tribes continue to fish in the 
Columbia River, including spring and fall 

fishing near Horn Rapids Dam and from Vernita Bridge to Wanapum Dam (Leah Aleck, 
personal communication, 2012). 

The release of hazardous contaminants from Hanford Site operations has impacted 
people’s use of natural resources, and the well-being they derive from such uses.  
Changes in human use due to the presence of contaminants may result in the need for 
specific restoration actions to restore the scale and quality of human uses of natural 
resources of particular concern to the Trustees or losses in tribal services as a result of 
injury to natural resources.   

ABOUT THE PROPOSED STUDIES  

Purpose  of  Stud ies  

It is well-established that natural resources have been injured as a result of release of 
hazardous contaminants from Hanford, as described in Chapter 5.  Thus, the Trustees’ 
intent in designing this Injury Assessment Plan, and in selecting the studies identified 
therein, is to lay out a path by which the scope and scale of injury to natural resources can 
be understood and restoration may be planned and scaled appropriately.  

The Plan as currently written represents the Trustees’ best understanding of the studies 
that may be necessary to robustly identify and quantify injury to Site natural resources 
and their services.  Inclusion of a study within this Plan does not guarantee that it will be 
undertaken, and studies not included within the Plan may be deemed necessary at a later 
date.  The Plan does not limit in any way the extent and nature of studies that may 
be undertaken in the course of the Assessment. Rather, it provides a starting point 
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from which the Trustees will begin to prioritize study efforts and implement the Injury 
Assessment process. 

In developing this Plan, the Trustees have considered available information on the nature 
and extent of hazardous contaminants in the environment resulting from releases from 
Hanford operations.  The Trustees have also considered information that can be used to 
establish the level of past, current, and likely future natural resource injuries and service 
losses resulting from these releases.  There is, however, a great deal of uncertainty as to 
the potential for long-term future natural resource injuries and service losses that could 
result from sources of contamination at the Site that currently may not be well-
characterized.  There is also a great deal of uncertainty regarding the likely nature and 
effectiveness of future remedial actions in addressing these sources of contamination. For 
example, there are several existing sources of hazardous contaminants in the vadose zone 
(or deep soils above the groundwater) in the Central Plateau of the Hanford Site 
(Chronister 2011, DOE 2010a).  These sources may not be remediated as part of the 
ongoing Site cleanup. As such, additional injuries and lost services associated with these 
contaminants may occur in the future that may not be foreseen or reliably quantified in 
the context of this Plan.  DOE notes that ecological risk assessments, additional site 
characterization, and remedial investigation/feasibility studies will be performed and are 
intended to assure remedial actions are protective of human health and the environment. 

Study Se lect ion  

A number of Trustee efforts have led to the selection of the particular studies included in 
this Plan. The Trustees have been meeting since 1993, and more recently on a monthly 
basis, to discuss Hanford assessment activities. There are six technical working groups 
(TWGs) that focus on more technical analyses including the aquatic, terrestrial, 
groundwater, human use, restoration, and source and pathway TWGs. Specifically, the 
Hanford TWGs have conducted preliminary analyses of geocoded (i.e., have associated 
location information) sediment and fish contaminant data to determine resources at risk, 
developed a number of species profiles, which summarize and evaluate historical 
contaminant data on a Hanford species of concern, conducted research on contaminant 
sources and resource use of several ponds and ditches on Hanford, evaluated groundwater 
contaminant plume maps, and began developing the Hanford Natural Resource 
Restoration Plan which addresses early restoration and restoration project evaluation 
criteria.   

The Trustees held a number of workshops and expert panels to explore different methods 
for injury assessment as well as key questions on the effects of contamination at Hanford. 
Workshop and panel topics included data management, data quality assessment, 
ecosystem service valuation, human use services and service flows in natural resource 
damage assessments, compiling toxicity thresholds, injury to aquatic biota in the Hanford 
Reach, groundwater contaminant upwellings, the integration of groundwater and vadose 
zone analyses, and the effects of radionuclides on biota at Hanford. 

With contractor support, the Trustees have completed a number of large technical 
analyses including a compilation and evaluation of natural resource information and 
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historical contaminant concentrations from the Hanford Site, an analysis and summary of 
key data gaps, and a preliminary estimate of injury at the Site. Together, these analyses 
have helped the Trustees to evaluate existing information and identify injury studies that 
will fill data gaps and allow the Trustees to determine and quantify injury at the Hanford 
Site. 

Nature  of  Studies  

This Injury Assessment Plan presents an array of potential studies to identify the scope 
and scale of injury and service losses to natural resources. Ultimately, these studies are 
intended to help the Trustees select the appropriate scope and scale of restoration projects 
that will restore site natural resources to their baseline condition – i.e., a condition in 
which the injured natural resource provides all of the services that would have been 
provided absent natural resource injury – and compensate the public for any lost services 
that occurred while natural resources were in an injured state.  The identified studies fall 
generally within four categories: 

1. Use of existing data to identify potential injury to site resources. 

Since the Hanford Reservation was established in 1943, a tremendous volume of 
environmental data has been collected both at the Site and from adjacent lands 
and waterways.  These data present a valuable source of information on the past 
and recent condition of site resources, and they will be used, to the extent 
possible, to help evaluate occurrence and magnitude of potential injury to site 
resources.  Studies that may be undertaken in this regard include the comparison 
of existing data measuring concentrations of contaminants in various media to 
selected injury thresholds, and compilation of the results of toxicity testing that 
has been conducted on-site for non-assessment purposes.11   

2. Collection of new data to determine injury to site resources, including 
changes in natural resource services. 

Preliminary analysis of existing site data indicates that those data alone will not 
be sufficient to fully characterize contamination and injury to site resources.  For 
example, sampling of soil has largely been limited to specific geographic areas 
immediately around facilities and operational areas, and most data have been 
collected for specific purposes, potentially limiting its utility for natural resource 
damage assessment.  In addition, comparison of existing data to published 
thresholds may not, in itself, be enough to demonstrate injury under the law.12  
Collection of new data to fill existing gaps, or to answer questions raised through 
the analysis of existing data, will represent a significant proportion of studies 
conducted under the Injury Assessment. 

                                                      
11An “injury threshold” is a concentration of a contaminant found in a given media type or resource which has been 

demonstrated (e.g., in the peer-reviewed scientific literature) to cause a “…measurable adverse change, either long- or 

short-term, in the chemical or physical quality or the viability of a natural resource” (43 CFR § 11.14(v)). 

12 An exception may be in the case where the published threshold is based on a site-specific study. 
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3. Use of existing or newly collected data to identify the pathways of exposure 
of site resources to hazardous releases.   

Responsible parties are only liable for injury due to contamination that can be 
positively linked to their own hazardous releases. However, for some 
contaminants, upstream or otherwise off-site sources may be contributing to the 
contamination identified in site resources.  Studies of this nature are primarily 
focused on demonstrating a direct link between on-site activities and observed 
contamination, or identifying that portion of identified injury for which the 
responsible party can be held accountable.  

4. Use of existing or newly collected data to quantify injury to site resources, 
including changes in natural resource services. 

Determination that injury has occurred does not provide sufficient information to 
allow for the selection and scaling of restoration projects needed to restore that 
resource’s services to their baseline condition.  Once injury is identified, the 
Trustees must evaluate the scope and scale of that injury and the degree of 
natural resource services loss.  These studies will evaluate the type of injury that 
has occurred, and quantify that injury, providing information so that restoration 
may be selected and scaled appropriately. 

Study Timing  /  Re lat ive  Pr ior i t izat ion  

To help guide future assessment efforts, the Trustees have grouped the proposed studies 
into three informal categories.  The assignation of a study to a particular category (and, 
therefore, the expected relative prioritization of the study) is based on Trustee judgments 
about a variety of factors including but not necessarily limited to: cost effectiveness; 
technical study sequencing requirements; studies that, in the Trustees’ view, may be more 
likely to demonstrate injury; studies most likely to contribute to the selection and scaling 
of restoration alternatives; and/or studies anticipated to address principal concerns of the  
public.  Based on these types of considerations, the Trustees have grouped the studies in 
this Plan into three categories:  

1. Nearer-term priorities,  

2. Middle-term priorities, and  

3. Longer-term priorities.   

The first category, nearer-term priorities, includes studies that are presently ongoing, and 
studies the completion of which are prerequisites for subsequent work or that are 
expected to generate information of significant use in refining future study designs.  The 
second category of studies is expected to include studies that may be more likely to 
identify injuries, studies anticipated to address principal concerns of the public, and/or 
studies that are expected to contribute the most towards informing the selection and 
scaling of restoration alternatives.  The third category includes studies that depend on the 
prior completion of other efforts, and those that are presently expected to be subject to 
more difficult technical issues.  Exhibit ES-1 lists the studies identified in this Plan and 
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indicates their current relative priority group (i.e., 1, 2, or 3) in parentheses after each 
study. 
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CHAPTER 1  |  INTRODUCTION 

The Hanford Site is located in south-central Washington State near the City of Richland – 
approximately 150 miles southwest of Spokane and 200 miles southeast of Seattle. The 
Site covers 586 square miles (375,000 acres) and includes an area now designated as the 
Hanford Reach National Monument (Exhibit 1-1).   

The Site has had restricted public access since 1943, “providing a buffer for areas 
currently used for storage of nuclear materials, waste treatment, and waste storage and/or 
disposal” (Duncan 2007).  This restricted access has allowed the area to serve as a refuge 
for native plants and animals that were once far more common in the region (US FWS 
2008). At present, the Site is surrounded primarily by agricultural lands. The U.S. 
Department of Energy (DOE) and the U.S. Fish and Wildlife Service (US FWS) each 
manage portions of the Site. 

The Hanford Site is home to nine decommissioned nuclear reactors and associated 
processing facilities. From 1944 until 1987 these reactors produced plutonium for use in 
the United States’ atomic weapons program. The processes required to transform raw 
uranium into plutonium generated billions of gallons of liquid waste and millions of tons 
of solid waste. Radioactive wastes were piped to underground tanks, contaminated 
liquids and cooling water were pumped to ditches and ponds, and contaminated water 
discharged from the reactors was released to nearby soils and the Columbia River 
(Gephart 2003b).  Major contaminants released to soil and groundwater include metals 
(e.g., chromium), organics (e.g., carbon tetrachloride), and radionuclides (e.g., cesium, 
tritium, strontium-90, technetium-99, uranium, and plutonium) (Hartman et al. 2001). 
Most radionuclides released to the Columbia River were short-lived; however, some 
longer-lived radionuclides such as cobalt-60, strontium-90, cesium-137, uranium-238, 
and plutonium-238, -239, and -240 were also released to the River (Gephart 2003b).  

In May 1989, DOE, the U.S. Environmental Protection Agency (EPA), and Washington 
State signed the Hanford Federal Facilities Agreement and Consent Order (also known as 
the Tri-Party Agreement), and in November 1989, the Hanford Site was listed on the 
National Priorities List (NPL).13  Remedial actions have been ongoing since the early 
1990s. Cleanup actions are conducted by DOE, with support and oversight from EPA and 
the Washington Department of Ecology. 

                                                      
13 “The National Priorities List (NPL) is the list of national priorities among the known releases or threatened releases of 

hazardous substances, pollutants, or contaminants throughout the United States and its territories. The NPL is intended 

primarily to guide the EPA in determining which sites warrant further investigation” (EPA 2012c).  
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EXHIBIT 1-1  HANFORD  SITE  

 

Radionuclides, metals, and organics released to on-site ditches, ponds, and soil have 
leached into groundwater beneath the Site. Along with contaminants discharged directly 
to the Columbia River, these hazardous substances (also generally referred to as 
contaminants in this Plan) have been transported downstream via surface water, 
sediments, and floodplain soils. Since the 1950s, Site natural resources have been 
monitored as part of various risk assessments and monthly and annual environmental 
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reporting requirements.  Thousands of soil and sediment samples, as well as millions of 
groundwater samples are documented in the Hanford Environmental Information 
Systems database, confirming exposure of sediments, soils, groundwater, and biota to 
contaminants such as chromium, mercury, strontium-90, and technetium-99.  In addition, 
EPA conducted fish surveys in the Columbia River from 1996-1998, and documented 
elevated levels of metals and organic contaminants in Hanford Reach fish compared to 
other areas of the Columbia River basin (EPA 2002a).   

Releases of hazardous substances to the environment may cause injury to natural 
resources. Injury is generally defined in the Department of the Interior (DOI) regulations 
for Damage Assessment under the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) as: 

“a measurable adverse change, either long- or short-term, in the chemical or 
physical quality or the viability of a natural resource resulting either directly or 
indirectly from exposure to a discharge of oil or release of a hazardous substance, 
or exposure to a product of reactions resulting from the discharge of oil or release 
of a hazardous substance. As used in this part, injury encompasses the phrases 
“injury”, “destruction” and “loss”. Injury definitions applicable to specific 
resources are provided in Sec. 11.62 of this part.” (43 CFR § 11.14(v)) 

Natural resources or resources are defined in the DOI regulations under CERCLA as:  

“land, fish, wildlife, biota, air, water, ground water, drinking water supplies, and 
other such resources belonging to, managed by, held in trust by, appertaining to, 
or otherwise controlled by the United States...any State or local government, any 
foreign government, any Indian tribe, or if such resources are subject to a trust 
restriction or alienation, any member of an Indian tribe. These natural resources 
have been categorized into the following five groups: Surface water resources, 
ground water resources, air resources, geologic resources, and biological 
resources.” (43 CFR § 11.14(z)) 

When injury to natural resources is suspected, Federal law authorizes government 
officials, acting as natural resource trustees, to enter into a Natural Resource Damage 
Assessment (NRDA) process. CERCLA14 and the Federal Water Pollution Control Act, 
also known as the Clean Water Act (CWA),15 authorize the Federal government, states, 
and Indian tribes to recover, on behalf of the public, damages for injuries to natural 
resources belonging to, managed by, appertaining to, or otherwise controlled by them. 
Under the authority of CERCLA and the CWA, DOI issued regulations to guide trustees 
in the assessment of natural resource injuries and damages and to plan and implement 
actions to restore, replace, or rehabilitate natural resources injured or lost as a result of 
the release of a hazardous substance, and/or to acquire the equivalent resources 

                                                      
14 As amended, 42 U.S.C. '' 9601, et seq. 

15 As amended, 33 U.S.C. '' 1251, et seq. 
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(collectively referred to as “restoration”; 42 U.S.C. § 9601 et seq. (CERCLA); 43 CFR 
Part 11).  

The DOI regulations under CERCLA define restoration or rehabilitation as: 

“actions undertaken to return an injured resource to its baseline condition, as 
measured in terms of the injured resource’s physical, chemical, or biological 
properties or the services it previously provided, when such actions are in 
addition to response actions completed or anticipated, and when such actions 
exceed the level of response actions determined appropriate to the site pursuant 
to the NCP.” (43 CFR § 11.14(ll)) 

The remainder of this Chapter describes the following:  

 Trusteeship: the Hanford Trustees and their role and coordination;  

 Overview of the natural resource damage assessment process;  

 Assessment activities at Hanford; 

 Public participation; 

 Schedule for injury assessment; and,  

 Plan organization. 

 

The natural resource trustees for the Hanford Site (together, Trustees) include:  

 The U.S. Department of Energy; 

 The U.S. Department of the Interior through the U.S. Fish and Wildlife Service 
(US FWS); 

 The U.S. Department of Commerce through the National Oceanic and 
Atmospheric Administration (NOAA);  

 The State of Washington through the Washington Department of Ecology in 
consultation with the Washington Department of Fish and Wildlife (WDFW); 

 The State of Oregon through the Oregon Department of Energy;  

 The Confederated Tribes and Bands of the Yakama Nation (Yakama Nation); 

 The Confederated Tribes of the Umatilla Indian Reservation (CTUIR); and 

 The Nez Perce Tribe.   

In 1993, DOE, DOI, the State of Washington, the State of Oregon, the Yakama Nation, 
CTUIR, and the Nez Perce Tribe formed the Hanford Natural Resource Trustee Council 
(HNRTC), a collaborative working group chartered to address natural resources affected 
by Hanford Site releases of contaminants. In 1996, these Trustees signed a Memorandum 
of Agreement (MOA) “intended to help coordinate decisions and actions made by the 
trustees pursuant to their legal authority to address natural resources impacted by Hanford 
Site releases of contaminants.” NOAA began participating in the HNRTC in 1997. 

1.1  TRUSTEESHIP  
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The Hanford Trustees have adopted a statement of guiding principles for protection of 
natural resources on the Hanford Site. These principles state, in broad terms, the 
Trustees’ expectations for cleanup and future uses of the Hanford Site as they relate to 
natural resource restoration, and also Trustee goals for restoration of injured natural 
resources. Three broad goals are articulated in the principles document (Guiding 
principles for protection of natural resources Draft 4, March 11, 2011):  

1) Achieve a cleanup of the Site sufficient to avoid or minimize residual injuries to 
natural resources and the services they provide to people and ecosystems.     

2) Achieve cost-effective restoration of the Site. One way to achieve this will be to 
coordinate assessment restoration with post-cleanup revegetation and mitigation 
activities where practicable. 

3) Post-cleanup land use decisions should not constrain, or preclude, effective 
natural resource damage assessment restoration. (HNRTC 2011) 

 

The ultimate goal of the natural resource damage assessment process is to restore, 
replace, or acquire the equivalent of natural resources injured due to the release of 
hazardous substances, and to compensate the public for any loss of services that occurs 
while natural resources are in an injured state (43 CFR § 11.80(b)).16 The Trustees must 
determine the scope and magnitude of damages, that is, the cost for restoration of injured 
natural resources and/or compensation for lost services.17  

The DOI regulations under CERCLA define services as: 

“the physical and biological functions performed by the resource including the 
human uses of those functions. These services are the result of the physical, 
chemical, or biological quality of the resource.” (43 CFR § 11.14 (nn)) 

The DOI regulations can be divided into three sequential phases in the assessment of 
damages: pre-assessment, assessment, and post-assessment. 

Pre-Assessment Phase  

In the pre-assessment phase, a review of readily available information is conducted that 
allows the authorized official to make an early decision on whether a natural resource 
damage assessment can and should be performed. During this phase, the Trustees 
determine whether an injury has occurred and a pathway of exposure exists. The pre-
assessment phase is a prerequisite to conducting a formal assessment.   

                                                      
16 The regulations are not mandatory. However, they “must be followed by Federal or State natural resource trustees in 

order to obtain the rebuttable presumption contained in section 107(f)(2)(C) of CERCLA” (50 CFR Part 11). A rebuttable 

presumption is an assumption accepted by a court until disproved. The regulations state that the results of an assessment 

performed by a Federal or state natural resource trustee according to the NRDA regulation shall be accorded the 

evidentiary status of a rebuttable presumption under CERCLA. 

17 Note that the responsible party may also choose to undertake restoration activities directly. 

1.2  THE NATURAL 

RESOURCE DAMAGE 

ASSESSMENT PROCESS  
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The Hanford Trustees completed the pre-assessment phase of the assessment in 2009 
with the release of the Pre-assessment Screen (PAS) for the Site, in accordance with 43 
CFR § 11.23-11.25. Yakama Nation and the Confederated Tribes of the Umatilla Indian 
Reservation each released a PAS in 2006 and 2007 respectively. The PAS determined 
there was a reasonable probability of making a successful claim for damages for injuries 
to natural resources. Specifically, the PAS concluded: 

 Releases of hazardous substances have occurred; 

 Natural resources for which the Trustees may assert trusteeship under CERCLA 
and/or the CWA may have been adversely affected by the discharge or release of 
hazardous substances; 

 The quantity and concentration of the released hazardous substances are 
sufficient to potentially cause injury to natural resources; 

 Data sufficient to pursue an assessment are readily available or likely to be 
obtained at a reasonable cost; and 

 Response actions may not sufficiently restore, replace, or provide compensation 
for injured natural resources without further restoration action. 

Therefore, the Trustees determined that further investigation and assessment is warranted. 

Assessment Phase    

This is the current phase of the Hanford assessment. This Injury Assessment Plan 
describes studies to determine and quantify injury (components 1 and 2 below).   

There are three main components of the Assessment Phase (Exhibit 1-2): 

1) Injury Determination: Determine “whether an injury to one or more of the 
natural resources has occurred; and that the injury resulted from the discharge of 
oil or release of a hazardous substance based upon the exposure pathway and the 
nature of the injury” (43 CFR § 11.61(a)(1)). 

2) Injury Quantification: “quantify for each resource determined to be injured and 
for which damages will be sought, the effect of the discharge or release in terms 
of the reduction from the baseline18 condition in the quantity and quality of 
services…provided by the injured resource” (43 CFR § 11.70(a)(1)). 

3) Damage Determination: Estimate “the monetary damages resulting from the 
discharge of oil or release of a hazardous substance” (43 CFR § 11.80(a)(1)), 

                                                      
18 According to the DOI regulations, baseline is “… the condition or conditions that would have existed at the assessment area 

had the discharge of oil or release of hazardous substance under investigation not occurred.” (43 CFR § 11.14(e)) 

Keep in mind that this Plan includes only injury assessment studies (i.e., those 

associated with injury determination and quantification), and does not address 

potential activities associated with the damage determination phase. 
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typically presented in a Restoration and Compensation Determination Plan 
(RCDP) (43 CFR § 11.80(c)). 

For each of these components, the Trustees undertake a planning effort, then a 
subsequent implementation effort. First the Trustees must write a plan, or series of plans, 
to ensure that the assessment is performed in a systematic manner and that the 
methodologies selected can be conducted at a reasonable cost (43 CFR § 11.30(b)). This 
Injury Assessment Plan (“Plan”) describes the Trustees’ current approach to preparing for 
and implementing the injury assessment phase of the NRDA (i.e., injury determination 
and quantification). After injury quantification is completed, the Trustees will establish 
the amount of money (or damages) required to compensate for the quantity of injuries to 
natural resources resulting from the discharge of hazardous substances (i.e., the amount 
of monies needed to restore, replace, or acquire the equivalent of lost services).  Note that 
damage determination activities are not addressed in the Plan, and will be described in a 
subsequent RCDP, as mentioned above.19 

This Plan is intended to summarize ongoing and proposed studies that have been or will 
be used to evaluate Site-related contamination and corresponding effects of 
contamination on natural resources and resource services (Exhibit 1-2).  The Trustees 
may make modifications to this Plan over time to reflect new information and/or analyses 
as they become available (43 CFR §11.32(e)). In addition, future injury assessment 
planning documents will be developed that provide more technical details for particular 
studies (e.g., detailed sampling and analysis plans, statistical approaches). Consistent 
with the DOI NRDA regulations, Plan documents will be made available for public 
review and comment (43 CFR §11.32(c)); see Public Participation section below).  

As part of the assessment planning process, the Trustees must also decide to conduct 
either a simplified assessment (“Type A”) or a comprehensive assessment (“Type B”).  
The Type A procedures, which use minimal field observations in conjunction with 
computer models to generate a damage claim, are limited by the regulations to the 
assessment of relatively minor, short duration discharges or releases in coastal or marine 
environments or in the Great Lakes. Alternatively, Type B procedures allow for a range 
of scientific and economic methodologies to be used for Injury Determination, 
Quantification and Damage Determination.  For this site, the Trustees concluded that the 
use of Type B procedures is appropriate based on the following determinations: (1) the 
release did not occur in a coastal, marine, or Great Lakes habitat, (2) the nature of the 
release and resource exposure to contaminants is long-term and spatially and temporally 
complex, (3) substantial site-specific data already exist to support the assessment, and (4) 
additional site-specific data can be collected at reasonable cost. As such, in accordance 
with the natural resource damage assessment regulations the Trustees have confirmed 

                                                      
19 The RCDP typically includes a number of possible alternatives for restoration, rehabilitation, replacement, and/or 

acquisition of equivalent resources. This Plan may also include the criteria used to select the Trustees preferred alternative 

and the methodologies selected for estimating cost or valuation of natural resource injuries to calculate damages. After 

public review and finalization of the RCDP is complete, the Plan is implemented. 
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that at least one of the natural resources identified as potentially injured has in fact been 
exposed to the released hazardous substances (43 CFR § 11.33-11.35) (See Chapter 5).   

Study implementation will take place in a phased manner, reflecting factors including, 
but not necessarily limited to, the availability of funding and prioritization (e.g., 
collection of ephemeral data before the opportunity to collect it is lost, priority 
implementation of studies that may generate information relevant to the design of other 
studies, efficiencies gained by integrating studies into other ongoing data collection 
activities, etc.). 

Post-Assessment  Phase  

As part of this phase, the Trustees prepare: 1) a Report of Assessment detailing the results 
of the Assessment phase (i.e., the results of injury studies described in this Plan as well as 
the results of any subsequent damage determination studies); and 2) a Restoration Plan, 
based upon the RCDP created as part of the damage determination phase described 
above, which describes how awarded monies will be used. 
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EXHIBIT 1-2  ASSESSMENT PHASE COMPONENTS 
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SUMMARY  

Under the MOA described above, in the early years of the HNRTC, the Trustees focused 
much of their effort on the review of and providing technical assistance on ecological risk 
assessments and other cleanup activities being conducted on the Hanford Site, such as 
those associated with the Central Plateau cleanup, the River Corridor Closure Project and 
the Groundwater Project. In addition, during the pre-assessment phase, various Trustees 
developed their own PASs, including two for the 1100 Area (HNRTC 2000, Nez Perce 
2000), as well as Site-wide PAS reports (CTUIR 2007, Ridolfi 2006). In 2007, the 
Trustees decided to proceed with a phased assessment approach and begin the assessment 
phase in parallel with ecological risk assessments.   

In 2008, a contractor was hired to begin the injury assessment planning process including 
development of a list of potentially injured natural/cultural resources and defining the 
focus and scope of the injury assessment. This initial planning was completed in 2009.  
Since that time, assessment planning activities have continued, including development of 
this Injury Assessment Plan. The current status of the assessment process at Hanford is 
outlined in Exhibit 1-3. 

When available, updated information about assessment activities at the Hanford Site is 
posted at:  

 http://www.hanford.gov/page.cfm/HNRTCHistory 
 http://www.hanfordnrda.org/  

USE OF AVAILABLE DATA 

Analysis of existing data by Hanford Trustees is already underway, including preliminary 
pathway determination and injury determination efforts.  To the extent possible, the 
Hanford Trustees anticipate using existing information to inform the assessment process. 
Such information includes data and information collected as part of site investigation and 
remediation.  Going forward, the Hanford Trustees anticipate evaluating existing 
information and data prior to undertaking additional data collection as part of the 
assessment process, to better understand where additional information would assist in 
determining and quantifying injury and, ultimately, determining damages and required 
restoration. Such efforts are likely to inform the need for and extent of any additional 
primary research or study(ies) to support the assessment.  

1.3 ASSESSMENT 

ACTIVITIES  AT 

HANFORD 

Exhibit 1



 Final Hanford Natural Resource Damage Assessment Injury Assessment Plan 

 

  

  1-11 

EXHIBIT 1 -3  SUMMARY OF THE NATURAL RESOURCE DAMAGE ASSESSMENT PROCESS AT HANFORD 
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COORDINATION WITH SI TE REMEDIAL ACTIVITIES  

It is important to understand that remediation (i.e., cleanup) and NRDA are separate but 
related programs. Remediation and/or response activities, usually overseen by EPA or 
state environmental agencies, are intended to reduce present and future risks to public 
health and the environment.  In contrast, natural resource damage claims compensate the 
public for past, present, and future injuries to natural resources and the services they 
provide.   

The Trustees recognize the importance of coordinating efforts to meet assessment and 
remedial objectives as effectively and efficiently as possible. As noted above, the 
Trustees have focused, and continue to focus, significant effort in providing comments on 
and recommendations relating to the ecological risk assessments and other cleanup 
activities being conducted on the Hanford Site.    

COOPERATION WITH THE RESPONSIBLE PARTY  

Under CERCLA, the parties responsible for releases of hazardous substances may be 
invited to participate cooperatively in the assessment and restoration planning process (43 
CFR § 11.32(a)(2)). Cooperative assessments can act to reduce duplication of effort, 
expedite the assessment, and accomplish resource restoration earlier than might otherwise 
be the case. For this Site, the primary party responsible for discharges and releases of oil 
or hazardous substances is the Federal Government, represented by DOE, which, as noted 
above, is also a Trustee and member of the Hanford Council along with other Federal 
Trustees. The Council has agreed to follow a cooperative assessment process.  

GEOGRAPHIC SCOPE  

The assessment area is defined in the DOI regulations as:  

“the area or areas within which natural resources have been affected directly or 
indirectly by the discharge of oil or release of a hazardous substance and that serves 
as the geographic basis for the injury assessment.” (43 CFR § 11.14(c))   

Existing data indicate that the exposure and potential impacts from contaminants of 
potential concern (COPCs) released from the Site may be affecting natural resources in 
the aquatic and terrestrial habitats of the Hanford Site (including the National 
Monument), and the adjacent portion of the Columbia River and associated floodplain 
(the Hanford Reach). Although the evaluation of natural resource damage (NRD) injuries 
is not limited to a specific geographic area, it is reasonable to develop an understanding 
of the nature, spatial extent and severity of injuries on the Hanford Site before 
determining whether the geographic scope of the assessment should be expanded to other, 
off-site areas. 

TEMPORAL SCOPE  

The date at which quantification of injuries will begin will depend on the type of natural 
resource injury. For instance, some natural resource injuries and subsequent damages 
may be assessed in a manner that allows for separation of damages pre- and post-

Exhibit 1



 Final Hanford Natural Resource Damage Assessment Injury Assessment Plan 

 

 

  1-13 

December 11, 1980 (in accordance with the passage of CERCLA). In those cases, the 
Trustees will focus their efforts on estimating damages for the post-December 11, 1980 
period. In other cases, injuries and damages may be less clearly divisible over time. In 
these cases, the Trustees may choose to assess damages for the entire time period of 
injury. For example, cultural losses may be assessed beginning when tribal members 
began noticing changes in their environment, and may continue indefinitely. In either 
case, information available from pre-1980 may be used by the Trustees in understanding 
baseline conditions as well as injuries and damages post-1980.   

Injuries will be quantified, and damages calculated, through the expected date of resource 
recovery to baseline (note that some injuries may be considered permanent if baseline 
conditions are not expected to be reestablished). The rate of recovery will be determined 
based on information related to remedial and restoration activities, natural attenuation, 
and resource recoverability. 

 

The Trustees intend to work with the general and tribal publics during this assessment 
and restoration process and encourage active public participation. Public participation is a 
required component of the Plan’s development process. Specifically: 

“The authorized official must make the Assessment Plan available for review by 
any identified potentially responsible parties, other natural resource trustees, 
other affected Federal or State agencies or Indian tribes, and any other interested 
member of the public for a period of at least 30 calendar days, with reasonable 
extensions granted as appropriate. The authorized official may not perform any 
type B procedures described in the Assessment Plan until after this review 
period.” (43 CFR § 11.32(c)(1))   

The Hanford Natural Resource Damage Assessment website, available at 
http://www.hanfordnrda.org, provides updated information to the public regarding the 
status of the assessment and restoration process and opportunities for public involvement. 
Interested individuals may also sign up for the Hanford natural resource damage 
assessment Listserve, through which they will be notified about the release of key 
documents and of milestones within the assessment.   

PUBLIC REVIEW AND COMMENT 

During the assessment process, the Trustees have and will continue to produce and 
release for public comment several key documents. The public will be notified of 
opportunities for public comment through the Hanford Listserve, media releases, and 
mailings that will be distributed to key stakeholders.  

This Plan, as well as any significant subsequent revisions which may be made to it, will 
be available for review and comment by interested members of the public for a period of 
at least 30 calendar days, with reasonable extensions granted as appropriate (43 CFR § 
11.32(c) and (e)).  

  

1.4  PUBLIC 

PARTICIPATION 
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Commenters are encouraged to submit electronic comments to 
Larry.Goldstein@ecy.wa.gov. Comments can also be sent via U.S. mail to: 

Larry Goldstein 
Hanford Natural Resource Trustee Council Chair 
Washington State Department of Ecology 
Nuclear Waste Program 
PO Box 47600 
Olympia, WA 47600 

Comments on this Plan must be submitted in writing to the Hanford Trustee contact listed 
above within 45 days of the publication of the Federal Register Notice of Availability. 

As mentioned above, modifications to Assessment Plan documents may occur at any time 
during the Assessment Phase as new and additional information becomes available (43 
CFR § 11.32(e)). Such modifications may result in additional need for public notification 
and opportunities for comment. Significant modifications (e.g., resource-specific study 
plan amendments) or additions to this Plan will also be made available for review by any 
interested members of the public for a period of at least 30 calendar days, with reasonable 
extensions granted as appropriate, and will be appended to this Plan. Non-significant 
modifications may also be made available for review, but implementation of such 
modifications need not be delayed as a result of the review. For more information 
regarding completed, ongoing, planned, and proposed Site-specific studies see Chapter 7. 

 

The Trustees do not yet have a firm schedule for the completion of the injury assessment 
phase of this natural resource damage assessment. Some efforts have been completed 
(e.g., compilation of biota contaminant concentration data) and others are ongoing (e.g. 
mussel toxicity testing and review of groundwater contaminant plume maps).  As 
mentioned above, study implementation will take place in a phased manner, reflecting 
factors such as availability of funding, prioritization of studies, and the nature and timing 
of remedial alternatives. Other variables that may affect the schedule of the injury 
assessment phase include environmental conditions (e.g., weather) that could restrict 
study plan(s) implementation. 

 

This Plan provides relevant background information and describes the Trustees’ approach 
to the first two major steps in the assessment process: 1) injury determination, and 2) 
injury quantification. The third major step, damage determination, including restoration 
alternatives selection and scaling, will be assessed in a separate plan at a later date.   

The remainder of this document contains the following chapters: 

 Chapter 2 - Background Information:  This chapter provides an overview of the 
history of the Hanford Site including natural history, tribal presence at Hanford, 
land use and development, and Federal government operations, and Hanford 

1.5  SCHEDULE 

FOR INJURY 

ASSESSMENT 

1.6  PLAN 

ORGANIZATION 
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operations and sources of contaminants, hazardous substance releases, and 
COPCs.  

 Chapter 3 – Natural Resources: This chapter includes a description of the 
Hanford Site natural resources, a discussion of potential ecological service losses 
associated with contaminant releases from Hanford Site operations, and a 
discussion of the rate of recovery of services. 

 Chapter 4 – Human Uses: This chapter provides a description of Hanford tribal 
and non-tribal human use services and associated potential service losses. 

 Chapter 5 – Confirmation of Exposure and Injury Assessment Process: This 
chapter provides a description of data confirming exposure of Hanford resources 
to contaminants; a description of the injury determination process including a 
discussion of primary pathways and fate and transport of contaminants; and a 
description of the injury quantification process including a discussion of baseline 
and the quantification of ecological, groundwater, human use, and remediation-
related impacts. 

 Chapter 6 – Injury Assessment Regulatory Definitions: This chapter includes 
relevant DOI regulatory definitions for injury determination, pathway 
determination, and injury quantification. 

 Chapter 7 – Injury Assessment Studies: This chapter includes descriptions of 
injury assessment studies that are currently proposed to support assessment of 
ecological injuries, groundwater injuries, and human use service losses. 

 Chapter 8 – Quality Assurance Management: This chapter provides a discussion 
of the Quality Assurance Plan including project management, a description of the 
quality system, data generation and acquisition, assessment and oversight, and 
data validation and usability. 
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CHAPTER 2  |  BACKGROUND INFORMATION 

This chapter provides an overview of the Hanford Site’s history, including key 
components of the Site’s natural and cultural landscapes.  Topics include the Site’s major 
natural features, tribal presence, land use/development, and Federal government 
operations, including an overview of releases of hazardous substances.  Subsequent 
chapters provide more detail on certain topics: Chapter 3 provides information on the 
Site’s natural resources, while Chapter 4 describes human uses of these natural resources. 

 

MAJOR LANDSCAPE FEATURES AND SETTING  

The Hanford Site consists of Central Hanford (Central Plateau and Columbia River 
Corridor) and the Hanford Reach National Monument (Exhibit 2-1). The Columbia River 
flows east thorough the northern part of the Site and then turns south towards Richland. 
The Yakima River meets the Columbia River at Richland.  Rattlesnake Mountain, 
Yakima Ridge, and Umtanum Ridge are major landforms on the Site’s southwestern and 
western sides, while Saddle Mountain is to the north. Adjoining lands to the west, north, 
and east are principally range and agricultural land. The cities of Kennewick, Pasco, and 
Richland (the Tri-Cities), West Richland, and Benton City are the nearest population 
centers and are located south-southeast of the Hanford Site. 

The Hanford Site includes a number of significant natural features, such as the Hanford 
Dunes—the only active dunefield within the State of Washington—along with Gable 
Mountain and Gable Butte in Central Hanford (TNC 2003). The Fitzner-Eberhardt Arid 
Lands Ecology (ALE) Reserve, officially recognized as a valuable site for scientific study 
in 1967 due to its rich and relatively undisturbed native shrub-steppe habitat, is on the 
southwest boundary of Hanford. Additionally, the McGee Ranch-Riverlands Unit, 
managed by DOE, contains the biologically diverse Umtanum Ridge area and some intact 
shrublands (TNC 2003). 

2.1  S ITE HISTORY  
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EXHIBIT 2-1 CENTRAL HANFORD AND THE HANFORD REACH NATIONAL MONUMENT 

 
 
Source: Poston et al. 2010 
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TRIBAL PRESENCE  

For thousands of years before the Hanford Site was established, indigenous peoples used 
the natural resources of the area for hunting, fishing, gathering plants, and conducting 
religious ceremonies (Yakama 2010; NPT 2010; CTUIR 2012; DOE 2007a). Ancestors 
of the present day Nez Perce, Cayuse, Umatilla, Walla Walla, Yakama, Wanapum, and 
Colville fish for salmon; hunt deer, elk, sheep and rabbit; and collect and gather roots, 
seeds and berries.  Natural resources are gathered primarily during spring to fall for 
foods, medicines, and materials for shelters and tools.  Temporary camps are located at 
fishing sites along the River or in upland areas where resources are available.   

Traditionally, the Yakama, Umatilla, and Nez Perce follow a seasonal round of 
subsistence where hunting, fishing, and gathering harvest is based on seasonal availability 
of these resources.  Many families spent much of their time in the mountains during the 
summer and in the valley during the winter.  The seasonal round is best described as a 
return to a specific area for the purpose of gathering resources: food, medicinal, or 
otherwise (NPT 2010).  Rather than following a resource wherever it occurs, a seasonal 
round is “a return to an area to gather resources based on prior knowledge or experience” 
(NPT 2010). Thus, the ritual of returning to a site daily, seasonally, or annually, was 
critical to the culture, and the ability to sustain the culture, of these peoples. The three 
tribes documented this cultural knowledge of subsistence resource use through their 
Tribal Narratives (NPT 2010; CTUIR 2012; Yakama 2010), which are available in the 
Administrative Record.  

Each Tribal Narrative describes the Columbia River as being culturally and economically 
central to the culture of these tribes. The CTUIR characterizes the regional importance of 
the Columbia River Plateau as follows: 

“The Columbia River flows through what was a cultural and economic center for 
the Plateau communities. The indigenous communities were part of the land and 
its cycles, and the land was part of them.  The land and its many entities and 
services provided for all their needs: hunting and fishing, food gathering, and 
endless acres of grass on which to graze their horses, commerce and economy, 
art, education, health care, and social systems.  All of these services flowed 
among the elements of the natural resources, including humans, in continuous 
interlocking cycles.  These elements and relationships form the basis for the 
unwritten laws or Tamanwit that were taught by those who came before, and are 
passed on through generations by oral tradition in order to protect those yet to 
arrive. The ancient responsibility to respect and uphold these teachings is directly 
connected to the culture, the religion, and the landscape of the Columbia Plateau. 
The cultural identity, survival, and sovereignty of the native nations along the 
Columbia River and its tributaries are still maintained by adhering to, respecting, 
and obeying these ancient unwritten laws here in this place along the Nch’i-
Wana, or Big River” (CTUIR 2012). 

In its “Perspective at Hanford,” the Nez Perce describes the historical use of the Hanford 
Site and surrounding areas as follows: 
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“Use of the Hanford site and surrounding areas by tribes was primarily tied to the 
robust Columbia River fishery. Tribal families and bands lived along the 
Columbia either year round or seasonally for catching, drying and smoking 
salmon. Past associated activities included gatherings for such events like 
marriages, trading, ceremonial feasts, harvesting, fishing, and mineral collection” 
(NPT 2010). 

The Yakama Nation also emphasizes the Columbia River’s importance: 

“Native Americans of the Columbia River Basin, including members of the 
Yakama Nation, depend on the Columbia River, known as Nch’i-wa′na (‘Big 
River’) for their livelihood.  The spring Chinook salmon is considered a ‘first 
food,’ celebrated with a feast each spring to recognize the availability and 
abundance of food at the start of each growing season (ERWM personal 
communication, 2006-2007; Relander, 1986).  In addition to dependence on fish 
as a major part of their diet for both nutritional and cultural health, the Yakama 
also depend on hunting local wild animals and birds for food and materials.  They 
are also extremely dependent on the rich abundance and variety of wild plants, 
from above and below ground, which are used for food and medicine and some 
of which are also celebrated as ‘first foods’” (Yakama Nation 2010). 

The Treat ies  of  1855  

The Confederated Tribes of the Umatilla Indian Reservation (CTUIR)32 observe that 
“when Lewis and Clark and subsequent traders arrived in the Hanford area during the 
early 1800s, Native Americans were living in numerous villages along the Columbia 
River, including from the mouth of the Yakima River to Priest Rapids” (CTUIR 2012).  
Less than 50 years later, under separate treaties signed in 1855, the Confederated Tribes 
and Bands of the Yakama Indian Nation,33 the CTUIR, and the Nez Perce Tribes, as well 
as numerous other tribes in the Columbia River Basin, ceded control of millions of acres 
of land to the United States in exchange for establishment of reservations set up for the 
exclusive use and benefit of those tribes. The Yakama and CTUIR treaties included 
ceding control of the area occupied by the present Hanford Site, but reserving rights to 
hunt, gather, fish, and other activities upon open and unclaimed land. These treaties all 
include similar language recognizing tribal rights to natural resources as follows: 

“the exclusive right of taking fish in the streams running through and bordering 
said reservation is hereby secured to said Indians, and at all other usual and 
accustomed stations in common with citizens of the United States, and of 
erecting suitable buildings for curing the same; the privilege of hunting, gathering 
roots and berries and pasturing their stock on unclaimed lands in common with 

                                                      
32 Cayuse, Umatilla, and Walla Walla Tribes. 

33 The Yakama, Palouse, Pisquouse, Wenatshapam, Klikatat, Klinquit, Kow-was-say-ee, Li-ay-was, Skin-pah, Wish-ham, 

Shyiks, Oche-chotes, Kah-milt-pah, and Se-ap-cat tribes and bands were joined by their treaty agreement under the name 

“Yakama” (Treaty with the Yakama, 1855). 
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citizens, is also secured to them” (Treaty with the Walla Walla, Cayuse, and 
Umatilla Tribes in 1855). 

Thus, the Yakama Nation, the CTUIR, and the Nez Perce Tribe all retain rights to fish, 
hunt, gather, pasture livestock, and erect structures in the usual and accustomed areas 
currently occupied by the Hanford Site. We note that the Wanapum People did not sign a 
treaty with the United States and are not a Federally-recognized Tribe; however, the 
Wanapum People were historical residents of what would become the Hanford Site and 
their interests in the area have been acknowledged by the State of Washington (DOE et 
al. 1999).  

The Tribes note that in establishing these treaties, the U.S. Government and the Treaty 
did not "give" the indigenous people the rights to fish, hunt, and gather foods and 
medicines.  Rather, the Treaty of 1855 recognized pre-existing indigenous rights that 
these peoples have held and exercised since time immemorial (CTUIR 2012).  In the 
Treaty, “ancestors reserved those rights in order to ensure that the Tribes’ future 
generations would be able to maintain and exercise their traditions and customs, obtain 
foods and medicines, and retain that part of their identity that is associated with the 
specific lands and resources at Hanford.  Because cultural identity is tied to specific lands 
and landscapes, every acre has its own unique importance and cannot necessarily be 
interchanged with another acre if the first acre is lost or injured” (CTUIR 2012). 

Federal  Trust  Responsibi l i ty   

The Tribes note that, in addition to rights they maintain under existing treaties, the U.S. 
government also has a responsibility to manage lands held in trust, as well as resources 
held in trust, for the benefit of tribes. As stated by CTUIR: 

“Though often difficult to define, the federal Indian trust doctrine is considered a 
“cornerstone” of federal Indian law.34  Federal courts have clarified that certain 
kinds of assets can be held by the United States in trust for Indian tribes and, 
generally, the United States must properly manage and protect those resources 
held in trust for tribes.35  Regardless of the difficulty in defining the trust 
responsibility, it is clear that the United States has charged itself with moral 
obligations of the highest order in its conduct towards Indian tribes.”36 

                                                      
34 See Dep’t of the Interior v. Klamath Water Users Protective Ass’n, 532 U.S. 1, 11 (2001) (“The fiduciary relationship has 

been described as ‘one of the primary cornerstones of Indian law,’ and has been compared to one existing under a common 

law trust, with the United States as trustee, the Indian tribes or individuals as beneficiaries, and the property and natural 

resources managed by the United States as the trust corpus.”) See also Cohen, Felix S., Handbook of Federal Indian Law at 

220 (Michie Bobbs-Merrill 1982) (trust relationship as one of the primary “cornerstones” of Indian law). 

35 Morisset, Mason D., Recent Developments in Defining the Federal Trust Responsibility (April 1999) 

(http://www.msaj.com/papers/43099.htm) (accessed July 5, 2012). 

36 Seminole Nation v. United States, 316 U.S. 286, 296-297 (1942) (stating that Federal government is “more than mere 

contracting partner” with tribes and has “charged itself with moral obligations of the highest responsibility and trust”); 

Pyramid Lake Paiute Tribe of Indians v. Morton, 354 F. Supp. 252, 256 (indicating that the Federal government’s conduct 

toward tribes should “be judged by the most exacting fiduciary standards”).   
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“In such cases where the federal government has a trust responsibility for a 
specific tribal resource, the government must assume the obligations of a trustee 
as in a typical, non-Indian fiduciary relationship. These principles include: 1) 
preserving and protecting the trust property; 2) informing the beneficiary about 
the condition of the trust resource; and 3) acting fairly, justly and honestly in the 
utmost good faith and with sound judgment and prudence.37  United States v. 
White Mountain Apache Tribe recognizes that the fundamental common law duty 
of a trustee is to maintain trust assets and applies that principle in the context of 
the Indian trust doctrine.38  In a typical fiduciary relationship the trustee must 
always act in the interests of the beneficiary and the Indian trust doctrine is no 
different.39  The federal government can and should act on behalf of an Indian 
tribe if it is within its legal authority to do so” (CTUIR 2012). 

OTHER LAND USE/DEVELOPMENT 

Lewis and Clark were the first Euro-Americans to visit the Columbia Basin in 1805 
(DOE 2007a; Gard 1992). By 1840, the area around Hanford had been mapped by the 
Army Corps of Topographical Engineers, laying the groundwork for settlers and 
development (Gard 1992). In 1856, cattle ranchers began making their way to the 
Columbia River Valley (Gard 1992). By the early 1880’s, settlers were abundant, much 
of the natural bunchgrasses in the region had been overgrazed, and much of the livestock 
lost due to lack of available feed (Gard 1992). In response, ranchers began to build small 
dams and irrigation systems in order to grow alfalfa as food for cattle (Gard 1992). Just 
after the turn of the century, new irrigation and water companies were developed, new 
canals and ditches were constructed, and desirable land adjacent to the canals were 
procured for farming (Gard 1992). Soon, the area was growing strawberries, root crops, 
fruit trees, onions, and barley in addition to alfalfa (Gard 1992). 

Archaeological resources from thousands of years of indigenous occupation as well as the 
early settlement period are scattered over the Hanford Site, and include gold mining 
features along riverbanks, homestead remains, agricultural equipment and fields, ranches, 
and irrigation features (DOE 2007a). Identified traditional cultural places associated with 
early settlement and farming include home sites and townsites, orchards, fields, and 
places of former community activities (e.g., swimming hole and town square). 

In 1943, the Federal government acquired the Hanford Site for the Manhattan Project. At 
this time, Native Americans were still living at Hanford in accordance with traditional 
beliefs and practices, and were among those evicted when the U.S. government took 
control of the area (CTUIR 2012). Livestock grazing has “presumably been prohibited on 
the unit since about 1950, although active enforcement was apparently sporadic until the 

                                                      
37 See Assiniboine and Sioux Tribes v. Board of Oil and Gas Conservation, 792 F.2d 782, 794 (9th Cir. 1986); Trust, 89 C.J.S. 

§§ 246-62; Morisset, Recent Developments in Defining the Federal Trust Responsibility, supra note 3. 

38 537 U.S. 465, 475 (2003) 

39 Covelo Indian Community v. FERC, 895 F.2d 581, 586 (9th Cir. 1990). 
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1970s” (TNC 2003). Incidences of trespass grazing by sheep continue to be reported 
occasionally along the western edge of the Site (TNC 2003). 

“In May 2000, 175,000 acres of the Hanford Site surrounding Central Hanford 
was designated as the Hanford Reach National Monument by proclamation of 
President William J. Clinton.  DOE continues to have administrative jurisdiction 
over Monument lands, is the primary manager for some portions of the 
Monument, and cooperates with US FWS in comanagement of other Monument 
Lands. Five management units of the Hanford Reach National Monument—the 
Fitzner-Eberhardt Arid Lands Ecology Reserve, the McGee Ranch– Riverlands 
Unit, the Saddle Mountain Unit, the Wahluke Unit, and the River Corridor 
Unit—encircle Central Hanford, which remains under DOE management” (TNC 
2003). 

FEDERAL GOVERNMENT O PERATIONS  

S i te  Operat ional  H istory  

The Hanford Site was the world’s first nuclear production facility. The site location was 
originally selected due to its remoteness, available electrical power from the Grand 
Coulee Dam, a functional railroad, a cool, flowing water source (the Columbia River), 
and the availability of sand and gravel for construction (Poston 2010). Construction of 
nuclear facilities at the Site began in 1943 as part of the Manhattan Project, a secretive 
World War II government program with the goal of manufacturing an atomic bomb. 
Extraordinary measures were taken throughout the World War II era to ensure that 
progress continued on an accelerated schedule, often resulting in unprecedented scientific 
risks being taken and unorthodox means to acquire land and resources (DOE 2002). 

In the over 40 years of nuclear operations, a total of nine reactors were constructed for the 
production of plutonium for national defense purposes. In 1943, DOE constructed the 
Site’s first three reactors (reactors B, D, and F). Of these, B Reactor was the world’s first 
industrial scale plutonium production reactor, and manufactured the plutonium used in 
the Trinity Test and Nagasaki atomic bombs.  

After World War II, Hanford’s objective was shifted to nuclear production for the Cold 
War, and the Site underwent an extensive expansion phase including the construction of 
the DR and H complexes in the late 1940s. Construction of the C Reactor began in 1950, 
less than a mile from B Reactor, so that the two could share utilities, services, and 
facilities. The two reactors in the 100-K area were larger than all of their predecessors, 
and construction of these reactors began in 1953. The last reactor, N Reactor, was 
completed in 1963. All nine reactors were decommissioned by the late 1980s, although 
additional testing facilities (in the 400 Area, specifically) remained active until the early 
1990s.  

DOE operational and research areas on the Hanford Site include the 100, 200, 300, 400, 
and 1100 Areas (has since been transferred to Port of Benton), described below and 
shown in Exhibit 2-1. The 600 Area designation encompasses all areas not included 
within the 100, 200, 300, 400 or 1100 Areas. 
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 The 100 Areas, consisting of six operable units, are where the nine plutonium-
producing reactors were located; 

 The 200 Area, split into the East and West portions, includes facilities for 
chemical separation and extraction, and plutonium finishing. It also houses 
dozens of underground storage tanks (known as “tank farms”) that store highly 
contaminated radioactive waste, byproducts of the plutonium extraction process; 

 The 300 Area, where nuclear fuel fabrication and development were performed; 

 The 400 Area, located just north of the 300 Area, houses the Fast Flux Test 
Facility, a reactor that was designed to test and research various types of nuclear 
fuel. 

 The 1100 Area included an area just north of Richland and a non-adjacent area 
on the Arid Lands Ecology Reserve. The portion near Richland contained offices 
associated with administration, maintenance, transportation, materials 
procurement and distribution, waste sites, French drains, underground tanks, and 
a sand pit. The portion on the Arid Lands Reserve is a former missile base and 
control center. Remedial actions selected for the 1100 Area have been completed 
and the site was delisted from the NPL in 1996 (DOE 2011d).40 

The process areas were designed to have structural redundancy so that each could 
function as an independent unit. Each contained its own facilities for operations, support, 
administration, security, health, communication, utilities, and waste disposal, the ultimate 
goal being the uninterrupted production of weapons-grade plutonium (DOE 2002).  

Presently, the DOE Richland Operations Office, the Office of River Protection, and the 
DOE Office of Science and their contractors jointly manage cleanup, treatment, disposal, 
and research in the central portion of the Hanford Site in what has become the world’s 
largest environmental remediation project (Poston 2010).  

The buffer zone of the Site was established as a national monument in 2000 in order to 
protect rare resources, specifically, unimpounded portions of the Columbia River and 
areas of shrub-steppe ecosystem (Poston 2010). Units of the Hanford Reach National 
Monument are managed by DOE, US FWS, and WDFW.  

Nat ional  Pr ior i t ies  L i st  (NP L)  Des ignat ion  

Nuclear fuel production activities, disposal practices, and releases at Hanford resulted in 
the Site qualifying for inclusion on the EPA’s NPL. In anticipation of Hanford’s inclusion 
on the NPL, in May 1989, DOE, EPA, and Washington State Department of Ecology 
signed the Hanford Federal Facility Agreement and Consent Order or Tri-Party 

                                                      
40 The 1100 Area land and facilities have been transferred to the Port of Benton. However, DOE maintains institutional 

controls, as required by DOE 1996, Superfund Final Closeout Report, U.S. Department of Energy 1100 Area, and 

EPA/ROD/R10-93/063, Record of Decision for the USDOE Hanford 1100 Area Final Remedial Action. 
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Agreement, which established a legal framework and schedule for cleanup, and 
designated a lead regulatory agency (either EPA or Washington State Department of 
Ecology) for each operable unit. 

On November 3, 1989, Hanford was added to the NPL as four separate sites: the 100 
Area, 200 Area, 300 Area, and 1100 Area.41 In order to coordinate response actions, each 
of these sites is further subdivided into operable units (OUs), based on geographic area, 
common waste sources, and natural resource type (soil and groundwater contamination 
are addressed in separate OUs). Additionally, waste management units have been 
identified throughout the Hanford Site; these units, based on waste disposal practices, are 
much smaller than operable units and are grouped among the four NPL sites (DOE 
2006a).   

Ongoing and planned cleanup work at Hanford is expected to address, but will not be 
limited to, more than 50 million gallons of highly contaminated liquid waste in 177 
underground storage tanks, 2,300 tons of spent nuclear fuel, 12 tons of plutonium in 
various forms, approximately 25 million cubic feet of buried or stored solid waste, and 
approximately 270 billion gallons of groundwater contaminated above drinking water 
standards (and occurring over an area of approximately 80 square miles), more than 1,700 
waste sites, and approximately 500 contaminated facilities.  

Additional summary information describing the four Hanford NPL sites and the current 
status of remediation efforts is provided in Appendix A. More detailed information can be 
found at http://www.hanford.gov/. 

 

Between fuel fabrication in the 300 Area, fuel irradiation in the 100 Area, and fuel 
processing and plutonium recovery in the 200 Area, operations at Hanford resulted in the 
release of many hazardous substances, including radionuclides as well as other inorganic 
and organic contaminants (Ballinger and Hall 1991).   

300 AREA  

The 300 Area supported the first step of the plutonium production process, fuel 
fabrication, as well as research and development activities. Construction of fuel 
fabrication facilities began in 1943 and fuel fabrication operations began in 1944 
(Ballinger and Hall 1991). Fuel fabrication consists of molding and encapsulating 
uranium in metallic alloy cladding so that it can be used as nuclear fuel in reactors (DOE 
2008). Once the fuel was fabricated, it was transported to the 100 Areas for irradiation in 
the nuclear reactors (DOE 2011b).  

Operations in the 300 Area generated both solid and liquid waste. While there is some 
evidence of air emissions associated with fuel fabrication and research activities in the 
300 Area, these air emissions were relatively minor (Stratus 2009). Before 1973, 

                                                      
41 Remedial actions selected for the 1100 Area have been completed and the site was delisted from the NPL in 1996 (DOE 

2011d). 
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operators at the Hanford Site stored solid waste and debris generated by 300 Area 
operations in solid waste burial grounds in the 300 Area. After 1973, these burial grounds 
were no longer used as waste was transported to other Hanford Site burial grounds (DOE 
2008).  

Contaminated liquid wastewater generated in the 300 Area was deposited in surface 
impoundments such as unlined ponds and trenches located in the 300 Area. These liquid 
wastes were primarily contaminated with uranium from the fuel fabrication process, and 
the ponds and trenches are now “suspected to be the primary source of uranium in the 
groundwater beneath the 300 Area” (DOE 2008). Evidence suggests that these 
underground storage tanks leaked hazardous substances to the subsurface, possibly 
further contributing to soil and groundwater contamination (Stratus 2009).  

The 300 Area fuel fabrication operations ended in 1988 after the final nuclear reactor shut 
down (Ballinger and Hall 1991). Today, the “300 Area contains solid waste disposal sites, 
burn pits, ash pits, catch tanks, cribs, drains fields, dumping areas, foundations, French 
drains, injection wells, laboratories, process sewers, ponds, process facilities, radioactive 
process sewers, storage areas, storage tanks, surface impoundments, trenches, and 
unplanned releases” (DOE 2011b).  Remediation operations in the 300 Area are ongoing.  

100 AREA  

Once nuclear fuel was fabricated in the 300 Area, it was transported to the 100 Area for 
irradiation in the nuclear reactors. From 1943 to 1963, over the course of three post-
World War II production capability expansions and the peak years of plutonium 
production, nine nuclear reactors were built in the 100 Area (Gerber 2001). Eight of these 
nuclear reactors (the B, C, KW, KE, D, DR, H, and F Reactors) were single-pass reactors 
that relied upon water withdrawn from the Columbia River to cool the reactors before 
returning the water to the River.  The ninth reactor (the N Reactor) “recirculated purified 
water through the reactor core in a closed-loop cooling system” (DOE 2008). These 
nuclear reactors used fabricated fuel to produce weapons grade plutonium via nuclear 
reactions. The closed-loop N Reactor, unlike the other reactors, acted as a dual-purpose 
reactor that also produced electrical power (Ballinger and Hall 1991).   

Operations in the 100 Area produced contamination in the form of air emissions, solid 
wastes, and liquid wastes. Sources of air emissions in the 100 Area included stacks 
related to the nuclear reactors, as well as incinerators and open burn pits. Airborne 
emissions from the stacks primarily occurred in the 1940s and 1950s before the 
introduction of filtration systems in the 1960s (although ongoing radionuclide air 
emissions are still released at low levels from some Hanford operational sites, the 
emissions are permitted and regulated by Washington State and inventoried annually 
(DOE 2010b)). Radioactive waste generated in the 100 Area was divided into “soft waste 
(combustibles) and hard waste (greater than 99% metallic)” (DOE 2011b). Soft wastes 
with less potent radioactive contamination were buried in the 100-F Area, burned in open 
pits, or incinerated in the 100-K Area (DOE 2011b). For soft wastes that were burned, the 
open burn pits and incinerator operations resulted in the airborne release of 
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“radionuclides, organics, metals, and other hazardous substances” (Stratus 2009). Hard 
wastes generated in the 100 Area were disposed of in burial grounds or, for highly 
contaminated radioactive wastes, transported to the 200 Area for burial. In addition, 
irradiated fuel from N reactor was stored in canisters in the K basins located in the 100 
Area after N reactor was closed (Stratus 2009).  

Liquid wastes generated in the 100 Area were primarily related to the waters used to cool 
the nuclear reactors. For the closed-loop N Reactor, the highly contaminated liquid 
effluent resulting from cooling operations “was discharged to trenches and cribs near the 
river” (DOE 2008). For the eight single-pass reactors, water was withdrawn from the 
Columbia River, sent to treatment facilities for purification, passed through the reactors, 
and then sent to retention basins to cool and “allow for decay of short-lived 
radionuclides” (DOE 2008). From there, most of the water was returned to the Columbia 
River, while portions of highly radioactive water were diverted to surface impoundments, 
including trenches, cribs, and French drains (DOE 2008). The effluent water sent to the 
Columbia River was often discharged at high temperatures, with traces of hazardous 
substances such as radionuclides, chromium, and other hazardous substances (Stratus 
2009). Although a change in the water treatment process in 1961 reduced radioactive 
contamination in the discharge water, this pathway of contamination continued until the 
last single-pass reactor was shut down in 1971 (Ballard and Hall 1991).  

An additional issue linked to the single-pass reactors was sodium dichromate 
contamination of groundwater resources; sodium dichromate was used as a corrosion 
inhibitor and it likely migrated to groundwater via unplanned releases of reactor coolant 
water (DOE 2011b). Significant amounts of chromium contamination also resulted from 
inadvertent discharges of sodium dichromate spilled in the handling process, when 
granular dichromate was mixed in batches to create solutions for mixture into cooling 
waters. The solutions were delivered to treatment plants via pipeline, rail car, truck, and 
other methods, the process of which may have resulted in additional spills. There is likely 
an ongoing source of chromium contamination from a dichromate transfer station in the 
100-D Area (Qafoku et al. 2011). 

More highly contaminated water was diverted to surface impoundments such as trenches, 
cribs, and French drains. This water was frequently contaminated with radioactive 
isotopes such as cesium, strontium, and iodine, which led to contamination of the soil and 
the underlying groundwater (DOE 2011b).  

The eight single-pass reactors were shut down between 1964 and 1971 and the closed-
loop N Reactor was shut down in 1988 (Ballinger and Hall 1991). Following the 
cessation of reactor operations, remediation activities for the burial grounds, retention 
basins, groundwater resources, and other contamination sites commenced and are 
ongoing (DOE 2008).  

200 AREA  

Following irradiation in the 100 Area, fuel elements were transported to the 200 Area for 
processing and separation of the irradiated fuel. These processing operations were 
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designed to extract plutonium from the irradiated fuel by dissolving irradiated “fuel 
elements with acids and then chemically [separating] the plutonium isotopes from the 
liquefied materials” (DOE 2008). Five separation plants (T, B, U, REDOX, and PUREX) 
were constructed in the 200 Area between 1944 and 1952 (Ballinger and Hall 1991). This 
final processing step in the plutonium production process produced significant amounts 
of contamination, primarily in the form of air emissions and liquid wastes. 

When nuclear operations first began in 1944, 200 Area stacks for the chemical separation 
plants generated large quantities of airborne emissions, including radioactive and non-
radioactive hazardous substances (i.e., iodine-131, volatile organic compounds (VOCs), 
nitrate compound particulates, and gaseous ammonia) (Stratus 2009). Although these 
emissions were reduced in the late 1940s and early 1950s through a series of iterative 
improvements to the filtration devices on these stacks (Ballinger and Hall 1991), some 
significant releases continued into the 50s including large releases of ruthenium from 
1952 to 1954 (Selby and Soldat 1958). In fact, several retired facilities continue to 
produce minor emissions, which are regulated and permitted by the State of Washington. 
As of 2009, the 200 Areas released nine different radionuclides, totaling 2.14 E-03 Ci 
(DOE 2010b).  

In addition to airborne releases, the chemical processing of irradiated fuel in the 200 Area 
produced significant quantities of liquid waste. Less contaminated liquid wastes were 
primarily disposed of in “liquid waste receiving sites (i.e., ponds, cribs, trenches, reverse 
wells, ditches, and cribs)” (DOE 2008). These wastes percolated into the soil column and 
eventually migrated to groundwater resources, resulting in contamination of the vadose 
zone and groundwater (DOE 2008).  More highly contaminated wastes were neutralized 
and directed to underground storage tanks in the 200 Area via underground pipes. 
Initially, the underground storage tanks were arranged in twelve groups, or tank farms, 
that collectively included 149 single-shell tanks (Ballinger and Hall, 1991). In the tanks, 
heavier components settled out of solution, forming sludge. Because tank space was 
limited, though, Hanford operators would discharge the remaining liquid effluent to the 
soil column via the waste receiving sites, making room for additional highly 
contaminated waste (Stratus 2009).  Over time, environmental monitoring efforts 
discovered that the single-shell tanks were leaking. This prompted the construction of 28 
double-shell tanks in the 200 Area, and drainable liquid wastes were pumped from the 
single-shell tanks to the double-shell tanks to prevent further leakage and contamination. 
Many of the 149 single-shell tanks, however, still contain highly contaminated non-
drainable wastes, and remain a risk of future releases (DOE 2009). It is now believed that 
67 out of 149 single-shell tanks leaked (Gephart 2003b). Between the storage tank leaks 
and the liquid waste discharges to the soil column, the 200 Area released significant 
quantities of radionuclides (e.g., cesium-137, iodine-129, strontium-90, uranium, and 
tritium), as well as inorganic and organic chemicals (e.g., nitrate, sodium, phosphate, 
sulfate, ammonia, carbon tetrachloride, and sodium dichromate), which have 
contaminated the underlying groundwater (DOE 2008).  
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OTHER RELEASES 

In addition to hazardous substances generated and released in the course of managed Site 
operations, there have been “numerous episodic events at the Site, such as overland flow, 
spills, leaks, explosions and wildfires that may have resulted in the release of hazardous 
substances into the environment” (Stratus 2009). Examples of these releases include the 
following.42  

 1948: In October of this year, a large liquid waste pond in the 300 Area failed, 
resulting in “the release of 14.5 million gallons of uranium-contaminated water” 
into the Columbia River (Stratus 2009). It is estimated that “12 to 16 pounds of 
elemental uranium entered the Columbia River” (ibid).  

 1949: To test the usefulness of atmospheric sampling for radioisotopes indicative 
of fuel processing, Hanford operators bypassed stack filters on the chemical 
separation plants and released radioactive gases, including 11,000 curies of 
iodine-131 and xenon-133. This experiment was known as the “Green Run” 
(Gephart 2003b).   

 1953: “An unintentional chemical reaction resulted in the violent ejection of 
metal waste spray from a vault in one of the tank farms in the 200 Area...The 
volume released was unspecified but should not have exceeded the 15,000 gallon 
storage capacity of the vault. The contamination spread to the southeast, and 
covered the eastern half of the tank farm” (Stratus 2009).  

 1956: “500 gallons of metal waste overflowed the 241-UR-151 diversion box at 
the northeast corner of the U tank farm. In the same year, tank U-104 leaked an 
estimated 55,000 gallons of metal waste” (Stratus 2009).  

 1966: In the 100 Area, a spill “released 140,000 pounds of sodium dichromate, 
much of which reached the Columbia River, as a result of a storage tank transfer 
pump malfunction at the 183-C Building” (Stratus 2009).  

 1969: In the 200 West Area, “approximately 2,600 gallons of cesium-137 
recovery process feed solution leaked... It is estimated that 11,300 curies of 
cesium-137, 18.3 kilograms of uranium, and 5.01 curies of technetium-99 were 
released to the subsurface” (Stratus 2009).  

 1997: “Leachate tanks at the ERDF leaked approximately 190 liters (50 gallons) 
of contaminated leachate” (Stratus 2009).  

 2003: “Approximately 757 liters (200 gallons) of diesel fuel leaked from a 242-S 
Facility tank on January 22, 2003. Contaminated soil was excavated and moved 
to a remediation area” (Stratus 2009).  

                                                      
42 The official listing of all unplanned releases at the Hanford Site is available in the Hanford Site Waste Management Units 

Report (last updated February 2012), available at http://www.hanford.gov/files.cfm/DOERL-88-30_R21.pdf. 
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 2007: “Approximately 322 liters (85 gallons) of radioactive waste spilled from 
Tank 241-S-102 at the S Tank Farm on July 27, 2007” (Stratus 2009).  

HANFORD SITE HAZARDOUS SUBSTANCES  

Hanford Site operations have resulted in releases of hundreds of different hazardous 
substances. The Hanford Trustees have been engaging in an effort to identify those 
contaminants likely to be of greatest concern in the context of this natural resource 
damage assessment. Towards that end, the Trustees have examined a number of sources 
of information, including but not limited to information in Site risk assessments (e.g., 
CRCIA 1998, DOE 2011a, b), information on chemicals in the underground tanks (e.g., 
Gephart 2003b), in major groundwater plumes (e.g., DOE 2011c), data on releases (e.g., 
Hall 1991), and chemical measurements in Site databases.  The Trustees’ work in this 
area is ongoing, and their preliminary focused list of hazardous substances (Exhibit 2-2) 
is subject to refinement in the future. 

EXHIBIT 2-2 PRELIMINARY ASSESSMENT-FOCUSED LIST OF HAZARDOUS SUBSTANCES  

RADIOISOTOPES ORGANICS INORGANICS 

Americium-241 

Carbon-14 

Cesium-137 

Cobalt-60 

Europium-152 

Gadolinium-152 

Iodine-129 

Neptunium-237 

Plutonium-239/240 

Potassium-40 

Radium-226, Ra-228 

Strontium-90 

Technetium-99 

Thorium-232 

Tritium 

Uranium-233/34/35/38 

Zirconium-93 

Total radiological dose 

1-2 Dichloroethane 

1,4 Dioxane 

2,4,6 Trichlorophenol 

Acetonitrile 

Benzo(a)pyrene 

Carbon tetrachloride 

Chlordane 

Chloroform  

Cyanide 

DDT/DDE 

Dichloromethane  

Glyphosate  

Hydrazine 

Hexone  

PCBs 

Tributyl Phosphate 

Trichloroethylene (TCE) 

Total Petroleum 
Hydrocarbons/PAHs 

Vinyl chloride 

Antimony 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium (includes Cr6+) 

Cobalt 

Copper 

Fluoride 

Lead 

Manganese 

Mercury 

Molybdenum 

Nitrate 

Nickel 

Phosphate 

Selenium 

Silver 

Strontium 

Uranium 

Vanadium 

Zinc 

 

Different hazardous substances have the potential for different types of adverse effects to 
natural resources.  Effects on biota may include (but are not limited to) genotoxicity, 
carcinogenicity, reproductive impairment, behavioral impairment, immunotoxicity, 
endocrine disruption, disruption of other physiological functions, and/or lethality, 
depending on the degree of exposure and the sensitivity of the exposed organism.  
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Different life stages of a given species may experience differential degrees of exposure 
and may also be differentially sensitive to a given exposure. In addition, exceedances of 
certain standards (e.g., promulgated water quality standards and criteria) can constitute an 
injury under DOI’s NRDA regulations. Natural resources (e.g., surface waters, sediments, 
soils, groundwater, air, biota) can also be considered as injured if exposure to hazardous 
substances in those natural resources results in injury to other natural resources.  

Providing a detailed description of the potential effects of the full suite of hazardous 
substances under consideration is beyond the scope of this assessment plan; however, 
Appendix B contains a series of ecotoxicity summaries for a subset of these including 
uranium, plutonium, cesium-137, iodine-129, strontium-90, technetium-99, tritium, 
PCBs, mercury, chromium (including hexavalent chromium), and carbon tetrachloride.   
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CHAPTER 3  |  HABITATS, NATURAL RESOURCES AND ASSOCIATED 

ECOLOGICAL SERVICES 

The Hanford Site lies in the semi-arid Pasco Basin of the Columbia Plateau in 
southeastern Washington State (US FWS 2008).  The Site is situated along the banks of 
the longest continually flowing stretch of the Columbia River (the Hanford Reach), and is 
home to one of the largest areas of native shrub-steppe habitat remaining in the state. The 
Hanford Site’s unique terrestrial and aquatic ecosystems are home to forty species of 
mammals, over two hundred species of birds, and a large variety of amphibians, reptiles, 
and invertebrates. Furthermore, rare plant surveys conducted by The Nature Conservancy 
confirm the Site is a critical area for the conservation of rare shrub-steppe, riparian and 
aquatic plants (TNC 2003). The Hanford Reach of the Columbia River also supports a 
number of economically and/or culturally important fish and mollusk species such as the 
Chinook salmon (including the endangered Upper Columbia spring-run Chinook), coho 
salmon, sockeye salmon, steelhead (a Federally-listed threatened species), Pacific 
lamprey (a Federal Species of Concern), bull trout (threatened), white sturgeon, land 
snail, freshwater snail, Columbia pebblesnail, freshwater Limpet shortface lanx, and the 
California floater.   

This chapter provides information characterizing Site habitats, describes the Site natural 
resources (as defined by the DOI natural resource damage assessment regulations) found 
within those habitats, and summarizes the ecological services these resources typically 
provide, as well as a preliminary determination of the time required for injured resources 
to once again provide these services (i.e., the “recovery period”) (human use services 
provided by these resources are described in Chapter 4).  A number of earlier reports 
describe the Hanford Site’s natural resources in more detail.43  This Assessment Plan does 
not attempt to re-create or supplant those efforts, but rather summarizes key subjects 
useful in placing the proposed assessment studies into a historic and ecological context.    

 

COLUMBIA RIVER  

The Columbia River is the fourth largest river in the contiguous United States as 
measured in terms of flow, and is the dominant surface water resource at the Hanford Site 
(Burk et al. 2007).  The river forms the northern and eastern boundary of the Site, 
flowing east and then turning south.  The Hanford Reach, the portion of the river most 
closely associated with the Hanford Site, is approximately 51 miles long, extending from 

                                                      
43 See, for example, Downs et al. 1993, Burk et al. 2007, and Fitzner and Gray 1991.  
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Priest Rapids Dam (River Mile (RM) 397) to McNary Pool (RM 346; US FWS 2008).  
The Hanford Reach “is the last non-impounded, non-tidal segment of the Columbia River 
in the United States” (Burk et al. 2007) and “contains significant riparian habitat that is 
otherwise rare within the Columbia River system” (National Park Service 1994 as cited in 
US FWS 2008). 

Hydrology  

Burk et al. (2007) provides the following description of the river’s hydrology. 

“Flows through the Hanford Reach fluctuate significantly and are controlled 
primarily by releases from three upstream storage dams: Grand Coulee in the 
United States, and Mica and Keenleyside in Canada. Flows in the Hanford Reach 
are directly affected by releases from Priest Rapids Dam; however, Priest Rapids 
operates as a run-of-the-river dam rather than a storage dam. Flows are controlled 
for purposes of power generation and to promote salmon egg and embryo 
survival.44 … 

Columbia River flows typically peak from April through June during spring 
runoff from snowmelt and are lowest from September through October. As a 
result of daily discharge fluctuations from upstream dams [i.e., Priest Rapids 
dam], the depth of the river varies over a short time period. River stage changes 
of up to 3 m (10 ft) during a 24-hr period may occur along the Hanford Reach 
(Poston et al. 2006). The width of the river varies from approximately 300 m 
(1,000 ft) to 1,000 m (3,300 ft) within the Hanford Reach. The width also varies 
with the flow rate, which causes repeated wetting and drying of an area along the 
shoreline.”45 

Burk et al. (2007) states “Large Columbia River floods have occurred in the past (DOE 
1987), but the likelihood of recurrence of large-scale flooding has been reduced by the 
construction of several flood control/water-storage dams upstream of the Hanford Site.”  
There are no Federal Emergency Management Agency (FEMA) floodplain maps for the 
Hanford Reach because FEMA maps developing areas, while lands adjacent to the 
Hanford Reach are primarily under Federal control (ibid.).  However, assessments of the 
Reach’s flood potential, including a scenario of potential dam failures, have been made 
and are summarized by Burk et al. (2007). 

Columbia R iver  Habitat  Types  

The Columbia River includes a variety of riparian habitats, including riffles-pools (areas 
with graded geomorphic attributes of riffles and pools), gravel bars, backwater sloughs, 

                                                      
44 The Vernita Bar Agreement (signed in 1988 and expanded in 2004, by the U.S. DOE, Federal and state agencies, tribal 

governments, and public utility districts in Grant, Chelan, and Douglas counties) was created to prevent redds (salmon 

nests) from being left high and dry when river flows fluctuate to meet peak power demands.  

45 The flow rate varies from year to year, which affects the development and extent of vegetation in nearshore areas. 
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and shorelines.46 Pacific Northwest National Laboratory (PNNL) has collected spatial 
information on substrate type (including sediments, sand, gravel, and large boulders), and 
in 2002, PNNL developed more detailed spatial information about nearshore substrates 
from Vernita Bridge to the 300 Area (Downs et al. 2004).  

The Hanford Reach includes several slack water areas, including the White Bluffs slough 
(between 100-H and 100-F Areas), the F Area slough (about 1 mile downstream of the 
100-F Area), and the Hanford slough at the old Hanford townsite (Weiss and Mitchell 
1992).  These areas are generally depositional, and typically include more vegetation than 
erosional areas. A number of fish species also use slack water areas as nursery habitat.  

Some contaminants adhere to sediment and tend to be transported along with sediments; 
consequently, sediment depositional areas can serve as sinks for certain types of 
contaminants.  Biota that live on or in these sediments, or that derive part of their food 
from sediment-associated food webs, may receive increased exposures to these 
contaminants. 

SPRINGS AND STREAMS  

Downs (2007) states: 

“Springs are found on the slopes of the Rattlesnake Hills along the western edge 
of the Hanford Site (DOE 1988). There is also an alkaline spring at the east end 
of Umtanum Ridge (Hall 1998). Rattlesnake and Snively springs form small 
surface streams. Water discharged from Rattlesnake Springs flows in Dry Creek 
for about 3 km (1.6 mi) before disappearing into the ground (Figure 4.4-1). Cold 
Creek and its tributary, Dry Creek are ephemeral streams within the Yakima 
River drainage system in the southwestern portion of the Hanford Site. These 
streams drain areas to the west of the Hanford Site and cross the southwestern 
part of the Site toward the Yakima River. When surface flow occurs, it infiltrates 
rapidly and disappears into the surface sediments in the western part of the Site. 
The quality of water in these springs and streams varies depending on the source. 
However, they are up-gradient of Hanford waste sites and groundwater 
contamination plumes.” 

Jamison (1982) provides additional information about Rattlesnake Springs, noting that it 
begins “from ground seepage and is subsequently fed by small ground springs along its 
course, flows for approximately 3 km… before disappearing into the ground.”  Biota 
present at the spring include algae, cattails and sedges, and watercress (ibid.).  

                                                      
46 A riffle is a section of a streambed characterized by shallow, steep slopes and fast moving water broken by the presence of 

rocks and boulders, and are typically at cross over locations. A pool is a reach of a stream characterized by deep, low 

velocity water and a smooth surface, and typically has a greater depth of flow and slope of the bed than that of riffles, 

often located at the outside of meander bends. (http://www.streamnet.org/glossarystream.html).  A backwater slough is a 

an inlet off of another waterway; as defined in Alaska Statute AS 41.17.950, it “(A) has sluggish flow, is warm in summer, 

and is typically only connected to the main stem or a side channel at one end of the water body; (B) carries river current 

only under high water conditions; and (C) may have only a seasonal connection to the main stem or side channel.” 
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Invertebrates are also present, although “the number of species present is highly 
dependent on the size of the winter floods” (ibid.). 

PONDS AND DITCHES  

There are a number of ponds on the Hanford Site, some of which were created as a result 
of water releases through trenches from processing facilities. Some of the major ponds 
include Gable Mountain pond, U-pond, B-pond, S-pond, T-pond, Westlake, and 
associated ditches. Contaminated ponds have been decommissioned, filled, and covered 
with soil. 

Gable Mountain pond was one of “the most significant and extensively studied” ponds 
onsite (Jamison 1982). Gable Mountain pond was much larger than many other Hanford 
ponds and supported an abundance of plant life which provided food and shelter for 
wildlife.  Vegetation, primarily cattails and rushes, were the predominant biota type 
associated with these ponds (ibid.).  Table 7-4 in Jamison (1982) lists major taxa 
identified at these ponds. Decommissioning of Gable Mountain pond was completed in 
1988, and the water table beneath the pond declined more than three feet between 1979 
and 1989 as wastewater discharges ceased (Newcomer 1990). 

The B-pond system included a series of ponds used for disposal of liquid effluent from 
past Hanford production facilities starting in 1945 (Barnett et al. 2000). In 1994, some of 
the ponds were closed, leaving only the main pond and a portion of one of the ditches as 
the currently regulated facility (ibid). Minor contamination in groundwater and soil has 
been detected at the site, and levels of gross alpha and gross beta radiation and specific 
conductance are monitored semi-annually (ibid). 

West Lake is a natural feature recharged from groundwater, the B-pond system, and two 
300 Area Treated Effluent Disposal Facility (TEDF) ponds – Gable Mountain and U-
pond (Burk et al. 2007).47  There are also several natural vernal ponds near Gable 
Mountain and Gable Butte (Hall 1998 as cited in Burk et al. 2007). West Lake “has not 
received direct effluent discharges from Site facilities; rather, its existence is caused by 
the intersection of the elevated water table with the land surface in the topographically 
low area. Water levels of West Lake fluctuated with water table elevation, which were 
influenced by wastewater discharge in the 200 Areas. The water level and size of the lake 
has been decreasing over the past several years because of reduced wastewater discharge” 
(ibid.). 

 

SHRUB-STEPPE  

The upland terrestrial habitat on the Hanford Site consists primarily of shrub-steppe, 
considered to be some of the highest quality of this habitat type remaining in the State of 
Washington (Burk et al. 2007).   
                                                      
47 Although the waste disposal ponds were used by wildlife, they are mentioned for completeness and are not themselves 

considered to be a natural resource. 

3.2  TERRESTRIAL 

HABITATS  
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A variety of specific shrub-steppe habitats exist on-site, each defined by the dominant 
shrub and grass species at a given location (Downs et al. 1993). For example, the healthy, 
intact shrub-steppe habitat at Hanford is characterized by an overstory dominated by big 
sagebrush (Artemisia tridentata) and an understory of bunchgrasses and forbs.  On the 
Columbia River Plain, habitat is usually dominated by big sagebrush and non-native 
cheatgrass (Bromus tectorum), or a mixture of cheatgrass and native bunchgrasses (e.g., 
Sandberg’s bluegrass (Poa secunda), Indian ricegrass (Achnatherum hymenoides)) 
(Downs et al. 1993). 

Microbiotic crusts, which are formed primarily by algae, lichens, and mosses, serve a 
number of important ecological functions as a component of the shrub-steppe ecosystem.  
These functions include soil stability, erosion protection, nitrogen fixation, and nutrient 
contribution, as well as increasing water infiltration, seedling germination, and plant 
growth (Burk et al. 2007). 

The shrub-steppe habitat of Hanford provides a variety of important functions for the 
biota described later in this report including foraging, nesting, burrowing, and hunting 
habitat, as well as cover (Burk et al. 2007). 

Remaining shrub-steppe habitat in Washington is threatened by a number of factors 
including soil disturbance (e.g., due to overgrazing), development, invasive species, and 
wildfires (Washington Native Plant Society 2008).  Because of its importance to a 
number of wildlife species, and the scarcity of the habitat type, the State of Washington 
considers shrub-steppe habitat to be a priority habitat, and DOI identifies the native shrub 
and grassland steppe in Washington and Oregon as an endangered ecosystem (US FWS 
2011c). 

SAND DUNES  

The sand dune habitat found at Hanford is distinctive due to its atypical association with a 
shrub-steppe habitat. Dune habitat is dynamic, ranging from 2.5 acres to several hundred 
acres in size (U.S. Department of the Army 1990 as cited in Burk et al. 2007).  Areas of 
sand dunes are found in several locations on the Hanford Site including along the 
shoreline in the area north of the Energy Northwest complex, near the 100-F area and 
westward to the area north of Gable Mountain, and along the eastern border of the Site.  
Fire has also resulted in the formation of temporary dunes along State Route 240 (Burk et 
al. 2007).   

Predominant vegetation in the dune areas includes shrubs such as bitterbrush (Purshia 
tridentata) and gray (Ericameria nauseosa) and yellow rabbitbrush (Chrysothamnus 
viscidiflorus), with an understory of forbs and grasses including Indian ricegrass, scurfpea 
(Psoralidium lanceolatum), needle-and-thread grass (Hesperostipa comata), and 
thickspike wheatgrass (Elymus lanceolatus) (Burk et al. 2007). Dunes are known to 
support several plant species of concern, and thus are considered to be a sensitive habitat.  
The gray cryptantha (Cryptantha leucophaea), an ESA Species of Concern and 
Washington State sensitive plant species, grows in sandy soils in a variety of locations 
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across the Columbia River Plain, and is likely distributed across the dune habitat at 
Hanford (Downs et al. 1993). 

Dunes also provide habitat for burrowing owls (Athene cuncularia), coyotes (Canis 
latrans), and mule deer (Odocoileus hemionus) (Burk et al. 2007).  In addition, the 
bitterbrush that grows in sandy soils is considered to be an important forage resource for 
mule deer (Downs et al. 1993).  A 2003 study of biodiversity by The Nature Conservancy 
found that several of the invertebrate fauna found in sand dunes at Hanford are extremely 
limited outside of the Hanford Site (TNC 2003). 

The Hanford Dunes are reported to be the only active non-coastal dunefield in the State 
of Washington although other dune areas exist (TNC 2003).   

WHITE BLUFFS  

The White Bluffs are located on the northern shoreline of the Columbia River from RM 
376 to RM 356 (Burk et al. 2007).  The tops of the bluffs are dominated by Indian 
ricegrass, while the slopes are dominated by shrubs including greasewood (Sarcobatus 
vermiculatus) and spiny hopsage (Grayia spinosa) (Burk et al. 2007).  The bluffs are 
home to at least two species of sensitive plants – Geyer’s milkvetch (Astragalus geyeri 
Gray), recognized as a sensitive species by the State of Washington and White Bluffs 
bladderpod (Lesquerella tuplashensis), recognized respectively as sensitive and 
threatened by the State of Washington (Sackschewsky and Downs 2001).  The White 
Bluffs bladderpod is additionally a Candidate for listing under the ESA. 

The bluffs provide perching, nesting and escape habitat for a number of bird species 
existing on the Hanford Site, including the prairie falcon (Falco mexicanus), red-tailed 
hawk (Buteo regalis), cliff swallow (Hirundo pyrrhonota), bank swallow (Riparia 
riparia), rough-winged swallow (Stelgidopteryx serripennis), Canada goose (Branta 
canadensis), and bald eagle (Haliaeetus leucocephalus).  The bluffs are known to provide 
habitat for at least one Federal Species of Concern, the peregrine falcon (Falco 
peregrinus) (Burk et al. 2007). 

COLUMBIA RIVER ISLANDS 

The total area of island habitat within the Hanford Reservation is 4.74 square kilometers 
(Hanson and Browning 1959).  Islands within the main channel of the Hanford Reach, 
including Locke Island, Wooded Island, and others, provide important habitat for a 
variety of plant, mammalian and avian species.  The shoreline of the island is dominated 
by willow (Salix spp.), poplar (Populus spp.), Russian olive (Eleagnus angustifolia), and 
mulberry (Morus alba) (Burk et al. 2007).  Plants species populating the interior of the 
islands include buckwheat, lupine (Lupinus spp.), mugwort (Artemisia lindleyana), 
thickspike wheatgrass, giant wildrye (Leymus cinereus), yarrow (Achillea millefolium), 
and cheatgrass (Warren 1980).  The islands are used for resting, nesting, and escape by a 
variety of waterfowl and shorebirds, including the Canada goose, American white pelican 
(Pelecanus erythrorhynchos), California gull (Larus californicus), ring-billed gull (Larus 
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delawarensis), and Forster’s tern (Sterna forsteri).  There has also been documented use 
of the islands by mule deer for birthing, and by coyote for hunting (Burk et al. 2007).   

Slumping of the White Bluffs has caused accelerated erosion of Locke Island, which is of 
great concern due to the cultural significance of the island and potential losses of cultural 
resources (Bjornstad 2006). Eroding sediments may also be sources of contamination and 
may be reducing the suitability of important salmon habitat in the Columbia River 
(Mueller and Geist 1999). 

BASALT OUTCROPS,  SCA RPS,  AND SCREES  

A number of features on the Hanford Site support lithosol habitats or stony soils.48 The 
tops and slopes of Rattlesnake Mountain, Umtanum Ridge, Yakima Ridge, Saddle 
Mountains, Gable Butte, and Gable Mountain are all characterized by basalt outcrops, 
scarps (cliffs), screes (loose rock at the base of cliffs or on slopes), and thin, rocky soils. 
Diverse plant communities can establish on these stony soils, typically dominated by 
short shrubs and grasses (Sackschewsky and Downs 2001). 

Outcrops support some plants, including thyme buckwheat (Eriogonum thymoides), and 
Sandberg’s bluegrass (Burk et al. 2007). Areas with higher elevation, including habitat on 
Rattlesnake Mountain, typically support greater plant diversity than lower elevations 
(Downs et al. 1993). Most of the scarps and screes occur on Umtanum Ridge, and are 
nearly devoid of vascular plants (Downs et al. 1993).  However, on north-facing slopes 
some small islands of stabilized substrate develop, and can support squaw currant (Ribes 
cereus), bluebunch wheatgrass (Pseudoroegneria spicata), Sandberg’s bluegrass, and 
forbs in early spring when moisture is available (Downs et al. 1993). Hoover’s desert 
parsley (Lomatium tuberosum), an ESA Species of Concern, is confined to steep scree 
slopes. Additionally, the shrub steppe immediately adjacent to the basalt outcrops of 
Umtanum Ridge and Juniper Springs are known to support other plant species of concern 
(Downs et al. 1993). 

The unique geomorphology of basalt outcrops, scarps, and screes provide habitat for 
rattlesnakes (Crotalus viridis), woodrats (Neotoma cinerea), and other burrowing animals 
(Burk et al. 2007).  Scarps on Umtanum Ridge, Rattlesnake Mountain, and Gable Butte 
provide nesting sites for prairie falcons and, historically, for ferruginous hawks (Buteo 
regalis); rock wrens (Salpinctes obsoletus), chukars (Alectoris chukar), and poorwills 
(Phalaenoptilus nuttallii) also nest on scarps and scree habitats (Downs et al. 1993). 

ABANDONED FIELDS/DISTURBED AREAS  

Past agricultural development, livestock grazing, and wildfires have created extensive 
areas of disturbed habitat that are dominated largely by non-native species. Additionally, 
contaminant releases and associated remedial activities have created disturbed areas. 

                                                      
48 Lithosol is defined by Sackschewsky and Downs 2001 as gravelly, rocky, talus soils associated with basalt outcrops and 

cliffs. 
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These disturbed areas are concentrated around operational areas, and impact the 
distribution, movement, and extent of natural resources on the Hanford Site.  

Dominant species in abandoned fields and disturbed areas include cheatgrass, tumble 
mustard (Sisymbrium altissimum), jagged chickweed (Holosteum umbellatum), and 
Russian thistle (Salsola kali) at low elevations.  At higher elevations, such as the Snively 
Ranch in the Rattlesnake Hills, native black rye (Secale cereale) is still dominant (Downs 
et al. 1993).  Similar species are found in areas that have been disturbed by grazing and 
wildfire. 

 

Pursuant to 43 CFR § 11.14(z), natural resources are defined as: 

land, fish, wildlife, biota, air, water, ground water, drinking water supplies, and 
other such resources belonging to, managed by, held in trust by, appertaining to, or 
otherwise controlled by the United States…any State or local government…These 
natural resources have been categorized into the following five groups: surface 
water resources, groundwater resources, air resources, geologic resources, and 
biological resources. 

This Plan focuses on abiotic and biological resources in the aquatic, riparian, and 
terrestrial habitats described above, and the ecological and human uses of those resources. 
Air, soil, and groundwater are exposed to Site-related contaminants and transport those 
contaminants to other resources (e.g., surface water, sediment, the hyporheic zone where 
groundwater and surface water mix, and biota). Within the aquatic habitat, surface water 
and sediment are the base of the aquatic ecosystem. The invertebrate community (e.g., 
mussels, crayfish, stoneflies) supports multiple species of fish, including special status 
fish, which vary depending on the microhabitat (e.g., riffle or pool). Other organisms that 
rely on aquatic invertebrates as prey include amphibians and reptiles, migratory and non-
migratory birds, and multiple small mammals, such as several species of bats including 
the Hoary bat (Lasiurus cinereus) and Pallid bat (Antrozous pallidus). The invertivorous 
fish community is in turn preyed upon by piscivores such as the smallmouth bass 
(Micropterus dolomieui), bald eagle, great blue heron (Ardea herodias), and river otter 
(Lutra canadensis).  The terrestrial habitat supports a wide array of species as well, 
including an invertebrate community (e.g., spiders, beetles, moths, and grasshoppers) 
reliant on soil for protection, food, etc.; several species of breeding songbirds; and several 
species of small mammals.  Additionally, larger fauna such as mule deer, Rocky 
Mountain elk (Cervus elaphus), coyote, badger (Taxidea taxus), and black-tailed 
jackrabbit (Lepus californicus) utilize the shrub-steppe and grassland habitat. 

SURFACE WATER RESOURCES 

Surface water resources are defined as:  

The waters of the United States, including the sediments suspended in water or 
lying on the bank, bed, or shoreline and sediments in or transported through 
coastal and marine areas (43 CFR § 11.14(pp)). 

3.3  NATURAL 

RESOURCES  
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At the Hanford Site, surface water and sediment resources are found in all of the aquatic 
habitats described above (see section 3.1 on Aquatic Habitats). Surface water and 
sediment sources at the Site include: 

 the Columbia River; 

 springs on Columbia River riverbanks and Rattlesnake Springs; 

 ponds and lakes, including West Lake; 

 streams, including Cold Creek and Dry Creek; and, 

 the Yakima River abutting the southernmost extent of the site. 

The Columbia River is the predominant surface water resource at Hanford. While the 
Columbia defines the northern and eastern boundaries of the Site, the Yakima River also 
abuts the southern extent, and Cold Creek flows along the Site’s southwestern edge.49 
Also prevalent, are a series of waste water ponds north of the Columbia within the 
National Monument. A map of significant surface water features at Hanford is provided 
below (Exhibit 3-1). 

GEOLOGICAL RESOURCES  

Geological resources are defined as: 

Those elements of the earth’s crust such as soils, sediment, rocks, and 
minerals…that are not included in the definitions…of surface water 
resources (43 CFR Section 11.14 (s)). 

The Hanford Site lies within the Pasco Basin, part of the larger Columbia Basin or 
Columbia Plateau. Relatively low-relief due to river and stream sedimentation filling in 
synclinal valleys and basins between the anticlinal ridges of the Yakima Fold Belt within 
the past several million years, the surface topography has been modified by Pleistocene 
cataclysmic flooding, Holocene eolian activity, and landsliding (Burk et al. 2007). 
Cataclysmic floods during the Pleistocene eroded sediments and scoured basalt bedrock, 
creating branching flood channels, giant current ripples, ice rafted erratics, and giant 
flood bars, which can all be found on the Hanford Site (Burk et al. 2007). 

The Site consists of a layered depositional model, with basalt bedrock in the deepest 
(oldest) layer, overlain by Ringold formation sediments, Cold Creek sediments, and with 
Hanford formation sediments as the top (youngest) layer.  However, these layers have 
been complicated by the method of deposition, and later by the removal of some of the 
sedimentary units (DOE 2011c).  A description of each of the stratigraphic layers, from 
oldest to youngest, and additional information on some of these complications is provided 
in DOE 2011c. 
  

                                                      
49 For additional detail regarding surface water resources, see section 3.1 on Aquatic Habitats, above. 
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EXHIBIT 3-1  SURFACE WATER FEATURES ON HANFORD SITE  
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Surface So i l   

Of particular concern for this natural resource damage assessment are the soils in the suite 
of terrestrial habitats described above (i.e., shrub-steppe, sand dunes, white bluffs, 
Columbia River islands, basalt outcrops, scarps, scree, and, in particular locations, 
agricultural or disturbed habitat). Soils have been directly exposed to contaminants, and 
also act as a pathway of contaminants to terrestrial biota (see Chapter 5 for more details). 

Vadose  Zone  Soi l  

In addition to the soils described above, Trustees are investigating injury to soils within 
the vadose zone at the Site – that is, the geological resources that extend from the surface 
of the ground to the water table.  The Hanford Site vadose zone ranges in thickness from 
less than one meter near the Columbia River to over 50 meters on the Central Plateau 
(DOE 2011c).   

Moisture consistently moves through the vadose zone to groundwater.  Prior to the mid-
1990s, the major source of moisture was liquid discharges from the Site; currently, the 
major moisture sources include precipitation and water used for dust suppression during 
remediation. The rate of deep drainage from the vadose zone into the groundwater (i.e., 
the migration path and time required for a contaminant to pass through the vadose zone) 
depends on hydraulic, physical, and chemical conditions in the soil, total soil moisture 
content, the total amount of water available, recharge rates, depth to the water table, and 
the presence of vegetation (Burk et al. 2007, Freeman et al. 2001).  However, since 
precipitation is fairly low at Hanford, annual infiltration is limited but over time can be an 
important driving force for transport of near-surface contaminants.  

GROUNDWATER RESOURCES 

Groundwater resources are defined as: 

Water in a saturated zone or stratum beneath the surface of land or 
water and the rocks or sediments through which groundwater moves. It 
includes groundwater resources that meet the definition of drinking 
water supplies (43 CFR Section 11.14 (t)). Drinking water supply means 
any raw or finished water source that is or may be used by a public 
water system, as defined in the SDWA [Safe Drinking Water Act], or as 
drinking water by one or more individuals (43 CFR Section 11.14 (o)). 

As described in Burk et al. (2007), “groundwater at the Hanford Site originated as either 
recharge from rain and snowmelt, or from excess irrigation, canal seepage, and 
wastewater disposal.”  Additionally, seasonal bank recharge from the Columbia River is 
an important source of groundwater on Site. Most of the Hanford groundwater eventually 
discharges into the Columbia River, although some may be brought to the surface through 
wells or evaporation and transpiration in areas where the water table is shallow (Burk et 
al. 2007).  

The groundwater on the Hanford Site is found in both an upper unconfined sedimentary 
aquifer system and a deeper basalt confined or semi-confined aquifer system (DOE 
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2011c, Burk et al. 2007). Although parts of the unconfined aquifer are semiconfined or 
confined, the entire suprabasalt aquifer system is interconnected site-wide (DOE 2011c, 
Burk et al. 2007). Unconfined aquifer groundwater typically flows from recharge zones 
near the western part of the Site towards the Columbia River on the eastern and northern 
boundaries of the Site.  The Yakima River near the southwest boundary of the Hanford 
Site is a source of recharge (DOE 2011c).  Recharge rates vary across the Site, due to 
changes in vegetation and soil type, and range from 1.5 millimeters per year in natural 
shrub-steppe areas to 52 centimeters per year in un-vegetated areas (DOE 2011c).  
Recharge rates can also be artificially supplemented from Hanford wastewater disposal 
operations. To-date an estimated 1.68 x 1012 liters of wastewater have been discharged to 
disposal ponds, trenches, and cribs, increasing the water table elevation during operating 
years (DOE 2011c).  Discharges in the Central Plateau caused groundwater mounding as 
high as 20 meters during peak operations (Stratus 2009). However, Hanford Site 
wastewater discharges have declined steadily in volume over the years, from 
approximately 14 billion liters in 1990 to 0.33 billion liters in 2010.  Subsequently, the 
water table has been declining in most areas since 1980; Central Plateau levels have 
decreased to approximately 11 meters (Stratus 2009). Groundwater levels have also 
declined across the Site since non-permitted discharges to unlined ponds ceased in 1996 
(DOE 2011c).   

The confined/semi-confined aquifer system is located within the Columbia River Basalt 
Group.  Most of the water in basaltic aquifers comes from precipitation and stream flow, 
and the groundwater generally flows toward the Columbia River; in some places, 
groundwater flows toward semi-confined areas where groundwater flows upward from 
the basalt into the overlying unconfined sedimentary aquifer system. This upward flow 
occurs in areas where the basalt is not completely confined and where there is an upward 
hydraulic gradient between the basalt and the overlying unconfined sedimentary aquifer 
system. Such upward gradients have been detected at several areas of the Site, due in part 
to significant declines in the unconfined water table as wastewater disposals ceased over 
the past 20 years.  

Interact ions  between Groundwater  and  the  Columbia  R iver  

The groundwater system at Hanford is highly influenced by the Columbia River flow 
system, and there is a dynamic zone of interaction where groundwater mixes with river 
water (DOE 2011c).  This situation occurs in the 100 and 300 Areas, where during the 
high river stage, river water moves into the riverbank, overlaying the groundwater and 
mixing with it (Peterson and Johnson 1992).  As the river water levels fall, the water 
flows back towards the river. Additionally, groundwater enters the Columbia River 
through a number of upwellings. Although the nature and extent of groundwater 
upwelling is unclear, upwelling locations have been identified within the 100 and 300 
areas within the Hanford Reach (Hulstrom and Tiller 2010; Hulstrom 2010). A number of 
contaminants in these upwellings have been documented at levels exceeding water 
quality standards, including hexavalent chromium, nitrate, and uranium (Hulstrom 2011). 
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These interactions between groundwater and surface water can affect contaminant 
concentrations and cause varying hydraulic gradients by river-stage fluctuations.   The 
effects of groundwater and surface water interaction on contaminant concentrations 
depends on a number of key variables such as flow patterns in the zone of interaction, the 
location of groundwater discharge, and the degree and timing of dilution prior to 
discharge into the riverbed substrate and the free stream (Peterson and Connelly 2001). 50 

BIOLOGICAL RESOURCES  

Biological resources are defined as: 

Those natural resources referred to in section 101(16) of CERCLA as 
fish and wildlife and other biota. Fish and wildlife include marine and 
freshwater aquatic and terrestrial species; game, nongame, and 
commercial species; and threatened, endangered, and State sensitive 
species.  Other biota encompass shellfish, terrestrial and aquatic plants, 
and other living organisms not otherwise listed in this definition (43 CFR 
Section 11.14 (f)).  

The biological resources potentially exposed to releases from the Site include, but are not 
limited to, aquatic and terrestrial plants, aquatic and terrestrial invertebrates, reptiles and 
amphibians, fish, birds, and mammals that utilize the aquatic and terrestrial habitats 
described above. The following sections provide a brief description and inventory of the 
biological resources present on the Hanford Site.  Additional information on the specific 
species documented on the Hanford Site is available in Appendix C and in other sources 
(e.g., Gray and Dauble 1977, Fitzner and Gray 1991, Downs et al. 2004, CRICIA 1998, 
TNC 1999, TNC 2003, Burk et al. 2007, US FWS 2008, and information from the 
Hanford Site Environmental Monitoring and Compliance Project presented in Downs et 
al. 1993 and the annual Hanford Site Environmental Monitoring Reports).51   

Aquatic  and  R ipar ian  P lants  

Hundreds of plant species have been documented on the Hanford Site (Sackschewsky and 
Downs 2001). Aquatic plants are typically found in the narrow riparian areas along the 
Columbia River, which consist “of a number of forbs, grasses, sedges, reeds, rushes, 
cattails, and deciduous trees and shrubs. Much of the riparian zone has also been 
successfully invaded by exotic plant species” (Sackschewsky and Downs 2001).  
Dominant vegetation includes mulberry (Morus alba), willow, Siberian elm (Ulmus 
pumila), Northern wormwood (Artemisia campestris), sweet clover (Melilotus spp.), and 
reed canarygrass (Phalaris arundinacea) (DOE 2007a).  Burk et al. (2007) provides a list 

                                                      
50 Additional information on the interaction of groundwater and the Columbia River can be found in FLUOR 2008, Lee et al. 

1997, Peterson and Johnson 1992, and Peterson and Connelly 2001. 

51 These lists show many, but not all, species present at the Hanford Site. Note that inclusion of a species in this assessment 

plan does not imply an obligation on the part of the Trustees to evaluate it, nor does omission of a species preclude the 

Trustees from evaluating potential injury to that species. 
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(see Table B1) of riparian vegetative species in the area, based on Sackschewsky and 
Downs (2001). TNC (1999) identified rare riparian community plants in riverine 
emergent wetlands.   

In the Hanford Reach, phytoplankton consists predominantly of diatoms (Weiss and 
Mitchell 1992), but green algae, blue-green algae, red algae, and dinoflagellates have also 
been found (Burk et al. 2007). Populations are heavily influenced by Priest Rapids dam 
and the changing water levels (Burk et al. 2007). Many of the free-floating algae species 
in the Hanford Reach are derived from the periphyton. The phytoplankton and periphyton 
community make up the base of the aquatic food web and are an important food source 
for many herbivores such as immature insects.  

Macrophytes are “sparse in the Columbia River because of strong currents, rocky bottom, 
and frequently fluctuating water levels” (Burk et al. 2007), and are most prevalent in the 
slack water areas (Weiss and Mitchell 1992). Where present, macrophytes provide food, 
shelter, and breeding areas for fish.  Weiss and Mitchel (1992) provide a list of 
macrophyte species present in the Hanford Reach. 

Terrestr ial  P lants  

The terrestrial vegetative communities on the Hanford Site are dominated by shrubs and 
steppe grasses. The shrub-steppe communities that once covered over 200,000 square 
miles of the American West have been largely eliminated or fragmented as a result of 
agricultural development and urbanization. The Hanford Site, with hundreds of 
documented plant species, represents one of the last relatively undisturbed tracts of this 
plant community remaining (Sackschewsky and Downs 2001).  

Terrestrial plant community type (i.e., dominant shrub and grasses) is determined by 
climatic conditions, topographic conditions, soil type and depth, and land disturbance 
history.  Big sagebrush is the dominant shrub in the majority of shrub-steppe plant 
communities found at Hanford. Other common species include grey rabbitbrush 
(Chrysothamnus nauseosus), green rabbitbrush (Chrysothamnus viscidiflorus), antelope 
bitterbrush (Purshia tridentata), spiny hopsage (Grayia spinosa), and black greasewood 
(Sarcobatus vermiculatus). Communities in which shrub species dominate are typically 
associated with an understory of grasses and forbs.  Common grass species include 
Sandberg’s bluegrass (Poa secunda), cheatgrass (Bromus tectorum), needle-and-thread 
grass (Hesperostipa comata), bluebunch wheatgrass (Pseudoroegnaria spicata), Indian 
ricegrass (Oryzopsis (=Achnatherum) hymenoides), saltgrass (Distichlis stricta), and 
Idaho fescue (Festuca idahoensis) (Sackschewsky and Downs 2001). At higher 
elevations, Sandberg’s bluegrass is replaced by bluebunch wheatgrass, Cusick’s bluegrass 
(Poa cusickii), hawk’s beard (Crepis atrabarba), and Idaho fescue become more 
abundant, and three-tip sagebrush (Artemisia tripartita) is found at the highest elevations 
(Downs et al. 1993). 

Of the 725 plant species documented at Hanford, approximately 20 percent are non-
native. A number of noxious weeds have successfully established and displaced native 
forbs, including rush skeletonweed (Chondrilla juncea) and several species of 
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knapweeds.  Areas that have been disturbed by activities such as cultivation, fire, grazing, 
or construction activities are typically dominated by exotic annual species such as 
cheatgrass, tumble mustard (Sisymbrium altissimum), and Russian thistle.  Past fires, such 
as the major fire in the year 2000 which consumed much of the shrub-steppe habitat in 
the ALE Reserve, have greatly contributed to altering the plant community – allowing 
non-native species to invade and significantly influence the Hanford habitat (Burk et al. 
2007). The introduction of cheatgrass in particular has also resulted in significant 
alterations to distribution and abundance of native plants (Sackschewsky and Downs 
2001).  

A number of plant species whose populations are considered to be of concern by the 
Federal government and the State of Washington occur on the Hanford Site, such as 
Columbia milkvetch (Astragalus columbianus), Columbia yellowcress (Rarippa 
columbiae), and Hoover’s desert parsley (Lomatium tuberosum).  Although no plant 
species is currently listed as threatened or endangered under the ESA, two plant species 
are currently candidates for listing, Umtanum Desert buckwheat (Eriogonum codium) and 
White Bluffs bladderpod. 

Terrestr ial  Invertebrate s  

Between 1994 and 1999, The Nature Conservancy conducted an insect inventory at 
Hanford that resulted in at least 1,536 species-level terrestrial invertebrate identifications, 
including identification of 43 previously unknown taxa.  At the time of publication, 
researchers anticipated that after identification of all remaining samples the inventory 
would result in a total of over 2,000 species identified.  Of those species identified during 
the survey, 142 were identified in the State of Washington for the first time, making 
Hanford the only known location for these species in Washington State (TNC 1999).  The 
authors of this study attribute the high diversity of insect species on the Hanford Site to 
the size, complexity, and relatively undisturbed quality of the shrub-steppe habitat.  

Biomass estimates indicate that the major taxonomic groupings at the Hanford Site are 
Coleoptera (beetles), Hymenoptera (ants, bees and wasps), and Lepidoptera (moths and 
butterflies) (Downs et al. 1993).   

Two species, the Columbia River tiger beetle (Cicindela columbica) and the silver-
bordered fritillary butterfly (Boloria selene atrocostalis) are listed as Candidate species 
by the State of Washington (Appendix C). 

Aquatic  Invertebrates  

TNC (1999) conducted a limited reconnaissance survey and identified 52 taxa of aquatic 
invertebrates, including 21 not previously documented in the Hanford Reach.  This 
discovery brought the total number of identified aquatic invertebrate taxa to 145 (ibid.).  
The study also investigated aquatic invertebrates in Hanford Reach tributaries and spring 
streams. 

TNC (2003) continued the work of TNC (1999), surveying and compiling existing 
records of aquatic invertebrates in the Hanford Reach and other area locations.  The 
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authors conclude that over the past 50 years a variety of changes have occurred in the 
Hanford Reach: “Ephemeroptera (mayfly) diversity has increased; Plecoptera (stoneflies) 
have disappeared; Trichoptera (caddisfly) diversity and abundance remain high; Odonata 
(dragonflies and damselflies), Hemiptera (true bugs), Lepidoptera (butterflies and moths) 
and Coleoptera (beetles) are rare; and Diptera (fly) diversity remains relatively constant.”  
The Pacific crayfish (Pacifasticus leniusculus) population “appears to be robust” and the 
introduced Asiatic clam (Corbicula fluminea) “appears to be extremely abundant” (ibid.). 

Mueller et al. (2011) evaluated the species, distribution, and densities of native 
freshwater mussels in the Hanford Reach.  Four species of native mussels were identified, 
of which the western and Oregon floaters (Anodonta kennerlyi and Anodonta 
oregonensis) were most abundant.  The California floater (Anodonta californiensis), 
though it is listed as a Federal Species of Concern and State Candidate species, was the 
next most abundant, while the formerly-abundant western pearlshell (Margaritafera 
falcata) appears to have been extirpated.  

In addition to the California floater, two additional species, the Giant Columbia River 
spire snail (Fluminicola (also known as Lithoglyphus) columbiana), and the shortfaced 
lanx (Fisherola nuttalli), are of special conservation concern (Appendix C). 

Repti les  and Amphib ians   

A variety of reptiles and amphibians are found in and around the Hanford Site.  However, 
Fitzner and Gray (1991) note that distribution and abundance of these species is poorly 
understood.  Nine unique species of reptiles have been identified at Hanford (Fitzner and 
Gray 1991).  The most common reptile species is the side-blotched lizard (Uta 
stansburiana) (Downs et al. 1993).  The short-horned lizard (Phrynosoma douglassi), 
sagebrush lizard (Sceloporous graciosus) (an ESA Species of Concern and Candidate for 
State listing), striped whipsnake (Masticophis taeniatus) (a Washington State Candidate 
for listing) and desert nightsnake (Hypsiglena torquata) are also documented, though 
infrequently and the painted turtle was once commonly found on the Site (Fitzner and 
Gray 1991).  The Gopher snake (Pituophis melanoleucus), yellow-bellied racer snake 
(Coluber constrictor), and western rattlesnake (Crotalus viridis) are commonly found on 
the Site (Burk et al. 2007). 

Hanford is also home to a small number of native and non-native amphibians.  Fitzner 
and Gray (1991) report that the Great Basin spadefoot (Scaphiopus intermontana), and 
Woodhouse’s toad (Bufo woodhousei) are considered to be common in riparian areas.  
TNC (1999)’s survey reported these species and also the tiger salamander (Ambystoma 
tigrinum) and bullfrog (Rana catesbeiana).  The western toad (Bufo boreas) has also been 
previously documented at the Site (TNC 1999, Burk et al. 2007), is listed as a Species of 
Concern under the ESA, and is a Candidate for State listing. 

Fish  

The Hanford Reach supports 45 fish species spanning 12 families, five of which are 
represented by only one species, and one of which (Petromyzontidae) includes two local 
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species (Burk et al. 2007 as based on Gray and Dauble 1977). Fish species with the 
greatest economic importance include salmon (Chinook (Oncorhynchus tshawytscha), 
sockeye (Oncorhynchus nerka), and coho (Oncorhynchus kisutch)), and steelhead trout 
(Oncorhynchus mykiss) (DOE 2007a).  Both the fall Chinook salmon and steelhead trout 
spawn in the Hanford Reach (Jamison 1982).  Furthermore, “since 1962, the Hanford 
Reach spawning population has represented about 15 to 20% of the total fall Chinook 
escapement to the river.  The destruction of other main-stem Columbia River spawning 
grounds by dams has increased the relative importance of the Hanford Reach spawning 
area” (ibid.).   

Sport anglers also value the white sturgeon (Acipenser transmontanus), native mountain 
whitefish (Prosopium williamsoni), smallmouth bass, crappie (Pomoxis spp.), catfish 
(Ictalurus punctatus), walleye (Sander vitreus), and perch (Perca flavenscens) (Jamison 
1982). The Pacific lamprey (Lampetra tridentata), a Federal Species of Concern, travels 
through the Hanford Reach and has great cultural value to area tribes (Close 2000).  

Of the species documented in the Hanford Reach, six are considered by the Federal 
and/or State government to be of particular conservation concern (bull trout (Salvelinus 
confluentus), leopard dace (Rhinichthys flacatus), mountain sucker (Catastomus 
platyrhynchus), river lamprey (Lampetra ayresi), spring-run Chinook (Oncorhynchus 
tshawytscha), steelhead).  Additionally, Spring-run Chinook salmon are listed as 
endangered under the ESA, while bull trout and steelhead are both listed as threatened 
(Appendix C). 

Birds  

Surveys conducted between 1994 and 1999 documented 221 species of birds on the 
Hanford Site, bringing the total of known avian species at Hanford to 258 (TNC 1999).  
A number of reports including Ennor (1991), Fitzner and Gray (1991), and Landeen et al. 
(1992) provide inventories of birds that have been documented breeding, wintering, or 
migrating through the Hanford Site.  Downs et al. (1993) focuses in particular on 
summarizing information regarding species of particular conservation concern. 

Ferruginous hawks, red-tailed hawks (Buteo jamaicensis), and Swainson’s hawks (Buteo 
swainsoni) are commonly observed nesting on the Hanford Site, and feed primarily on 
small to medium-sized mammals (Downs et al. 1993).  Other raptors commonly found 
breeding on Site include the Northern harrier (Circus cyaneus) and burrowing owl.  Other 
common species at Hanford include sage sparrows (Artemisiospiza belli), western 
meadowlark (Sturnella neglecta) (the most abundant bird of the Columbia River plain 
shrub-steppe), and a wide variety of songbirds including the eastern kingbird (Tyrannus 
tyrannus), horned lark (Eremophila alpestris), barn swallow (Hirundo rustica), black-
billed magpie (Pica hudsonia), common raven (Corvus corax), American robin (Turdus 
migratorius), European starling (Sturnus vulgaris), white-crowned sparrow (Zonotrichia 
leucophyrys), dark-eyed junco (Junco hyemalis), red-winged blackbird (Agelaius 
phoeniceus), house finch (Haemorhous mexicanus), and house sparrow (Passer 
domesticus) (Landeen et al. 1992).  Game bird species present on the Hanford Site 
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include the mourning dove (Zenaida macroura), California quail (Callipepla californica), 
ring-necked pheasant (Phasianus colchicus), Hungarian partridge (Peridix perdix), and 
chukar partridge (Alectoris chukar) (Downs et al. 1993). 

Thirty-nine species of native birds within the Columbia Basin Ecoregion that are 
considered to be shrub-steppe dependent have been documented at Hanford. In addition, 
eight species of regional management concern that breed in steppe or shrub-steppe 
habitats were documented by Saab and Rich (1997) breeding at Hanford, including black-
throated sparrow (Amphispiza bilineata), sage sparrow, sage thrasher (Oreoscoptes 
montanus), Brewer’s blackbird (Euphagus cyanocephalus), Brewer’s sparrow (Spizella 
brewen), lark sparrow (Chondestes grammacus), loggerhead shrike (Lanius 
ludovicianus), and western meadowlark (TNC 1999). 

Eighteen species of birds documented on the Hanford Site are of special conservation 
concern, including the American white pelican (Pelecanus erythrorhynchos), the 
peregrine falcon, and the greater sage grouse (Centrocercus urophasianus), which is a 
Candidate for ESA listing (Appendix C). 

Mammals  

Approximately forty species of mammals have been identified as certain or potential 
residents of the Hanford Site (Fitzner and Gray 1991; Appendix C).  The Great Basin 
pocket mouse (Perognathus parvus) and deer mouse (Peromyscus maniculatus) are the 
most abundant species on the Site (Downs et al. 1993), and are important prey for snakes, 
coyotes, raptors, badgers, and other species.  The Northern pocket gopher (Thomomys 
talpoides) is also considered to be abundant (Fitzner and Gray 1991) though it is not 
commonly observed by humans (Downs et al. 1993).  

Three lagomorph species – Nuttall’s cottontail (Sylvilagus nuttallii), white-tailed 
jackrabbit (Lepus townsendii) and black-tailed jackrabbit (Lepus californicus) - are 
currently found at Hanford.  

Four species of ungulates have been reported at Hanford.  Elk and mule deer are both 
observed commonly on Site, while white-tailed deer (Odocoileus virginianus) are only 
occasionally documented.  Researchers documented several pronghorn antelope 
(Antilocapra americana) sightings between 1978 and 1981, but the species has since been 
considered extirpated from the Site.   

Four families of carnivores are represented at Hanford.  The coyote, the sole 
representative of the family Canidae, is the most abundant large carnivore on-site 
(Downs et al. 1993).  Bobcats (Lunx rufus) represent the Felidae family at Hanford, and 
are generally associated with rock outcroppings and canyons.  Six species of the 
Mustelidae family occur at Hanford, with the badger and striped skunk (Mephitis 
mephitis) being the most abundant, according to Fitzner and Gray (1991).52  Minks 

                                                      
52 Although Fitzner and Gray (1991) list badgers as being common to the Site, Downs et al. (1993) suggest that their 

population size is unknown. 
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(Mustela vison), short-tailed weasels (Mustela ermiea)), long-tailed weasels (Mustela 
frenata), and river otters have also been documented on Site, though less commonly.  
Raccoons (Procyon lotor) represent the Procyonidae family at Hanford (Fitzner and Gray 
1991). None of these species has been studied extensively on Site. 

Two species of shrew, the vagrant shrew (Sorex vagrans) and the Merriam’s shrew 
(Sorex merriami), have been documented at Hanford, though both are considered to be 
uncommon (Fitzner and Gray 1991). The Townsend’s ground squirrel was also once 
common across the Site (Fitzner and Gray 1991). 

Bats are well-represented at Hanford.  Six species of bats have been observed on the Site, 
and several, including the pallid bat (Antrozous pallidus) and two species of myotis bats 
(Myotis spp.) are frequently associated with buildings in the 100 and 200 Areas.  

Of the mammalian species that have been documented at Hanford, five are of special 
conservation concern, including the black-tailed jackrabbit, white-tailed jackrabbit, 
Merriam’s shrew, Townsend’s ground squirrel (Spermophilus townsendii), and 
Washington ground squirrel (Spermophilus washingtoni). The Washington ground 
squirrel is also a Candidate for ESA listing. 

AIR 

Air resources are defined as: “those naturally occurring constituents of the atmosphere, 
including those gases essential for human, plant, and animal life” (43 CFR § 11.14(b)). 
Although injury to air is sometimes assessed in the context of a natural resource damage 
assessment, the atmosphere is generally considered to be a pathway for the movement 
and re-suspension of contaminants by which other natural resources may be exposed to 
hazardous substances.  Operations at Hanford are known to have emitted hazardous 
substances. At this time, the Trustees are focusing on air as a pathway, but may consider 
formally addressing injury to this resource in the future.  
 

Each of the natural resources described above provides a variety of ecological services 
(human use services, including tribal connections to Site natural resources, are described 
in Chapter 4). According to the DOI regulations, services are defined as: 

…the physical and biological functions performed by the resource including the 
human uses of those functions. These services are the result of the physical, 
chemical, or biological quality of the resource (43 CFR § 11.14 (nn)). 

For example, rivers provide habitat for numerous aquatic plant and animal species.  
Riverbanks and riparian habitats provide protective cover, spawning, and nursery habitat 
for aquatic and terrestrial biota, aid in nutrient cycling, maintain hydrologic flows, and 
improve water clarity by promoting sedimentation of particulate matter.  Phytoplankton 
and zooplankton serve as prey for aquatic invertebrates and help to cycle nutrients in 
aquatic habitats.  Salmon also contribute to nutrient cycling—their post-spawning 
carcasses provide an influx of nutrients to the Columbia River ecosystem.  Fish, 
amphibians, and reptiles help to control insect populations and serve as prey for higher 
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trophic level organisms, such as birds and mammals.  Terrestrial habitat provides nesting 
and denning habitat for a suite of species, as well as flood control during storm events.  

The resources described in this chapter are ecologically interdependent and provide 
interdependent services (43 CFR § 11.71(b)(4)). For example, Safriel and Adeel (2005) 
describe the interactions of dry land natural resources and their services, for example: 

 “[S]oil formation and soil conversion are key supporting services of dryland 
ecosystems, the failure of which is one of the major drivers of desertification”; 

 Nutrient cycling “supports the services of soil development and primary 
production through the breakdown of dead plant parts (thus enriching the soil 
with organic matter) and the regeneration of mineral plant nutrients… Unlike 
non-drylands, where soil microorganisms are major players in nutrient cycling, 
macrodecomposers such as termites, darkling beetles (Tenebrionidae),53 and 
other invertebrates (many of which are soil dwellers) that are less water-sensitive 
become important for nutrient cycling”; and 

 “The numerous dryland plant species of different growth forms jointly provide a 
package of services through their ground cover and structure, which provide the 
drylands’ most important services of water regulation and soil conservation… 
[and] In many arid and semiarid areas, this biodiversity of ‘vegetation cover’ and 
biological soil crusts is linked to a diversity of arthropod species that process 
most of the living plant biomass, constituting the first link of nutrient cycling.”   

These and other services sustain a functioning ecosystem by supporting essential 
hydrological, geomorphological, and ecological processes. 

 

Existing data indicate that natural resource services have been lost due to Site-related 
contamination. As described in the DOI NRDA regulations, this Plan includes a 
preliminary estimate of the time needed for affected natural resources to recover (43 CFR 
§ 11.31(a)(2)). This recovery period is “either the longest length of time required to return 
the services of the injured resource to their baseline condition [i.e., the condition in which 
they would have been had the release not occurred] or a lesser period of time selected by 
the authorized official and documented in the Assessment Plan” (43 CFR § 11.14(gg)). 

Recovery period estimates must be based on the best available information and, where 
appropriate, may be based on cost-effective models. More specifically, information may 
come from one or more of the following sources, as applicable: published studies on the 
same or similar resources; the experience of managers or resource specialists with the 
injured resource or with similar discharges elsewhere; and field and laboratory data from 
the assessment and control areas (43 CFR § 11.73(c)(1)).  

                                                      
53 Darkling beetles are present at the Hanford Site (Rogers et al. 1978). 
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In estimating recovery times, Trustees consider factors such as ecological succession 
patterns in the area; the growth or reproductive patterns, life cycles, and ecological 
requirements of biota involved, including their reaction or tolerance to the hazardous 
substance involved; the bioaccumulation and extent of hazardous substances in the food 
web; and the chemical, physical, and biological removal rates of the hazardous substance 
from the media involved, including the nature of any potential degradation or 
decomposition products (43 CFR § 11.73(c)(2)). 

For example, some contaminants released from the Site are expected to have extremely 
high persistence in Site media.  Site activities resulted in the discharge of over 200,000 kg 
of uranium to the ground in the 200 and 300 Areas (Corbin et al. 2005 as cited in Zachara 
et al. 2007).  These actions created large groundwater plumes of uranium, and at least one 
such plume “continues to grow in size” (Hartman et al. 2007 as cited in Zachara et al. 
2007).  Uranium does not decay over appreciable timeframes: the U-238 isotope54 makes 
up the large majority by mass of natural uranium and has a half-life of about 4.5 billion 
years, whereas U-234 and U-235 have half-lives of approximately 240,000 years and 700 
million years, respectively (ATSDR 1999).  These lengthy half-lives indicate that 
uranium’s specific activity is relatively low compared to radionuclides with shorter half-
lives. However, if not physically removed, it will persist for a very long time; and, 
uranium is also chemically toxic. 

Overall, the soil and groundwater beneath Hanford contain approximately 1.8 million 
curies of radioactivity as of 2000 (Gephart 2003).55  Furthermore, contamination of 
groundwater from single-shelled tanks has been substantial and is ongoing; sixty-seven 
tanks have or are suspected to have leaked up to 1 million gallons of waste (DOE 2010). 

Radionuclides and other contaminants including hexavalent chromium have been 
released to the Columbia River, particularly between 1944 and 1971 (Gephart 2003).  
Groundwater travel time from the 200 Area to the river is uncertain but likely ranges 
from a few years to several decades. Travel times for contaminants subject to retardation 
by ion exchange and adsorption could be on the high end of that range, such as uranium, 
strontium-90, and chlorinated hydrocarbons. Over time, high flow rates in the Columbia 
River have diluted contaminant concentrations in water and sediment in the Hanford 
Reach and total discharge of groundwater into the River ranges from 0.08 to 2.8 cubic 
meters per second (0.001 percent of the average Columbia River flow). However, the 
variability in discharge rates along the River is not well known (DOE 2011c). 
Additionally the influx of contaminants from groundwater is ongoing, and as long as that 

                                                      
54 An isotope is defined as a nuclide of an element having the same number of protons but a different number of neutrons.  

Nuclide is a general term applicable to all atomic forms of an element. Nuclides are characterized by the number of 

protons and neutrons in the nucleus, as well as by the amount of energy contained within the atom 

(http://www.epa.gov/radiation/glossary/index.html).  

55 This figure does not include contained wastes, such as those in tank farms. In total, it is estimated that about 430 million 

curies of human-made radioactivity remain on site (as of 2000) (Gephart 2003). 
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persists, it may adversely affect exposed biota, particularly those with life stages 
associated with river sediments and those exposed in areas of groundwater upwelling. 

The potential for ongoing exposure to river biota is therefore at least as long as the 
groundwater travel time. Preventing contaminated groundwater from reaching the 
Columbia River is one of the main cleanup goals (DOE 2010). As part of Hanford’s 2015 
Vision, DOE, EPA and the Washington Department of Ecology hope to prevent 
contamination from reaching the River by 2015 by decommissioning, deactivating, 
decontaminating, and demolishing more than 235 facilities, remediating over 300 waste 
sites, and sending approximately 4.6 million tons of waste and debris to the Hanford 
Environmental Restoration Disposal Facility. These types of actions will shorten the time 
required for resources to recover to their baseline condition.  

As mentioned, some Hanford contaminants may persist for thousands of years, including 
those with long half-lives such as the uranium isotopes, plutonium-239 (half-life of 
24,100 years), and technetium-99 (half-life of 211,000 years), and carbon tetrachloride, a 
persistent contaminant in groundwater at Hanford. Based on an evaluation of the existing 
literature documenting the limited natural degradation rates of many Site contaminants 
and their resulting persistence in the environment, the Trustees’ preliminary 
determination of the recovery period is that it will likely be at least hundreds of years 
before recovery will be achieved.  
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CHAPTER 4  |  NATURAL RESOURCE HUMAN USE SERVICES 

In addition to the suite of ecological services described in Chapter 3, trust natural 
resources in the study area also provide a wide range of human use services. The release 
of hazardous contaminants from Hanford Site operations has potentially impacted 
people’s use of natural resources, and the well-being they derive from such uses.  
Measures of the change in human use of a natural resource can be used to quantify natural 
resource injury (i.e., quantifying the loss in services provided by natural resources to 
humans), and can support selection and scaling of specific restoration actions to restore 
the scale and quality of human uses of natural resources. This section describes natural 
resource services provided to tribal and non-tribal communities that will be considered by 
the Trustees in conducting the Hanford injury assessment. 

Indigenous peoples inhabited the landscape that became the Hanford Site from time 
immemorial.  In the mid-19th century, various tribes in the region reserved rights to access 
the Hanford Site for traditional use purposes through Treaties with the United 
States.  These traditional uses include the right to access natural resources at this site. 
Native Americans were still living in accordance with traditional beliefs and practices at 
Hanford when the Site was established in 1943, and were among those evicted when the 
U.S. government took control of the area (CTUIR 2012). After that time, little to no 
access was granted to indigenous groups for many years. More recently, increased, but 
still limited, access has been allowed. For example, today Native Americans use 
resources and conduct religious ceremonies in accessible areas at the Site (Yakama PAS). 
Note that the Federal government maintains a special trust relationship with Indian tribes 
pursuant to various treaties, statutes, Executive Orders, judicial decisions and other legal 
instruments. Inherent in the relationship is an enforceable fiduciary responsibility to the 
Yakama Nation, the Confederated Tribes of the Umatilla Indian Reservation, and the Nez 
Perce Tribe, to protect their rights and resources. (R. Jim, Yakama Nation). Indigenous 
peoples may utilize natural resources to an extent and in ways that are different from the 
general population (Harper et al. 2002, Nadasdy 2003, Turner 2005). In addition, the role 
that natural resources play in the culture of these indigenous communities may differ 
from that of the general population. “Culture” in this context encompasses the lived 
experiences and all of the material and spiritual relationships that indigenous peoples 
have with all of the elements of the natural world. Drawing on published anthropological 
research, culture in the context of this Plan incorporates practice, which consists of the 
everyday activities of the people on the land. As stated by the Nez Perce,  

“The most appropriate way to understand our cultural values is to view our 
cultural practices conducted today on our landscape.  They reflect a complex 
tradition showing high regard for the land.  There isn't a daily activity of a 
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“[P]rominent landforms such as Rattlesnake Mountain, Gable Mountain, and Gable 

Butte, as well as various sites along and including the Columbia River, remain sacred. 

American Indian traditional cultural places within the Hanford Site include, but are 

not limited to, a wide variety of places and landscapes: archaeological sites, 

cemeteries, trails and pathways, campsites and villages, fisheries, hunting grounds, 

plant gathering areas, holy lands, landmarks, important places in Indian history and 

culture, places of persistence and resistance, and landscapes of the heart (Bard 

1997). Because affected tribal members consider these places sacred, many 

traditional cultural sites remain unidentified.” (Hanford Site National Environmental 

Policy Act (NEPA) Characterization (2007) and CTUIR (2012)). 

traditional lifestyle that doesn't have oral traditions telling how the activity is part 
of the land and plays a role in taking care of the land”  (Nez Perce 2010).  

The Yakama Nation underscores the importance of the Hanford Site and environs as 
follows: 

“The Yakama subsistence lifestyle, including fishing, hunting, and plant   
gathering; use of traditional foods, medicines, and materials; sweathouse use, 
feasts, and other cultural practices, depends upon safe, unrestricted access to 
clean natural resources in the Hanford Assessment area year round in perpetuity” 
(Yakama 2010).  

In general, natural resources and associated ecosystem services provide cultural services 
including, but not limited to, provisioning, regulating, cultural, and supporting services to 
tribal members. Thus, cultural service loss can encompass adverse changes in three broad 
areas of a tribe’s natural resource-based cultural practices, including, but not limited to: 
(1) Tribal economies (in terms of food, money, and livelihoods, etc.); (2) Tribal 
knowledge (languages, values, teachings, etc.); and (3) Tribal spiritual values 
(ceremonies, sacred histories, places, etc.).   

As a result of differences in the nature and extent of services tribal members and their 
communities derive from the environment – and differences in the way in which changes 
in these services affect indigenous communities — it may be necessary to describe and 
quantify service losses for tribal communities separately from service losses to the 
general public. Given these differences, specific restoration actions may also be required 
to fully compensate the public for losses in indigenous community services.56  Exhibit 4-1 
provides a preliminary matrix of natural resources, ecosystem services associated with 

these resources, and examples of tribal uses of these resources at Hanford. This list is not 

                                                      
56 Any Federal undertaking that has the potential to affect Federally-listed (and/or eligible for listing) cultural resources, 

including Traditional Cultural Properties (TCP), must be evaluated, as mandated under the National Historic Preservation Act 

(NHPA) Section 106. Such actions would include restoration decisions associated with NRDA. As such, identification of TCPs 

within Federal jurisdiction must first occur, as mandated under NHPA Section 110 within the area of potential affect for the 

Federal undertaking. 
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intended to be all-inclusive; identification of specific sites or uses is not intended to 
undervalue other areas and uses that are not listed. In addition, the Trustees continue to 
work to refine and expand this matrix. Recognizing that this matrix is a simplification of 
a complex association of tribal values with natural resources, it is intended to illustrate 
and classify the critical links that exist between natural systems and tribal uses at 
Hanford. As such, it provides context for understanding the range and complexity of 
tribal uses of and values for this site and its resources, and for the studies proposed in 
Chapter 7 to address tribal lost use. This exhibit is organized according to “Natural 
Resource Categories,” which include resources that are likely to have been injured at 
Hanford: surface water, groundwater, geological resources, biological resources, and air.  
For each type of natural resource, there are several “Ecosystem Service Categories,” as 
defined by the Millennium Ecosystem Assessment and National Academy of Sciences 
(Millennium Ecosystem Assessment 2005).  These categories are: cultural and amenity, 
provisioning, regulating, and supporting and habitat.57  For each category, there are 
multiple “Associated Tribal Services” that are beneficial and of value to tribal members.58  
Finally, for each tribal service, examples are listed of “Specific Tribal Uses” at Hanford.  
The Tribal Narratives (which can be found in the Administrative Record) articulate in 
more detail the specific tribal uses of resources at Hanford.  

As noted in Exhibit 4-1, specific physical areas at the Hanford Site carry particular 
cultural importance to the Yakama, CTUIR, and Nez Perce. As stated in the Hanford Site 
National Environmental Policy Act (NEPA) Characterization (Duncan 2007) and 
reiterated by CTUIR (2012),  

“prominent landforms such as Rattlesnake Mountain, Gable Mountain, and Gable 
Butte, as well as various sites along and including the Columbia River, remain 
sacred. American Indian traditional cultural places within the Hanford Site 
include, but are not limited to, a wide variety of places and landscapes: 
archaeological sites, cemeteries, trails and pathways, campsites and villages, 
fisheries, hunting grounds, plant gathering areas, holy lands, landmarks, 
important places in Indian history and culture, places of persistence and 
resistance, and landscapes of the heart (Bard 1997). Because affected tribal 
members consider these places sacred, many traditional cultural sites remain 
unidentified” (Duncan 2007).  

Despite the fact that many sites are not identified, as of 1997, over 1,500 cultural resource 
sites and isolated finds, as well as 531 buildings and structures59 have been documented 

                                                      
57 Ecosystem services that are market-mediated (i.e., can generally be monetarily valued) include provisioning, regulating, 

and supporting services; while those that are generally non-market-mediated include cultural/amenity services, such as 

subsistence, recreation, education, ceremonial, and artistic services (Chan et al. 2011). 

58 Service benefits that are generally market-mediated include employment, material, activity, and aesthetic benefits; while 

those that are generally non-market-mediated include benefits associated with place/heritage, spiritual, inspiration, 

knowledge, existence/bequest, option, social capital/cohesion, and identify (Chan et al. 2011). 

59 These figures include a small number of sites from early settlers and the Manhattan Project Era. 
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on the Hanford Site (Duncan 2007).  Such sites include pit house villages, open 
campsites, spirit quest monuments (rock cairns), hunting camps, game drive complexes, 
and quarries in nearby mountains and rocky bluffs; hunting/kills sites, and small 
temporary camps near perennial sources of water (Duncan 2007). Forty-nine cultural 
resource sites have been listed on the National Register of Historic Places, most of which 
are associated with Native American sites (Duncan 2007).  
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EXHIBIT 4-1  HANFORD TRIBAL SERVI CES MATRIX  

NATURAL RESOURCE 

CATEGORIES1 

ECOSYSTEM SERVICE 

CATEGORIES2 ASSOCIATED TRIBAL SERVICES3 EXAMPLES OF SPECIFIC TRIBAL USES3, 4 

Surface water (includes 

sediment and hyporheic 

zone) 

Cultural & Amenity Water supply (subsistence, ceremonial, 

spiritual) 

Life-giving source 

Drinking water (feasts) 

Sweat lodge purification 

River features (subsistence, ceremonial) Sweat lodge sites 

Fishing camp sites 

Coyote Rapids (spiritual site) 

Provisioning Water supply Drinking water (daily) 

Bathing, cleaning water 

Regulating Water purification Clean water (less disease) 

Flood control Stable shoreline (fishing/gathering area) 

Climate regulation Stable climate (maintaining habitat for species 

collected) 

Supporting & Habitat Aquatic/riparian habitat for sacred 

plants/animals 

Plant/animal collection for subsistence food, 

medicine, materials, ceremony 

Key species habitat Salmon and other fish 

Groundwater (includes 

springs and seeps) 

Cultural & Amenity Water supply (subsistence, ceremonial, 

spiritual) 

Life-giving source 

Drinking water (feasts) 

Sweat lodge water (e.g., Rattlesnake Ridge 

springs) 

Provisioning Water supply Drinking water (daily) 

 Bathing, cleaning water 

Regulating Water security Clean water availability 

Geological (includes 

surface soil, vadose 

zone, dust, and rocks) 

Cultural & Amenity Spiritual sites, sacred grounds, 

landmarks and landscape features, 

traditional use areas 

Burial Grounds 

Archeological sites 

Mooli Mooli 

Gable Butte 

Gable Mountain 

Rattlesnake Mountain 

Columbia River Islands 

White Bluffs 

Other spirit quest areas 
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NATURAL RESOURCE 

CATEGORIES1 

ECOSYSTEM SERVICE 

CATEGORIES2 ASSOCIATED TRIBAL SERVICES3 EXAMPLES OF SPECIFIC TRIBAL USES3, 4 

Sweat Lodges along river  

Sweat lodge rocks 

Solitude, quiet, dark for meditation and 

ceremony; spiritual connection to Mother 

Earth 

Cultural/religious ceremonies, feasts, 

traditional uses 

Traditional ecological knowledge, 

information, education, observation, 

language, inspiration, community 

cohesion, heritage 

Historical places, names, songs, stories, 

calendar 

Language, linguistic landmarks, mnemonics 

Cultural recognition / association 

Heritage, multi-generational ties 

Treaty rights education 

Environmental restoration/stewardship 

education/jobs 

Traditional Cultural Properties (TCPs) 

Scenic vistas, recreational experience, trails 

Social-economic opportunities 

Areas for barter, trade, reciprocity 

Provisioning Raw materials (subsistence, medicinal, 

sacred) 

Rocks and clay for building material 

Soil to white-wash buildings 

Clay for mud baths 

Ground (dirt floor) for sweat lodge 

Ground (dirt floor) for ceremonies, dancing 

Soil for healing wounds 

Ornamental use (spiritual, artistic) Clay for pottery 

Soil to clean hides 

Soil to make paints 

Regulating Erosion control Stable soils, dust reduction 

Nutrient cycling Fertile soils (habitat for foods collected) 

Supporting & Habitat Terrestrial habitat for sacred 

plants/animals 

Plant/animal collection for subsistence food, 

medicine, materials 

Key species habitat Elk/deer and other wildlife 

Exhibit 1



 Final Hanford Natural Resource Damage Assessment Injury Assessment Plan 

 

 

  4-7 

NATURAL RESOURCE 

CATEGORIES1 

ECOSYSTEM SERVICE 

CATEGORIES2 ASSOCIATED TRIBAL SERVICES3 EXAMPLES OF SPECIFIC TRIBAL USES3, 4 

Biological (includes 

aquatic, riparian, and 

terrestrial wildlife, 

birds, fish, shellfish, 

invertebrates, plants, 

fungus, microbes) 

Cultural & Amenity Traditional ecological knowledge, 

information, education, observation, 

language, inspiration, community 

cohesion, heritage 

Wildlife, hunting information and skills 

Fish, fishing information and skills 

Plant identification, gathering information 

Traditional foods and medicines knowledge 

Nutrition, health education 

Cultural recognition / association 

Treaty rights education 

Environmental restoration & stewardship 

education and careers 

Materials for barter, trade, reciprocity 

Aesthetics, existence, viewing, ecotourism 

Provisioning Gathered foods and medicines 

(subsistence, healing, sacred) 

Hemp, chokecherry, balsamroot as examples 

Berry A, Berry B, … 

Herb A, Herb B, … 

Roots A, Root B, …. 

Pine tea, sage (medicine) 

Fir, willow, flowers used in sweat lodges 

Hunted and fished animals 

(clothing/blankets, subsistence, 

healing, sacred) 

Deer 

Elk 

Rabbit 

Other wildlife 

salmon 

Other fish 

Raw materials (sacred, subsistence use, 

shelter) 

Plant parts for fishing poles 

Salmon drying racks 

Cedar bark for baskets 

Tule for mats 

Plant and animal parts for sweat lodge 

Wood for burning (fuel, sweat lodge) 

Wood for buildings 

Ornamental use (spiritual, artistic) Animal parts (hide) for clothing, shoes 

Animal parts (bones, teeth, shells) for jewelry 

Plant/animal parts for hats, pigments/dyes 
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NATURAL RESOURCE 

CATEGORIES1 

ECOSYSTEM SERVICE 

CATEGORIES2 ASSOCIATED TRIBAL SERVICES3 EXAMPLES OF SPECIFIC TRIBAL USES3, 4 

Regulating  Biological control Infestation control 

Predator/prey population control 

Waste treatment Nutrient cycling 

Supporting & Habitat Biodiversity, food web Culturally important species 

Interdependent species 

Air Cultural & Amenity Information, education, observation, 

language 

Viewshed 

Provisioning Clean air supply Respiration 

Regulating Climate regulation Stable air patterns 

Notes: 

1. Natural resources potentially injured at Hanford, as listed in DOI regulations, include surface water/sediment, groundwater, geologic resources, biological 

resources, and air. 

2. Ecosystem services are the benefits to ecosystem functions, including provisioning, regulating, supporting, and cultural services; listing of these ecosystem services 

is not necessary to demonstrate the direct link between injured resources and tribal lost services, but illustrates the interconnectedness of ecosystem health and 

human services.  

3. Sources of information include: Human Use Technical Working Group (TWG) Services Matrix and Publics Matrix; and Tribal Narratives provided by CTUIR, Nez Perce, 

and Yakama Nation. 

4. Specific uses reflect tribal values associated with subsistence, culture, education, preservation, health and well-being, recreation, and business/economic services. 

5. Note that some of these services may not change as a result of natural resource injury, but are referenced to provide a broad overview of the services provided by 

these resources.  
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There are a variety of non-tribal human uses that may have been impacted by the 
presence of contaminants from Hanford Site operations. In particular, the Trustees have 
considered past, current, and potential future impacts to recreation (both water-based and 
land-based) and social welfare changes due to changes in agriculture in the Hanford 
region (i.e., changes in producer or consumer surplus associated with agricultural 
products). The Trustees have also considered the nature, extent, and timing of past, 
present, and expected future resource use limitations due to institutional controls 
associated with the presence of hazardous contaminants at the Site.   

Based on review of existing information, the Trustees are proposing a study to fully 
describe the past, current, and future geographic and temporal scope of contaminant-
related institutional controls which could impact human use of natural resources at the 
Site.  This study is described in Chapter 7.   

At this time the Trustees are not proposing additional study of the effect of site releases 
on agricultural behaviors or a detailed study of recreational behavior.  Below we 
summarize the information on which these determinations were based.   

RECREATION 

Assessment  Area Recreat ional  Opportun it ies  

Hanford Reach National Monument 

Hanford Reach National Monument currently provides the public with access to over 
57,000 acres of land (US FWS 2011a). The Monument lands support a variety of 
recreation ranging from wildlife-dependent recreational activities such as hunting, to 
water-based recreational activities such as boating. This section provides an overview the 
most commonly pursued recreational activities, including discussion of where the 
activities occur, when they occur, and what factors influence recreational demand for 
them.  

 Fishing: With the Hanford Reach being the last free flowing stretch of the 
Columbia River in the United States, it has become a very popular recreational 
fishing resource among fishermen in the Pacific Northwest. The Reach provides 
excellent fishing opportunity for anglers who wish to pursue sport fishing for fall 
Chinook salmon, steelhead, sturgeon, whitefish, and small-mouth bass (US FWS 
2008). Most fishing occurs from motorized boats, though there is also some fishing 
done from non-motorized boats and from the river banks. The peak fishing seasons 
for some species, and especially for fall Chinook salmon, can feature heavy 
congestion at boat launches both within and downstream of the Monument (US 
FWS 2008). In addition to angler effort in the river, there is also a small amount of 
angler effort that occurs in the WB-10 ponds of the Wahluke Unit, which are part 
of the Columbia Basin Irrigation Project.  

 Hunting: The Monument offers visitors the opportunity to hunt a variety of 
mammalian and avian species in riparian and shrub-steppe habitats during the fall 
and winter hunting seasons. The species open to hunting on the Monument are 
deer, elk, goose, duck, coot, dove, snipe and all upland game birds (US FWS 

4.2  NON-TRIBAL 

HUMAN USE 

SERVICES  
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2011b). For the Monument, areas open or potentially open to hunting include all or 
portions of the Ringold Unit, Saddle Mountain, Wahluke, and Columbia River 
Corridor (US FWS 2002 & US FWS 2011b). Non-waterfowl hunting includes the 
Saddle Mountain Unit, the Ringold Unit, part of the Wahluke Unit, and all areas of 
the Columbia River Corridor Unit that are downstream of the Saddle Mountain 
National Wildlife Refuge (US FWS 2002 & US FWS 2011b).  

 Boating: The Hanford Reach stretch of the Columbia River Corridor Unit offers 
opportunities for recreational participants to pursue both motorized and non-
motorized boating. While boating in the Reach is primarily driven by angling 
demand, an increasing number of visitors are pursuing boating for alternative 
purposes such as scenery and wildlife observation (US FWS 2008). Visitors can 
also participate in boating-related recreation activities such as water-skiing, 
personal watercraft use (i.e., jet skiing), and commercial tours of the river. There 
are three main boat-launching areas on the Monument and several boat-launching 
areas downstream, including one near the Ringold Fish Hatchery, that have the 
potential to provide access to the Monument.91 With boating being primarily driven 
by angling demand, peak boating seasons closely mirror the peak fishing seasons, 
with heavy congestion occurring at boat launches during the summer sturgeon 
season and the fall Chinook salmon and steelhead season (US FWS 2008).  

 Wildlife Observation and Photography: The four publicly accessible units of the 
Monument offer significant opportunities for visitors to view and photograph 
nature. The Monument offers a diverse range of scenic habitats and provides a 
home to over 240 bird species and more than 40 mammal species throughout the 
year (US FWS 2008).  

 Environmental Education and Interpretation: The Monument does not have 
any formal educational or interpretive programs at this time; however, US FWS 
accommodates these activities as well as scientific research on the Monument 
when practical. Schools, nature appreciation groups, and research groups can 
access the Monument for field trips or biological research projects, and the Arid 
Lands Ecology Reserve Unit “provides unique settings for other research-oriented 
projects including an observatory and an underground gravitational research lab” 
(US FWS 2002).  

 Horseback Riding, Biking, Swimming, Camping, and Hiking: All of these 
activities occur on the Monument, consistent with resource management 
restrictions. Though camping is technically prohibited on the Monument, an 
exception is that some camping does occur upstream of the Vernita Bridge, 
especially during peak fishing seasons (US FWS 2008). 

Downstream of Hanford Reach National Monument 

Downstream of the Monument, the Columbia River continues to provide recreational 
opportunities. Several miles downstream of the Monument is the McNary Dam; this dam 
                                                      
91 The downstream boat launches are discussed in the downstream recreation review below. 
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creates a reservoir-environment in the Columbia River that is known as “Lake Wallula.” 
Information available for recreation activities that occur downstream of the Monument 
along Lake Wallula is provided by the U.S. Army Corps of Engineers’ (USACE) Natural 
Resource Management System (NRMS). Though the NRMS was discontinued after 1999, 
the database does provide comprehensive information for visitation data through 1999. 
This section will review recreation information to the extent that it is available.   

A host of recreation sites are available along Lake Wallula, including parks, beaches, boat 
launches, a visitor information center, and a National Wildlife Refuge. Collectively, these 
recreation sites allow recreation users to pursue activities similar to those that occur on 
Hanford Reach National Monument.  

 Fishing: The downstream portion of the Columbia River between the Monument 
and the dam provides opportunity for anglers pursuing sport fish and attempting to 
avoid the fishing season congestion that occurs in parts of the Hanford Reach. 

 Hunting: McNary National Wildlife Refuge, specifically the Wallula Unit, 
Peninsula Unit, the Two Rivers Unit, and the Burbank Slough Unit, provides 
hunting opportunities to recreational users of the Lake Wallula area (USACE 
2011b).  

 Boating: With boating congestion in some stretches of the Hanford Reach during 
peak fishing seasons, Lake Wallula provides important recreational resources both 
in terms of available boat launch facilities and additional area open to boating.  

 Wildlife Observation and Photography, Camping, Horseback Riding, Hiking, 
Biking, and Swimming: Several Lake Wallula recreation sites offer year-round 
opportunities to pursue wildlife observation and birding. Recreational users can 
observe a diverse range of species and habitats at these sites. Several recreational 
sites in the Lake Wallula area offer seasonal or year-round camping (USACE 
2011b). These sites also offer day-use areas with amenities such as picnic benches 
and recreational opportunities such as hiking or biking, so campers have ample 
opportunity to participate in a diverse range of recreational activities. Equestrians 
can use the Lewis and Clark Commemorative Trail and designated trails on the 
McNary National Wildlife Refuge. The Lake Wallula area offers plentiful 
opportunities for hiking in a diverse range of environments. Bicycling can be 
pursued on roads throughout the Lake Wallula area, and two recreation sites 
particularly single out bicycling as a popular recreational pursuit: Chiawana Park 
and Hood Park (USACE 2011b). Several Lake Wallula recreation sites offer 
visitors the opportunity to swim in the Columbia River (USACE 2011b). 

Contaminant  Ef fects  on  Recreat ion  

Impacts of contamination on recreational opportunities can manifest in a variety of ways, 
ranging from fish consumption advisories, to hunting advisories, to closures of sites and 
facilities. Under DOI’s NRDA regulations, to the extent that contamination causes 
changes to available services in terms of recreational quality, public access, and 
recreation demand, these changes may be compensable (43 CFR § 11.71(e)).  
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To examine how contamination may be affecting human use recreation at the Monument 
and downstream of the Monument, this section reviews available contamination 
information for the region as it pertains to recreational activities, recreational quality, and 
public access.   

 Cleaned up sites: For the Hanford Reach National Monument, the Rattlesnake, 
Saddle Mountain and Wahluke Units had been historically contaminated from 
activities related to the Hanford Site. These locations have since been cleaned up 
and are now able to “support unrestricted use” (EPA et al. undated).92  

 Saddle Mountain Lakes: There is evidence that the Saddle Mountain Lakes, in 
the Saddle Mountain National Wildlife Refuge, suffer from contamination due to 
the presence of “DDT-related compounds” (EPA et al. undated). This water body 
is part of the Columbia Basin Irrigation Project, and as such, is potentially exposed 
to non-Hanford contamination sources. Because Saddle Mountain National 
Wildlife Refuge is managed for research and education-related activities, and is 
therefore closed to most public access, this contamination does not pose significant 
loss of recreational resources. However, the US FWS may wish to open Saddle 
Mountain pond in the future. 

 Columbia River Shoreline: There are “hot spots” of contamination along the 
Columbia River shoreline due to activities related to the Hanford Site. Most of the 
shoreline of the Hanford Site is accessible to visitors up to the mean high water 
mark, “except in those areas where reactor and reactor-related cleanup is ongoing” 
(EPA et al. undated). Contamination of the shoreline includes contaminated 
groundwater in locations near the former reactor sites. Water quality sampling has 
determined that groundwater underlying the stretch of river between river mile 363 
and river mile 356 is contaminated above drinking water standards due to 
contamination from central Hanford (EPA et al. undated). This contaminated 
groundwater can enter the river through seeps and springs, and although it is 
unlikely that visitors could ingest enough water to be harmful, it is best not to 
consume water from the Columbia River within the Hanford Reach National 
Monument (EPA et al. undated).93 However, as of 1996, the Columbia River 
Systems Operation Review found that “no water quality problems affecting 
recreational suitability are known to exist in the Hanford Reach” of the Columbia 
River (USACE 2011a). 

 Biota Monitoring Program: The US Department of Energy (USDOE) “maintains 
a comprehensive environmental monitoring system” on the Hanford Site and in the 
Hanford Reach National Monument (EPA et al. undated). This monitoring system 
tests game species, including waterfowl and fish, for evidence of contamination. 
Results from the monitoring program indicate that “consumption of wildlife and 
fish harvested from the Monument does not pose a threat to humans” (EPA et al. 

                                                      
92 This designation by the EPA does not necessarily preclude injury under DOI NRDA regulations. 

93 Washington State has designated the Columbia River in this area as Class A (i.e., suitable for raw drinking water); and the 

USFWS advice relates to the Hanford Site shoreline only. 
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undated); except for wildlife in the Saddle Mountain Lakes, as noted above, which 
are potentially exposed to offsite contamination.  

 ‘Class A’ Designation: According to the 2008 Comprehensive Conservation Plan 
and Environmental Impact Statement, Washington State rates the water quality of 
the Hanford Reach stretch of the Columbia River as “Class A”. Class A waters are 
suitable for essentially all uses, including raw drinking water, primary-contact 
recreation, and wildlife habitat” (US FWS 2008). Note that the “Current Uses and 
Restrictions at Hanford Reach National Monument” document produced by the US 
Fish and Wildlife Service, mentioned above, refers only to the shoreline of Hanford 
Reach, as possibly contaminated above safe drinking water standards.  

 USGS Measurements: To measure the Hanford Site’s contribution to 
contamination of the Hanford Reach and Columbia River waters downstream of 
the Reach, it is important to analyze water quality upstream of the Hanford Site as 
well as downstream of the Site. In 2002, the USGS measured a limited set of water 
quality parameters at stations upstream and downstream of the Monument. While 
this sampling effort was limited and did not test for all Hanford potential 
contaminants of concern, results indicated that water quality parameters such as 
total dissolved solids and dissolved oxygen “were well within EPA standards” (US 
FWS 2008). Further, “there were no statistically significant differences between 
upstream and downstream samples for these parameters” (US FWS 2008). 

 Ongoing DOE Monitoring: The US Fish and Wildlife Service coordinates with 
the USDOE environmental monitoring system and factors the results of this 
program into determining regulations pertaining to public access of the 
Monument. At present, “a visitor will not be exposed to elevated levels of 
Hanford derived contaminants which could become a health issue unless they 
access specific areas illegally or perform activities that are prohibited on the 
[Monument]”  (EPA et al. undated). Thus, DOE believes that, as long as visitors 
are following US FWS regulations when pursuing recreational activities on the 
Monument, they will not be exposed to contaminants at levels that pose a human 
health risk.  

 Closed areas on Hanford Site: Much of the Hanford Site remains closed to 
visitors, precluding recreational activities in these areas. An inventory of the 
nature and geographic scope of institutional controls related to hazardous 
contaminant releases that could impact past, present, or future human uses of the 
Site is one of the studies described in Chapter 7. 

Conclus ion  on  Lost  Recreat ional  Serv ices  

The Trustees have identified the potential for loss in recreational opportunities, or the 
values the public holds for such activities, associated with the release of hazardous 
contaminants from Hanford Site operations. For example, it is possible that some anglers, 
hunters and other recreators in the region avoid or otherwise modify their behavior due to 
concern about contaminants in this area. However, the Trustees are unaware of any 
studies conducted to-date that have identified such impacts on recreator behavior. As 
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such, and given the limited scope of these impacts combined with public access to 
numerous substitute opportunities and sites, the Trustees are not currently proposing 
further study. As a result, no studies of recreator behavior are proposed in this Plan. 

However, as mentioned above and given the potential that some recreators and other 
members of the public could be restricted from use of natural resources due to site-related 
institutional controls related to hazardous substance releases, the Trustees are proposing a 
study to inventory the nature and extent of such controls (see Chapter 7). This 
information may form a measure of the scale of lost human use of the Hanford Site, or 
may identify the need for a more focused study of lost human use of the Site. 

AGRICULTURE  

Agriculture is one of the key industries in the State of Washington, with the food and 
agriculture industry accounting for 160,000 jobs and contributing 12 percent of the state’s 
economic output (WSDA 2011a). The state’s 39,500 farms produced $8.25 billion in 
agricultural output in 2010 (USDA 2011). Further, it is estimated that “each dollar of 
farm gate receipts has a multiplier effect of 2 to 3 times throughout the state’s economy,” 
meaning that the 2010 receipts of $8.25 billion resulted in total economic impacts for the 
State of Washington ranging from $16.5 billion to $24.75 billion (WSDA 2009).94 In 
2009, for the four Washington counties identified in the Final Comprehensive 
Conservation Plan and Environmental Impact Statement (US FWS 2008), Franklin 
County produced $467 million worth of crops on 891 farms, Grant County produced 
$1.19 billion worth of crops on 1,858 farms, Adams County produced $344 million worth 
of crops on 272 farms, and Benton County produced $526 million worth of crops on 
1,630 farms (WSDA 2011b).  

In terms of agricultural commodity groups, the top five products of Washington’s 
agricultural industry (with 2010 gate receipts in parentheses) are apples ($1.44 billion), 
milk ($950 million), wheat ($925 million), potatoes ($654 million), and cattle ($568 
million) (WSDA 2011b). For the Washington counties surrounding the Hanford Site, 
Franklin County agricultural production focuses on potatoes, apples and hay; Grant 
County farm production focuses on apples, cattle, and potatoes, Adams County farm 
production focuses on potatoes, wheat, and apples, and Benton County farm production 
focuses on potatoes, apples, and grapes (WSDA 2011b). 

Additionally, West Lake, now classified as a waste site under CERCLA, was historically 
a source of good quality water for livestock. Currently, West Lake and its basin is a 
contaminated and highly saline habitat, most likely because of the evaporation of water 
from the pond and the accumulation of dissolved solids during Hanford operations (Burk 
et al. 2007).  

The Trustees have applied available information to determine if releases of contaminants 
from Hanford Site operations have impacted the value of farm products or farm land in 
study region. The Trustees found no evidence that farm products from this region have 
been reduced in value, or that significant acreages of agricultural lands have been 
                                                      
94 Gate receipts are the price of the product as sold by a farm. 
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rendered inarable due to the presence of contaminants from Hanford. Thus, no studies of 
injuries to agricultural services are included in this Plan.  

 

 

Exhibit 1



 Final Hanford Natural Resource Damage Assessment Injury Assessment Plan 

 

 

  5-1 

CHAPTER 5  |  CONFIRMATION OF EXPOSURE AND INJURY 

ASSESSMENT PROCESS 

This chapter provides a brief overview of the exposure of natural resources to 
contaminants of potential concern (COPCs) at the Hanford Site and the subsequent injury 
assessment process. As the available information on these subjects is vast, this report 
does not attempt to comprehensively characterize all relevant information but rather aims 
to broadly and generally characterize the state of knowledge on these topics, while 
meeting the requirements of assessment plan content as set forth in 43 CFR § 11.31. 

 

The DOI’s NRDA regulations require that at least one of the natural resources identified 
as potentially injured “has in fact been exposed to the released substances” (43 CFR 
§11.37(a)).  A natural resource has been exposed to hazardous substances if “all or part of 
[it] is, or has been, in physical contact with… a hazardous substance, or with media 
containing… a hazardous substance” (43 CFR § 11.14(q)).  The regulations also state that 
“whenever possible, exposure shall be confirmed by using existing data” (43 CFR § 
11.37(b)(1)). This Plan confirms that a variety of potentially injured resources have been 
exposed to multiple contaminants of potential concern, including radionuclides, metals, 
and organic compounds.  

A substantial body of information demonstrates past and ongoing exposure of the 
Hanford Site’s natural resources to contaminants of concern; much of the information has 
been documented in the Yakama Nation and CTUIR’s pre-assessment screens (Ridolfi 
2006, CTUIR 2007).  The scale of documented releases of contaminants to the air, soil, 
surface water, and groundwater is, on its face, sufficient evidence of exposure.  
Furthermore, vast datasets have documented the past and, in some cases, ongoing 
presence of contaminants in Site media.  Examples of data confirming exposure of 
surface water, sediment, geological, groundwater, and biological resources to Site-related 
contaminants are described below.  

SURFACE WATER  

Contaminated liquid wastes were discharged directly into the Columbia River during 
Hanford operations starting in 1944, when B Reactor operations began (Hall 1991).  
Uranium from the 300 area was released to the river due to seepage and dike failures.  
Additionally, reactor effluent water released to the River contained radioactive 
contaminants such as zinc-65, chromium-51, iodine-131, tritium, cesium-137, and 
strontium-90 (Hall 1991). 

Surface water samples collected from the 100 and 300 areas of the Hanford Reach of the 
Columbia River in the 1990s and 2000s have exceeded the 0.006 mg/L EPA Drinking 
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Water Standard (DWS) for antimony and the 0.005 mg/L DWS for cadmium (Industrial 
Economics and Ridolfi 2012). 

SEDIMENT 

Two lines of evidence confirm exposure of sediments to Site-related contaminants. First, 
sediment samples collected along the shoreline of the Columbia River adjacent to 
Hanford contained concentrations of radioactive contaminants including cobalt, 
strontium, cesium, europium, and plutonium higher than at upstream (i.e., reference) 
locations (Cooper and Woodruff 1993, as cited in Gephart 2003b). Second, a suite of 
contaminants in assessment area sediment frequently exceed concentrations above which 
adverse effects on biota are likely. For example, average chromium concentrations in the 
1990s and 2000s range from approximately 12 mg/kg to over 40 mg/kg in the 100 and 
300 areas of the Columbia River and downstream of the Site. These levels exceed 
sediment quality guidelines, indicating the potential for adverse impacts on benthic 
invertebrates (MacDonald et al. 2000).95   

GEOLOGICAL (SOIL)  

As described above, contaminated liquid and solid wastes were released directly to 
Hanford Site soils in ditches, trenches, cribs, and storage tanks.  Soils beneath Hanford 
have been estimated to contain 1.8 million curies of radioactivity and 100,000 to 300,000 
tons of chemicals (Gephart 2003b).96 

In the 2011 Site monitoring report, soil samples from locations near facilities and 
operational areas generally had higher radionuclide concentrations than samples from 
more distant locations, and were significantly higher than concentrations at off-site 
locations (DOE 2011d).  In addition, hexavalent chromium levels exceed published 
concentrations indicating adverse effects to earthworms. For example, average hexavalent 
chromium concentrations in the 100-BC, 100-K, 100-DH, and 200 areas exceed the 0.34 
mg/kg, ecological soil screening level protective of soil invertebrates (LANL 2008, as 
cited in DOE 2011b).97  

GROUNDWATER 

Hazardous substances released to soils have leached into the groundwater at the Hanford 
Site.  Since the early 1950s, groundwater samples have been collected and analyzed from 
hundreds of groundwater monitoring wells across the Site. Major groundwater 
contaminants include carbon tetrachloride, hexavalent chromium, cyanide, iodine-129, 
nitrate, strontium-90, trichloroethene, tritium, and uranium.  These plumes have a 
combined area in excess of 186 km2 (DOE 2011c).  Remedial activities are in place for 

                                                      
95 The cited thresholds are used for illustrative purposes.  This injury assessment plan includes a study comparing 

contaminant concentrations in sediments with literature-based adverse effects thresholds, and threshold selection is part of 

that effort. 

96 The full extent of soil and sediment contamination due to transport in air and deposition is unknown. See the potential for 

long-term injury study in Chapter 7. 

97 The cited threshold is used for illustrative purposes.  This injury assessment plan includes a study comparing contaminant 

concentrations in soils with literature-based adverse effects thresholds, and threshold selection is part of that effort. 
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some, but not all locations. For instance, pump-and treat systems, as well as a soil-vapor 
extraction system, continue to remove contaminants from the groundwater and vadose 
zone beneath the 200 areas (DOE 2011d). Furthermore, contaminants have not only 
reached groundwater but have moved laterally with groundwater into the Columbia River 
(DOE 2011c).   

Some examples of exceedances reported in the most recent DOE annual monitoring 
report include chromium exceedances of the EPA Drinking Water Standard of 100 µg/L 
in parts of the 200 West, 100-K, and 100-D areas as well as hexavalent chromium 
exceedances of the Washington State cleanup standard of 48 µg/L and the aquatic water 
quality criterion of 10 µg/L in almost all of the 100 areas.  In the 100-NR-2 operable unit, 
strontium-90 concentrations exceeded EPA’s DWS of 8 pCi/L, manganese concentrations 
exceeded the 50 µg/L DWS in several wells, and total petroleum hydrocarbon is a 
contaminant of concern for a CERCLA interim action (DOE 2011c). Additionally, in the 
100-FR-3 operable unit, nitrate concentrations have been documented in excess of the 45 
mg/L DWS (DOE 2011c).  

Additionally, upwellings in the Hanford Reach of the Columbia River introduce 
groundwater contaminants to the River and to aquatic biota. Although the nature and 
extent of groundwater upwelling contamination is unknown, upwelling samples have 
documented hexavalent chromium, strontium-90, tritium, and uranium concentrations in 
excess of drinking water standards (Hulstrom and Tiller 2010). 

BIOLOGICAL  

A number of studies have documented the exposure of biota to Site-related 
contamination. Efforts to-date have focused mainly on vegetation, fish, and mammals. 
For example, the 2010 Hanford Site Environmental Report reported elevated levels of 
radionuclides in vegetation samples collected near Hanford facilities compared to off-site 
locations (DOE 2011d). The 2002 EPA fish contaminant survey documented 
contamination due to metals, pesticides, PCB congeners, dioxins, and furans in white 
sturgeon from the Hanford Reach (EPA 2002a).98  In addition, small mammals have been 
analyzed for contamination, including radiological contamination, and preliminary 
Trustee analysis suggests that levels of mercury, PCBs, and uranium in mice collected 
near operational areas exceeded adverse effect concentrations from the literature.99  
Additionally, strontium-90 was detected in rabbits, deer, and elk (DOE 2011d, Price 
1988). 

 

  

                                                      
98 Note that, some of the contaminants studied in the EPA survey may not be entirely attributable to Hanford operations. 

99 The cited exceedances are noted for illustrative purposes.  This injury assessment plan includes a study comparing 

contaminant concentrations in biotic tissues with literature-based adverse effects thresholds, and threshold selection is part 

of that effort. 
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As described above, natural resources within the assessment area have been and continue 
to be exposed to both historical pollution and the continuing release of contaminants to 
Site resources. This chapter demonstrates injury to trust resources resulting from this 
contamination, which motivates and provides additional weight of evidence for studies 
proposed in Chapter 7.   

Determination of injury to natural resources, an essential part of the injury assessment 
process, consists of documentation that there is: (1) a viable pathway for the released 
hazardous substance from the point of release to a point at which natural resources are 
exposed to the released substance, and (2) that injury of site-related resources (i.e., 
surface water, sediment, soil, groundwater, biota) has occurred as defined in 43 CFR § 
11.62. 

PATHWAY 

The DOI NRDA regulations define ‘pathway’ to be “the route or medium through which 
oil or a hazardous substance is or was transported from the source of the discharge or 
release to the injured resource” (43 CFR § 11.14(bb)), and indicate that pathway may be 
determined “by either demonstrating the presence of the oil or hazardous substance in 
sufficient concentrations in the pathway resource or by using a model that demonstrates 
that the conditions existed in the route and in the oil or hazardous substance such that the 
route served as the pathway” (43 CFR § 11.63(a)(2)). The regulations identify several 
methods for establishing pathway if existing information is not adequate for this purpose. 

During the pathway determination phase, the Trustees will document how Site-related 
contaminants move through the environment. Specifically, the movement of 
contaminants from the source (i.e., the Site) to the environment will be determined.  The 
pathway determination phase will also establish how contaminants move into the food 
web and then from one species to another.   

In general, natural resources can be exposed to hazardous substances through both abiotic 
and biotic pathways. Abiotic components of pathways include processes such as 
volatilization, evaporation, aeolian transport, infiltration, runoff, flooding, and irrigation. 
Biotic pathways include dermal contact; respiration and inhalation; ingestion of food, 
water, or soils; uptake from soils by plants; decomposition of plants and animals; and the 
distribution of hazardous substances by the physical movement of biota (biotic vectors). 
For example, contaminated soils may expose groundwater through infiltration 
mechanisms, or the air through aeolian transport. Contaminated groundwater may enter 
the hyporheic zone and then expose surface water and sediments, which may in turn lead 
to the exposure of aquatic biota.  

Response actions also may inadvertently facilitate contaminant transport. For example, 
pump and treat and re-injection systems that are designed to treat a specific contaminant 
may inadvertently transport and disperse other contaminants (e.g., tritium; Peterson et al. 
2002). 

The Trustees have developed a preliminary conceptual site model (Stratus 2009) that 
identifies and describes numerous pathways through which contaminants released on-site 
could injure natural resources and adversely impact the ecological and human use 
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services they provide. In addition, data showing Site-related contaminants in surface 
water, sediment, groundwater, soils, plants, invertebrates, fish, birds, and mammals 
within the assessment area (as described above) support this assertion.   

Conducting assessment studies specifically to address pathway issues is most important 
in circumstances where the source of contamination observed in the study area is not 
obvious (e.g., releases from some combination of multiple entities, general anthropogenic 
activities, and/or natural sources).  At Hanford, site activities clearly are the sole or 
predominant source of much of the observed contamination. That said, for certain 
hazardous substances, natural and/or off-site anthropogenic sources likely contribute to 
some extent.  Several studies in this assessment plan are designed to help Trustees better 
understand the extent of these contributions.  In particular, this plan includes several 
studies in which contaminant concentrations in various media are compared to thresholds.  
These studies include an analysis of baseline concentrations (i.e., the concentrations that 
would be present but for Hanford Site-related releases).   

In addition, this assessment plan includes a study to assess the spatial distribution of 
patterns in surficial soils, which in combination with information on significant aerial 
releases and historic wind patterns, will help Trustees better identify areas more/less 
likely to have been exposed to potentially injurious contaminant concentrations. This 
assessment plan also includes an exposure study for wild terrestrial birds.  Many studies 
include measurements of contaminants in site media and/or in the tissues of site 
organisms.  All these studies will contribute to the Trustees’ understanding of the 
pathways through which natural resources may have been exposed to Hanford Site 
contaminants.  As assessment activities progress, the Trustees may or may not decide to 
pursue additional studies to support the establishment of pathways between Hanford Site 
releases and natural resources. 

DETERMINING INJURY  

Injuries to trust resources, as defined in the DOI NRDA regulations at 43 CFR §11.62, 
generally fall into three categories.  

 The first category establishes injury based on the exceedance of regulatory 
standards or criteria.  This may include exceedance of established standards (e.g., 
water quality standards) or the existence of advisories limiting/banning the 
consumption of contaminated biota (e.g., fish consumption advisories).   

 The second category establishes injury based on adverse changes in an 
organism’s viability.  Changes in viability that constitute injuries include: death, 
disease, behavioral abnormalities, cancer, genetic mutations, physiological 
malfunctions (including impaired reproduction), and physical deformations.  

 The third category establishes injury to a natural resource when concentrations of 
a hazardous substance are sufficiently high in that natural resource to cause injury 
to another natural resource.   
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Chapter 6 provides additional details on the regulatory definitions of injury for each trust 
resource. 

The Trustees have identified a set of natural resources found within the assessment area 
on which to focus this assessment.  Resources were chosen based on their relative and/or 
cumulative importance to the healthy functioning of the ecosystem, abundance within the 
assessment area, and the feasibility of conducting COPCs exposure and/or toxicity studies 
on each resource.  As described in the following sections, at this time the Trustees are 
evaluating potential injury to surface water, sediments, soils, various biota associated 
with these resources, and groundwater.  This list of resources may be modified as 
assessment activities proceed and additional information becomes available.   

For each selected resource, the Trustees will gather existing information about past, 
present, and predicted future concentrations of COPCs and compare these data to known 
criteria, standards, guidance values, or other thresholds that, if exceeded, indicate that 
injury to the resource exists or is likely to exist.  In addition, the Trustees will review 
existing site-specific community structure and toxicity studies for biota.  The Trustees 
will review these studies in the context of the natural resource damage assessment and 
use the findings to determine whether injury has occurred or is likely to occur in any 
portion of the study area.   

As part of this effort, the Trustees will assess whether sufficient data exist to adequately 
characterize injury to Trust resources.  “Adequacy” in this context means the data provide 
a sound and sufficient basis to characterize injuries for purposes of establishing the scale 
and scope of required restoration. As described in the preceding section, studies have 
determined that Site-related contaminants are transported via surface water, groundwater, 
and air flow, and bioaccumulative contaminants are transported through a complex food 
web.  Although considerable past effort has been undertaken to describe contaminant 
exposure across many resources, for some resources the available data are limited.  For 
example, the spatial distribution of soil data in terrestrial habitats on-site may be 
insufficient to characterize the extent of contamination.  As such, the Trustees have 
identified additional studies, described in Chapter 7, which are intended to fill in data 
gaps associated with characterizing the extent of contamination. 

 

Once it has been determined that natural resources have been injured, quantification of 
that injury is undertaken to establish a basis for scaling restoration and determining 
damages.  Injuries to natural resources can be quantified in terms of the actual measured 
loss of the specific resource(s), and/or the services that the injured resource would have 
provided had the release not occurred.100  Ecological services include the services 
provided by natural resources, such as “food and fresh water… the climate and the air we 
breathe” (Millennium Ecosystem Assessment 2005). 

                                                      
100 The Trustees may choose to quantify injury in units of resource, where the services provided by those resources are 

understood to be related to the scale of the available resource or where it is not feasible or cost-effective to quantify the 

human use or ecological service loss. 
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As described in the DOI regulations: 

“In the quantification phase, the extent of the injury shall be measured, the 
baseline condition of the injured resource shall be estimated, the baseline services 
shall be identified, the recoverability of the injured resource shall be determined, 
and the reduction in services that resulted from the discharge or release shall be 
estimated.” (43 CFR § 11.70(c)) 

Injury quantification will consider the effect of remedial activities in the assessment area 
on the return of injured natural resources to their baseline condition.  

BASELINE 

In order to quantify injuries, the baseline conditions of the affected resources and 
associated services must be established.  Baseline is “the condition or conditions that 
would have existed at the assessment area had the discharge of oil or release of the 
hazardous substance under investigation not occurred” (43 CFR § 11.14(e)).  As required 
by the DOI regulations, the Trustees anticipate determining “the physical, chemical, and 
biological baseline conditions and the associated baseline services for injured resources at 
the assessment area” (emphasis added) and quantifying injury based on a reduction in 
these services (43 CFR § 11.72(a)).  

Baseline conditions may be established based on the review of historical, pre-release data 
and information, or on reference locations that exhibit similar physical, chemical and 
biological conditions as the assessment area, excluding contamination (43 CFR § 11.72).  
The fact that releases of hazardous substances have occurred within the assessment area 
prior to the establishment of regular or standardized approaches for the collection of 
physical, chemical and biological data may necessitate the use of suitable reference 
locations in lieu of historical data for purposes of baseline determination.  

In general, the characterization of baseline conditions will take place within the context of 
specific injury studies.  For instance, studies that compare contaminant measurements in 
site media to thresholds will include an evaluation of what baseline concentrations would 
likely have been but for the Hanford Site releases.  In particular, “upgradient” locations 
may be used for characterization of surface water and groundwater baseline conditions, 
and background soil concentrations could be used to establish baseline for geological 
resources.  Field studies of biota, and studies using site media, will consider baseline 
through examination of suitable reference areas, and experimental laboratory studies 
(e.g., spiked exposure toxicity studies) will consider baseline through the use of control 
experiments.   

“Baseline” also incorporates the ecosystem and human use services that would be 
provided by natural resources but-for injury (holding all other factors constant). For 
example, an aquifer that was not potable prior to contamination would have a different 
baseline condition than one that was potable.  In this example, the injury assessment 
would consider the baseline level of human use services that would have been provided 
but for the release of hazardous substances.  
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ECOLOGICAL INJURY QUANTIFICATION 

As described in Chapter 3, each trust resource provides a variety of ecological services, 
ranging from protective cover to nutrient cycling, food web sustainability to flood 
control.  The Trustees currently propose to quantify injury to natural resources within 
assessment area aquatic and terrestrial habitats on a habitat basis, considering changes in 
injury over time. For example, the Trustees may apply habitat equivalency analysis 
(HEA), a commonly applied, well-accepted method that involves quantification of losses 
over space and time that is specifically identified in the DOI NRDA regulations (43 CFR 
§ 11.83(c)(2)). Quantification of ecological losses will focus on endpoints that are 
considered the most biologically relevant (i.e., endpoints that most directly impact a 
resource’s ability to function and provide services) such as growth, reproduction, and 
survival of biota, but may also include evaluation of other measures of health and 
organism viability. 

The Trustees note that injuries to certain resources may be quantified individually (e.g., 
resources which are unique or of special concern, such as locally rare, threatened or 
endangered species, or require that restoration be scaled based on individual 
quantification of injuries, etc.).  The Trustees are in the process of identifying whether 
any such resources have been impacted by exposure to Site-related contamination.   

GROUNDWATER INJURY QUANTIFICATION  

The DOI regulations provide guidance on the steps to follow in quantifying groundwater 
injury (43 CFR § 11.71).  In addition to determining a volume of injured groundwater, the 
Trustees will also quantify, “…the effect of the discharge or release in terms of the 
reduction from the baseline condition in the quantity and quality of services … provided 
by the injured resource….” (43 CFR § 11.70).  In terms of services provided, all waters 
and uses must meet the standard for “committed use” and all uses must be “…reasonably 
probable, not just in the realm of possibility.  Purely speculative uses of injured resources 
are precluded from consideration in estimating damages” (43 CFR § 11.84). 

In the context of damage assessment, a range of hydrological metrics have been used to 
quantify injury, representing proxy measures for the services provided by groundwater. 
For example, groundwater can be quantified either as a “stock” or a “flow.”  These 
metrics include the three dimensional volume of the plume(s) combined with measures of 
porosity, the volume previously extracted, and calculated or modeled sustainable or 
“safe” yield (the amount of water that can be withdrawn from a given aquifer without 
depleting it over time). Because groundwater provides a range of services, the particular 
metric chosen to quantify services will relate to the types of services the Hanford Trustees 
understand to be adversely affected. 

In some cases quantification of the volume of injured groundwater over time may not be 
necessary to establish damages and scale restoration. For example, a plume may 
effectively preclude groundwater use in a community. In such a case the loss in services 
is insensitive to the particular plume dimensions. Specifically, the DOI regulations at 
11.71 state that “The effects of a discharge or release on a resource may be quantified by 
directly measuring changes in services provided by the resource, instead of quantifying 
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changes in the resource itself.” This approach is stated as being valid when three 
conditions hold: 

“(1) The change in the services from baseline can be demonstrated to 
have resulted from the injury to the natural resource; 
(2) The extent of change in the services resulting from the injury can be 
measured without also calculating the extent of change in the resource; 
and, 
(3) The services to be measured are anticipated to provide a better 
indication of damages caused by the injury than would direct 
quantification of the injury itself.” (43 CFR § 11.71(f)) 
 

Once the volume of injured groundwater has been quantified (if necessary), the next step 
in the injury quantification process is to consider what, if any, services have been 
impacted by the release of hazardous substances.  This step is necessary since the goal is 
to restore, replace or acquire the equivalent of injured natural resources and the services 
they provide to their baseline condition. The scope of services that may have been lost as 
a result of groundwater injury will depend on a variety of factors, including baseline 
quality, hydrological limitations that could impact the usability of the resource, policy 
and regulatory limitations unrelated to the release of a hazardous contaminant, access 
limitations, regional water supply and demand balances, etc. For example, a plume may 
exist in an area that requires residences to hook-up to a public water supply (i.e., 
precludes private wells) for reasons unrelated to the presence of a plume. In some cases 
the information required to develop an inventory of lost services will exist. In others, it 
may be necessary to conduct primary research to determine the extent to which service 
flows have been lost as a result of injury to groundwater resources. 

Injur ies  Resul t ing  From Exposure of  Other  Natural  Resources  to Contaminated 

Groundwater  

Under the DOI regulations, injury to groundwater can be demonstrated based on 
concentrations of hazardous substances sufficient to cause injury to surface water, air, 
geological or biological resources.  While this definition of injury may be applicable in a 
range of cases, some trustees choose to evaluate groundwater as a pathway, and quantify 
the injuries resulting from groundwater contamination as losses to the exposed resources 
(rather than the groundwater itself). For example, where groundwater transports 
contaminants to surface water, exposing fish to those contaminants, injury could be 
assessed as service losses incurred by fish. The Trustees are still evaluating which 
methodology is most appropriate for this Site. 

Address ing  Contaminat ion of the Vadose  Zone and  Geolog ical  Resources  

As described in Chapter 3, the movement of moisture in the Hanford vadose zone is the 
primary driving force for the migration of Site-related contaminants to groundwater 
(Burk et al. 2007).  While moving through the vadose zone, contaminants can become 
“stuck” (i.e., adsorbed and/or absorbed by the soil matrix), then releasing to groundwater 
over an extended period of time (Freeman et al. 2001). 
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The DOI regulations list geologic resources (i.e., soil) as a separate category of natural 
resources, and suggest quantification of injury to such resources in terms of “[t]he volume 
of geologic resources that may act as a source of toxic leachate.” (43 CFR § 11.71 (k)(3)) 
Thus, while trustees can choose to assess injuries and damages to the vadose zone, in 
practice vadose zone contamination has been treated by trustees as a pathway and 
reservoir of contaminants. The Trustees are in the process of reviewing existing 
information to determine which methodology is most appropriate for this Site. 

Exist ing  Data and/or  Pr imary Research  

Whether existing data will be sufficient to complete a groundwater damage assessment 
for the Hanford Site is yet to be determined.  For example, depending on the approach 
followed and information obtained regarding service losses, it may turn out that precise 
determination of plume dimensions or other characteristics will not be required. 
Currently, the Trustees are working with USGS to review the DOE Hanford plume maps 
to determine if the maps are sufficiently accurate for assessment purposes. 

LOST HUMAN USE SERVICES  QUANTIFICATION  

As described in Chapter 4, a variety of human uses are thought by the Trustees to have 
been affected by the presence of contaminants released from Hanford operations. At this 
time the Trustees are focusing on human use losses to tribal communities; due to the 
nature of public access and resource availability at Hanford, non-tribal human use losses 
are expected to be relatively modest, and are therefore not included in this Plan.  

“Tribal lost services” refer to a loss in natural resource services of importance to a tribal 
Trustee entity or members, for which separate natural resource restoration actions are 
likely to be needed.  As stated in Chapter 4, as a result of differences in the nature and 
extent of services tribal members and their communities derive from the environment -- 
and differences in the way in which changes in these services affect indigenous 
communities -- it may be necessary to describe and quantify service losses for tribal 
communities separately from service losses to the general public. That is, specific 
restoration actions may be required to fully compensate the public for losses in 
indigenous community services. 

The techniques available to assess changes in tribal member uses of the environment in 
the context of natural resource damage assessment are less well-developed (and have 
been applied less frequently) than the techniques used for other categories of natural 
resource services. As a result, damage assessments involving tribal lost use of natural 
resources have generally relied on similar methods as applied to other service categories 
(modified and supplemented to reflect unique circumstances of tribal member use), or on 
methods applied to assess other impacts on tribal cultures (e.g., land claims, cultural 
impact assessment, etc.).   

Examples of such methods, which have been applied to measure service losses to 
indigenous communities in the context of natural resource damage assessment include but 
are not limited to:   
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 Assessment of changes in cultural services.  This includes assessment and 
analysis of changes in levels of traditional knowledge, cultural practices, and 
relationships resulting from shifts in the use of natural resources caused by the 
presence of hazardous contaminants.  Such an analysis is generally based on 
applied anthropological and ethnographic approaches.  

 Direct assessment of loss of resource use. This can involve application of 
revealed preference techniques, user surveys, existing data, etc.  For example, 
assessment of the number of individuals who previously utilized a site, the nature 
and frequency of that use, substitution or alternative behaviors, and the expected 
recovery period for the activity.   

 Habitat and resource equivalency.  This involves the use of resource-based 
measures to quantify the level of service loss under the assumption that 
ecological service losses are a proxy measure of cultural service losses. 

 Stated preference.  This involves the use of surveys to elicit tribal attitudes and 
preferences towards an injured resource. 

These approaches may be used in combination to assess changes in services resulting 
from the release of hazardous contaminants to the environment.  Each of these 
approaches, all of which are available to the Hanford Trustees, is discussed in greater 
detail below. 

Assessment of  Changes  in  Cu ltural  Serv ices  

One approach for conducting cultural service loss assessment is to inventory and evaluate 
the existing documentary record related to tribal uses of and services provided by natural 
resources. This would include consideration of all of the relevant information held by the 
participating tribal communities that can be located and accessed from other archives.  
These sources would include scientific reports and academic studies on historic tribal use 
and traditional cultural context; tribal environmental philosophy and ethnographic 
descriptions of land and river-based practices; newspaper and media reports on 
environmental and health issues affecting the communities; studies on the health and 
social status of the communities; transcripts of oral narratives, etc.  

The goal of this type of assessment is to evaluate and organize the existing information so 
that it can be analyzed in ways that are supported by, and consistent with, the criteria and 
ethics of standard social science research practice, the conventions of the best strategies 
of community-based participatory research, and the most advanced ethnographic 
approaches. The ultimate objective is to gain as complete an understanding as possible 
(using documentary sources) of the community and its interactions with the natural 
environment and how these behaviors have changed over time and in response to the 
presence of hazardous contaminants.101 In this context, primary documents would be 

                                                      
101 Cultural changes can impact a community in terms of time; social cohesion; the intergenerational transfer of knowledge 

and identity and of the speaking/use of indigenous languages; their economic self-sufficiency; and even the maintenance of 

the population on the territory. For example, in a recent assessment a tribal trustee developed seven cultural indicators 

affected by changes in ecosystem services over time. These indicators relate to water, fishing, and the use of the river; 

horticulture, farming, and basket-making; medicine plants and healing; hunting and trapping; well-being of children, youth 

Exhibit 1



 Final Hanford Natural Resource Damage Assessment Injury Assessment Plan 

 

 

  5-12 

given priority as they provide more validity than secondary sources as meaningful 
indicators of change and service flow interruption. Ultimately, all of the materials in the 
available record could be assessed for their relative contribution to the objectives of the 
work: understanding the nature and scope of interruptions to ecosystem service flows 
within the affected communities due to the presence of hazardous contaminants.  The 
goal is to produce an assessment record that meets the needs of the natural resource 
damage assessment process and is sound and valid from a social scientific perspective, 
but is also consistent with the communities’ values and traditions to assure that the results 
are accepted.   

Although this approach draws heavily on the existing evidentiary base, it also involves 
identification and consideration of data gaps. Where appropriate and required, primary 
research efforts such as oral history research, can be applied to focus on gathering 
information directly from people who had used and who continue to use the natural 
resources and to ask them directly how their knowledge of environmental contamination 
affected their cultural practice.  

The principal strengths of the applied indigenous community research methodology 
includes utilization of existing information to the fullest extent possible; applying 
approaches to organization and review of available information that are well-accepted; 
recognizing the complex relationship between indigenous communities and natural 
resources; explicitly considering baseline factors; and enhancing the probability of 
community acceptance of the results. The principal weaknesses involve the time and cost 
to implement the work, the need for information that may be considered confidential or 
proprietary, and the challenge of quantifying results such that they can be used to support 
restoration scaling using evidence that is typically qualitative in nature.  

Direct  Assessment  of  Loss  o f  Resource  Use  

Some impacts on tribal uses of natural resources may be relatively limited in geographic 
scope and/or temporal scope. Others may be of a magnitude that may not warrant a 
substantial research effort, or may be very well-defined (e.g., the loss of access to a 
culturally significant area for a limited period of time). In these cases direct assessment of 
lost use can provide a basis for assessing service losses.  

The strengths of this approach are its simplicity: the direct measure of changes in use to 
establish service losses, the ability to control for baseline factors in the assessment, and 
the fact that the information required to conduct such an assessment is generally available 
with limited additional effort. The principal disadvantage is the failure of the approach to 
see changes recognizing the complex relationship between indigenous communities and 
natural resources.  
  

                                                                                                                                                 
and family; food security and sustainable livelihoods; and transmission of community knowledge to future generations. For 

each of the indicators, measures of ecosystem impairment were causally linked (where relevant) to cultural injury or 

interruption of resource services.  
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Hab itat  and  Resource  Equ ivalency  

Resource equivalency methods may be used to define the level of service losses that have 
resulted from the release of hazardous contaminants, serving as proxy measures for 
cultural service losses.  In such cases a biological measure of resource injury (such as the 
presence of phytotoxicity) is assumed to provide a better indication of lost services than 
direct measures of changes in a tribal member’s behavior.  

The benefit of a habitat or resource-based approach to scaling cultural losses is that it is 
relatively easy to conduct, can be explicitly designed to address baseline issues, and 
avoids potential confidentiality issues. The principal weaknesses is that the service loss 
measures developed are not a direct measures of the change in services but an estimate 
based on the contaminant concentration levels, and the method may fail to address the 
complex relationship between indigenous communities and natural resources.  

Stated Preference   

Stated preference approaches involve the application of public opinion surveys to elicit 
information from individuals regarding their use of a resource, and/or attitudes and 
preferences towards an injured resource or restoration strategy.  For example, the 
Trustees may use a survey to understand the frequency with which tribal members fish or 
hunt, the species they target, consumption rates, etc. Such surveys might be applied as a 
direct approach to service loss quantification, or might be combined with the approaches 
discussed above.  

In a few cases stated preference methods have been applied to directly assign economic 
values to foregone cultural use (Duffield 1999). That is, these studies provide economic 
measures of the value of lost services, without necessarily defining the nature and extent 
of the loss of use or cultural harm.  

The strength of the stated preference methods is the ability to pose to a respondent any 
hypothetical alternative scenario (i.e., the method is not limited to observing behaviors 
under actual conditions). While more flexible than revealed preference approaches, stated 
preference surveys can be costly and time consuming to administer, and may not be 
consistent with tribal policies or values. As a result, researchers often look to apply 
revealed preference methods to assess changes in human use of natural resources, since 
such methods are generally less controversial and pose fewer challenges. Revealed 
preference studies, however, typically address a narrower set of values than stated 
preference. 

Combination  Approaches  

As previously noted, the approaches outlined above may be conducted independently, or 
combined in order to assess tribal lost use services.  

As described in Chapter 7, within this Plan the Trustees will consider a study that relies 
on existing information to define the type and scale of tribal lost use, and based on that 
study determine if additional research is needed to support injury quantification. 
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REMEDIATION-RELATED IMPACTS  

As described in Appendix A, extensive remediation has taken place on the Hanford Site 
since the early 1990s when cleanup became the Hanford mission. These remedial 
activities include but are not limited to the removal of contaminated soils which involves 
disposal of wastes, backfilling, and revegetation, groundwater pump and treat systems, 
demolition of inactive facilities, groundwater monitoring, and the transfer and 
remediation of liquid tank wastes. Hanford remediation has focused on cleaning up the 
solid and liquid wastes, decontaminating and demolishing facilities, and preventing 
groundwater contamination from reaching the Columbia River. 

Adverse impacts to natural resources as a result of remediation-related activities are 
compensable under the DOI regulations. For instance, on the Hanford Site, remediation 
equipment staging areas and waste disposal areas have resulted in the loss of habitat and 
ecological services.  The use of trucks and the creation of roads to provide access to 
demolition and de-contamination sites as well as the destruction of plants and soil 
resources when contamination is removed have resulted in the temporary loss of 
ecological services. 

Chapter 7 provides a list of proposed studies that may be called for to complete the Injury 
Assessment. This set of studies includes an assessment of the nature and extent of injury 
resulting from remediation-related activities. The analysis will be conducted based on an 
assessment of the extent of lost habitat services, described over time (e.g., number of 
acres of habitat services lost, for some period of time). 
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CHAPTER 6  |  DEFINITION OF INJURY  

As described in Chapter 5, one essential component of injury assessment is the 
determination of injury. Because the Trustees are conducting this natural resource 
damage assessment effort in accordance with the DOI regulations at 43 CFR Part 11, they 
plan to “determine that an injury has occurred based upon the definitions provided in this 
section for surface water, groundwater, air, geological, and biological resources” (43 CFR 
§ 11.62(a)).  These definitions are identified below. 

 

Surface waters include both waterways and waterbodies as well as their associated bed 
and bank sediments.  Injury to surface water  “has resulted from the discharge of oil or 
release of a hazardous substance if one or more of the following changes in the physical 
or chemical quality of the resource is measured: 

(i) Concentrations and duration of substances in excess of drinking water 
standards as established by sections 1411–1416 of SDWA, or by other Federal 
or state laws or regulations that establish such standards for drinking water, in 
surface water that was potable before the discharge or release; 

(ii) Concentrations and duration of substances in excess of water quality criteria 
established by section 1401(1)(D) of SDWA, or by other Federal or state laws 
or regulations that establish such criteria for public water supplies, in surface 
water that before the discharge or release met the criteria and is a committed 
use, as the phrase is used in this part, as a public water supply; 

(iii) Concentrations and duration of substances in excess of applicable water quality 
criteria established by section 304(a)(1) of the CWA, or by other Federal or 
state laws or regulations that establish such criteria, in surface water that before 
the discharge or release met the criteria and is a committed use, as that phrase 
is used in this part, as a habitat for aquatic life, water supply, or recreation. The 
most stringent criterion shall apply when surface water is used for more than 
one of these purposes; 

(iv) Concentrations of substances on bed, bank, or shoreline sediments sufficient to 
cause the sediment to exhibit characteristics identified under or listed pursuant 
to section 3001 of the Solid Waste Disposal Act, 42 U.S.C. 6921; or  

(v) Concentrations and duration of substances sufficient to have caused injury as 
defined in paragraphs (c), (d), (e), or (f) of this section to ground water, air, 
geologic, or biological resources, when exposed to surface water, suspended 
sediments, or bed, bank, or shoreline sediments” (43 CFR § 11.62(b)(1)). 

6.1  SURFACE 

WATER 
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Under DOI’s NRDA regulations, the bed, bank, and shoreline sediments, including 
suspended sediments, are also considered to be part of the surface water resource. The 
Trustees intend to evaluate the concentrations of chemicals of potential concern in 
sediments to assess the degree to which these substances may be causing adverse effects 
to exposed aquatic species. 

The DOI NRDA regulations define injury to surface water sediments in several ways. In 
general, these sediments are determined to be injured when:  

a) Concentrations of substances on bed, bank or shoreline sediments are sufficient 
to cause the sediment to exhibit characteristics identified under or listed 
pursuant to section 3001 of the Solid Waste Disposal Act, 42 U.S.C. 6921 (43 
CFR § 11.62(b)(1)(iv)); or 

b) Other natural resources (for example, biological resources) become injured as a 
consequence of exposure to the sediments (43 CFR § 11.62(b)(1)(v)). 

 

Injury to groundwater “has resulted from the discharge of oil or release of a hazardous 
substance if one or more of the following changes in the physical or chemical quality of 
the resource is measured: 

(i) Concentrations of substances in excess of drinking water standards, established 
by sections 1411–1416 of the SDWA, or by other Federal or state laws or 
regulations that establish such standards for drinking water, in ground water 
that was potable before the discharge or release; 

(ii) Concentrations of substances in excess of water quality criteria, established by 
section 1401(1)(d) of the SDWA, or by other Federal or state laws or 
regulations that establish such criteria for public water supplies, in ground 
water that before the discharge or release met the criteria and is a committed 
use, as the phrase is used in this part, as a public water supply; 

(iii) Concentrations of substances in excess of applicable water quality criteria, 
established by section 304(a)(1) of the CWA, or by other Federal or state laws 
or regulations that establish such criteria for domestic water supplies, in ground 
water that before the discharge or release met the criteria and is a committed 
use as that phrase is used in this part, as a domestic water supply; or 

(iv) Concentrations of substances sufficient to have caused injury as defined in 
paragraphs (b), (d), (e), or (f) of this section to surface water, air, geologic, or 
biological resources, when exposed to ground water” (43 CFR § 11.62(c)(1)). 

 

  

6.2  

GROUNDWATER 
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Soils are geologic resources.  Injury to these resources occurs “if one or more of the 
following changes in the physical or chemical quality of the resource is measured: 

(i) Concentrations of substances sufficient for the materials in the geologic 
resource to exhibit characteristics identified under or listed pursuant to section 
3001 of the Solid Waste Disposal Act, 42 U.S.C. 6921; 

(ii) Concentrations of substances sufficient to raise the negative logarithm of the 
hydrogen ion concentration of the soil (pH) to above 8.5 (above 7.5 in humid 
areas) or to reduce it below 4.0; 

(iii) Concentrations of substances sufficient to yield a salt saturation value greater 
than 2 millimhos per centimeter in the soil or a sodium adsorption ratio of more 
than 0.176; 

(iv) Concentrations of substances sufficient to decrease the water holding capacity 
such that plant, microbial, or invertebrate populations are affected; 

(v) Concentrations of substances sufficient to impede soil microbial respiration to 
an extent that plant and microbial growth have been inhibited; 

(vi) Concentrations in the soil of substances sufficient to inhibit carbon 
mineralization resulting from a reduction in soil microbial populations; 

(vii) Concentrations of substances sufficient to restrict the ability to access, develop, 
or use mineral resources within or beneath the geologic resource exposed to the 
oil or hazardous substance; 

(viii) Concentrations of substances sufficient to have caused injury to ground water, 
as defined in paragraph (c) of this section, from physical or chemical changes 
in gases or water from the unsaturated zone; 

(ix) Concentrations in the soil of substances sufficient to cause a toxic response to 
soil invertebrates; 

(x) Concentrations in the soil of substances sufficient to cause a phytotoxic 
response such as retardation of plant growth; or 

(xi) Concentrations of substances sufficient to have caused injury as defined in 
paragraphs (b), (c), (d), or (f), of this section to surface water, ground water, 
air, or biological resources when exposed to the substances” (43 CFR § 
11.62(e)). 

 

Injury to biological resources occurs “if concentration of the [hazardous] substance is 
sufficient to: 

(i) Cause the biological resource or its offspring to have undergone at least one 
of the following adverse changes in viability: death, disease, behavioral 
abnormalities, cancer, genetic mutations, physiological malfunctions 
(including malfunctions in reproduction), or physical deformations; or 

6.3  GEOLOGICAL  

6.4  BIOLOGICAL  
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(ii) Exceed action or tolerance levels established under section 402 of the Food, 
Drug and Cosmetic Act, 21 U.S.C. 342, in edible portions of organisms; or 

(iii) Exceed levels for which an appropriate state health agency has issued 
directives to limit or ban consumption of such organism” (43 CFR § 
11.62(f)). 

The methods used to determine injury to a biological resource need to satisfy several 
acceptance criteria: 

(i)  “The biological response is often the result of exposure to oil or hazardous 
substances. This criterion excludes biological responses that are caused 
predominately by other environmental factors such as disturbance, nutrition, 
trauma, or weather. The biological response must be a commonly 
documented response resulting from exposure to oil or hazardous substances. 

(ii) Exposure to oil or hazardous substances is known to cause this biological 
response in free-ranging organisms. This criterion identifies biological 
responses that have been documented to occur in a natural ecosystem as a 
result of exposure to oil or hazardous substances. The documentation must 
include the correlation of the degree of the biological response to the 
observed exposure concentration of oil or hazardous substances. 

(iii) Exposure to oil or hazardous substances is known to cause this biological 
response in controlled experiments. This criterion provides a quantitative 
confirmation of a biological response occurring under environmentally 
realistic exposure levels that may be linked to oil or hazardous substance 
exposure that has been observed in a natural ecosystem. Biological responses 
that have been documented only in controlled experimental conditions are 
insufficient to establish correlation with exposure occurring in a natural 
ecosystem. 

(iv) The biological response measurement is practical to perform and produces 
scientifically valid results. The biological response measurement must be 
sufficiently routine such that it is practical to perform the biological response 
measurement and to obtain scientifically valid results. To meet this criterion, 
the biological response measurement must be adequately documented in 
scientific literature, must produce reproducible and verifiable results, and 
must have well defined and accepted statistical criteria for interpreting as 
well as rejecting results.” 

Additionally, injury determination must: 

“be based upon the establishment of a statistically significant difference in 
the biological response between samples from populations in the assessment 
area and in the control area. The determination as to what constitutes a 
statistically significant difference must be consistent with the quality 
assurance provisions of the Assessment Plan. The selection of the control 
area shall be consistent with the guidance provided in §11.72 of this part.” 

Exhibit 1



 Final Hanford Natural Resource Damage Assessment Injury Assessment Plan 

 

 

  6-5 

Several specific biological responses already determined to meet the above criteria are 
identified in the regulations, and can be found at (43 CFR § 11.62(f)(4)).  These 
responses include the following (paraphrased): 
 
(i) Category of injury—death.  Five biological responses for determining when death is a 

result of exposure to the discharge of oil or release of a hazardous substance meet the 
acceptance criteria. 

(A) Brain cholinesterase (ChE) activity 

(B) Fish kill investigations 

(C) Wildlife kill investigations 

(D) In situ bioassay 

(E) Laboratory toxicity testing 

(ii) Category of injury—disease. One biological response for determining when disease is 
a result of exposure to the discharge of oil or release of a hazardous substance has 
met the acceptance criteria. 

(A) Fin erosion.   

(iii) Category of injury—behavioral abnormalities.  

(A) Clinical behavioral signs of toxicity. 

(B) Avoidance. 

(iv) Category of injury—cancer.  One biological response for determining when cancer is 
a result of exposure to the discharge of oil or release of a hazardous substance has 
met the acceptance criteria. 

(A) Fish neoplasm 

(v) Category of injury—physiological malfunctions.  Five biological responses for 
determining when physiological malfunctions are a result of exposure to the 
discharge of oil or release of a hazardous substance have met the acceptance criteria. 

(A) Eggshell thinning 

(B) Reduced avian reproduction 

(C) Cholinesterase (ChE) enzyme inhibition 

(D) Delta-aminolevulinic acid dehydratase (ALAD) inhibition 

(E) Reduced fish reproduction 

(vi) Category of injury—physical deformation.  Four biological responses for determining 
when physical deformations are a result of exposure to the discharge of oil or release 
of a hazardous substance have met the acceptance criteria. 

(A) Overt external malformations 

(B) Skeletal deformities 
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(C) Internal whole organ and soft tissue malformation 

(D) Histopathological lesions. 

 

Injury to air resources occurs “if one or more of the following changes in the physical or 
chemical quality of the resource is measured: 

(i) Concentrations of emissions in excess of standards for hazardous air pollutants 
established by section 112 of the Clean Air Act, 42 U.S.C. 7412, or by other 
Federal or state air standards established for the protection of public welfare or 
natural resources; or 

(ii) Concentrations and duration of emissions sufficient to have caused injury as 
defined in paragraphs (b), (c), (e), or (f) of this section to surface water, ground 
water, geologic, or biological resources when exposed to the emissions.” 

 

The injury assessment studies that are currently proposed to support assessment of 
terrestrial, aquatic, geological, and groundwater injuries, as well as human use service 
losses are described in detail in Chapter 7.  The exhibit below outlines the specific DOI 
natural resource damage assessment regulations associated with each study.

6.5  AIR  

6.6  LINKING  

INJURY STUDIES TO 

DOI  REGULATIONS  
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EXHIBIT 6-1  LINKING INJURY ASSESSMENT PLAN STUDIES TO DOI  NATURAL RESOURCE DAMAGE ASSESSMENT REGULATIONS  

INJURY/DAMAGES DETERMINATION/QUANTIFICATION 

APPROACH 

DOI NRDA REGULATIONS INJURY 

DEFINITION 
DOI NRDA REGULATIONS DEFINITION COMPONENTS 

SURFACE WATER AND SEDIMENTS 

Comparison of surface water data to injury thresholds 

Threshold exceedances 

43 CFR § 11.62(b)(1) 

Hazardous contaminant concentrations are in excess of applicable water 

quality criteria 43 CFR § 11.62(b)(1)(i-iii) 

Comparison of sediment data to effects thresholds 
Contaminant concentrations sufficient to cause injury to groundwater, 

soil, or biota when exposed to sediments 43 CFR  § 11.62(b)(1)(v) 
Review of Hanford sediment and pore water toxicity studies 

Benthic invertebrates: sediment toxicity testing 

SOILS 

Comparison of soil data to effects thresholds  

Sufficient to cause injury  

43 CFR  § 11.62(e) 

Concentrations in the soil of substances sufficient to cause a toxic 

response to soil invertebrates 43 CFR  § 11.62(e)(9) Soils geospatial evaluation 

Review of Hanford soil toxicity studies 
Concentrations sufficient to cause injury to other resources when 

exposed to the substances 43 CFR  § 11.62(e)(11) 

Nematode toxicity testing 

Concentrations sufficient to cause injury to other resources when 

exposed to the substances 43 CFR  § 11.62(e)(11); concentrations 

sufficient to cause adverse changes in viability 43 CFR  § 11.62(f)(1)(i) 

Statistical significant difference in mortality between population 

samples and controls 11.62(f)(4)(i)(E). 

Native plant toxicity testing 

Concentrations sufficient to cause adverse changes in viability 43 CFR  § 

11.62(f)(1)(i); statistical significant difference in mortality between 

population samples and controls 11.62(f)(4)(i)(E); and/or concentrations 

in the soil of substances sufficient to cause a phytotoxic response 43 CFR  

§ 11.62(e)(10) 

Impacts of remedial activities 

Recoverable damages include any increase 

in injuries as a result of response actions 

43 CFR  § 11.15(1) 

NA 

VADOSE/GEOLOGICAL 

Characterize vadose zone contamination and potential for long-

term injury to groundwater and surface water 

Sufficient to cause injury  

43 CFR  § 11.62(e) 

Concentrations sufficient to cause injury to other resources when 

exposed to the substances 43 CFR  § 11.62(e)(11) 

Evaluation of existing vadose zone models 

Quantify injury in terms of the reduction 

from baseline services 43 CFR  § 11.70-

11.73 

Quantifying injured groundwater 43 CFR  § 11.71(i) and Source and 

pathway and injury quantification 

GROUNDWATER 

Developing comprehensive database and comparison to injury Injury to groundwater, threshold Concentrations in excess of water quality criteria and drinking water 
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INJURY/DAMAGES DETERMINATION/QUANTIFICATION 

APPROACH 

DOI NRDA REGULATIONS INJURY 

DEFINITION 
DOI NRDA REGULATIONS DEFINITION COMPONENTS 

thresholds exceedances 43 CFR  § 11.62 (c)(1) 

 

Quantify injury in terms of the reduction 

from baseline services 43 CFR  § 11.70-

11.73 

standards 43 CFR  § 11.62(c)(1)(i-iii)   

Groundwater upwellings 
Concentrations sufficient to cause injury to biological resources when 

exposed to groundwater 43 CFR  § 11.62(c)(1)(iv) 

Define the legal, political, and economic environment for baseline 

services provided by groundwater  
Baseline services determination 43 CFR  § 11.72 

Review of contaminant plume mapping 
Determining areal extent of hazardous substances in water or geologic 

materials within the assessment area 43 CFR  § 11.71(i)(1) 

Vertical distribution of contaminant plumes Determining vertical extent of released substances 43 CFR  § 11.71(i)(2) 

Geology of Columbia riverbed Quantifying injured groundwater 43 CFR  § 11.71(i) and concentrations 

sufficient to cause injury to biological resources when exposed to 

groundwater 43 CFR  § 11.62(c)(1)(iv) 
Synoptic sampling of river corridor wells 

Validity, limitations to existing Hanford groundwater models 
Quantifying injured groundwater 43 CFR  § 11.71(i) 

Quantification  of injured groundwater volume and time dimensions 

BIOTA 

Comparison of biological tissue data to adverse effects thresholds  

Concentrations sufficient to cause injury 

to biota 43 CFR  § 11.62(f)(1-4) 

Concentrations sufficient to cause adverse changes in viability 43 CFR  § 

11.62(f)(1)(i) 

Assessment of plant community health 

Concentrations sufficient to cause adverse changes in viability 43 CFR  § 

11.62(f)(1)(i) and/or statistical difference between assessment area and 

control areas 43 CFR  § 11.62(f)(3) 

Assessment of terrestrial invertebrate abundance 

Mussels: Distribution, abundance, and histopathology 

Prickly sculpin habitat use  

Assessment of avian abundance and diversity 

Small mammal population assessment 

Mussels: Toxicity testing Concentrations sufficient to cause adverse changes in viability 43 CFR  § 

11.62(f)(1)(i) and/or statistical significant difference in mortality 

between population samples and controls 11.62(f)(4)(i)(E) 

Early life stage sculpin, white sturgeon, and rainbow trout toxicity 

testing 

Chinook salmon artificial redd evaluation Concentrations sufficient to cause adverse changes in viability 43 CFR  § 

11.62(f)(1)(i) and/or statistical significant difference in mortality 

between in situ populations and controls 11.62(f)(4)(i)(D) 
Mussels: Caged (in situ) study 

Chinook salmon spawning habitat evaluation 

Concentrations sufficient to cause adverse changes in viability 43 CFR  § 

11.62(f)(1)(i); to cause avoidance 43 CFR  § 11.62(f)(iii)(B); and/or 

groundwater upwelling contamination sufficient to cause injury to biota 

43 CFR  § 11.62(b)(v) and 11.62(c)(iv) 

Great Basin pocket mouse: carbon tetrachloride and histopathology 

Concentrations sufficient to cause adverse changes in viability 43 CFR  § 

11.62(f)(1)(i); statistical difference between assessment populations and 

control populations 11.62(f)(3); and/or physical deformations 
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INJURY/DAMAGES DETERMINATION/QUANTIFICATION 

APPROACH 

DOI NRDA REGULATIONS INJURY 

DEFINITION 
DOI NRDA REGULATIONS DEFINITION COMPONENTS 

11.62(f)(4)(vi) 

Evaluation of exposure in Hanford Site avian species 
Determination of exposure pathways 43 

CFR  § 11.63 
Establish pathway 43 CFR  § 11.63(a-f) 

HUMAN USE 

Ethnographic Study to Identify Traditional Cultural Properties at 

Hanford 

Study does not link directly to an injury 

definition, but provides information to 

support restoration planning. 

NA 

Inventory of institutional controls related to the release of 

hazardous contaminants Quantification of service reductions 43 CFR  

§ 11.71 

In quantifying changes in natural resource services, services include 

provision biological resources, recreation, and other products or services 

used by humans 43 CFR  § 11.71(e) 
Assess tribal  service losses 

Current resource characterization for restoration of tribal losses 

ALL RESOURCES 

Treatment of non-detects in studies analyzing existing data 

Study does not link directly to an injury 

definition, but provides information 

necessary to conduct studies analyzing 

existing data. 

NA 

Quantification of lost aquatic, terrestrial, geological, groundwater, 

and human use services 

Quantify injury in terms of the reduction 

from baseline services 43 CFR  § 11.70-

11.73 

Quantifying lost natural resource services 43 CFR  § 11.71(a) 
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CHAPTER 7  |  INJURY ASSESSMENT STUDIES 

In order to advance the injury assessment process, the Trustees plan to undertake a series 
of studies that will inform both determination and quantification of injury to natural 
resources resulting from Site-related contamination. Damage determination studies 
designed to provide information to help the Trustees identify and scale restoration needed 
to address natural resource injuries, including the cost of such restoration, will be 
addressed in a separate Restoration and Compensation Determination Plan (to be 
developed at a later date, in accordance with 43 CFR § 11.81). 

This chapter describes the studies that the Trustees are presently undertaking or are 
considering at this time. The selected efforts represent the Trustees’ best understanding of 
the studies that may be necessary to identify and quantify injury to site natural resources 
and their services. The Plan is not intended to limit other studies that may be undertaken 
in the course of the assessment, but represents the current best judgment of the Hanford 
Trustees regarding the types of studies that are needed to advance the assessment. The 
Trustees recognize that other studies may become necessary or advisable, as the 
assessment proceeds. For instance, focused pathway studies may be needed to the extent 
that the Trustees identify uncertainties regarding the source of specific contaminants 
associated with identified injuries. The Trustees may also choose to evaluate specific 
natural resources in greater detail. For example, the Pacific lamprey is a species of 
exceptionally high cultural value to indigenous peoples in the region, as are many other 
natural resources. As new information becomes available during the course of this 
assessment the Trustees may choose to pursue additional assessment activities. 

Note that the inclusion of a study within this Plan does not guarantee that it will be 
undertaken -- the Hanford Trustees may determine that some of these efforts are not 
needed, or may have lower priority -- and studies not included within the Plan may be 
deemed necessary at a later date as more information becomes available. For example, 
some studies may not be needed if reasonable assumptions can be made, balancing the 
cost of additional research or sampling against the expected gain in information from a 
particular study. As such, this Plan provides a starting point from which the Trustees will 
begin to prioritize study efforts and implement the injury assessment process. As these 
efforts progress and additional information is generated, the Trustees may modify this 
Plan, and may provide amendments to this Plan for public review and comment. 
  

7.1  

INTRODUCTION 
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EFFORTS TO DATE  

A number of Trustee efforts have led to the selection of the particular studies included in 
this chapter. The Hanford Natural Resource Trustee Council was formed in 1993 and 
provided technical advice to DOE regarding response activities.  More recently, the 
Trustees have been meeting on a monthly basis to discuss Hanford assessment activities. 
There are six technical working groups (TWGs) that focus on more technical analyses 
including the aquatic, terrestrial, groundwater, human use, restoration, and source and 
pathway TWGs. Specifically, the Hanford TWGs have conducted preliminary evaluations 
of geo-coded sediment and fish contaminant data to determine resources at risk, 
developed a number of species profiles, which summarize and evaluate historical 
contaminant data on Hanford species of concern, conducted research on contaminant 
sources and resource use of several ponds and ditches on Hanford, evaluated groundwater 
contaminant plume maps, and began developing the Hanford Natural Resource 
Restoration Plan which addresses early restoration and restoration project evaluation 
criteria.   

The Trustees held a number of workshops and expert panels to explore different methods 
for injury assessment as well as key questions on the effects of contamination at Hanford. 
Workshop and panel topics included data management, quality assessment, ecosystem 
service valuation, human use services and service flows in natural resource damage 
assessments, compiling toxicity thresholds, injury to aquatic biota in the Hanford Reach, 
groundwater contaminant upwellings, the integration of groundwater and vadose zone 
analyses, and the effects of radionuclides on biota at Hanford. 

With contractor support, the Trustees have completed a number of large technical 
analyses including a compilation and evaluation of natural resource information and 
historical contaminant concentrations from the Hanford Site, an analysis and summary of 
key data gaps, and a preliminary estimate of injury at the Site. Together, these analyses 
have helped the Trustees to evaluate existing information and identify injury studies that 
will fill data gaps and allow the Trustees to determine and quantify injury at the Hanford 
Site. 

INJURY STUDIES  

Initial injury 
determination and 
quantification activities 
will entail the 
evaluation of existing 
data. Some data 
evaluation efforts are 
underway: for example, 
the Trustees have 
begun examining 
contaminant data in the 
Hanford Environmental 
Information System 

Quality Assurance 

The Trustees recognize the importance of data quality, 

including the need to both understand and document the 

quality of existing data as well as ensuring the quality of 

newly generated data.  Work plans for individual studies 

will include Quality Assurance Project Plans that will 

describe data quality-related measures that will be 

undertaken as part of study implementation.  Chapter 8 

provides more information on quality assurance 

management in the context of this natural resource 

damage assessment. 
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Identification of Traditional Cultural Properties at Hanford 

Before field studies or other studies undertaken at the Hanford Site begin, 

Traditional Cultural Properties (TCPs) must be identified. Any Federal undertaking 

that has the potential to affect Federally-listed (and/or eligible for listing) cultural 

resources, including TCPs, must be evaluated, as mandated under the National 

Historic Preservation Act (NHPA) Section 106. TCPs cannot be discovered through 

archaeological or historical research alone.  The existence and significance of such 

locations can only be ascertained through interviews with knowledgeable users of 

the area or through other forms of ethnographic research. 

(HEIS) database.119  Future efforts will focus on a more comprehensive evaluation of 
available contaminant concentration data and other information.  This approach will 
ensure that the Trustees utilize the substantial amount of existing data on the nature and 
extent of contamination.   

The availability of such a large volume of existing information, however, presents 
challenges in data management, and in recognition of these challenges, the Trustees have 
developed a Quality Assurance Management Plan (HNRTC 2011b) and a Data 
Management Plan (HNRTC 2011a).  The purpose of these documents, and of data and 
quality management activities in general, is to establish and adhere to a methodology 
governing the collection, collation, evaluation and management of all environmental data 
and related information to help ensure the integrity of the data, such that the data 
collections and applications undertaken by the Trustees are of known and acceptable 
quality, are scientifically valid and legally defensible.   

In addition to evaluating existing information, the Trustees have identified a number of 
potential studies to provide new information to support injury determination and 
quantification.  These studies are summarized in Exhibit 7-1 and ES-1, and described 
below in more detail. These studies address aquatic resources, terrestrial resources, 
vadose zone/geological resources, groundwater, human use, and data management.  

Studies of environmental media (i.e., groundwater, soils, sediment) generally focus on 
comparisons of observed and forecast future contaminant concentrations with injury or 
effects thresholds.  Human use studies focus on understanding the likely extent of 
institutional controls related to contaminant releases that may limit public use of the site, 
as well as understanding the manner and extent to which contaminants have affected 
tribal use of the site and services derived from natural resources at the site. Proposed 
studies of biota are intended to examine the ecological impacts to native species and 
communities due to exposure to hazardous contaminants released from site operations. 

                                                      
119 Existing databases include, but are not limited to, HEIS, the Columbia River Component historic database, the Columbia 

River Component Data Summary Report for the Remedial Investigation of Hanford Site Releases to the Columbia River, the 

River Corridor Baseline Risk Assessment GiSdT database, and the Near-Field Monitoring Program’s collection effort, 

reported through the Environmental Release Summary database. 
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The range and types of biota studies are particularly varied.  Consistent with DOI NRDA 
guidance, they include laboratory and field studies; these two categories each have 
advantages and disadvantages. Field studies have a distinct advantage in that they 
comprehensively reflect the cumulative effects of contaminants present at a site, however 
complex those mixtures may be. Because field studies examine biota under natural 
conditions, these organisms are also exposed to other natural stressors (food foraging, 
predators, disease, temperature fluctuations, etc.). Organisms may be more sensitive to 
contaminants when faced with such natural stressors. However, natural systems are 
typically highly variable, making it difficult to detect differences in organisms or 
populations in a study area as compared to reference areas, even if such differences exist. 
Field studies have other limitations.  Obtaining adequate sample sizes can be challenging, 
depending on the study organism and endpoint(s).  In addition, even if effects are 
observed in a field study, it can be difficult to persuasively determine the causality of the 
effect: site contaminants could be responsible, or arguably, other site-specific factors 
(differences in habitat type, prey availability, predator pressure, disease prevalence) may 
contribute to, or could be responsible for, the observed effects.   

In contrast, laboratory studies address causality directly. For example, spiked exposure 
studies (i.e., studies in which biota are exposed to a specific level of a contaminant) can 
demonstrate that specific contaminants cause specific effects, albeit under controlled, 
laboratory conditions.  Laboratory studies are limited in that they do not fully mimic field 
conditions.  Also, testing all contaminant combinations or exposures that may occur 
under field conditions is frequently not technically or financially possible.   

In situ studies and laboratory toxicity studies that use site media combine features of both 
lab and field studies. In situ experiments expose organisms to actual site mixtures of 
contaminants under actual field conditions (e.g., variable water flow and temperatures, 
parasite exposure, etc.) but may not fully replicate field conditions—for instance, 
organisms are frequently protected from predation by virtue of being caged.  Laboratory 
toxicity experiments with site media expose organisms comprehensively to whatever site-
specific, potentially complex mixture of contaminants is present, but they do so under 
conditions that are controlled in other ways (e.g., temperature, food availability, etc.).  

Because the various types of potential biotic injury studies have different -- and often 
complementary -- advantages and disadvantages, the Trustees have selected a variety of 
approaches to evaluate injury.   

In all cases, individual study plans will be developed by the Trustees and principal 
investigators prior to study implementation. These individual study plans will detail the 
approaches to be followed, including actions to assure data quality.  These study plans 
will undergo peer review, to provide assurance that the study designs will provide the 
information required by the assessment. 

To help guide future assessment efforts, the Trustees have grouped the proposed studies 
into three priority categories.  The assignation of a study to a particular category is based 
on Trustee judgments regarding: cost effectiveness; technical study sequencing 
requirements; likelihood of demonstrating injury; likely contribution to the selection and 
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scaling of restoration alternatives; and/or anticipated concerns of the public.  The three 
categories are:  

1. Nearer-term priorities,  

2. Middle-term priorities, and  

3. Longer-term priorities.   

The first of these -- the nearer-term priorities -- includes studies that are presently 
ongoing, prerequisites for subsequent work, and/or expected to generate information of 
significant use in refining future study designs.  The second category includes those that 
are more likely to identify substantive injuries, are anticipated to address concerns of the 
public, and/or are expected to contribute the most towards informing the selection and 
scaling of restoration alternatives.  The third category includes studies that depend on the 
prior completion of other efforts, and those that are presently expected to present more 
difficult technical issues. 

As noted previously, both the conduct and timing of these studies will depend on the 
specific needs of the assessment, resource and funding limitations, and other factors.     
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EXHIBIT 7 -1   OVERVIEW OF INJURY ASSESSMENT STUDIES  

RESOURCE / USE STUDY STATUS CATEGORY GENERAL APPROACH 

AQUATIC 

SURFACE WATER Comparison to injury thresholds Ongoing 1 
Comparison of observed surface water concentrations to regulatory water 

quality criteria  

SEDIMENT Comparison to effects thresholds Ongoing 1 

Comparison of sediment concentrations to literature-based adverse effects 

thresholds and guidelines to inform understanding of the potential severity 

and magnitude of effects 

AQUATIC BIOTA 

(GENERAL) 

Comparison to effects thresholds 

– tissues 
Ongoing 1 

Compare site-specific contaminant data in biota tissue to literature-based 

adverse effects thresholds to inform understanding of potential severity 

and magnitude of effects 

Review of Hanford sediment and 

pore water toxicity studies 
Potential 1 

Evaluate results of existing studies of toxicity to trust resources to identify 

evidence of injury 

BENTHIC INVERTEBRATES Sediment toxicity testing Potential 2 Evaluate toxicity of Site sediments to benthic invertebrates 

MUSSELS 

Distribution, abundance, and 

histopathology 
Potential 3 

Collect data on mussel community health; determine correlations between 

community metrics, habitat quality, and presence of contaminants; assess 

histopathological endpoints 

Toxicity testing Ongoing 1 
Evaluate toxicity of a sub-set of contaminants to mussels, including native 

and sensitive species 

Caged (in situ) study Potential 3 
Evaluate direct toxicity of contaminants in surface water and sediment to 

mussels in situ  

FISH 

Chinook salmon spawning habitat 

evaluation 
Potential 2 

Compare habitat characteristics and contaminant concentrations, including 

chromium, at known and potential spawning locations to determine 

whether contamination influences spawning site selection and avoidance 

Chinook salmon artificial redd 

evaluation 
Potential 3 

Assess effects of chromium-contaminated, and other contaminated 

groundwater upwellings on salmon development, using artificial redds 

Prickly sculpin habitat use Potential 2 

Estimate relative abundance and density of sculpin; evaluate population 

size/age structure in areas exposed to contaminated groundwater versus 

reference sites 

Early life stage sculpin, white 

sturgeon, and rainbow trout 

toxicity testing 

Potential 3 
Expose  early life stage sculpin and sturgeon  in the laboratory to 

waterborne chromium and other contaminants  
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RESOURCE / USE STUDY STATUS CATEGORY GENERAL APPROACH 

AQUATIC RESOURCES 
Quantification of lost aquatic 

ecological services 
Potential 1 Compile aquatic resource information and analyze to quantify lost services 

TERRESTRIAL 

SOIL 

Comparison to effects thresholds  Ongoing 1 
Compare concentrations of contaminants in soil with literature-based 

toxicity thresholds to inform potential severity and magnitude of effect 

Geospatial evaluation Potential 1 

Geospatial evaluation of patterns in soil data to identify areas more/less 

likely to have been exposed to potentially injurious contaminant 

concentrations, and areas where additional sampling may be useful 

TERRESTRIAL BIOTA 

(GENERAL) 

Comparison to effects thresholds 

- tissues 
Ongoing 1 

Compare site-specific contaminant data in biota tissue to literature-based 

adverse effects thresholds to inform potential severity and magnitude of 

effect 

Review of Hanford soil toxicity 

studies 
Potential 1 

Evaluate results of existing studies on soil toxicity to identify evidence of 

injury 

PLANTS 

Native plant toxicity testing Potential 3 Evaluate potential phytotoxic effects of Site soils 

Assessment of plant community 

health 
Potential 3 

Compare health of plant communities at Hanford Site to suitable reference 

locations 

INVERTEBRATES 

Nematode toxicity testing Potential 3 Evaluate the suitability of site soil as a habitat for biota 

Assessment of terrestrial 

invertebrate abundance  
Potential 2 

Assess abundance and (possibly) diversity of species/species groups across 

contaminant gradients; examine correlations between metrics and 

measures of contaminant exposure 

BIRDS 

Assessment of avian abundance 

and diversity 
Potential 2 

Assess abundance and diversity of birds across contaminant gradients using 

visual and auditory metrics; examine correlations between metrics and 

measures of contaminant exposure 

Evaluation of exposure in Hanford 

Site avian species 
Potential 2 Evaluate exposure of avian species to contaminants 

MAMMALS 

Small mammal population 

assessment 
Potential 2 

Identify impacts of contaminant exposure on small mammal community 

population 

Great Basin pocket mouse: carbon 

tetrachloride and histopathology 
Potential 3 

Evaluate effects of carbon tetrachloride exposure on small burrowing 

mammals at Hanford Site 

TERRESTRIAL  

RESOURCES 
Impacts of remedial activities Potential 1 

Compilation of information describing the general type, timing, location, 

and spatial extent of activities; estimation of severity of impacts on 

habitat 
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RESOURCE / USE STUDY STATUS CATEGORY GENERAL APPROACH 

Quantification of lost terrestrial 

ecological services 
Potential 1 

Compile terrestrial resource information and analyze to quantify lost 

services 

VADOSE/GEOLOGICAL 

GEOLOGICAL  

RESOURCES 

Characterize vadose zone 

contamination and potential for 

long-term injury to groundwater 

and surface water due to 

contaminants that have been 

released to the vadose zone 

Potential 1 

Utilize available information and model outputs to develop an 

understanding of the likely nature, extent, and timing of natural resource 

injury, and lost services that could occur as a result of vadose zone 

contamination. 

Evaluation of existing vadose 

zone models 
Potential 2 

Assess ability and limitation of existing models to quantify vadose zone 

contamination flux 

GROUNDWATER 

GROUNDWATER 

RESOURCES 

Developing comprehensive 

database and comparison to 

injury thresholds 

Ongoing 1 

Create a comprehensive Hanford groundwater database for Trustee use in 

injury determination and quantification; use information in database to 

compare observed groundwater concentrations to regulatory water quality 

criteria  

Review of contaminant plume 

mapping 
Ongoing 1 

Evaluate methods and results of current groundwater contaminant plume 

mapping at Hanford 

Define the legal, political, and 

economic environment for 

baseline services provided by 

groundwater118 

Potential 1 

Describe services provided by groundwater at Hanford Site under baseline 

conditions; analyze how these services have been impacted by 

contaminants 

Validity and limitations to 

existing Hanford groundwater 

models 

Potential 1 

Verify validity of existing Hanford groundwater models in quantifying 

currently injured groundwater, as well as understanding of past and future 

nature and extent of groundwater contamination. 

Groundwater upwellings Potential 2 

Characterize distribution, frequency, and volumetric flow rate of 

contaminant upwellings in Columbia River, as pathway to potential injury 

to biota 

Synoptic sampling of river 

corridor wells 
Potential 2 

Sample selected river corridor wells at varying river stages to determine 

impact of river stage on groundwater depth readings 

                                                      
118 This study to define the legal, political, and economic environment of baseline groundwater services should be done prior to other groundwater studies.  
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RESOURCE / USE STUDY STATUS CATEGORY GENERAL APPROACH 

Vertical distribution of 

contaminant plumes 
Potential 1 

Construct monitoring wells in key areas for sampling to identify depth of 

significant plumes 

Geology of Columbia riverbed Potential 3 

Drill boreholes on river islands, develop seismic and electromagnetic 

profiles, and perform geophysical surveys to determine the presence of 

plumes near and beneath the river as well as ongoing potential for 

contaminant migration 

Quantification of injured 

groundwater volume and time 

dimensions  

Potential 1 Quantify groundwater affected by contaminant release across Site 

HUMAN USE 

TRIBAL USE 

Ethnographic study to identify 

Traditional Cultural Properties 
Potential 1 Identify Traditional Cultural Properties at the Hanford Site 

Assess tribal  service losses Potential 1 Identify service losses to tribal use not accounted for in other studies  

Current resource characterization 

to allow for restoration of lost 

tribal services 

Potential 1 
Characterize and monitor contaminant concentrations in natural resources 

to verify potential for restoration of tribal services 

INSTITUTIONAL  

CONTROLS 

Inventory of institutional controls 

related to the release of 

hazardous contaminants, and 

description of associated limits on 

human use of the site 

Potential 1 

Inventory the nature and geographic scope of institutional controls related 

to hazardous contaminant releases that could impact past, present or 

future human use of the site. 

ALL RESOURCES 

DATA MANAGEMENT 
Treatment of non-detects in 

studies analyzing existing data 
Potential 1 

Evaluate a variety of options for handling non-detect sample results within 

each analysis. 
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The Hanford Site has a lengthy operational and remedial history, and as part of that 
history, a number of ecological, toxicological, and other studies have produced 
information of potential use in the injury assessment.  The studies included in this Injury 
Assessment Plan build on available information from past efforts and are intended to 
address key data gaps and/or remaining uncertainties.  The following paragraphs briefly 
describe such prior research in order to characterize the larger scientific context into 
which the proposed studies will fit. 

OVERVIEW OF EXISTING  S ITE AQUATIC RESOURCE DATA 

Available information about the Hanford Site’s aquatic natural resources that is of most 
relevance to a natural resource damage assessment includes but is not limited to: (a) 
measurements of hazardous substances in site media (surface water, pore water, 
sediments) and in the tissues of aquatic organisms, (b) information about species 
presence/absence at various locations; (c) results of toxicity testing of specific biota with 
site media and site contaminants, (d) population and community investigations, and (e) 
other research exploring potential contaminant-related effects at the Site (e.g., 
reproductive studies, histopathological evaluations, biota condition assessments, 
behavioral assessments, etc.). 

Measurements  of  Hazarous  Substances  

The Trustees have identified at least seven partially overlapping databases that contain 
many measurements of concentrations of hazardous substances in site media and biotic 
tissues. The Hanford Environmental Information System (HEIS) database contains the 
largest numbers of samples of soils, surface water, biota, and groundwater, while other 
databases contain larger numbers of sediment and pore water samples.  HEIS continues to 
be developed, and may eventually serve as the repository for virtually all site sampling 
efforts, past and ongoing. A substantial effort has been underway within this past year to 
add more data to HEIS; as this effort progresses, it may become increasingly less 
necessary to rely on other compilations of contaminant information.   In addition to HEIS, 
databases with information on aquatic samples include: (a) the Columbia River 
Component historic database, (b) the Columbia River Component Data Summary Report 
for the Remedial Investigation of Hanford Site Releases to the Columbia River (WCH 
2011), and (c) the River Corridor Baseline Risk Assessment GiSdT database.   

Although the number of measurements of contaminants in site abiotic and biotic media is 
large, many challenges remain in effectively using these data in the context of an 
assessment.  These challenges include but are not limited to: the variety of sampling 
efforts (and associated sampling objectives) associated with the datasets; the need to 
understand quality assurance issues associated with the various datasets; analytic issues 
associated with non-detect values 119; and the absence of sample characterization 
information in many cases (e.g., sampling depths and geographic coordinates).   Studies 
that rely on this information (e.g., those involving comparisons of measured 

                                                      
119 “Non-detect values” refers to the contaminant concentration value reported when the true concentration was lower than 

the testing method employed is able to detect. 

7.2  AQUATIC 

RESOURCES  
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concentrations with thresholds) will need to address these issues during the detailed study 
design and implementation stages. 

Tox ic i ty  Test ing  

Trustees frequently include toxicity testing among site assessment activities.  Some such 
testing has been conducted: in particular, the River Corridor Baseline Risk Assessment 
(DOE 2011b) presents the results of site-specific toxicity tests with site media.  RCBRA 
tests include assessments of sediment toxicity to pak choi, and to the amphipod Hyalella 
azteca, as well as assessments of pore water toxicity to the daphnid Ceriodaphnia dubia 
and to the frog Xenopus laevis.  The results of these efforts provide information that may 
be valuable in the context of an assessment; however, preliminary review of the approach 
and results suggests that they may have important limitations associated with their use 
(see discussion in “Benthic Invertebrates: Sediment Toxicity Testing”).  Altogether, the 
Trustees plan to undertake additional review of the RCBRA’s toxicity testing results and 
may pursue additional toxicity testing of site media, as described in “Benthic 
Invertebrates: Review of Hanford Toxicity Studies” and “Benthic Invertebrates: Sediment 
Toxicity Testing”.    

Species  D i st r ibut ion  and  Populat ion/Community  Character izat ion  In format ion  

In a natural resource damage assessment, Trustees may choose to evaluate species 
distributions and population or community metrics to evaluate the extent to which 
hazardous substances may have affected biota at this level of ecological organization.   

Some information on these topics is available: for example, Mueller et al. (2001) presents 
the results of a mussel survey of the Hanford Reach, documenting the species 
composition, densities, and distribution of native freshwater mussels along the Benton 
County shoreline of the Hanford Reach.  The authors found several shells of the western 
pearlshell but concluded that “the species appears to be largely absent from its historical 
range” (Mueller et al. 2011).  Based in part on this study’s results, the Trustees believe 
that additional mussel work may be useful in identifying the potential sensitivity of native 
unionid species to site contaminants in the laboratory and under field conditions (see 
“Mussels: Distribution, Abundance, and Histopathology”, “Mussels: Toxicity Testing”, 
and “Mussels: Caged (in situ) Study”). 

The River Corridor Baseline Risk Assessment (DOE 2011b) presents community-level 
information on aquatic communities, which was gathered using a rock basket deployment 
technique.   Baskets were deployed in association with three groundwater plumes 
(chromium, uranium, and strontium-90) as well as at locations between the areas of most 
direct plume influence, and at reference locations.  The authors conclude that “For most 
RCBRA study sites, results for aquatic community measures were as high as or higher 
than upstream reference sites with similar habitat characteristics.”  The Trustees have 
reservations about the defensibility of this conclusion and in the future may choose to 
more formally and carefully review both the study design and its results.  The Trustees 
may also choose to conduct additional benthic invertebrate community health assessment 
(e.g., using different geographic scope and/or sample sizes, different technical methods, 
and/or using more sophisticated statistical approaches to more carefully control for 
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confounding factors).  However, at the current moment, such a study represents a lower 
priority effort and is not included in the Injury Assessment Plan at present.   

DOE’s Ecological Monitoring and Compliance Project (EMC), which until 2011 was 
managed by Pacific Northwest National Laboratory (PNNL) and is now managed by 
Mission Support Alliance (MSA), includes information on aquatic species locations 
including but not limited to salmon and steelhead redd counts, amphibian occurrences 
including call responders, and clam counts. For purposes of natural resource damage 
assessment, this information may be useful in identifying likely locations of biota in the 
event that future field studies on these species are pursued, but it is not likely to be useful 
for direct injury determination purposes as the program has not been designed to 
definitively identify species absence, or to quantify population-level metrics such as 
abundance.   

Other authors have also developed and/or compiled general information on aquatic 
species presence at the Hanford Site (e.g., Fitzner and Gray 1990, CRCIA 1998, TNC 
1999, TNC 2003, Duncan 2007). 

Histopatholog ical  Invest igat ions  

The Trustees may examine organisms for evidence of physiological injuries including but 
not limited to histopathological impacts.  Some site-specific histopathology information 
on aquatic biota has been collected in recent years, although most study efforts appear to 
be subject to certain limitations.  For example, PNNL’s databases include histology 
information for certain biota collected between 2002 and 2005 (i.e., 3 bass, 1 adult 
bullfrog, 1 tadpole bullfrog, 3 suckers, 830 clams, 33 sculpin, 68 crayfish, and 7 
whitefish).  The Trustees have not identified reports that describe the sampling methods, 
sampling design, and/or discuss the results.120  

Larson et al. (2008) describes a November 2003 to February 2005 in situ investigation on 
exposure of the (non-native) Asiatic clam, Corbicula fluminea, to contaminants in the 300 
Area. Growth, survival, and tissue conditions were evaluated at two nearshore locations, 
one of which was associated with contaminated groundwater upwelling, and the other 
was an upstream reference location.  The authors did not identify any effects of 
contaminant exposure; however, growth overall was poor (negative), which the authors 
attribute to the type of tubing in which the clams were contained. The study’s results may 
not be representative of results under natural conditions.  

DOE (2011b) discusses results of sampling in 2006 and 2007 for mussels, sculpin, 
juvenile suckers, and for Asian clams in situ: 

 In mussels, the authors found statistically increased observations between study 
site versus reference site organisms, in two of the 20 measurements: digestive 
cell vacuolation severity and degraded mantle condition.   This study was limited 
to six study sites and three reference sites. 

                                                      
120 The Hanford Site Environmental Report for Calendar Year 2003 (Poston et al. 2004) states that other than radiological 

results in clams, “Analyses for other species and biological components were still under development when this report was 

prepared.”  Subsequent annual environmental reports also do not appear to present the results of this sampling.   
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 In sculpin, the authors found statistically increased fish length and weight among 
study site versus reference area fish.  The authors also found four out of 22 
histopathological measurements to differ between study and reference sites: the 
number of liver parasites and the number of muscle granulomas was higher 
among site fish, and the number of encysted parasites in gills and kidneys were 
higher among reference fish. 

 In Asian clams (a non-native species), the authors found statistically increased 
observations between study site versus reference site organisms, in two of the 19 
measurements: the incidence of digestive system epithelial cell shedding, and 
reproductive system follicle cyst presence.  These clams were exposed in situ for 
periods of 3 or for 7 to 8 months. 

Finally, as part of a white sturgeon workshop, Kiser (2010) preliminarily reports 
histology information associated with several tissues from 30 white sturgeon, including 
25 from the Hanford Reach and five from a reference area above Wanapum Dam.  
External and internal anomalies were observed in about 15 percent of all sturgeon, 
including reference area fish. Tissue histopathology also indicated abnormalities in all 
fish sampled, including those from the reference area.  The observed histopathology was 
consistent with a chronic viral, bacterial, or chemical stressor.  Gonadal observations 
include inflammation, degeneration, and oocyte necrosis, potentially indicating 
reproductive impairment.  Metal concentrations were “generally low” except for mercury; 
radionuclide concentrations were “infrequently” detected and were “near detection 
limits” (ibid.).  Concentrations of total DDT and PCBs were elevated within the study 
area fish tissues.  The workshop’s conclusions include that, despite the long lifespan of 
the species and its potential for exposure to higher past contaminant concentrations, 
“There is considerable uncertainty regarding the likelihood of detecting historical 
histological impacts [on white sturgeon].” 

Chinook Salmon Invest igat ions  

A number of efforts have examined NRDA-relevant endpoints in this species.  The results 
are complex: some studies found little evidence of effects on the evaluated endpoints, 
while others suggest potential impacts.  This complexity likely arises from several 
sources, including differences in the endpoints examined, differences in the life stage 
examined, and differences in other exposure characteristics used in the study (e.g., water 
hardness levels, field vs. lab exposure, study duration, etc.).  As for all studies in this 
Assessment Plan, the selected Chinook salmon studies are intended to build on available 
information from past efforts and to address key data gaps and/or remaining uncertainties.  

The following paragraphs summarize past work on Hanford Reach Chinook salmon, and 
also summarize studies on laboratory Chinook exposed to Hanford Site contaminants, 
noting those efforts whose findings are most closely linked to the new studies described 
in this Assessment Plan. 

Hanford Reach Chinook salmon field investigations include those conducted by Tiller et 
al. (2004), who collected 100-D and 100-H Area juvenile fall Chinook salmon over three 
sampling events, to assess chromium body burdens, fish length, weight, and histology.   
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The authors did not detect statistically significant differences in chromium levels in the 
tissues of fish from the 100-Areas compared to upstream Vernita Bridge fish. Overall, the 
authors found “no impact” in the 100-Area fish compared to these reference fish.  The 
authors observed no gross morphological anomalies in any fish, and also found “no 
indications of any tissue damage in any of the specimens examined.”   That said, the 
histology sample sizes were small: although up to 20 fish were collected per site and 
sampling event, “up to 10” specimens per location (total of 29 fish) were subject to 
histological assessment.   

Lab studies have investigated the potential for site contaminants to affect traditional 
ecotoxicological endpoints relating to reproduction as well as the survival and growth of 
early life stage Chinook.  As a group, these studies have produced mixed results.  For 
example, Farag et al. (2006b) assessed the potential for chromium to affect fertilization 
under exposure conditions “similar to those of the Hanford Reach”; the tested 
concentration ranges (0 to 266 µg/L) did not affect this endpoint. Concentrations of 
hexavalent chromium in Hanford Reach pore water have been measured as high as 632 
µg/L (Hope and Peterson 1996). 

Olson and Foster (1956) exposed Chinook salmon to hexavalent chromium 
concentrations of 0 to 184 µg/L for seven months, starting at the egg stage.  No 
significant mortality occurred during the egg stage, but by the end of the fry121 stage, 
significantly fewer fish survived at the 184 µg/L and 80 µg/L concentrations.  Growth 
retardation was “a more sensitive index of toxicity than mortality” and was “probably 
significant in the group exposed to 0.016 ppm [16 µg/L].”   

Farag et al. (2000) examined the effects of chromium on early life-stages (eyed egg 
through swim up, plus a holding period of 30 days after swim up), to monitor 
development, physiological function, growth, and survival.  Aqueous chromium 
concentrations of 5 to 120 µg/L did not significantly affect the assessed endpoints.  
Referencing Olsen and Foster (1956), discussed above, the authors note that their findings 
are “similar to early studies conducted at Hanford that showed alevins122 to be tolerant to 
chromium exposure until after the initiation of exogenous feeding and swim-up, when 
mortality increased dramatically.” 

Patton et al. (2007) also evaluated the effects of chromium exposure on early life stage 
Chinook (eyed egg through swim up), exposing these fish to Hanford Site groundwater 
diluted with Columbia River water.  The exposure produced final hexavalent chromium 
concentrations from 0.79 to 260 µg/L. These authors also found no effects of these 
exposures on survival, growth, development rate, weight, or length.   

                                                      
121 Fertilized Chinook salmon eggs are deposited in gravel bed depressions (redds); these eggs hatch into alevins, which use 

the remaining yolk sac to grow.  Alevins remain associated with the gravel and eventually emerge (“swim up”) from the 

gravel as fry, the first free-swimming and exogenous feeding stage of the salmon’s life cycle.    
122 See previous footnote. 
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Farag et al. (2006a) found that concentrations of 24 and 54 µg Cr/L for 105 days did not 
affect growth or survival of Chinook parr;123 however, after increasing concentrations to 
(a) 120 and (b) 266 µg/L, respectively, weight was decreased under treatment (a), and 
survival was reduced in treatment (b).  The authors also reported fish health impairments 
in both treatments, as evidenced by kidney lesions and biochemical changes. 

Other studies have suggested that site contaminants may have behavioral impacts on this 
species.  For example, DeLonay et al. (2001) found that Chinook parr are capable of 
detecting and avoiding water with chromium concentrations of ≥54 µg/L (80 mg/mL 
hardness); at a higher level of hardness, 200 mg/mL, intended to simulate Hanford 
groundwater, the parr failed to avoid chromium concentrations of up to 266 µg/L. 
Behavioral changes constitute an injury under DOI’s NRDA regulations; furthermore, if 
salmon avoid chromium-containing water in the field, the contamination may effectively 
reduce the area of usable habitat for these fish.   

Some information suggests the potential for contaminant-related avoidance behavior in 
the field: Geist (2000) reports that spawning salmon used areas of hyporheic upwelling 
where the specific conductance indicated a surface water source of the upwelling, 
whereas they did not use hyporheic discharge zones where the source was 
groundwater.124   

The behavioral findings are among those suggesting that additional research on Chinook 
salmon is appropriate for the Hanford assessment (e.g., see “Fish: Chinook Salmon 
Spawning Habitat Evaluation.”   The Trustees are also considering a field-based (in situ) 
investigation of potential impacts to early life stages (see “Fish: Chinook Salmon 
Artificial Redd Evaluation”).  Organisms may sometimes experience adverse effects to 
contaminants under field conditions that are not evident from laboratory-based exposures, 
conducted under much more controlled conditions. 

Addit ional  I nvest igat ions  

Additional site-specific field research, on potential contaminant-related effects to aquatic 
and aquatically-linked biota, include:  

 A 2005 pilot study on bullfrog and Woodhouse’s toad malformations in 
animals from two Hanford Reach slough/backwater pools.  The authors found a 
“relatively low” rate of malformations (Poston et al. 2006). 

 Canada geese reproduction.  Fitzner et al. (1991) note that nearly four decades 
of research on the nesting ecology and behavior of this species have been 
conducted. Fertility rates in the 1950s and 1960s found reproductive rates “as 
high or higher than in areas not supporting nuclear operations.”  Simmons et al. 
(2010) summarizes Canada goose research at Hanford, concluding that 
radiological dose rates were “well below applicable guidelines” and that 

                                                      
123 Parr represent the life stage between the fry and smolt stages.  Parr have vertical markings on their sides.   

124 Dissolved oxygen was higher in the surface water discharge areas, but concentrations in both areas were higher than 

levels needed for egg/alevin survival.  Contaminant concentrations were not measured. 
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maximum concentrations of a variety of other metals “met or fell below existing 
toxicological benchmarks, suggesting minimal risk… from exposure.” 

 Great blue heron reproduction.  Despite heavy metal concentrations, Tiller et 
al. (2005) found that in 1996, reproductive health of A. herodias nesting along 
the Hanford Reach to be one of the highest reported in the United States.  The 
authors note that there has been a decline in the numbers of active nests from 94 
in 1983 to 37 in 1999, attributing this change to increased human activity near 
nest trees, wind toppling of trees used as nesting sites, and low subadult/survival 
ratios (Rickart and Tiller 2003 as cited in Tiller et al. 2005).  

IMPLICATIONS OF EXISTING DATA FOR INJURY ASSESSMENT  

Given the description above of available information on contaminant exposure and 
potential aquatic injuries, the following injury assessment studies have been identified to 
fill important data gaps.  Phase 1 priorities for aquatic injury assessment focus on 
organizing the information necessary to better understand aquatic resource exposure and 
to help guide work plan development for later stages of the injury assessment.  Phase 1 
priorities therefore include estimating the level and extent of surface water, pore water, 
sediment and aquatic biota tissue contamination, estimating baseline contaminant 
concentrations in site media, and reviewing the existing sediment and pore water 
ecotoxicity testing studies.  Phase 2 and 3 priorities encompass further efforts that would 
help the Trustees refine their understanding of potential aquatic injuries.  In particular, 
Phase 2 and 3 efforts include: conducting additional laboratory toxicity testing, gathering 
information about population and community attributes, conducting in situ assessments to 
evaluate the effects of exposure to site media on aquatic biota, and collecting information 
on the health of aquatic biota. 

SURFACE WATER:  COMPARISON TO INJURY THRESHOLDS   

Objectives: (1) To determine injuries to surface water resources based on comparisons of 
measured and/or modeled concentrations of Site COPCs to regulatory water quality 
standards or criteria. (2) To identify COPCs that may be most strongly associated with 
potential injuries (e.g., by virtue of having a greater magnitude and/or exceedance of 
effects thresholds).  (3) To identify locations with higher or lower levels of exposure to 
hazardous substances, to help inform site selection in potential future injury studies. 

Need/Rationale: Surface water is a key natural resource, providing habitat to numerous 
aquatic biota species as well as providing services to humans.  Contaminant 
concentrations in excess of certain levels (e.g., Washington State water quality standards) 
generally indicate that an injury has occurred under DOI’s NRDA regulations (43 CFR § 
11.62(b)(1)(i) through (iii); see Chapter 6).125  

                                                      
125 Chapter 6 provides complete definitions of injury to natural resources, including injury determination.  Exceedances of 

certain concentration thresholds is a key component of these definitions but is not the only requirement that must be 

satisfied. 
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Comparing contaminant concentrations in surface waters to regulatory water quality 
standards or criteria is a cost-effective and widely used approach to evaluate potential 
surface water injuries. Furthermore, making comparisons can also help document the 
existence of a pathway between sources of releases and receptors, and/or may suggest 
that additional field or lab studies on certain biological receptors/locations/contaminant 
combinations may be appropriate. 

Approach: The study will focus on the Hanford Reach of the Columbia River and 
appropriate reference locations.  The first component of this task will involve assembling 
and evaluating available surface water and pore water data, and incorporating it into the 
Trustees’ natural resource damage assessment database in accordance with the Data 
Management Plan and the Quality Assurance Management Plan (HNRTC 2011a, 2011b).  
Although many measurements of surface water COPCs are available, a comprehensive 
assessment database has not been developed.    

The Trustees will also determine the water quality criteria and standards (e.g., Federal 
drinking water standards, state water quality criteria) against which sample 
concentrations will be evaluated.  

This study will include an evaluation of baseline conditions, which will include to the 
extent possible a characterization of the concentration ranges of hazardous substances 
expected to be present in surface waters but for Hanford Site releases.  As part of this 
evaluation, contaminants will be identified as having one or more of the following 
origins: natural sources, Hanford Site operations, and/or other anthropogenic sources. 

SEDIMENT: COMPARISON TO EFFECTS THRESHOLDS  

Objectives: (1) To determine potential past, current, and future injuries to sediment 
resources based on comparisons of measured sediment COPC concentrations to 
regulatory standards and literature-based effects thresholds.  (2) To identify COPCs that 
may be most strongly associated with potential injuries (e.g., by virtue of having a greater 
magnitude and/or exceedance of effects thresholds).  (3) To identify locations with higher 
or lower levels of exposure to hazardous substances, to help inform site selection in 
potential future injury studies. 

Need/Rationale: Sediments provide essential habitat for aquatic plants, mussels and 
other invertebrates, and fish (e.g., species such as salmon use the river bed as spawning 
habitat).  Comparing sediment contaminant concentrations to appropriate adverse impact 
thresholds is a cost-effective, widely used approach to identify potential sediment 
injuries.   

Although comparing measured concentrations to literature-based thresholds is not 
generally, in itself, sufficient to determine injury in accordance with the DOI 
regulations,126 such analyses can inform the Trustees’ understanding of the nature and 

                                                      
126 Chapter 6 provides complete definitions of injury to natural resources, and sediments are considered to be part of the 

surface water resource (43 CFR § 11.14(pp)).  Injury to sediments is most commonly determined when sediments are 

sufficiently contaminated to have caused injury to other natural resources (43 CFR § 11.62(b)(1)(v)).   
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extent of potential injury.  For example, within the context of a cooperative assessment, 
such comparisons can provide a basis for reaching agreement on injury determination 
and/or quantification assumptions.  These comparisons can also help document the 
existence of a pathway between sources of releases and receptors, and/or may suggest 
that additional field or lab studies on certain biological receptors/locations/contaminant 
combinations may be appropriate.  They may also help to identify those COPCs that are 
the largest drivers of injury (e.g., based on the magnitude and/or extent of threshold 
exceedances).   

Approach: The study will focus on the Hanford Reach of the Columbia River and 
appropriate reference locations. The first component of this task will involve assembling 
and evaluating available data, and incorporating it into the Trustees’ natural resource 
damage assessment database in accordance with the Data Management Plan and the 
Quality Assurance Management Plan (HNRTC 2011a, 2011b).  Although many 
measurements of sediment COPCs are available, a comprehensive assessment database 
has not been developed.    

The second component of this study requires identification of adverse effects 
thresholds—i.e., Site-specific and/or generic values from the literature—against which 
the Trustees will compare contaminant concentrations from the database described above.  
Potential thresholds identified to date include Washington State sediment quality criteria, 
as well as literature-based sediment quality guidelines. Building off the preliminary work 
done by the Trustees, and supplemented by additional literature review and/or the results 
of toxicity testing, the Trustees will develop sediment thresholds for each COPC.   

This study will include an evaluation of baseline conditions, which will include to the 
extent possible a characterization of the concentration ranges of hazardous substances 
expected to be present in Hanford Reach sediments but for Hanford Site releases.  As part 
of this evaluation, contaminants will be identified as having one or more of the following 
origins: natural sources, Hanford Site operations, and/or other anthropogenic sources. 

AQUATIC BIOTA:  COMPARISON TO EFFECTS  THRESHOLDS  -  TISSUES  

Objectives: (1) To determine potential past, current, and future injuries to aquatic biota 
based on comparisons of measured tissue COPC concentrations to literature-based effects 
thresholds.  (2) To identify COPCs that may be most strongly associated with potential 
biotic injuries (e.g., by virtue of having a greater magnitude and/or exceedance of effects 
thresholds).  (3) To identify species and/or locations with higher or lower levels of 
exposure to hazardous substances, to help inform site selection in potential future field 
studies of aquatic biota. 

Need/Rationale: Biologic resources, including aquatic organisms, are trust resources that 
provide a suite of essential ecological services. Comparison of COPC tissue 
concentrations to appropriate adverse impact thresholds is a cost-effective, widely used 
approach to identify potential biological injuries.  With certain exceptions, comparisons 
of measured concentrations in tissues to thresholds is not usually in itself sufficient to 
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determine injury in accordance with the DOI regulations;127 nevertheless, such analyses 
can inform the Trustees’ understanding of the nature and extent of potential biological 
injuries.  Within the context of a cooperative assessment, these kinds of comparisons can 
provide a basis for reaching agreement on injury determination and/or quantification 
assumptions.  These studies can also help document the existence of a pathway between 
sources of releases and receptors, and/or may suggest that additional field or lab studies 
on certain biological receptors/locations/contaminant combinations may be appropriate.  
They may also provide help identify those COPCs that may be the largest drivers of 
injury (e.g., based on the magnitude and/or extent of threshold exceedances).   

Approach: The study will focus on the Hanford Reach of the Columbia River and 
appropriate reference locations. The first component of this task will involve assembling 
and evaluating available data, and incorporating it into the Trustees’ natural resource 
damage assessment database in accordance with the Data Management Plan and the 
Quality Assurance Management Plan (HNRTC 2011a, 2011b).  Although measurements 
of COPC concentrations in biota exist, a comprehensive assessment database has not 
been developed.  Therefore, the Trustees will create a database, ensuring that data are 
normalized, contain location information where possible, and are presented in consistent 
units (e.g., convert radiological concentrations to internal radiological dose estimates). 
This effort may also identify species of interest for which additional data collection may 
be warranted.  

The second component of this study requires identification of adverse effects 
thresholds—i.e., Site-specific and/or generic from the literature—against which the 
Trustees will compare contaminant concentrations from the database described above. 
Building off preliminary work done by the Trustees, and supplemented by additional 
literature review and/or results of toxicity testing, the Trustees will develop injury 
thresholds for COPCs and species/species guild of potential concern.   

This study will include an evaluation of baseline conditions, which will include to the 
extent possible a characterization of the concentration ranges of hazardous substances 
expected to be present in selected Hanford Reach biota but for Hanford Site releases.  As 
part of this evaluation, contaminants will be identified as having one or more of the 
following origins: natural sources, Hanford Site operations, and/or other anthropogenic 
sources. 

                                                      
127 Chapter 6 provides complete definitions of injury to natural resources.  Injury to biological resources can occur when 

concentrations of hazardous substances exceed action or tolerance levels established under the Food, Drug, and Cosmetic 

Act (43 CFR § 11.62(f)(1)(ii), or when concentrations exceed levels for which an appropriate state health agency has issued 

directives to limit or ban consumption of an organism (43 CFR § 11.62(f)(1)(iii)).  However, no such consumption limits or 

bans have been issued, and for many Hanford Site COPCs, no action or tolerance levels have been established.  For these and 

other reasons, the Trustees expect that this study will focus on comparing COPC tissue concentrations with literature-based 

adverse effects thresholds, in particular those associated with potential injuries to biota as defined in 43 CFR § 

11.62(f)(1)(i)).   
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AQUATIC BIOTA:  REVIEW OF HANFORD SEDIMENT AND PORE WATER TOX ICITY 

STUDIES  

Objective: To determine what conclusions may be drawn with respect to injury 
determination and quantification for sediments and sediment-associated biota based on 
existing sediment and pore water toxicity testing data. 

Need/Rationale: Sediment and pore water toxicity testing are common components of 
natural resource damage assessments, undertaken to determine the extent to which 
sediments are injured by virtue of causing injury to other natural resources (see 43 CFR § 
11.62(b)(1)(v)).  This effort focuses on the toxicity of Hanford Reach sediments to 
benthic invertebrates. Some contaminants adhere to sediments particularly, and sediment-
associated invertebrates are an important part of many freshwater food webs. Reliance on 
existing information can be a cost-effective way to determine injury, and thus the 
Trustees propose to evaluate existing testing approaches and results to determine whether 
available data are of sufficient quantity and quality to meet assessment needs.  

Approach: Documentation of reduced survival, growth, reproduction or other adverse 
effects arising from exposure of biota to hazardous substances in Site sediments relative 
to reference sediments is an injury under DOI NRD regulations. The benthic community 
is a key natural resource, forming the base of the aquatic food chain.  Sediment toxicity 
testing has been undertaken in the past at Hanford. For example, DOE (2011b) reports the 
results of testing of 49 nearshore aquatic sites, and states that 28-day bioassays with H. 
azteca found reduced survival at study sites compared to reference sites, and that C. dubia 
exposed to pore water collected under “low river flow” conditions experienced reduced 
reproduction compared to reference sites.  However, the Trustees have identified 
limitations associated with these previous studies (see “Invertebrate Sediment Toxicity 
Testing” below).  Therefore, this study will involve a significantly more detailed and 
rigorous review of available information, documenting, compiling and summarizing these 
and potentially other studies undertaken at Hanford that evaluated the toxicity of Site 
sediments to biota.  This effort will also include a careful review of these results from an 
NRD perspective.  This work will involve evaluation of test acceptability, assessment of 
test relevance, and determination of adequacy of spatial coverage.  It may also involve re-
evaluation of test information using alternate approaches (e.g., alternate statistical 
analyses), and as appropriate, will result in developing conclusions on the interpretation 
of existing data in the context of injury determination and quantification for natural 
resource damage assessments. 

BENTHIC INVERTEBRATES: SEDIMENT TOXICITY TESTING 

Objective:  To evaluate the toxicity of sediments from the Hanford Site to selected 
benthic invertebrates. 

Need/Rationale:  This effort will support an injury determination to benthic invertebrates 
and associated sediments (e.g., see 43 CFR § 11.62(b)(1)(v)), and may inform injury 
quantification efforts.  Measurements of contaminants in the tested sediments will also 
contribute to the Trustees’ pathway determination for sediments and associated biota.  As 
noted previously, collecting river sediments and subjecting them to toxicity testing using 
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standardized test organisms is a common component of many natural resource damage 
assessments.  Some COPCs adhere to sediments, and the sediment-associated 
invertebrates that may be exposed to sediment-associated COPCs are an important part of 
many freshwater food webs.  

The River Corridor Baseline Risk Assessment (RCBRA DOE 2011b) reported the results 
of some Site-specific toxicity tests with Site media, including sediments and pore waters.  
However, there are some key limitations of the data presented in DOE 2011b. For 
example, there are potential concerns with the control data in the 28-day H. azteca tests. 
In sediment toxicity testing using H. azteca, the negative control samples should achieve 
over 80 percent survival (Ingersoll et al. 2008) and such criteria are also often applied to 
reference sediment samples (MacDonald et al. 2012); however, Figure 6-35 in DOE 
(2011b) indicates that at least some reference site samples did not meet this criterion, and, 
hence, data from certain locations may not be relevant for evaluating sediment toxicity.  
A closer evaluation may help explore the extent to which this issue may or may not affect 
a determination about overall test acceptability.  In addition, longer tests, such as the 42-
day reproduction tests in amphipods, tend to represent a more sensitive endpoint than 28-
day tests examining survival and growth.  Lastly, the C. dubia pore water bioassays 
exposure duration was limited to seven days, and therefore, potential effects of longer-
term exposures are unclear. 

The Trustees are interested in conducting additional aquatic invertebrate sediment 
toxicity testing, designed to ensure appropriate, comprehensive site selection to reflect the 
diversity of habitat and contamination regimes present, and to use longer-term exposures 
to more thoroughly explore the potential for chronic effects.   

Approach:  The specific approach to this study will be defined by the Trustees and the 
principal investigators in a detailed work plan.  However, at this time the Trustees believe 
that the target organisms could include amphipods (H. azteca) in 42-day tests, and midges 
(Chironomus dilutis) in 53 to 60-day tests.  Endpoints could include survival, growth, 
biomass, and reproduction.  In addition, it may be desirable to evaluate the viability of F1 
(offspring) amphipods and midges produced by the exposed F0 (parental) generation.  
The results of such tests have, in some cases, supported the development of injury 
thresholds that are more protective than those based on survival or biomass evaluated in 
short-term toxicity tests (e.g., 10-day for midge and 28-day for amphipods).   

Sediment characteristics, including contaminant concentrations in sediments and pore 
waters, will also be measured. As part of these efforts, the Trustees will need to select 
appropriate reference locations from which the baseline condition of sediment resources 
can be established.  Where contaminant concentrations are to be measured, investigators 
should select laboratory methods whose detection limits are sufficiently low such that the 
lowest detectable concentration of a contaminant does not exceed levels that have been 
identified as injurious. 
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MUSSELS:  DISTRIBUTION,  ABUNDANCE,  AND HISTOPATHOLOGY 

Objectives: To collect information on mussel community health, and to determine 
whether correlations exist between these metrics and either habitat characteristics or 
measures of exposure to contaminants.  

Need/Rationale: This study results will help the Trustees determine whether native 
mussels in the Hanford Reach have been injured due to exposure to Site contaminants in 
accordance with 43 CFR § 11.62(f)(1)(i) and 11.62(f)(3), and the extent of such injury.  
Measurements of contaminants in the site media will also contribute to the Trustees’ 
determination of exposure pathways to these receptors.   

Mussels provide freshwater ecosystems with a wide range of important ecological 
services.  Not only do they serve as a food resource for aquatic and terrestrial predators, 
they also filter particulate matter from the water column, improving water quality.  Their 
shells provide biogenic habitat, and their nutrient excretion supports the benthic 
invertebrate community (Spooner and Vaughn 2006).  Mussels are also indicators of the 
ecological health of surface water communities.  Their immobile nature (as adults) helps 
ensure that their status reflects local environmental conditions.  In addition, mussels 
require suitable host fish for parts of their life cycle. The ability of mussels to thrive in a 
particular area therefore may provide an indirect indication of the status of the host fish 
community. 

The Hanford Reach mussel community has undergone significant change.  Mueller et al. 
(2011) evaluated the species, distribution, and densities of native freshwater mussels in 
the Hanford Reach.  Four species of native mussels were identified, of which the western 
and Oregon floaters (Anodonta kennerlyi and Anodonta oregonensis) were most 
abundant.  The California floater (Anodonta californiensis) was the next most abundant, 
while the formerly-abundant western pearlshell (Margaritafera falcata) appears to have 
been extirpated.  This species has also been in decline regionally (WCH 2008, Appendix 
F). Potential causes of decline include physical/chemical habitat alterations, thermal 
stress, availability of host fish, competition with non-native species, and the presence of 
contaminants. Pauley (1961, 1967, 1968) (as cited in Ingersoll et al. 2012) found high 
levels of pedunculated tumors in Anodonta in the Hanford Reach.   

Approach:  The Trustees will design a study that will examine mussel community 
characteristics (potentially including abundance, diversity, and age structure) in areas 
within the Hanford Reach thought to be potentially influenced by contaminant plumes 
from upwelling groundwater, as well as in reference areas.  Semi-quantitative or 
quantitative sampling methods may be employed.  Both live and dead unionids will be 
targeted for collection.  Collected mussels may be subject to histopathological analysis 
(i.e., to identify lesions, tumors, or other deformities).128   

                                                      
128 As noted previously, DOE (2011b) reported results of a limited investigation of mussel histopathology, assessing six study 

sites and three reference sites.  The authors found statistically increased observations between study site versus reference 

site organisms, in two of the 20 measurements: digestive cell vacuolation severity and degraded mantle condition.   The 

Trustees will consider the design and evaluation of the DOE (2011b) histopathological study in more detail as part of 
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Live animals not retained for histology, contaminant measurements, or for use as voucher 
specimens, will be returned to their collected location.  Sediment and pore water samples 
will also be collected for purposes of environmental and contaminant characterization, 
and habitat characteristics will be documented.  Where contaminant concentrations are to 
be measured, investigators should select laboratory methods whose detection limits are 
sufficiently low such that the lowest detectable concentration of a contaminant does not 
exceed levels that have been identified as injurious.  

MUSSELS:  TOXICITY TESTING  

Objectives: The objectives of this study (Ingersoll et al. 2012) are to: 

• Determine the sensitivity of a native mussel  (M. falcata) to hexavalent 
chromium relative to a related commonly tested freshwater mussel surrogate 
(Lampsilis siliquoidea) in water-only exposures;  

• Evaluate the sensitivity of M. falcata and L. siliquoidea to hexavalent chromium 
in combination with other stressors (uranium, nitrate, and thermal stress) in 
water-only exposures; 

• Determine the concentration of hexavalent chromium in water-only exposures in 
which these mussels are adversely affected, as defined under DOI’s NRDA 
regulations (see 43 CFR § 11.62(f)(1)(i) and 11.62(f)(4)(i)(E)). 

Need/Rationale: This study results will help the Trustees determine whether native 
mussels in the Hanford Reach have been injured due to exposure to hexavalent chromium 
alone or in combination with other stressors, and will potentially help the Trustees 
quantify any identified injury. 

As noted above, mussels are sentinels of freshwater community health, and Hanford Site 
contaminants may have played a role in alterations to this community over the years.  
Toxicity testing has the potential to identify clear cause-effect linkages between 
contaminant/stressor exposure and effects.  Available information suggests that one site 
contaminant, hexavalent chromium, can have adverse effects on some freshwater 
mussels.  In particular, the sensitivity of juvenile mussels (Anodonta imbecillis) to 
chromium has been tested and the 96-hour median lethal effect concentration (LC50) was 
found to be 39 µg/L in relatively soft water and 618 µg/L in relatively hard water (Keller 
and Zam 1991 as cited in Ingersoll et al. 2012).129 When combined with mercury, the 
chromium 48-hour LC50 was lowered from 295 µg/L to 170 µg/L (ibid.).   

Approach:  The first step in this study involves methods development, focusing on the 
collection and culture of M. falcata.  If these efforts are sufficiently successful, acute 
toxicity testing with M. falcata and L. siliquoidea will proceed, with chromium alone or 
with chromium along other stressors representative of the Site.   
                                                                                                                                                 
determining whether, and how, to conduct additional mussel histopathological evaluations in the context of this broader 

mussel study effort. 

129 “Lethal effect concentration” refers to the concentration of a contaminant associated with fatality in 50 percent of the 

test organisms. 
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Should acute toxicity tests demonstrate one or more of the secondary stressors in 
combination with hexavalent chromium to be synergistic or additive to hexavalent 
chromium toxicity, chronic toxicity tests with hexavalent chromium and those stressors 
will then be performed with either M. falcata or L. siliquoidea. The choice of which of 
the two mussel species in which to conduct subsequent, chronic studies will be 
determined based on the success in propagating or conducting toxicity tests with M. 
falcata, which is the preferred species.  

MUSSELS: CAGED ( IN S ITU )  STUDY 

Objectives:  To determine whether in situ exposure to the Hanford Reach environment 
adversely affects the health of unionid mussels. 

Need/Rationale: Depending on the results of previous mussel research, the Trustees may 
pursue this in situ study using native and/or surrogate unionids, to support a 
determination of injury to mussels (e.g., see 43 CFR § 11.62(f)(1) and 11.62(f)(4)(i)(D)).  
In situ studies allow for the exposure of organisms to site conditions, including the 
physical, chemical, and biological stressors normally present at a site, but do so in a 
controlled manner that allows for real-time comparisons of effects on selected species of 
a known life stage and initial condition.  Measurements of contaminants in the site media 
will also contribute to the Trustees’ determination of exposure pathways to these 
receptors.  If pursued, this study may support a quantification of injury to mussels by 
helping identify areas where site conditions are/are not adequate for mussels. 

Approach:  Native and/or surrogate unionid mussel species may be employed.  The 
selected species will be deployed in appropriate enclosures, to locations within the 
Hanford Reach thought to be potentially influenced by contaminant plumes from 
upwelling groundwater.  Mussels will also be deployed in reference areas for comparative 
purposes.  Potential endpoints include survival, growth, histopathological condition, and 
contaminant uptake (i.e., tissue chemistry). Sediment and pore water samples from the 
study sites will also be collected for purposes of environmental characterization.   Habitat 
characteristics of those sites will be documented.     

FISH:  CHINOOK SALMON SPAWNING HABITAT EVALUATION 

Objective: The purpose of this study is to examine whether contaminants are influencing 
Chinook salmon (Onchorhynchus tshawytscha) spawning habitat selection in the Hanford 
Reach. 

Need/Rationale: Chinook salmon are considered to be injured if their behavior is altered 
by the presence of contaminants (e.g., see 43 CFR § 11.62(f)(1)).  In addition, areas of 
sediments/groundwater upwelling that are contaminated to the extent that salmon avoid 
them are also determined to be injured (see 43 CFR § 11.62(b)(v) and 11.62(c)(iv)).  It is 
anticipated that this study will help determine injury to these resources and may also 
provide information useful in quantifying these injuries (e.g., the size of the affected 
areas), if present. Measurements of contaminants in the site media will also contribute to 
the Trustees’ determination of exposure pathways to this species.   
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Chinook salmon are a species of exceptionally high ecological and human use value and 
are a high priority for the Trustees.  Chinook salmon are known to seek out specific types 
of habitat for purposes of spawning.  Redd locations are routinely monitored within the 
Hanford Reach, and Site-specific models have been developed to identify the 
characteristics of Chinook salmon spawning habitat in the Hanford Reach (e.g., Geist and 
Dauble 1998, Geist et al. 2000, Geist et al. 2006).  These models have identified water 
depth, velocity, substrate, and slope as important discriminators of spawning habitat.   

In addition to these habitat characteristics, research has suggested that certain other 
variables also differed between spawning and no-spawning reaches: in particular, "the 
permeability, specific discharge, and vertical hydraulic gradient were all higher in [the] 
spawning reach than in [the] non-spawning reach" of the Columbia River (Geist et al. 
2006).    

Groundwater upwelling, in particular, may influence habitat use by Chinook salmon, and 
a behavioral change due to contaminants is considered an injury under DOI’s regulations 
(43 CFR § 11.62(f)(1)). For example, Geist (2000) reports that spawning salmon used 
areas of hyporheic upwelling where the specific conductance indicated a surface water 
source of the upwelling, whereas they did not use hyporheic discharge zones where the 
source was groundwater.  Dissolved oxygen was higher in the surface water discharge 
areas, but concentrations in both areas were higher than levels needed for egg/alevin 
survival. Contaminant concentrations were not measured; however, it is possible that 
contaminants in upwelling groundwater may be rendering some otherwise suitable 
spawning habitat undesirable.   

Of note, chromium is a known contaminant in Hanford Site groundwater. As noted 
previously, DeLonay et al. (2001) found Chinook parr to be able to detect and avoid 
water with low concentrations of chromium, and also found that the parr spent less time 
in waters with higher concentrations of chromium. Laboratory-based avoidance 
constitutes an injury under DOI’s NRDA regulations (43 CFR § 11.62(f)(iii)(B)); of note, 
however, this effect depended on water hardness. Farag et al. (2006a) found exposure of 
juvenile Chinook salmon to concentrations of 120 µg/l or more were associated with 
impaired growth, while exposure to concentrations of 266 µg/l were associated with 
reduced survival. 

Approach:  Potentially suitable spawning habitat (e.g., as identified in existing models) 
in the Hanford Reach will be identified. Known redd locations will be compared with 
these areas of potentially suitable habitat, and from these comparisons, study locations 
will be selected.  The selected locations will include areas of previously-known spawning 
as well as areas without a known spawning history.  Contaminant concentrations in all 
study areas, including concentrations in upwelling groundwater, will be measured, as will 
other habitat characteristics thought to be important in salmon habitat spawning site 
selection.  This may involve revising existing habitat use models to determine whether 
their performance in predicting redd locations is improved when contaminant 
measurements are included. Where contaminant concentrations are to be measured, 
investigators should select laboratory methods whose detection limits are sufficiently low 
such that the lowest detectable concentration of a contaminant does not exceed levels that 
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have been identified as injurious. The Trustees note that prior to implementation of this 
study, it may be necessary to gather more information, such as generating data to refine 
existing substrate maps. 

FISH:  CHINOOK SALMON ARTIF ICIAL REDD EVALUATION 

After the evaluation of Chinook salmon spawning habitat discussed above, the Trustees 
may pursue an in situ study using artificial redds.  

Objective:  This study’s objective is to ascertain the effect of exposure to contaminants 
in upwelling groundwater on Chinook salmon eggs and alevins. 

Need/Rationale: If salmon do not consistently avoid areas with contamination (e.g., if 
upwelling of contaminated groundwater is intermittent and does not occur during redd 
site selection), salmon eggs may be subject to contaminant exposure from sediments and 
upwelling groundwater, and may be injured from this exposure (e.g., see 43 CFR § 
11.62(f)(1) and 11.62(f)(4)(i)(D)).  This study will, therefore, also support a 
determination of injury to salmon, and inform injury and quantification. Measurements of 
contaminants in the site media will also contribute to the Trustees’ determination of 
exposure pathways to this species.   

Of note, the earliest, redd-associated Chinook life stages may not be as sensitive to the 
effects of chromium as later life stages: Farag et al. (2000) and Patton et al. (2007) 
evaluated but did not find effects on these life stages from chromium exposures designed 
to approximate those in Hanford pore water. However, it is also possible that 
contaminants may cause effects under (typically more stressful) field conditions, which 
are not identified under the more controlled conditions of the laboratory.  

Approach:  Artificial Chinook salmon redds will be constructed at sites possessing 
characteristics thought to be favorable as spawning habitat.  These sites should include 
areas with recent spawning activity as well as areas without known recent spawning 
activity. Areas of suspected groundwater upwelling will be specifically targeted.  
Fertilized eggs will be placed in Vibert boxes within the artificial redds.  Redds will be 
monitored for endpoints including but not necessarily limited to hatching success, fry 
survival, and growth. Non-contaminant related habitat characteristics will be documented, 
as will measures of contaminant exposure, and upwelling of surface or groundwater. 

FISH:  PRICKLY SCULPIN HABI TAT USE  

Objective: To estimate the relative abundance, density, and age structure of sculpin, in 
areas exposed to contaminated groundwater compared to reference locations. 

Need/Rationale:  This study will support an injury determination for sculpin, a forage 
fish occupying a ecological niche distinctly different from those occupied by other 
species proposed for evaluation in this assessment plan, and will provide data that will 
inform injury quantification in accordance with 43 CFR § 11.62(f)(1)(i) and 11.62(f)(3).  
Measurements of contaminants in the site media will also contribute to the Trustees’ 
determination of exposure pathways to this species.   

The prickly sculpin is a suitable fish to study in part because it can serve as a surrogate 
for other species of conservation concern.  For example, the mottled sculpin (Cottus 
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bendirei) is a Federal species of concern and is listed on Oregon Biodiversity Information 
Center’s list of rare, threatened, and endangered species of Oregon (Kagan and Christy 
2010).   In addition, sculpins have been used as indicators of stream health (Besser et al. 
2007, Yeardley 2000).  Sculpins are bottom dwellers and typically remain close to the 
substrate (Brown 2005).  Adult sculpin build nests of eggs on the underside of rocks in 
the fast-moving streams in which they live. Once the eggs hatch, the fry drop to the 
bottom of the nest (Brown 2005).  At this time, the fry still have a yolk sac and are about 
five mm long.  The adult male sculpin tending the nest continues to fan the fry, aerating 
the eggs and keeping them free of silt, until the yolk sacs are absorbed, about two weeks 
after hatching (Brown 2005).  The fry then disperse and grow into juveniles.  
Consequently, both the adults and early life stage fish have the potential for significant 
exposure to contaminants in sediments or in upwelling groundwater. 

Some studies have found sculpin to move tens of meters or less over the course of a 
month or more (Petty and Grossman 2004, Petty and Grossman 2010).  As a small fish 
with a limited home range, sculpin are likely to be exposed to COPCs for greater periods 
of time and will reflect the local conditions more precisely than species with larger ranges 
(Besser et al. 2007, Van Verst et al. 1998).  Sculpin can be used to demonstrate the 
worst-case exposure for fish in a given area and can be used to estimate exposure to fish-
eating biota (Van Verst et al. 1998). Sculpins have also been reported to be more 
sensitive to certain metals than are salmonids and other larger fish (Besser et al. 2007). 

Some information on Hanford Reach sculpin has been collected: The River Corridor 
Baseline Risk Assessment (DOE 2011b) reports the collection, through electrofishing, of 
sculpin in nearshore fine sediments and gravel-pebble substrate areas.  Sculpin were 
caught at 26 locations thought to be affected by contaminated groundwater plumes and 
seven areas thought to be unaffected by site contamination.  These fish were subject to 
disease and histopathological evaluations130 as well as contaminant analyses (liver and 
kidneys), weight, and length measurements.   The authors found four out of 22 
measurements to differ between study and reference sites: the number of liver parasites 
and the number of muscle granulomas was higher among site fish, and the number of 
encysted parasites in gills and kidneys were higher among reference fish.  

Approach:  Potentially suitable sculpin habitat will be identified.  These areas are 
expected to be nearshore, as sculpin are often (but not always) found at depths of less 
than 0.5 meters (Hendricks 1997, Becker 1983).  Electrofishing will be used to capture 
fish.  Sculpin will be quickly identified to species, measured and weighed.  Habitat 
information will also be documented, including measurements of prey availability as 
research has suggested this to be an important factor affecting sculpin presence (Petty and 
Grossman 1996), as will contaminant concentrations in site media.  The Trustees may 
choose to use a mark-recapture model to estimate population size.  The Trustees may also 
elect to phase this study to better understand the ability of the study to achieve its 
objectives, prior to deciding to proceed with a full-scale implementation effort. 

                                                      
130 Disease and physiological deformations are injuries in accordance with 43 CFR § 11.62(f)(1)(i); histopathological effects 

are specifically noted as an injury in 43 CFR § 11.62(f)(vi). 
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FISH:  EARLY LIFE STAGE SCULPIN,  WHITE STURGEON,  AND RAINBOW TROUT 

TOXICITY TESTING  

Objectives: To determine the sensitivities of a representative sculpin species, the white 
sturgeon, and rainbow trout to waterborne site contaminants including chromium, both 
alone and in combination with other stressors (e.g., uranium and nitrate). 

Need/Rationale: This study will help evaluate the extent to which chromium, and 
potentially other stressors associated with the Hanford Site, may injure sculpin and/or 
sturgeon in accordance with 43 CFR § 11.62(f)(1)(i) and 11.62(f)(4)(i)(E).  As a 
laboratory study, it is suited towards identifying the causality of potential injuries.  

As noted previously, adult and early life stage sculpin live in close proximity to 
sediments.   Early life stages of fish are frequently among the most sensitive to 
contaminant exposure, and in the Hanford Reach, chromium or other contaminants in 
upwelling groundwater may be reaching areas where sculpin spawn.  In addition, sculpin 
have been reported as being more sensitive to certain metals than are salmonids and other 
larger fish, and have been extirpated from some streams due to elevated metal 
concentrations (Besser et al. 2007, Kunz et al. 2005, Dorts et al. 2010, Allert et al. 2005).   

The white sturgeon’s life cycle also puts eggs and larval stages in close association with 
sediments: after fertilization, eggs remain attached to the substrate for approximately 
seven to 11 days before hatching, dependent upon water temperature (UCWSRI 2002, 
Wydoski and Whitney 2003).  Hatched larvae leave the substrate during a swim-up 
phase, which lasts approximately five to six days, during which time they disperse.  After 
dispersal, larvae seek shelter in substrate and remain hidden for approximately 20 to 25 
days until their yolk-sac is absorbed.  Upon absorption of their yolk-sac, young white 
sturgeon emerge from the substrate to seek food (UCWSRI 2002).  During these early life 
stages, fertilized sturgeon eggs and larvae may be exposed to contaminants in upwelling 
groundwater. 

Rainbow trout are the same species as the anadramous steelhead trout, a fish of 
environmental and human use importance that spawns in the Hanford Reach (Jamison 
1982). Early life stages, including eggs and larvae, are closely associated with sediments. 
Fry emerge from redds two to three weeks after hatching.  Stevens and Chapman (1984) 
found significantly reduced survival to hatch at 89 µg/L of trivalent chromium. Subadult 
rainbow trout were found to have an avoidance threshold for chromium of 28 µg/L 
(Anestis and Neufeld 1986 as cited in DeLonay et al. 2001), although avoidance 
thresholds increased linearly with levels of pre-exposure. Measured concentrations of 
hexavalent chromium in Hanford Reach pore water have ranged from nondetectable to 
632 µg/L (Hope and Peterson 1996). 

Approach: Standard methods are available for sculpin, white sturgeon, and rainbow trout 
toxicity testing.  Sculpin will be field-collected, and adults spawned in the laboratory to 
provide embryos and/or fry for use in toxicity testing.  Standard methods (e.g., ASTM 
E1241) will be used to conduct toxicity tests.  For white sturgeon, fertilized eggs can be 
obtained from hatchery sources, and alevins and fry can be used in standard toxicity tests. 
Rainbow trout eggs and juveniles can also be obtained from hatchery sources.  Toxicity 
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testing will include exposure to chromium alone or with chromium along other stressors 
representative of the Site.  Chronic exposure tests may be preferred, as these are 
considered to more closely reflect field conditions. 

AQUATIC RESOURCES: QUANTIFICATION OF LOST AQUATIC ECOLOGICAL SERVICES  

Objective: The objective of this study is to quantify the ecological services that have 
been lost as a result of injury to aquatic resources in the past and potential loss of 
ecological services in the future as a result of Site-related contamination.  

Need/Rationale: In order to determine the scale and type of restoration actions required 
to compensate the public, the Hanford Trustees will need to understand the scale and 
scope of lost services. 

Approach: This study involves two phases. The first phase consists of compiling 
information obtained from the aquatic resource studies mentioned above. This 
information will likely include the degree to which sample concentrations exceed 
identified injury thresholds, toxicity information on the adverse effects of varying levels 
of contamination, as well as ecological information (e.g., the abundance or distribution of 
aquatic species, habitat usage by species of concern). The second phase consists of 
analyzing the compiled data in order to quantify the geographic and temporal scope of 
lost ecological services in the past and potential losses in the future due to Site-related 
contamination. This will involve developing a relationship between contaminant 
concentrations and the severity of corresponding adverse effects on aquatic resources. 
The relationship will likely be based on information published in the literature, and data 
from site-specific studies on the toxicity of contaminants of concern, as well as 
information on habitat usage, species abundance, and species diversity. Site-specific 
contaminant concentrations will then be compared to the developed relationship in order 
to determine the extent to which Site aquatic resources have been injured (i.e., determine 
the estimated service loss).  

 

The Hanford Site has a lengthy operational and remedial history, and as part of that 
history, a number of ecological, toxicological, and other studies have provided 
information of potential use in the injury assessment.  The studies included in this Injury 
Assessment Plan build on available information from past efforts and are intended to 
address key data gaps and/or remaining uncertainties.  The following paragraphs briefly 
summarize key data that have resulted from past investigations of the Site’s terrestrial 
resources and are intended to generally characterize the larger research context into which 
the proposed studies will fit. 

OVERVIEW OF EXISTING  S ITE TERRESTRIAL RESOURCE DATA 

Available information about the Hanford Site’s terrestrial natural resources that is of most 
relevance to a natural resource damage assessment includes but is not limited to: (a) 
measurements of hazardous substances in soils and in the tissues of terrestrial organisms, 
(b) information about species presence/absence at various locations; (c) results of toxicity 
testing of specific biota with site media and site contaminants, (d) population and 

7.3  TERRESTRIAL 

RESOURCES  

Exhibit 1



 Final Hanford Natural Resource Damage Assessment Injury Assessment Plan 

 

 

  7-30

  

community investigations, and (e) other research exploring the potential for contaminant-
related effects at the Site (e.g., reproductive studies, histopathological evaluations, biota 
condition assessments, behavioral assessments, etc.). 

Measurements  of  Hazarous  Substances  

As noted previously, the Trustees have identified at least seven partially overlapping 
databases that contain many measurements of concentrations of hazardous substances in 
site media and biotic tissues. The Hanford Environmental Information Systems (HEIS) 
database contains the largest numbers of samples of soils and biota.  HEIS continues to be 
developed, and HEIS may eventually serve as the repository for virtually all site sampling 
efforts, past and ongoing. A substantial effort has been underway within this past year to 
add more data to HEIS; as this effort progresses, it may become increasingly less 
necessary to rely on other compilations of contaminant information.   In addition to HEIS, 
databases with information on terrestrial natural resources include: (a) the Columbia 
River Component historic database, (b) the Columbia River Component Data Summary 
Report for the Remedial Investigation of Hanford Site Releases to the Columbia River 
(WCH 2011), and (c) the River Corridor Baseline Risk Assessment GiSdT database.   

A review of the entries in these databases suggests that, of the non-domestic terrestrial 
biota, mammals (e.g., mule deer, cottontail rabbit, black-tailed jackrabbit, mouse species) 
have been the most frequently sampled.  Information on contaminant concentrations in 
wild terrestrial birds appears to be particularly sparse (recognizing that some 
measurements are available for pheasant and quail).  The limited availability of exposure 
information on a broader range of wild avian species is a key factor behind the Trustees’ 
inclusion of the study “Birds: Evaluation of Exposure to Hanford Site Avian Species.” 

The number of measurements of contaminants in site soils is large; however, many 
challenges remain in effectively using these data, as well as the terrestrial biota data, in 
the context of a natural resource damage assessment.  Challenges include but are not 
limited to: the variety of sampling efforts (and associated sampling objectives) associated 
with the datasets; the need to understand quality assurance issues associated with the 
various datasets; analytic issues associated with non-detect values; and the absence of 
sample characterization information in many cases (e.g., sampling depths and geographic 
coordinates).  Studies that rely on this information will need to address these issues 
during the detailed study design and implementation stages. 

Species  D i st r ibut ion  and  Populat ion/Community  Character izat ion  In format ion  

In a natural resource damage assessment, Trustees may choose to evaluate species 
distributions and population or community metrics to evaluate the extent to which 
hazardous substances may have affected biota at these levels of ecological organization.   

Some information on these topics is available: for example, the River Corridor Baseline 
Risk Assessment (DOE 2011b) reports community assessment results for terrestrial 
vegetation and for small mammals.  While these data are potentially useful for assessment 
purposes, preliminary Trustee review has identified important limitations associated with 
these efforts.  For example, the upland plant community comparisons are limited to 
remediated areas and reference sites; furthermore, site selection was intentionally biased 
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towards sites with an established vegetative community (to ensure an adequate sample 
collection for contaminant analysis purposes). The scope of a natural resource damage 
assessment is not limited to remediated locations or to areas where recovery may be 
better.  Community evaluations of unremediated locations, without a bias towards higher 
ecological quality sites, is important so that Trustees can better understand  the extent to 
which Hanford contaminants in site soils may be affecting or may have affected 
terrestrial communities.   

The RCBRA’s small mammal community results also warrant careful scrutiny.  This 
study’s primary objectives did not encompass characterizing small mammal community 
parameters in detail.  Only a single campaign’s worth of data were collected, which—as 
recognized by DOE (2011b) —significantly limits the study’s ability to characterize 
population or community attributes.  For more discussion on these topics, see “Plants: 
Assessment of Plant Community Health” and “Mammals: Small Mammal Population 
Assessment”).  

DOE’s Ecological Monitoring and Compliance Project (EMC) has also included the 
collection information on terrestrial species.  Until 2011, the EMC Project was managed 
by Pacific Northwest National Laboratory (PNNL) and now is managed by Mission 
Support Alliance (MSA).  The collected information primarily includes observations of 
species locations and dates; it includes but is not limited to species such as elk, deer, 
eagles, sage sparrows, and raptors (e.g., nest locations).  For purposes of natural resource 
damage assessment, this information may be useful in identifying likely locations for 
biota in the event that future field studies on these species are pursued, but it is not likely 
to be useful for direct injury determination purposes as the program has not been 
designed to definitively identify species absence, or to quantify population-level metrics 
such as abundance.   

Other authors have also developed and/or compiled general information on terrestrial 
species presence at the Hanford Site (e.g., Fitzner and Gray 1991, Downs et al. 1993, 
TNC 1999, Sackschewsky and Downs 2001, and Duncan 2007). 

Considering the needs of the injury assessment and limitations on available information, 
this assessment plan includes studies such as “Invertebrates: Assessment of Terrestrial 
Invertebrate Abundance”, “Birds: Assessment of Avian Abundance and Diversity”, and 
“Mammals: Small Mammal Population Assessment,” which are intended to help fill data 
gaps with respect to terrestrial species population/community characteristics at Hanford. 

Tox ic i ty  Test ing  

Trustees frequently include toxicity testing among site assessment activities.  Some such 
testing has been conducted with site media.  For example, the River Corridor Baseline 
Risk Assessment (DOE 2011b) presents the results of soil toxicity tests on Sandberg’s 
bluegrass and on the nematode, C. elegans.  The results of these efforts provide 
information that may be valuable in the context of a natural resource damage assessment; 
however, preliminary review of the approach and results suggests that they also are 
subject to the same types of limitations as noted above for the RCBRA vegetative and 
small mammal community data, most especially their focus on testing soils from 
remediated locations and from areas with healthier vegetative communities.   
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Altogether, the Trustees plan to undertake additional review of the RCBRA’s toxicity 
testing results and may pursue additional toxicity testing of site media, as described in 
“Terrestrial Biota: Review of Hanford Toxicity Studies”, “Invertebrates: Nematode 
Toxicity Testing,” and “Plants: Native Plant Toxicity Testing” below.    

Histopatholog ical  Invest igat ions  

The Trustees may examine organisms for evidence of physiological injuries including 
(but not limited to) histopathological impacts. Site-specific information on histopathology 
of terrestrial species appears to be limited.  One such study is an assessment of adult male 
mule deer reproductive health.  In particular, in response to observations of adult male 
deer with atypical antlers, Tiller et al. (1997) conducted research that found these deer to 
have infertile, atrophied testicles.  The authors stated that radiation, natural aging, 
infectious agents, and genetics were ruled out as causes, while other stressors including 
heavy metals, herbicides/pesticides/insecticides were unlikely to be causative agents. 
Plant and fungal toxins were not evaluated.   

The study “Mammals: Great Basin Pocket Mouse – Carbon Tetrachloride and 
Histopathology” is intended to provide histopathological data on a species that, has a 
burrowing mammal, has a very different life history than the mule deer, and that may be 
particularly exposed to carbon tetrachloride in Hanford Site soils. 

Addit ional  Invest igat ions  

DOE (2011b) evaluated reproduction in cliff swallows, eastern kingbirds, and western 
kingbirds, but the authors note that predation was sufficiently high as to render 
interpretation impossible.   

In the future, the Trustees may choose to pursue additional avian assessment studies; 
however, to inform any such potential future research, the Trustees intend to first 
complete the study “Birds: Evaluation of Exposure to Hanford Site Avian Species.”  

IMPLICATIONS OF EXISTING DATA FOR INJURY ASSESSMENT  

Given the description above of available information on contaminant exposure and 
potential terrestrial injuries, the following injury assessment studies have been identified 
to fill important data gaps.  Phase 1 priorities for terrestrial injury assessment focus on 
organizing the information necessary to better understand aquatic resource exposure and 
to help guide work plan development for later stages of the injury assessment.  Phase 1 
priorities therefore include estimating the level and extent of soil and terrestrial biota 
tissue contamination, estimating baseline contaminant concentrations in soils and biotic 
tissues, conducting a geostatistical spatial analysis of soil data contaminant 
concentrations, reviewing the existing soil ecotoxicity testing studies, and assessing the 
impacts of site remedial activities.  Phase 2 and 3 priorities encompass further efforts that 
would help the Trustees refine their understanding of potential terrestrial injuries.  In 
particular, Phase 2 and 3 efforts include: conducting additional laboratory toxicity testing, 
gathering information about terrestrial population and community attributes, gathering 
additional exposure data where gaps are evident, and collecting information on the health 
of terrestrial biota. 
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SOILS:  COMPARISON TO EFFECTS THRESHOLDS   

Objective: (1) To determine potential past, current, and future injuries to soil resources 
and terrestrial biota based on comparisons of measured soil COPC concentrations to 
literature-based effects thresholds.  (2) To identify COPCs that may be most strongly 
associated with potential injuries (e.g., by virtue of having a greater magnitude and/or 
exceedance of effects thresholds).  (3) To identify locations with higher or lower levels of 
exposure to hazardous substances, to help inform site selection in potential future studies. 

Need/Rationale:  Soils are a key natural resource, providing habitat to numerous 
terrestrial species. Comparison of contaminant concentrations in soils to appropriate 
adverse impact thresholds is cost-effective approach commonly undertaken to evaluate 
the likelihood and potential severity of injury to soils.   While comparisons of measured 
concentrations in soils to thresholds is not, in itself, sufficient to determine and quantify 
injury in accordance with the DOI regulations, such analyses inform the Trustees’ 
understanding of the nature and extent of potential injury.  Within the context of a 
cooperative assessment, these kinds of comparisons can provide a basis for reaching 
agreement on injury determination and/or quantification assumptions.  These studies can 
also help document the existence of a pathway between sources of releases and receptors, 
and/or may suggest that additional field or lab studies on certain biological 
receptors/locations/contaminant combinations may be appropriate.    

Approach: The study will focus on the Hanford Site and appropriate reference locations. 
The first component of this task will involve assembling and evaluating available data, 
and incorporating it into the Trustees’ natural resource damage assessment database in 
accordance with the Data Management Plan and the Quality Assurance Management Plan 
(HNRTC 2011a, 2011b).  Although data on soil concentrations exist, a comprehensive 
database is not currently available.    

The second component of this study requires identification of adverse effects 
thresholds—i.e., Site-specific and/or generic values from the literature, against which the 
Trustees will compare contaminant concentrations from the database described above.  
Building off the preliminary work done by the Trustees, and supplemented by additional 
literature and/or the results of toxicity testing, the Trustees will develop injury thresholds 
for each COPC.   

This study will include an evaluation of baseline conditions, which will include to the 
extent possible a characterization of the concentration ranges of hazardous substances 
expected to be present in Hanford Site soils but for Hanford Site releases.  As part of this 
evaluation, contaminants will be identified as having one or more of the following 
origins: natural sources, Hanford Site operations, and/or other anthropogenic sources. 

SOILS:  GEOSPATIAL EVALUATION 

Objectives: (1) To identify which surficial soils of the Hanford Site are either more or 
less likely to have been exposed to potentially injurious contaminant concentrations, and 
(2) to identify areas where additional soil sampling may be necessary to adequately 
characterize surficial soil contamination for natural resource damage assessment 
purposes.  
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Need/Rationale: The Trustees are concerned that available documentation of releases of 
hazardous substances associated with Site operations may not be complete.  They are 
specifically concerned about the potential for past aerial emissions to have resulted in the 
contamination of surficial soils, which may in turn expose biota.   The Trustees wish to 
better understand how comprehensive available information is with respect to surficial 
soil contaminant concentration measurements, and to evaluate whether—considering 
typical wind patterns, for example—the spatial extent of sampling is sufficient to have 
likely identified areas of concern from an assessment perspective.  This study will also 
contribute to the Trustees’ determination of exposure pathways to soils.   

Approach: The Trustees will work closely with a geostatistician and potentially with 
additional experts to evaluate available surficial soil contaminant concentration data.  The 
exact approach to be used will be selected by the principal investigator(s) in close 
coordination with the Trustees, but may include: 

 Exploratory analyses of available soil data for visual evaluation of spatial 
patterns, as well as confirmation of known and potential source locations;  

 Global and local, directional and omni-directional variogram analyses of selected 
soil data for determining spatial correlations along specific directions of interest, 
such as those aligned with dominant wind directions;  

 Estimation techniques designed to identify “hot spots” (i.e., contiguous areas 
with expected contaminant concentrations in excess of specific thresholds based 
on selected tolerable errors and/or confidence), such as areas with sparse data 
situated downwind of dominant wind directions, as confirmed by directional 
variograms as well as contiguous areas with expected contaminant concentrations 
below specific thresholds, but upper confidence concentrations in excess of 
specific thresholds based on selected tolerable errors and/or confidence.   

Any “hot spot” areas, if identified, might be reasonable sites to target in field studies of 
terrestrial biota. Similarly, locations where soil sampling data are sparse but where typical 
wind patterns, as confirmed by directional variograms, suggest that aeolian transportation 
may have been more likely, could be identified as priority areas for additional soil 
sampling, to ensure that significant areas of potential terrestrial contaminant exposure and 
injury are not overlooked.    

The study will mainly focus on surficial soils for two reasons: first, because surficial soil 
concentrations will drive exposures for most terrestrial biota, and second, because aerially 
deposited contaminants are more likely to be present in the more surficial strata.  Of note, 
however, the need to categorize soil samples by depth may present a technical challenge.  
In the largest two Hanford Site soil databases identified (i.e., HEIS and GiSdT), sampling 
depth information is not specified for roughly 80 percent of the soil samples.  It may be 
possible to determine approximate depths of samples through use of sampling method 
information and/or coordination with the entities responsible for the original sample 
collection. The appropriateness and reliability of such approximations would be evaluated 
during the exploratory and variogram analyses of investigated soil data. 
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Finally, the Trustees recognize that this effort will be informed by an understanding of 
the locations and general types of known aerial contaminant releases: this knowledge may 
suggest that specific analysis of the spatial patterns of particular contaminants in 
particular areas should be prioritized, e.g., given priority to directional variogram 
analyses of soil data in certain parts of the Site.  However, the focus of this analysis will 
be on drawing conclusions based on available measurements of hazardous substances in 
surficial soils, rather than reconstructing the history of the Site’s aerial emissions.    

The Trustees note that, as a result of this effort, additional sampling of soils and/or 
associated biota may be warranted. For example, the results of this effort in combination 
with results from the “Current Resource Characterization to Allow for Restoration of Lost 
Tribal Services” may suggest that sampling of plants used by Tribes for food or medicinal 
purposes is needed.   

TERRESTRIAL BIOTA:  COMPARISON WITH INJURY THRESHOLDS  -  TISSUES  

Objectives: (1) To determine potential past, current, and future injuries to terrestrial biota 
based on comparisons of measured tissue concentrations of COPCs to literature-based 
effects thresholds.  (2) To identify COPCs that may be most strongly associated with 
potential biotic injuries (e.g., by virtue of having a greater magnitude and/or exceedance 
of effects thresholds).  (3) To identify species and/or locations with higher or lower levels 
of exposure to hazardous substances, to help inform site selection in potential future field 
studies of aquatic biota. 

Need/Rationale:  Biologic resources, including terrestrial organisms, are trust resources 
that provide a suite of essential ecological services. Comparison of COPC tissue 
concentrations to appropriate adverse impact thresholds is a cost-effective, widely used 
approach to identify potential biological injuries.  While comparisons of measured 
concentrations in tissues to thresholds is not, in itself, sufficient to determine and quantify 
injury in accordance with the DOI regulations, 131 such analyses can inform the Trustees’ 
understanding of the nature and extent of potential injury.  Within the context of a 
cooperative assessment, these kinds of comparisons can provide a basis for reaching 
agreement on injury determination and/or quantification assumptions.  These studies can 
also help document the existence of a pathway between sources of releases and receptors, 
and/or may suggest that additional field or lab studies on certain biological 
receptors/locations/contaminant combinations may be appropriate.  They may also 
provide help identify those COPCs that may be the largest drivers of injury (e.g., based 
on the magnitude and/or extent of threshold exceedances).   

Approach: This study will focus on the Hanford Site and appropriate reference areas. 
The first component of this task will involve assembling and evaluating available data, 
                                                      
131 Chapter 6 provides complete definitions of injury to natural resources.  Injury to biological resources can occur when 

concentrations of hazardous substances exceed action or tolerance levels established under the Food, Drug, and Cosmetic 

Act (43 CFR § 11.62(ii), or when concentrations exceed levels for which an appropriate state health agency has issued 

directives to limit or ban consumption of an organism (43 CFR § 11.52(iii)).  However, no such consumption limits or bans 

have been issued, and for many Hanford Site COPCs, no action or tolerance levels have been established.  For these and 

other reasons, the Trustees expect that this study will focus on comparing COPC tissue concentrations with literature-based 

adverse effects thresholds, in particular those associated with potential injuries to biota as defined in 43 CFR § 11.62(f)(i)).   
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and incorporating it into the Trustees’ natural resource damage assessment database in 
accordance with the Data Management Plan and the Quality Management Plan (HNRTC 
2011a, 2011b).  Although data on contaminant concentrations in biota exist, a 
comprehensive database is not currently available. The Trustees are presently creating a 
database, ensuring that data are normalized, contain location information where possible, 
and are presented in consistent units (e.g., convert radiological concentrations to internal 
radiological dose estimates). This effort may also identify species of interest for which 
additional data collection may be warranted. 

The second component of this study requires identification of adverse effects thresholds, 
Site-specific and/or generic from the literature, against which the Trustees will compare 
contaminant concentrations from the database described above. Building off the 
preliminary work done by the Trustees, and supplemented by additional literature and/or 
results of toxicity testing, the Trustees will develop injury thresholds for COPCs and 
species/species guild of potential concern.   

This study will include an evaluation of baseline conditions, which will include to the 
extent possible a characterization of the concentration ranges of hazardous substances 
expected to be present in selected Hanford Site biota but for Hanford Site releases.  As 
part of this evaluation, contaminants will be identified as having one or more of the 
following origins: natural sources, Hanford Site operations, and/or other anthropogenic 
sources. 

TERRESTRIAL BIOTA:  REVIEW OF HANFORD SOIL TOXICITY STUDIES   

Objective: To determine what conclusions may be drawn with respect to injury 
determination and quantification for terrestrial biota, based on existing toxicity testing 
data. 

Need/Rationale: Soil toxicity testing is a common component of natural resource 
damage assessments, undertaken to determine the extent to which soils are injured by 
virtue of causing injury to other natural resources (see 43 CFR § 11.62(e)(11)).  This 
effort focuses on the toxicity of Site-specific terrestrial biota. Reliance on existing 
information can be a cost-effective way to determine injury, and Trustees are well-served 
to evaluate existing testing approaches and results to determine whether available data are 
of sufficient quantity and quality to meet assessment needs.  

Approach: Documentation of reduced survival, growth, reproduction or other adverse 
effects arising from exposure of vegetation and/or other biota to hazardous substances in 
Site soils relative to reference soils is an injury under DOI NRD regulations. Terrestrial 
soils are a key natural resource, providing habitat for plants and invertebrates that form 
the base of the terrestrial food chain.   

Soil toxicity testing has been undertaken at Hanford. For example (as summarized in 
Exhibit 7-2), DOE (2011b) reports the results of testing of Sandberg’s bluegrass to 
determine whether remediated waste sites presented an ecological risk to the growth and 
development of this native grass species.  DOE (2011b) also reports the results of 24-hour 
toxicity tests examining the effects of remediated site and reference soils on the 
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nematode, C. elegans. In both sets of experiments, study sites were selected from 
amongst 85 remediated waste sites documented to have been cleaned up to Interim 
Record of Decision requirements, representing a mix of minimally disturbed sites as well 
as highly disturbed sites remediated with backfill.   

Some preliminarily identified limitations on these efforts are described below (in “Plants: 
Native Plant Toxicity Testing” and “Invertebrates: Nematode Toxicity Testing”).  This 
study will involve a significantly more detailed and rigorous review of available 
information, documenting, compiling and summarizing these and potentially other studies 
undertaken at Hanford that evaluated the toxicity of Site sediments to biota.   

This study will compile and summarize studies undertaken at Hanford that evaluated the 
toxicity of Site soils to biota.  The results of these studies will be carefully reviewed from 
an NRD perspective.  This work should involve evaluation of test acceptability, 
assessment of test relevance, and determination of adequacy of spatial coverage.  It may 
also involve re-evaluation of test information using alternate approaches (e.g., alternate 
statistical analyses). The results of this analysis will provide a basis for recommending 
additional studies that will fill critical data gaps. 

PLANTS: NATIVE PLANT TOXICITY TESTING 

Objective:  To evaluate the toxicity of soils from the Hanford Site to key native plant 
species.   

Need/Rationale:  As noted previously, collecting site media and subjecting them to 
toxicity testing using standardized test organisms is a common component of many 
natural resource damage assessments.  To the extent soil toxicity is shown to exist in such 
testing, it provides evidence supporting an injury determination to both plants and site 
soils (e.g., see 43 CFR § 11.62(f)(1)(i), 11.62(f)(4)(i)(E), and 11.62(e)(11)).  
Measurements of contaminants in the tested soils will also contribute to the Trustees’ 
determination of exposure pathways.   Study results may inform injury quantification 
efforts as well. 

Healthy plants and plant communities are a critical requirement for proper ecosystem 
function.  Plants are the base upon which the terrestrial food web is structured.  Injury to 
the foundation of the food web can disrupt the interactions between all subsequent trophic 
levels, fundamentally changing the dynamics of the ecosystem.  Thus, the health of the 
ecosystem as a whole is closely tied to the health of the vegetative community.  Plants 
also serve other important ecosystem functions as nesting habitat and cover, which many 
other terrestrial species depend upon for survival and reproduction. 

Plants are subject to contaminant exposure both through direct contact and uptake or 
absorption of soil-bound contaminants, as well as through exposure to radiation emitted 
by contaminated soil.  Exposure to contaminants can affect germination, growth, and 
other endpoints. Standard toxicity tests have been developed and widely used to identify 
how site-specific contaminated media affects these endpoints as compared to media 
collected from reference sites and/or artificial media.   
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The RCBRA (DOE 2011b) includes results of toxicity testing of Sandberg’s bluegrass 
(Poa secunda, a native species) to selected site soils. This effort falls short of meeting 
Trustee assessment needs for several reasons.  First, testing in upland areas was limited to 
seven upland remediated waste sites plus three reference sites;132 however, the scope of a 
natural resource damage assessment is not limited to remediated locations.  For 
assessment purposes, toxicity testing of unremediated locations is important so that 
Trustees can better understand the extent to which Hanford contaminants in site soils may 
be affecting terrestrial plants.  Evaluating unremediated areas may also inform Trustees 
about possible past impacts to vegetative communities at sites prior to their remediation.   

The RCBRA’s site selection method further reduces the utility of the bluegrass toxicity 
testing results for a natural resource damage assessment.  Specifically, the selection of 
upland sites was intentionally biased towards areas of good ecological recovery –i.e., 
areas with an established vegetative community.  This bias was intended to ensure 
adequate vegetative sample collection for contaminant analysis.  However, this study 
design choice makes it impossible to fully understand the extent to which Hanford 
contaminants in site soils may be affecting native plants: areas with poorer recovery may 
have soils with greater phytotoxicity but were not tested.    

Finally, and independent of the previous considerations, the number of sites evaluated is 
small, particularly given the large number and disparate history of waste sites and 
contamination regimes at Hanford.  Overall, the scale of the study effort may not be 
sufficiently comprehensive to adequately characterize the potential phytotoxicity of 
Hanford vegetation to site soils.  For all these reasons, the Trustees believe that additional 
soil toxicity testing of vegetation is warranted. 

Approach:  After evaluating available toxicity test data generated and collected for the 
Hanford Site Risk Assessments from an NRD perspective, additional toxicity tests may 
be warranted.   Ideally, this study could include a diversity of sites representing off-site 
control sites, remediated sites, and those where cleanup actions have not yet been 
implemented.  The sites should also represent the likely range of contaminant conditions 
and mixes to which flora have been exposed over the years.  

Study elements are expected to include the identification of test species, the selection of 
test media (soil) across a range of contaminant concentrations, the use of appropriate 
control growth media, and the measurement of endpoints. Endpoints may include 
seedling survival, seedling height, tissue chlorosis and necrosis, numbers of leaves, 
above- and below-ground biomass, and photosynthetic activity, among others.  Soil 
properties will also be measured.  Where contaminant concentrations are to be measured, 
investigators will take care to select laboratory methods whose detection limits are 
sufficiently low such that the lowest detectable concentration of a contaminant does not 
exceed levels that have been identified as injurious. 

                                                      
132 Sandberg’s bluegrass toxicity testing also included soils from eight riparian “study” sites and eight “rare plant” sites, as 

well as three riparian reference sites (DOE 2011b). 
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PLANTS:  ASSESSMENT OF PLANT COMMUNITY HEALTH 

Objective: To evaluate the health of the plant communities across the Hanford Site in 
comparison to suitable reference locations. 

Need/Rationale: This study will support an injury determination to Hanford Site plants 
and may inform injury quantification efforts to this community in accordance with 43 
CFR § 11.62(f)(1)(i) and 11.62(f)(3).  Measurements of contaminants in site soils and 
plant tissues will also contribute to the Trustees’ pathway determination for these natural 
resources.   

As noted previously, healthy plants and plant communities are a critical requirement for 
proper ecosystem function.  Toxic substances have the potential to reduce cover and to 
cause changes in plant community structures.  Contamination can result in significant 
changes to the composition and health of plant communities.   

The RCBRA (DOE 2011b) included a plant cover and diversity survey; however, this 
effort falls short of meeting Trustee assessment needs for several reasons.   

First, RCBRA community evaluations in upland areas focused on 20 remediated sites and 
10 reference sites; 133 however the scope of a natural resource damage assessment is not 
limited to remediated locations.  For assessment purposes, Trustees are interested in 
understanding the extent to which Hanford contaminants in site soils may be affecting 
terrestrial plant communities.  Evaluating unremediated areas may also inform Trustees 
about possible past impacts to vegetative communities at sites prior to their remediation.   

The RCBRA’s site selection method further reduces the utility of the vegetative 
community testing results for a natural resource damage assessment. Specifically, the 
selection of upland sites was intentionally biased towards areas of good ecological 
recovery –i.e., areas with an established vegetative community.  This bias was intended to 
ensure adequate vegetative sample collection for contaminant analysis.  However, this 
study design choice makes it impossible to fully understand the extent to which Hanford 
contaminants in site soils may be affecting native plants: areas with poorer recovery may 
have soils with greater were excluded from the study.    

Finally, and independent of the previous considerations, the number of sites evaluated is 
modest, particularly given the large number and disparate history of waste sites and 
contamination regimes at Hanford.  Overall, the scale of the study effort may not be 
sufficiently comprehensive to adequately characterize the potential phytotoxicity of 
Hanford vegetation to site soils.  For all these reasons, the Trustees believe that additional 
soil toxicity testing of vegetation is warranted. 

Approach: The Principal Investigator(s) responsible for detailed study design will 
consider in detail the results of the DOE (2011b) plant community work as well as other 
relevant information as part of developing a carefully-designed survey of plant 
community health.  The study will provide information relevant to evaluating the extent 

                                                      
133 Plant communities in riparian areas were also assessed, at eight “study” sites, eight “rare plant” sites, and three 

reference sites. 
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to which plant communities may have been affected by contaminant releases from 
Hanford. The Trustees will measure the occurrence, composition, and density of plant 
cover at (and near) an appropriate number of operational and other contaminated areas, 
and in suitable reference areas.  Samples may be gathered to measure contaminant 
concentrations in tissues and soils, and/or for genetic analysis to evaluate measures of 
genetic damage consistent with radiation exposure.  Soil properties will also be measured. 

Ideally, the selected sites should also represent the likely range of contaminant conditions 
and mixes to which flora have been exposed over the years.  Where contaminant 
concentrations are to be measured, investigators should select laboratory methods whose 
detection limits are sufficiently low such that the lowest detectable concentration of a 
contaminant does not exceed levels that have been identified as injurious.   

INVERTEBRATES:  NEMATODE TOXICITY TESTING 

Objectives:  To evaluate the toxicity of soils from the Hanford Site to selected 
nematodes.  

Need/Rationale: As noted previously, collecting site media and subjecting them to 
toxicity testing using standardized test organisms is a common component of many 
natural resource damage assessments.  To the extent soil toxicity is shown to exist, it 
provides evidence supporting an injury determination to both nematodes and site soils 
(e.g., see 43 CFR § 11.62(f)(1)(i), 11.62(f)(4)(i)(E), and 11.62(e)(11)).  Measurements of 
contaminants in site soils will also contribute to the Trustees’ pathway determination for 
soils and soil-associated biota.   Study results may inform injury quantification efforts as 
well. 

The nematode is a ubiquitous roundworm that lends itself well to soil toxicity testing, and 
a standard toxicity test, ASTM E2172-01, is widely used for expressly this purpose.  The 
availability of information on this organism, of a standard test for toxicity, and ease of 
study make the nematode an ideal potential soil toxicity test organism.  

DOE (2011b) includes results of toxicity testing of the nematode C. elegans to selected 
site soils. DOE (2011b) did not identify statistically significant differences in survival 
between nematodes exposed to upland study site soils and those exposed to reference site 
soils; however, the tested upland sites were limited to 20 remediated waste sites and 10 
reference sites.134  Importantly, the scope of a natural resource damage assessment is not 
limited to remediated locations.  Toxicity testing of unremediated locations is important if 
Trustees are to understand the extent to which terrestrial invertebrates may be (or may 
have been) affected by the Site’s releases of hazardous substances.   

Approach: After evaluating available toxicity test data from an NRD perspective, as 
recommended previously, additional toxicity tests may be warranted.   Ideally, this study 
could include a diversity of sites representing off-site control sites, remediated sites, and 
those where cleanup actions have not yet been implemented.  The selected exposure 

                                                      
134 DOE (2011b) also reports the results of C. elegans soil toxicity testing at 11 riparian sites adjacent to known contaminated 

media, seven riparian sites located between operational areas, and three riparian reference sites. 
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regimes should also represent the likely range of contaminant conditions and mixes to 
which terrestrial invertebrates have been exposed over the years, to the extent possible. 
The testing could potentially include longer exposures (to be more representative of 
chronic conditions), and/or might include both lethal and sub-lethal endpoints, such as 
survival, reproductive success, movement, and/or feeding (Sochová et al. 2006).  Where 
contaminant concentrations are to be measured, investigators will take care to select 
laboratory methods whose detection limits are sufficiently low such that the lowest 
detectable concentration of a contaminant does not exceed levels that have been identified 
as injurious.   

INVERTEBRATES:  ASSESSMENT OF TERRESTRIAL INVERTEBRATE ABUNDANCE 

Objective: To evaluate the abundance of certain terrestrial insects, and potentially 
spiders, across one more gradients of contamination at Hanford, and examine correlations 
between these metrics and measures of contaminant exposure.  Invertebrate community 
diversity may also be assessed. 

Need/Rationale: This study will support an assessment of injury to terrestrial 
invertebrates in accordance with 43 CFR § 11.62(f)(1)(i) and 11.62(f)(3).  Measurements 
of contaminants in site soils and terrestrial invertebrates will also contribute to the 
Trustees’ pathway determination for these natural resources.   

A healthy invertebrate community is fundamental to a healthy ecosystem.  Terrestrial 
invertebrates are prey for small mammals and birds and provide essential ecological 
services (e.g., pollination).  Invertebrate macro-decomposers, such as darkling beetles 
(Tenebrionidae) provide essential nutrient-cycling services in dry land areas (Safriel and 
Adeel 2005).  Møller and Mousseau  (2009) reported negative relationships of the 
abundance of spiderwebs, grasshoppers, dragonflies, bumblebees, and butterflies with 
background radiation exposure. 

Approach: A survey of insect health will evaluate the extent to which insect abundance 
may have been affected by contaminant releases from Hanford. The Trustees will 
measure the abundance of insects an appropriate number of operational and other 
contaminated areas, and in suitable reference areas.  Physical samples may be gathered to 
measure contaminant concentrations in tissues and soils, and/or for genetic analysis to 
evaluate measures of genetic damage consistent with radiation exposure.  Invertebrate 
sampling may include above- and/or below-ground measures, and could include visual 
standard point counts, soil sample collection with subsequent processing/sieving and 
organism identification, pitfall traps, and/or other methods.  Habitat characteristics (e.g., 
soil properties, litter, vegetation characteristics) will be documented at survey sites, as 
will other information (e.g., external radiation levels). 

Ideally, the selected sites should represent the likely range of contaminant conditions and 
mixes to which terrestrial insects have been exposed over the years.  Where contaminant 
concentrations are to be measured, investigators should select laboratory methods whose 
detection limits are sufficiently low such that the lowest detectable concentration of a 
contaminant does not exceed levels that have been identified as injurious.       
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BIRDS:  ASSESSMENT OF AVIAN ABUNDANCE AND DIVERS ITY  

Objective: To evaluate the abundance135 and diversity of terrestrial birds, across one or 
more gradients of contamination at Hanford and examine correlations between these 
metrics and measures of contaminant exposure. 

Need/Rationale: This study will support an assessment of injury to the avian community, 
in accordance with 43 CFR § 11.62(f)(1)(i) and 11.62(f)(3).  Measurements of 
contaminants in site soils will contribute to the Trustees’ pathway determination for these 
natural resources.   

A healthy bird community is also fundamental to a healthy ecosystem.  Møller and 
Mousseau (2007) found relationships between species richness, abundance, and 
population density of forest birds—particularly those eating soil invertebrates—in 
relation to Chernobyl radiation.  Møller and Mousseau (2010) reported negative 
relationships of the abundance of birds with background radiation exposure, reporting 
that of the taxa evaluated, birds and mammals showed the strongest effects of radiation 
exposure.  Birds in particular “appear to be the most efficient indicator of low-level 
radiation” (ibid.). 

Approach: A survey of bird community status will evaluate the extent to which the avian 
community may have been affected by contaminant releases from Hanford. The Trustees 
will measure the abundance of birds in an appropriate number of operational and other 
contaminated areas, and in suitable reference areas.  Specific methods may include line 
transects or point counts, documenting birds through visual and auditory means. Physical 
samples may be gathered to measure contaminant concentrations in soils.   This study 
may also include the collection and genetic analysis of bird tissue samples to evaluate 
measures of genetic damage consistent with radiation exposure.  Habitat characteristics 
will be documented at survey sites, as will other information (e.g., time of day, weather, 
radiation levels). 

Ideally, the selected sites should represent the likely range of contaminant conditions and 
mixes to which terrestrial insects have been exposed over the years.  Where contaminant 
concentrations are to be measured, investigators should select laboratory methods whose 
detection limits are sufficiently low such that the lowest detectable concentration of a 
contaminant does not exceed levels that have been identified as injurious.        

BIRDS:  EVALUATION OF EXPOSURE TO HANFORD SITE AVIAN SPECIES  

Objective: To evaluate the exposure of selected avian species to Hanford Site 
contaminants, as indicated through measurements of contaminants in eggs. 

Need/Rationale: Birds can be exposed to contaminants in the environment through direct 
digestion of contaminated media (e.g., water) or, more often, through dietary pathways 
(i.e., consumption of contaminated food items), yet relatively few direct measurements of 
contaminants in wild avian tissues are available.  Data are especially few for terrestrial 
birds. This study will contribute to the establishment of a complete pathway between 

                                                      
135 In this context, “abundance” is intended to encompass any of several potential measures of population size, including 

abundance, relative abundance, or occupancy. 
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contaminant sources and avian receptors in accordance with 43 CFR § 11.63, and may 
suggest future lines of inquiry with respect to injury assessments of particular species.  
Focusing on eggs is particularly appropriate, as early life stages tend to be the most 
susceptible to the effects of many contaminants.  

Surveys conducted between 1994 and 1999 documented 221 species of birds on the 
Hanford Site, bringing the total of known avian species at Hanford to 258 (TNC 1999).  
Of note, not all documented species breed onsite, and it is only onsite breeders that would 
be investigated in this study.   

Approach: Bird egg analysis can provide a direct indication of contamination to which 
an organism has been exposed.  For this study, the principal investigator(s) will select a 
suite of bird species based upon criteria including the species’ life histories, the technical 
feasibility of egg collection, and the anticipated abundance of nests onsite and at 
reference locations.  To the extent possible (e.g., without inflicting undue mortality on the 
population), sufficient numbers of eggs of each species will be collected to allow for 
statistically rigorous analysis of concentrations of multiple COPCs.  Eggs will be 
collected from a diversity of nests located across areas in various conditions to allow for 
comparison between locations (e.g., remediated areas, un-remediated areas, and reference 
areas).   

Eggs will be tested for selected COPCs, likely focusing on both lipophilic organic 
contaminants (as these may be maternally deposited into the yolk), as well as metals that 
are expected to partition preferentially to shells. Detection limit and sample volume 
restrictions may result in the need to composite eggs within nests prior to analysis, and 
will likely limit the total number of contaminants that can be analyzed within a given 
sample. 

We note that depending on the species and COPCs, it may also be appropriate to collect 
blood and/or feather samples, as recommended by the principal investigators. 

MAMMALS:  SMALL MAMMA L POPULATION ASSESSMENT 

Objectives: To evaluate the abundance136 of one or more small mammalian species, 
across one or more contaminant gradients at Hanford, and to evaluate correlations 
between measures of contaminant exposure and population metrics. 

Need/Rationale: This study will inform an injury determination for one or more small 
mammalian species in accordance with 43 CFR § 11.62(f)(1)(i) and 11.62(f)(3).  
Measurements of contaminants in site soils and mammalian tissues will also contribute to 
the Trustees’ pathway determination for these natural resources.   

Small mammals serve an important ecological role in food webs, commonly consuming 
plants and sometimes invertebrates, thereby filling the role of a primary (or secondary) 
consumer.  Small mammals may themselves be prey to carnivorous mammals and 
predatory birds. Møller and Mousseau (2010) reported negative relationships of the 
                                                      
136 In this context, “abundance” is intended to encompass any of several potential measures of population size, including 

abundance, relative abundance, or occupancy. 
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abundance of mammals with background radiation exposure, reporting that of the taxa 
evaluated, mammals and birds showed the strongest effects of radiation exposure.   

Significant differences in relative abundance, or occupancy, between un-remediated 
affected sites and control sites can be indicative of a population-level injury to a 
species.137  Although difficult to demonstrate in upper-trophic level species with 
expansive home-ranges, population-level impacts may be more readily identified in 
smaller mammals that can be easily collected and studied in the field, and that are 
associated with a small home-range.  The RCBRA (DOE 2011b) collected small 
mammals for the purpose of comparing tissue concentrations in study sites versus 
references sites.  However, this study was designed to support exposure studies in mid-
trophic level and broad-ranging species, rather than to identify population-level impacts 
to small mammals between sites. Further, as recognized by DOE (2011b), the availability 
of only a single campaign’s worth of data collection for the small mammal community 
significantly limits its usability in drawing conclusions on population-level endpoints 
such as relative abundance, occupancy, or density.  One candidate species for this 
population assessment is the Great Basin pocket mouse.  This mouse, primarily an 
herbivore, is an important native species that serves as prey for many species of animals.  
As a burrowing mammal, it may be exposed to contaminants present below the surface, 
and it is the most abundant small mammal found at the Hanford Site (Downs et al. 1993).  
Other mammalian species may also be considered. 

Samples may be gathered to measure contaminant concentrations in tissues and soils, 
and/or for genetic analysis to evaluate measures of genetic damage consistent with 
radiation exposure.  Habitat characteristics will be documented at survey sites, as will 
other information (e.g., external radiation levels). 

Approach:  The Principal Investigator(s) responsible for detailed study design will 
consider in detail the results of the DOE (2011b) small mammal community work as well 
as other relevant information  as part of developing a multi-season field study. This study 
will examine differences in abundance and density, relative abundance, and/or occupancy 
of this species between various sites including partially or completely remediated sites, 
sites where remediation has not yet begun, and suitable reference areas.   Study methods 
may include traps, canine scent surveys, and/or other approaches.        

MAMMALS:  GREAT BASIN  POCKET MOUSE -  CARBON TETRACHLORIDE  AND 

HISTOPATHOLOGY  

Objective: To evaluate whether Hanford Site Great Basin pocket mice may have been 
injured as a result of exposure to carbon tetrachloride. 

Need/Rationale:  This study will inform an injury determination for the Great Basin 
pocket mouse, a common burrowing mammal found at the Hanford Site in accordance 
with 43 CFR § 11.62(f)(1)(i), 11.62(f)(3), and 11.62(f)(4)(vi).  Measurements of 

                                                      
137 Of note, injury can be determined at the individual organism level: the DOI NRDA regulations do not require injury at the 

population level to be present in order for an injury determination to be made.   
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contaminants in site soils will also contribute to the Trustees’ pathway determination for 
soils and associated mammals.   

As a burrowing mammal, the Great Basin pocket mouse may be more likely than other 
animals to be exposed to carbon tetrachloride, one of the soil-associated site COPCs.  
Carbon tetrachloride’s primary toxic effect in mammals is hepatotoxicity, causing liver 
tumors and general liver damage.   

Approach: This study will include collecting Great Basin pocket mice from areas known 
or thought to be subject to higher levels of carbon tetrachloride, as well as from reference 
areas, to determine whether mice from contaminated locations have a higher incidence of 
pathology of the liver (and potentially other organs).  It is recommended that contaminant 
levels, including carbon tetrachloride, be simultaneously collected.  Because carbon 
tetrachloride is subject to “rapid clearance from exposed organisms” (ASTDR 2005), 
measurements of the exposure of mice to this contaminant may be more accurately made 
through evaluation of levels in site media rather than in tissues.  

TERRESTRIAL RESOURCES: IMPACTS OF REMEDIAL ACTIVITIES  

Objective: To identify and quantify impacts to terrestrial habitats associated with Site 
remediation activities. 

Need/Rationale: This effort will support the determination and quantification of injury 
associated with those remedial activities that address Site contamination, in accordance 
with 43 CFR § 11.15(1).138  

Approach: Quantifying injury to the terrestrial habitat due to site remedial activities will 
require the Trustees to identify, organize, and summarize extensive information related to 
several parameters.  Specific questions to be addressed with this study include: 

 What remedial activities have occurred on site that have generated injuries that 
are recoverable under CERCLA?  Such site activities are likely to include but 
may not be limited to: landfill construction (for hazardous materials), road 
development, borrow pit use, and capping, all of which are actions likely to 
result in temporary or permanent adverse impacts to terrestrial habitat.   

 Where are or have these activities been located, and what is the spatial extent of 
the disturbed or injured habitat?  As part of this question, Trustees will consider 
ancillary disturbance that may have occurred away from the remediation site 
itself (e.g., associated borrow pits, or roads leading to the site). 

 When did remediation of the site begin, and when is full recovery of the habitat’s 
services expected to be restored?  

 What was the condition of the site prior to restoration (i.e., what level of services 
was it providing) and what is the anticipated condition when restoration is 
complete?   

                                                      
138 In particular, Trustees may recovery injuries “that are reasonably unavoidable as a result of response actions taken or 

anticipated.” 
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As part of this study, it will also be important to evaluate the likely severity of the 
identified remedial activities on the affected area(s).  Close collaboration with DOE will 
be important to ensure the accuracy and completeness of information on which this 
analysis will rely. The Trustees propose to use HEA (discussed in Chapter 5)  to quantify 
these injuries. 

TERRESTRIAL RESOURCES: QUANTIFICATION OF LOST TERRESTRIAL ECOLOGICAL 

SERVICES  

Objective: The objective of this study is to quantify the ecological services terrestrial 
resources (soil and terrestrial biota) have lost in the past and may lose in the future as a 
result of Site-related contamination.  

Need/Rationale: In order to determine the scale and type of restoration actions required 
to compensate the public, the Hanford Trustees will need to understand the scale and 
scope of lost services. 

Approach: This study involves two phases. The first phase consists of compiling 
information obtained from the geological and terrestrial biota studies mentioned above. 
This information will likely include the degree to which sample concentrations exceed 
identified injury thresholds, toxicity information on the adverse effects of varying levels 
of contamination, as well as ecological information (e.g., the abundance or distribution of 
terrestrial species, species community health). The second phase consists of analyzing the 
compiled data in order to quantify the geographic and temporal scope of ecological 
services terrestrial resources have lost in the past and may lose in the future. This will 
involve developing a relationship between Site-related contaminant concentrations and 
the severity of adverse effects experienced by terrestrial resources as a result of the 
contamination. The relationship will likely be based on literature information and data 
from site-specific studies on the toxicity of contaminants of concern as well as 
information on habitat usage, species abundance, and species diversity. Site-specific 
contaminant concentrations will then be compared to the developed relationship in order 
to determine the extent to which Site terrestrial resources have been injured (i.e., 
determine the estimated service loss).  

 

Remedial activities began on the Hanford Site in the early 1990s. These activities have 
focused on groundwater and soil contamination in the Columbia River corridor. After 
remedial activities are complete in the river corridor, the focus will switch to the Central 
Plateau and contamination in the 200 Areas. The majority of Hanford’s solid waste burial 
grounds and underground liquid waste storage tanks are found in the 200 Areas; hence, 
there is significant vadose (deep soils) contamination in this area. The vadose zone 
includes soil resources between the surface soils (which are assessed as part of the 
terrestrial resources described above) and the groundwater resources (described below). 
Vadose zone soils, and other geological resources, are typically assessed by Trustees as a 
source and pathway for contamination to groundwater and aquatic resources. Due to the 
significant volume of contaminants currently present in the Hanford vadose zone, and the 
potential for these contaminants to injure groundwater and aquatic resources, we include 

7.4  VADOSE/  

GEOLOGICAL 

RESOURCES  
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vadose zone/geological resources as a separate resource category to be addressed in the 
assessment.  

Deep vadose zone contamination poses some of the most difficult remediation challenges 
for the protection of groundwater at the Hanford Site (Chronister 2011).Recently, 
Hanford officials have been working to integrate groundwater and vadose zone remedial 
activities and adopt a holistic cleanup approach (Goswami 2011). However, the potential 
for vadose contamination to impact groundwater resources and ultimately move towards 
the Columbia River is not well characterized.  The study described below is intended to 
characterize contamination in the vadose zone and the potential for injury due to vadose 
contamination, based on existing information and models.  

OVERVIEW OF EXISTING  S ITE VADOSE ZONE DATA 

Available information on the Hanford Site’s vadose zone resources that is of most 
relevance to the injury assessment includes (a) measurements of hazardous contaminants 
in the vadose zone, and (b) information on the stratigraphy and geology of the vadose 
zone. 

Measurements  of  Hazardous Substances  and Geology of  Vadose Zone  

Numerous studies have been conducted at the Hanford Site to characterize the 
stratigraphy and geology of the vadose zone as well as contamination in the vadose zone.  
Vadose zone soil data are collected and monitored using geophysical logging of 
boreholes and soil-vapor monitoring (Hartman 2000). The quantity, location, and 
movement of vadose contamination and moisture are documented through the borehole 
monitoring (Hartman 2000). The Groundwater/Vadose Zone Integration Project 
established a Characterization of Systems Task to organize a set of data, parameters, and 
conceptual models that could be used to estimate contaminant migration and impacts in 
the vadose zone.  Freeman et al. 2001 provides a catalog of data sources describing 
hydraulic properties important in characterizing the vadose zone.  Gee and Ward (2001) 
found that the transport of a vadose zone plume was controlled by distinct horizontal 
sedimentary layers at the six and 12 meter depths, and that a change from coarse to fine 
sand caused significant lateral spreading of the plume.  Conceptual models of the vadose 
zone need to include two- or three- dimensional aspects of transport to adequately capture 
vadose transport (Gee and Ward 2001).   

Vadose zone monitoring and sampling has continued in recent years with carbon 
tetrachloride soil vapor monitoring in the 200 West Area, tank farm vadose 
characterization, borehole sampling in C Tank Farm, surface geophysical exploration in 
part of the S Tank Farm, and geophysical logging as described in the 2010 Monitoring 
Report (DOE 2011c).  More recently, a new operable unit has been created for the deep 
vadose zone (200-DV-1) to allow for a centralized focus and systematic approach to the 
challenges presented by the contamination in the deep vadose zone (DOE 2010a).  In 
addition, a site-wide groundwater and vadose zone project was planned by Washington 
State Department of Ecology Nuclear Waste Program to expedite cleanup of soil and 
groundwater to be implemented from July, 2011 through June, 2013 (Goswami 2011).  
The main objectives of the project include developing site-wide groundwater and vadose 
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zone strategy, policy, and integration, deep vadose zone science and technology, and site-
wide well installation, monitoring, and decommissioning. 

IMPLICATIONS OF EXISTING DATA FOR INJURY ASSESSMENT 

Given the information above on the level of existing relevant vadose zone data, the 
following injury assessment studies have been identified to fill data gaps.  Phase 1 
priority for the assessment of vadose zone (geological) resources focuses on 
characterizing vadose zone contamination and the potential for long-term injury to 
groundwater and surface water resources due to contaminants that have been released to 
the vadose zone, as described below. The phase 2 priority study in this section 
encompasses efforts to evaluate current vadose zone models. 

CHARACTERIZING VADOSE ZONE (GEOLOGICAL RESOURCE) CONTAMINATION AND 

THE POTENTIAL FOR LO NG-TERM INJURY TO GROUNDWATER AND SURFACE WATER 

DUE TO CONTAMINANTS THAT HAVE BEEN RELEA SED TO THE VADOSE ZO NE 

In developing this Injury Assessment Plan the Trustees have considered available 
information on the nature and extent of hazardous contaminants in the environment 
resulting from releases from Hanford operations. The Trustees have also considered 
information that can be used to establish the level of past, current, and likely future 
natural resource injuries and service losses resulting from these releases. There is, 
however, a great deal of uncertainty as to the potential for long-term future natural 
resource injuries and services losses that could result from sources of contamination at 
the site that are not well-characterized. There is also a great deal of uncertainty regarding 
the likely nature and effectiveness of future remedial actions in addressing these sources 
of contamination.  

In particular, despite current uncertainty, it is estimated that a substantial portion of the 
hazardous substance inventory at the Hanford Site remains in the vadose zone, so 
understanding this potential injury is of great importance.  For example, there are several 
existing sources of hazardous contaminants in the vadose zone in the Central Plateau of 
the Hanford Site (DOE 2011c, Chronister 2011, Goswami 2011). These sources of 
potential injury may not be fully removed as part of the ongoing site cleanup, pending 
final cleanup decisions. 

Objective:  The purpose of this study will be to utilize available information and model 
outputs to develop an understanding of the likely nature, extent, and timing of natural 
resource injury, and lost services that could occur in the long-term future.  The output of 
this effort will be subject to significant uncertainties, which should be described in the 
resulting white-paper and briefing. 

Need/Rationale: The Trustee Council will need to determine the expected duration of 
ongoing injuries, as well as the potential that additional injury could occur in the future, 
as a result of ongoing sources of contaminants that are not being addressed by ongoing or 
planned remedial activities.  Based on this information, the Trustees may be able to make 
assumptions about the nature, extent, and timing of future injury, or will identify the need 
for additional studies to define the nature and extent of such injury. 
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Approach: A team will be assembled to develop a whitepaper for presentation to the 
Trustee Council on this topic. This whitepaper will describe (1) significant sources of 
contaminants in the vadose zone and other geological resources that are not currently 
addressed by ongoing or planned remedial activities; (2) what is known about the 
potential future fate of these contaminants; (3) what the likely fate of these contaminants 
implies for future injury to groundwater resources and the environment of the Columbia 
River.  No new data collection or modeling will be conducted as part of this effort. 

EVALUATION OF EXISTING VADOSE ZONE MODELS 

Objective: The objective of this study or expert panel is to assess the ability and 
limitation of currently used models to quantify vadose zone contamination flux in order 
to determine whether the models can be used to accurately predict the impact of vadose 
contamination on groundwater resources. 

Need/Rationale: A variety of models are used by DOE to quantify contamination flux in 
the vadose zone. Verifying the accuracy of these models may allow the Hanford Trustees 
to make an informed decision on whether to rely on the results of the models to help 
estimate the quantity of injured groundwater in the vadose zone and the impact vadose 
zone contamination may have on groundwater resources. 

Approach: Contamination in the vadose zone is an important component in determining 
groundwater injury at the Hanford Site due to the threat vadose zone contamination poses 
to the underlying groundwater resource.  An independent evaluation of the models used at 
Hanford to quantify contamination flux in the vadose zone could provide additional 
information on the validity of these models, and the re-modeling of vadose zone 
contamination using three-dimensional models could strengthen understanding of the 
Hanford vadose zone. 

The purpose of this study is to perform an independent assessment of Hanford vadose 
zone models.  A limited-area field experiment within the 200 East Area was conducted to 
study vadose zone contamination; water was injected into the vadose zone and migration 
tracked with boreholes.  The movement of the injected water was analyzed by comparing 
simulated distributions of the water using three different simulation tools: 1) upscaling, 2) 
cokriging/artificial neural network (ANN), and 3) transition probability (TP)/Markov 
chain (MC) to observe spatial and temporal evolution of the moisture plume. Since 
moisture retention and unsaturated hydraulic conductivity measurements are sparse, these 
methods are used to model moisture flow. However, this field injection experiment was 
very limited in area and volume, and therefore provides data on the unsaturated zone 
specific only to the zone of the experiment, which represents a miniscule portion of the 
total Site vadose zone impacted by Site contaminants.  Additional vadose zone injection 
tests and simulations at different locations within the Site will provide information on the 
quantitative hydraulic properties of the vadose zone across the Site. Such experiments 
will be relatively costly and time-consuming; therefore, a cost/benefit analysis should be 
done to determine the net value of such tests.  It will be useful to compare the physical 
hydraulic properties of the previous injection test zones to other important vadose zone 
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areas of the Site (i.e., grain size distribution, saturated hydraulic conductivity, and 
porosity). 

 

The Hanford Site has a lengthy operational and remedial history, and as part of that 
history, a number of existing groundwater studies provide information of potential use in 
the injury assessment.  The studies included in this Injury Assessment Plan either review 
or build on available information from past efforts and are intended to address key data 
gaps and/or remaining uncertainties.   

Several of the groundwater studies described below could be very costly to conduct. As 
such, to provide information to support a decision on whether to undertake such studies, 
the Trustees propose to firm complete an analysis of the legal, political, economics, and 
hydrological contexts which define the baseline for groundwater at the Hanford site.  This 
will include developing a general understanding of the scope and scale of services that 
may have been lost.  This understanding will inform the decision to conduct additional 
groundwater characterization efforts.  In addition, in some cases the Trustees may reach a 
determination that the information which would be provided by a study will be limited; in 
those cases, the Trustees may choose to rely on reasonable assumptions in place of values 
or information developed through primary research. 

To provide context for the proposed groundwater injury studies, the following paragraphs 
briefly summarize key data that have resulted from past investigations of the Site’s 
groundwater resources and are intended to generally characterize the larger research 
context into which the proposed studies will fit. 

OVERVIEW OF EXISTING  S ITE GROUNDWATER RESOURCE DATA  

Available information about the Hanford Site’s groundwater resources that is of most 
relevance to the injury assessment includes but is not limited to: (a) measurements of 
hazardous substances in groundwater and the vadose zone, (b) measurements of the areal 
and vertical extent of groundwater contamination, including groundwater plume maps, (c) 
measurements of aquifer porosity, adsorption effects and matrix diffusion effects, and (d) 
information on the extent of groundwater upwellings in the Columbia River. 

Measurements  of  Hazardous Substances  

As noted previously, the Trustees have identified at least seven partially overlapping 
databases that contain many measurements of concentrations of hazardous substances in 
site media. The Hanford Environmental Information Systems (HEIS) database contains 
the largest numbers of samples of groundwater and soils.  HEIS continues to be 
developed, and HEIS may eventually serve as the repository for virtually all site sampling 
efforts, past and ongoing. A substantial effort has been underway within this past year to 
add more data to HEIS; as this effort progresses, it may be possible to rely less on other 
compilations of contaminant information.   In addition to HEIS, databases with 
information on groundwater resources include the Columbia River Component historic 
database and the River Corridor Baseline Risk Assessment GiSdT database.   

7.5  GROUNDWATER  
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A review of the entries in these databases indicates that existing groundwater samples are 
distributed across the Site but concentrated around the operational areas (100, 200, and 
300 areas).  The number of measurements of contaminants in site groundwater is large; 
however, challenges remain in effectively using these data in the context of the injury 
assessment.  These challenges include but are not limited to: variations in sampling 
efforts (and associated sampling objectives) associated with the datasets; the level of 
quality assurance associated with the various datasets; analytic issues associated with 
non-detect values; and the absence of readily available sample characterization 
information in some cases (e.g., sampling depths and geographic coordinates).  Studies 
that rely on this information (e.g., those involving comparisons of measured 
concentrations with thresholds) will need to address these issues through careful study 
design and implementation.  

Measurements  of  Area l  and Vert ical  Extent  

Groundwater resources on Site have been monitored since the late 1940s.  Samples are 
collected monthly, quarterly, or semiannually in wells near regulated waste units, and less 
frequently from wells farther away from waste sites and operational areas (Hartman 
2000). Thousands of samples have been collected from hundreds of monitoring wells, 
piezometers, and aquifer tubes, distributed across the Site.  

The Department of Energy uses groundwater sampling data along with knowledge of Site 
hydrogeology, waste disposal practices, and chemical characteristics to develop 
groundwater contaminant distribution maps. These maps are presented in the annual 
groundwater monitoring reports. Contaminant plume maps have been delineated over the 
past 30 years, based on information from thousands of samples. However, in many 
places, there are gaps of two miles or more between wells.  Thus, when sampling data are 
mapped and interpreted for delineating plume boundaries, interpolated concentration 
contours may be subject to large uncertainty in some locations.  The Hanford Trustees are 
currently working with the USGS to review existing plume maps and estimate their 
accuracy for assessment purposes (see the “Review of Contaminant Plume Mapping” 
study described below).  

Plume area is one of several parameters needed to reliably estimate the volume of 
contaminated groundwater; another important parameter is the vertical distribution of 
plumes. Limited data exists on the vertical extent of plumes. Within the past two to three 
years, multiple-depth samples have been collected in numerous wells in the Central 
Plateau (200 Areas) and in the 100 Areas along the Columbia River. Data on the vertical 
distribution of strontium-90 in the 100-N operable unit, nitrate in 200-BP-5 unit, 
numerous contaminants in the 200-UP-1 unit, carbon tetrachloride and technetium-99 in 
the 200-ZP-1 unit, and uranium and trichloroethene in the 300 area is reported in the 2010 
Annual Monitoring Report (DOE 2011c). However, data gaps remain pertaining to 
contaminants and locations which have not yet been characterized, the available data are 
based on a limited number of wells, and the wells have not been sampled for long enough 
to establish reasonable temporal trends. 
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Poros ity,  Adsorpt ion,  and Matr ix  D i ffus ion  Effects  

As part of groundwater monitoring at the Hanford Site for the past 30 years, hundreds of 
reports have been produced describing the results of hydrogeologic investigations. The 
Department of Energy used a groundwater model used in the 200 Areas for evaluating 
potential remediation options, which estimated a 15 percent effective porosity (Central 
Plateau Version 3 MODFLOW Model, ECF-Hanford-10-0371, 2010).  Additionally, 
Cole et al. 1997 reports effective porosity values estimated from specific yields obtained 
from well-aquifer tests in the range of approximately one to 40 percent, laboratory 
measurements of porosity ranging from 19 to 41 percent, and tracer tests indicating 
porosities ranging from one to 25 percent. 

Some dissolved contaminants, particularly cations such as strontium-90, adsorb to aquifer 
mineral grain surfaces. This phenomenon can significantly increase the potential for 
continued contamination of the groundwater as the adsorbed contaminants dissolve into 
the water. There has been considerable work at Hanford addressing adsorption processes. 
For instance, distribution coefficients (i.e., the ratio of concentrations at equilibrium) for a 
number of contaminants including uranium and strontium-90 are reported in Cole et al. 
1997.  

Additionally, molecular diffusion of dissolved contaminants into low-permeability 
clay/silt lenses and layers can affect contaminant migration patterns. This process, 
referred to as matrix diffusion, has an effect similar to that of adsorption/desorption in 
slowing contaminant migration and delaying remedial actions, such as pump-and-treat 
systems. Unlike adsorption, matrix diffusion impacts all dissolved contaminants in a 
similar manner.  

Information  on  Extent of  Upwel l ings  

The Trustees have particular interest in the current and expected future movement of 
contaminated groundwater to the Columbia River.  There are a number of known 
upwelling locations, where Hanford groundwater releases into the Columbia River. As 
part of the Remedial Investigation of Hanford Site Releases to the Columbia River, 
surface water, pore water, and sediment samples were collected from 2008 through 2010 
to help characterize groundwater upwellings (Hulstrom and Tiller 2010). Upwelling 
locations were located and mapped using conductivity and temperature measurements. 
Upwellings were found to be non-uniformly distributed and varied by water depth, 
season, and proximity to the shoreline (Hulstrom and Tiller 2010). Sampling results also 
documented hexavalent chromium, strontium-90, tritium, and uranium concentrations in 
excess of water quality guidelines in both nearshore and offshore locations. However, 
sampling effort was limited, and further study may be necessary to determine the 
potential adverse effects from contaminated groundwater upwellings (see “Groundwater 
Upwelling” study below). 

IMPLICATIONS OF EXISTING DATA FOR INJURY ASSESSMENT  

Given the information above on the level of existing relevant groundwater data, the 
following injury assessment studies have been identified to fill important data gaps.  
Phase 1 priorities for groundwater injury assessment focus on organizing the information 
necessary to estimate the level and extent of groundwater contamination and the 
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associated restoration requirements, including reviewing existing contaminant maps, 
reviewing groundwater models, determining the vertical extent of certain plumes, 
defining the context of baseline groundwater services, and quantifying contaminated 
groundwater. Phase 2 and 3 priorities encompass further efforts that would help the 
Trustees refine their understanding of potential groundwater injuries including 
characterizing the interaction between groundwater and the Columbia River and the 
impact of vadose zone contamination. 

DEVELOPING A COMPREH ENSIVE DATABASE AND COMPARISON TO INJURY 

THRESHOLDS  

Objectives: (1) To create a comprehensive groundwater database; (2) to determine 
injuries to groundwater resources based on comparisons of measured and/or modeled 
concentrations of Site COPCs to regulatory water quality standards or criteria; (3)  to 
identify COPCs that may be most strongly associated with potential injuries (e.g., by 
virtue of having a greater magnitude and/or exceedance of effects thresholds); and, (4) to 
identify locations with higher levels of hazardous substances, to help inform site selection 
in potential future injury studies.  

Need/Rationale: Groundwater is a key natural resource, providing services to humans 
and serving as a pathway for the movement of contaminants to other resources.  
Contaminant concentrations in excess of certain levels (e.g., EPA maximum contaminant 
levels) generally indicate that an injury has occurred under DOI’s NRDA regulations (43 
CFR § 11.62(c)(1)(i) through (iv); see Chapter 6).139  

A comprehensive database will allow the Hanford Trustees to compare the influence of 
well location and depth on contaminant plume concentration data in order to make an 
informed decision on the reliability of well sampling data for use in drawing contaminant 
plume maps.  

In addition, comparing contaminant concentrations in groundwater to regulatory water 
quality standards or criteria is a cost-effective and widely used approach to evaluate 
potential groundwater injuries. Furthermore, making comparisons will also contribute to 
the Trustees’ determination of exposure pathways between sources of releases and 
receptors.  

Approach: The study will focus on groundwater beneath the Hanford Site, groundwater 
upwellings in the Hanford Reach of the Columbia River, and appropriate reference 
locations.  The first component of this task will involve assembling and evaluating 
available data, and incorporating it into the Trustees’ natural resource damage assessment 
database in accordance with the Data Management Plan and the Quality Assurance 
Management Plan (HNRTC 2011a, 2011b).  Although many measurements of 
groundwater COPCs are available, a comprehensive database for use in damage 
assessment has not been developed. Developing a comprehensive groundwater database 

                                                      
139 Chapter 6 provides complete definitions of injury to natural resources, including injury determination.  Exceedances of 

certain concentration thresholds is a key component of these definitions but is not the only requirement that must be 

satisfied. 
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involves gathering and organizing data records and information on groundwater wells, 
depth, and associated contaminant concentrations.  Much of the groundwater data is 
available in HEIS, and could be collected from HLAN (with QA/QC of the metadata), but 
this task will involve determining if the HEIS database is comprehensive and sufficient 
for injury assessment purposes. This database will also allow the Trustees to analyze the 
impact of well data quality including well siting, construction, and screened interval 
location, on the sampling and modeling of contaminant plumes to ultimately decide if 
well data meets injury assessment needs.    

The Trustees will also determine the water quality criteria and standards (e.g., Federal 
drinking water standards, state water quality criteria) against which sample 
concentrations will be evaluated.  

Lastly, this study will require an evaluation of baseline conditions, which will include a 
characterization of the concentration ranges of hazardous substances expected to be 
present in groundwater but for Hanford Site releases.  As part of this evaluation, 
contaminants will be identified as having one or more of the following origins: natural 
sources, Hanford Site operations, and/or other anthropogenic sources.  In some cases this 
determination will require new analysis; in other cases available information will be 
sufficient to make a baseline determination. 

REVIEW OF CONTAMINANT PLUME MAPPING  

Objective: To review and evaluate existing contaminant plumes, including determining 
whether the contaminant plume map generation method(s) being used by the DOE and 
contractors is sufficiently accurate for groundwater injury assessment purposes as defined 
under 43 CFR § 11 as well as whether additional plume maps need to be generated. 

Need/Rationale: An assessment of the DOE plume maps is underway and will allow the 
Hanford Trustees to determine the need for a study to generate revised contaminant 
plume maps. If DOE plume maps are deemed appropriate for assessment purposes, the 
Hanford Trustees will be able to use these maps to move forward in assessing the 
quantity of injured groundwater. If the plume maps are not deemed appropriate for 
assessment purposes, the Trustees can begin to assess the need for an additional study to 
map plumes; this might involve the development of an alternative groundwater plume 
model to estimate various plumes’ full extent and volume which would incorporate 
information on wells, contaminant data, and hydrostratigraphy that are deemed 
appropriately representative of the Site. 

Approach: The Trustees, through the USGS, are evaluating the methods and results of 
current groundwater contaminant plume mapping at Hanford used to prepare illustrations 
and ancillary information presented in the annual Hanford Site Groundwater Monitoring 
and Performance Reports. As a critical part of the evaluation, USGS will independently 
regenerate groundwater contaminant plume maps, areas, and volumes from original 
monitoring and hydrogeologic data; evaluate the uncertainty of the original data; and 
determine the sources of uncertainty in the data that most substantially influence 
uncertainty in plume maps, areas, and volumes. Once this effort is complete, the Trustees 
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can determine whether the current maps are appropriate for the natural resource damage 
assessment and whether any additional maps need to be drawn.  

DEFINE THE LEGAL, PO LITICAL,  AND ECONOMI C ENVIRONMENT FOR BASELINE 

SERVICES PROVIDED BY GROUNDWATER 

Objective: The objective of this study is to describe the services that will be provided by 
groundwater at the Hanford Site under baseline conditions and how these services have 
been impacted by the release of hazardous contaminants. 

Need/Rationale: An understanding of the baseline services provided by groundwater at 
the Hanford Site, in the context of political, legal, and economic setting is necessary to 
determine how the services have been affected by the release of contaminants.  Once the 
baseline services and how services have been affected has been determined, the Trustees 
will be able to identify and scale appropriate restoration projects to restore or replace 
those lost services. As noted above, this information will also help support decisions 
regarding the value and need for additional groundwater injury studies. 

Approach: This study should be undertaken prior to other groundwater studies, in order 
to provide the necessary context on groundwater baseline services which will help scope 
subsequent studies. This study will involve the development of a white paper that 
describes the services that will be provided by groundwater at the Hanford Site under 
baseline conditions, and how those services have been impacted by contamination.  The 
paper should address the full range of services, including use, non-use, and in situ 
services.  This paper should also address the institutional, policy, legal, economic, and 
hydrological factors that define how groundwater will have been used absent 
contamination. 

VERIFYING VALIDITY A ND LIMITATIONS TO HANFORD GROUNDWATER MODELS  

Objective: To verify the validity of Hanford groundwater models, to support a 
quantification of groundwater injuries. 

Need/Rationale: A variety of models are used by DOE to estimate current, past, and 
future injured groundwater. Verifying the accuracy and validity of these models may 
allow the Hanford Trustees to make an informed decision on whether to rely on the 
results of the models to help estimate the quantity of injured groundwater on Site. 

Approach: In a natural resource damage assessment, injury to groundwater resources 
can be quantified in physical units, such as an annual sustainable yield, a flux, or as a 
volume.  Models frequently play a critical role in this quantification: data on past 
contaminant levels may be few or absent (but may be approximated through models), 
and models are also necessary to estimate future concentrations.  Groundwater computer 
models have been applied at the Hanford Site to examine and simulate groundwater flow 
patterns, water budgets, aquifer responses to hydraulic stresses, migration of 
contaminant plumes, and the performance of groundwater remediation systems.  These 
models are helpful in interpolating hydrogeologic conditions between wells, conducting 
sensitivity analyses regarding data gaps, prioritizing future data gathering steps, testing 
remediation alternatives, and in assessing exposures and groundwater injury under 
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various assumed scenarios.  In general, MODFLOW (a groundwater flow modeling 
code), coupled with a contaminant transport code, and STOMP are the modeling codes 
generally used at Hanford.  

Since these models are essential in estimating contaminant plume volumes, an 
independent assessment of the groundwater models used at Hanford will provide 
additional validation of the current assumptions, parameters, and application of the 
models including what they should not be used for, and if the models are being used and 
applied appropriately.  This validation process could be accomplished through the use of 
an expert panel. Note that the panel may require a significant amount of time to review 
existing information and to come to a consensus opinion. 

GROUNDWATER UPWELLINGS 

Objective: To characterize the distribution, frequency, and volumetric flow rate of a few 
known contaminant upwellings in the Columbia River in order to assess the potential for 
exposure pathways and injury to aquatic biota. 

Need/Rationale: Defining the distribution, frequency, and volume of a few known 
contaminant upwellings in the Columbia River will allow the Hanford Trustees to 
estimate the potential adverse effects to aquatic biota in the River, in accordance with 43 
CFR § 11.62(c)(iv) , as well as the need for further study.  

Approach: Groundwater upwellings in the Columbia River can adversely or beneficially 
affect aquatic biota, depending on contaminant levels in the upwelling water.  However, 
the nature, extent, frequency, and volume of these upwellings in not well known. Hanford 
Site groundwater upwellings have been studied through pore water sampling as well as 
sediment and surface water sampling, the results of which can be found in the Field 
Summary Report for Remedial Investigation of Hanford Site Releases to the Columbia 
River, WCH-380 (Hulstrom and Tiller 2010).  An assessment of groundwater upwelling 
pore water data is presented in the Data Quality Assessment Report for the Remedial 
Investigation of Hanford Site Releases to the Columbia River, WCH-381 (Hulstrom 
2010). Samples were taken from the 100-B/C, 100-K, 100-N, 100-D, 100-H, 100-F, 
Hanford townsite, and 300 Area to characterize groundwater upwellings, and upwellings 
were found in all study areas (Hulstrom and Tiller 2010).  However, groundwater 
upwellings were not uniformly distributed across the study areas and changed with water 
depth, season, and proximity to the shoreline (Hulstrom and Tiller 2010).   

Although the above mentioned sampling of pore water, surface water, and sediment has 
provided information on chromium upwellings in the Columbia River, questions remain 
on the distribution, frequency, and volumetric flow rates of upwellings and past estimates 
could be strengthened based on new information.  Improvements to the digital elevation 
model for the Columbia River channel, new detail on the stratigraphy near the river, and 
riverbed pore water sampling results could be used to further the accuracy of chromium 
upwelling estimates. Additionally, more precise measurements of net gains or losses in 
river discharge rates along the reaches impacted by Site groundwater could also further 
Trustee understanding of Hanford upwellings.  A chromium upwellings study could more 
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accurately characterize the spatial and temporal distribution of known upwellings, area 
and resources influenced by the known seeps, as well the frequency of seepages. 

The Trustees may also elect to phase this study to better understand the ability of the 
study to achieve its objectives, prior to deciding to proceed with a full-scale 
implementation effort. 

SYNOPTIC SAMPLING OF  RIVER CORRIDOR WELLS  

Objective: To sample selected river corridor wells at varying river stages to determine 
the influence of river stage on groundwater depth readings. 

Need/Rationale: Understanding the effect of river stage on groundwater depth readings 
will allow the Hanford Trustees to decide whether well readings near the river are 
accurate and appropriate for use to estimate plume maps and pathways near and beneath 
the river for the purposes of groundwater injury determination and quantification. 

Approach: The Columbia River stage changes drastically within short time periods and 
could affect groundwater well readings. Understanding the relationship between 
groundwater depth and river stage will help to determine the reliability of groundwater 
data for developing plume maps, and whether the river stage and therefore timing of 
groundwater sampling significantly affects groundwater plume estimates. Samples will be 
taken from multiple wells within one hour and from wells at high, middle, and low river 
stages to determine the impact of the river on well water levels.    

VERTICAL DISTRIBUTIO N OF CONTAMINANT PLUMES 

Objective: To construct additional multi-depth monitoring wells in key areas of several 
of the major plumes and to sample the wells for several years in order to obtain 
information on the vertical depth of the significant plumes to inform injured groundwater 
volume calculations. 

Need/Rationale: Information on the vertical depth of many major plumes on the Hanford 
Site is lacking. This study will provide additional information on the vertical depth of 
contaminant plumes, useful information used to estimate the volume of contaminant 
plumes for injury assessment. 

Approach: One of the major uncertainties in assessing injured groundwater volumes on 
Site is the sparseness of vertical sampling data within all of the significant contaminant 
plumes.  There are a limited number of samples from different depths within some areas 
of plumes in the 200 West, 200 East, 300-FF-5, 100-HR-3, and 100-NR-2 operational 
units (as described in the 2010 Groundwater Monitoring Report, DOE 2011c).  However, 
vertically spaced sampling has been done only since 2009, which is insufficient temporal 
coverage, as well as spatial coverage to enable accurate delineation of three-dimensional 
plume configurations.  Without adequate three-dimensional data, assumptions must be 
made regarding plume boundaries which can result in over-estimates of injured 
groundwater volumes.  Additional collection of spatial and temporal plume thickness data 
will increase the accuracy of plume volume estimates.  This will likely require 
construction of several more multi-depth monitoring wells at key areas of several plumes, 
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and an additional period of sampling of the multi-depth wells for a number of years.  
Installation and monitoring of several more multi-depth monitoring wells will be highly 
costly. 

GEOLOGY OF COLUMBIA RIVER BED  

Objective: The objective of this study is to characterize the geology of the Columbia 
River bottom in order to determine the potential impact of plumes near and beneath the 
river and contaminant upwellings in the River, as well as the potential for contaminants to 
migrate into groundwater on the non-Hanford side of the River.  

Need/Rationale: Information on the geology of the Columbia River will allow the 
Trustees to more accurately map groundwater plumes near the River as well as determine 
any potential for groundwater plumes to affect riverine resources or locations on the non-
Hanford side of the River (i.e., the Trustees will be able to more accurately determine the 
scale and scope of groundwater injury near the River). However, groundwater upwelling 
characterization (described in the upwelling study above) may provide adequate 
information for assessment purposes; thus, this study is a lower priority for the Trustees 
and may need to be re-evaluated after the upwelling is completed. 

Approach: The geologic stratigraphy of the Columbia River bottom is not well known.  
Faults and other geologic structures can offset the hydrostratigraphic units, complicating 
interpretation of groundwater flow under the river. Drilling boreholes on river islands, 
seismic and electro-magnetic profiles, and geophysical surveys across the River could 
define the river bed stratigraphy, provide information to compare hydrostratigraphy and 
bank geology, provide information for correlating and interpreting geology between 
wells, and aid in the interpretation of groundwater flux and riverine upwellings. 
Measurement of hydraulic heads beneath the River bed will help define three-
dimensional hydraulic gradients under the River. 

QUANTIFY INJURED GRO UNDWATER VOLUME AND TIME DIMENSIONS  

Billions of gallons of contaminated wastes have been discharged on the Hanford Site, 
resulting in contaminated groundwater above drinking water standards. The groundwater 
on Site provides a range of services, which have been impacted due to the contamination.  
The metric chosen to quantify these losses depends on the type of services affected. 

Objective: The objective of this study is to quantify injured Hanford groundwater 
resources. 

Need/Rationale: The Trustees will need to understand the quantity of injured 
groundwater in order to determine the scale of lost services and the types of restoration 
projects required to restore those losses.  

Approach: This study requires an understanding of the range and type of services 
impacted by groundwater contamination on the Hanford Site. Once these services are 
identified, the quantity of injured groundwater can be calculated using a stock volume, 
flux volume or sustainable yield approach as appropriate. Once the injured groundwater 
is quantified, and the Trustees have an understanding of groundwater baseline, the scale 
of lost services and type of required restoration projects can be determined. 
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As noted in Chapter 4, there are a range of tribal use services provided by natural 
resources that may have been impacted by releases from Hanford Site operations. While 
there is a large amount of available information on indigenous peoples use of the site 
(e.g., information which is used to inform decisions on whether remedial actions will 
disturb culturally important sites), the Trustees are unaware of any studies that have been 
done to assess the impacts of the presence of hazardous contaminants on current tribal use 
of natural resources. This information will be required to complete service quantification 
for this category of lost use.  This information will inform the Trustees understanding of 
the scale and scope of benefits of potential primary restoration, as well as the scale and 
scope of any required compensatory restoration.  In addition, while there are numerous 
ongoing efforts to characterize the nature and extent of contamination at the site (see 
below), the Trustees believe that a more focused effort to determine if additional 
characterization would allow for greater use of site resources by tribal community 
members is needed. 

ETHNOGRAPHIC STUDY TO IDENTIFY TRADITIONAL CULTURAL PROPERTI ES  AT 

HANFORD  

Objective: This study will identify Traditional Cultural Properties (TCPs) within the 
Federal government’s jurisdiction of the Hanford assessment area.  Any Federal 
undertaking that has the potential to affect Federally-listed (and/or eligible for listing) 
cultural resources, including TCPs140, must be evaluated, as mandated under the National 
Historic Preservation Act (NHPA) Section 106.  Such actions could include assessment 
and restoration decisions associated with natural resource damage assessments.  As such, 
identification of TCPs must first occur, as mandated under NHPA Section 110.  
Therefore, this study will be conducted to identify TCPs within the “area of potential 
effect” (APE) for the assessment, which is a Federal undertaking at Hanford.  This effort 
will support assessing Tribal Lost Services and making decisions regarding the scale and 
scope of primary and compensatory restoration. 

Need/Rationale: In compliance with NHPA Sections 106 and 110, DOE must identify 
the properties within their jurisdiction that qualify for listing as cultural resources in the 
National Register.  While archeological sites may not be affected by the injury 
assessment, TCPs could be affected by the decisions made within the process.  TCPs are 
generally eligible under any (or all) of the following three criteria (of four total): 

 Property is associated with events that have made a significant contribution to the 
broad patterns of our history. 

 Property is associated with the lives of persons significant to our past. 

 Property has yielded or may be likely to yield information important in prehistory 
or history.  

                                                      
140 For further definition, refer to the National Park Service National Register (NR) Bulletin 38 (Guidelines for Evaluating and 

Documenting Traditional Cultural Properties). 

7.6  TRIBAL USE  
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The Trustees recognize that multiple activities and actions at the Hanford Site may 

trigger requirements under the NHPA: in particular, actions outside of the NRDA may 

generate the need for information on TCPs.  The Trustees acknowledge that NRDA 

may or may not be the correct legal and financial structure within which to pursue 

these activities, and that further discussions are needed to determine the best 

method to accomplish the work.  That acknowledged, the Trustees have included this 

study in this Plan in recognition of the importance of TCP identification, and to note 

that the natural resource damage assessment may provide an opportunity to 

systematically address concerns regarding the impacts of site operations and cleanup, 

including the assessment and subsequent restoration actions, on TCPs. 

 

A property (TCP) must maintain integrity, which is “the ability of a property to convey its 
significance” (NR Bulletin 15).  There are seven aspects of integrity: location, design, 
setting, material, workmanship, feeling, and association.  If a project compromises or 
may compromise any of these characteristics that give a property significance, it is 
considered to be adversely affecting the property. 

The association of a TCP with the traditional belief system and culture of a Native 
American group is a characteristic that gives it significance.  “A traditional cultural 
property then, can be described generally as one that is eligible for inclusion in the 
national register because of its association with cultural practices or beliefs of a living 
community that (a) are rooted in that communities history, and (b) are important in 
maintaining and continuing cultural identity of the community” (NR Bulletin 38).  TCPs 
are culturally significant for a number of reasons for Native American groups: locational 
setting (including associated natural resources such as water, soil, plants, etc.), feeling, 
and association.  By not fully restoring a TCP or installing institutional controls (e.g., 
when leaving contamination in place) that prohibit the Affected Tribes from utilizing the 
TCP, the association, setting, and feeling have been adversely effected.  Adverse effects 
to TCPs must be mitigated. 

Approach:  TCPs cannot be discovered through archaeological or historical research 
alone.  The existence and significance of such locations can only be ascertained through 
interviews with knowledgeable users of the area or through other forms of ethnographic 
research (NR Bulletin 38).   

This study to identify TCPs is needed to determine if any properties that are within the 
project area (the entire Hanford site) will be adversely affected by the injury assessment 
and other related NRD activities.  This study must be conducted by a trained professional 
meeting Secretary of Interior Standards. 
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“The Yakama subsistence lifestyle, including fishing, 

hunting, and plant gathering; use of traditional foods, 

medicines, and materials; sweathouse use, feasts, and 

other cultural practices, depends upon safe, 

unrestricted access to clean natural resources in the 

Hanford Assessment area year round in perpetuity” 

(Yakama, 2010). 

ASSESS TRIBAL SERVICE LOSSES  

As discussed in Chapter 4, there are a range of services provided by natural resources to 
tribal communities. These services may have been diminished in quality, or interrupted, 
by the presence of contaminants released by Hanford operations. As a result, specific 
restoration actions may be required to address these service losses. In Chapter 5, we 
discuss several approaches that could be used to assess the nature and extent of tribal 
service losses associated with contaminant releases. This information could be used to 
support Trustee decision-making regarding the scale and scope of primary and 
compensatory restoration. 

Objective:  This study is intended to identify natural resources and the nature and extent 
of services that they provide which are important to the health, welfare, economy, 
tradition, and cultural integrity of tribal members in the assessment area. Tribal lost 
services will then be assessed by selecting and implementing appropriate approach(es) to 
fill data gaps and determine Tribal service loss associated with Hanford contaminant 
releases. This information ultimately will be used to support decision-making regarding 
the scale and scope of potential primary and compensatory restoration for lost tribal use 
services. 

Need/Rationale: Natural resources in the Hanford assessment area provide many services 
to tribal members in ways that are distinct from the general public, including social, 
cultural, spiritual, medicinal, recreational, and subsistence services, uses, and values. 
Examples include collecting sacred or medicinal plants; participating in subsistence and 
ceremonial fishing, hunting, and gathering; conducting ceremonial drinking, bathing, and 
sweating; and using sacred grounds for meetings, ceremonies, and spiritual recognition. 
The lives of tribal members are intricately linked to the natural resources in the 
assessment area; when one or more resource, such as surface water, plants or animals, is 
contaminated by the releases of hazardous substances, the ability of the environment to 
support subsistence and 
traditional uses can be 
diminished.  

The resources that are used by 
tribal members, particularly 
those that support the cultural 
integrity and continuity of each 
Tribe, must be identified, 
including those that would have 
existed and been used by tribal members in the absence of Hanford releases. Compilation 
of existing materials and a critical review of the documentary record will identify what 
data are most useful and necessary for the injury assessment to identify the link between 
Hanford contaminants, injured resources, and service losses. During this process, the 
Tribes will propose and then undertake approaches they deem appropriate for collecting 
additional information and assessing changes in the use of natural resources by tribal 
members that have occurred as a result of the presence of contaminants from Hanford 
operations.  This effort will distinguish changes in natural resource services to Tribes at 
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the Hanford site that are unrelated to contaminant releases from those that are the result 
of the presence of contaminants.   

Approach: Tribal Trustees will collectively or independently develop and implement 
individual study plan(s) to: 1) review available information related to tribal services, 2) 
assess the nature and extent of tribal lost services, and 3) develop information to 
determine the appropriate scope and scale of restoration options to restore such losses. 
This effort will need to address confidentiality of tribal information. The following 
specific tasks will be identified in the individual study plan(s), which may be customized 
according to the needs of each Tribe: 

 Identify, compile, and review existing literature and historical data as they relate 
to natural resources and associated tribal services now and prior to Hanford 
contaminant releases (i.e., baseline), including historical reports, scientific 
papers, oral histories, etc. 

 Evaluate the compiled information and determine what sensitive information 
shall not be released, what information is necessary for assessing tribal service 
loss (and may require data sharing agreements), and what information is still 
missing that will help link Hanford contaminants to injured resources and 
changes in tribal behaviors and services. This effort will result in identification of 
the information needed (and data available) to assess the nature and extent of 
tribal lost services and restoration selection and scaling. 

 Evaluate and select sound approach(es) to fill gaps and assess tribal lost services, 
while protecting confidential information. 

Following these plans, one or more studies will be implemented to assess tribal lost 
services due to the release of contaminants, as distinct from other factors that have led to 
changes in tribal use of resources over time, and identify restoration options and scaling. 

CURRENT RESOURCE CHARACTERIZATION TO ALLOW FOR RESTORATION OF LOST 

TRIBAL SERVICES  

Tribal community member use of natural resources at the Hanford Site may be limited by 
concerns over exposure to hazardous contaminants.  While numerous efforts are ongoing 
to characterize the nature and extent of contamination at the Site (discussed below), the 
scope of these efforts (geographic, temporal, resource specific) may not be sufficient for 
tribal community members to make informed decisions regarding their use of resources at 
the Site. As such additional monitoring and sampling may be needed to allow for 
restoration of lost services. 

As noted, a variety of programs are in place to characterize the nature and extent of 
contamination in Hanford Site resources, including:   

 Environmental Surveillance Project.  Part of Mission Support Alliance’s 
Public Safety and Resource Protection program, this project monitors the 
concentrations of radionuclides and chemical and metal contaminants in 
environmental media including air, surface water, sediment, soil, natural 
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vegetation, agricultural products, fish, birds, and mammals.  Monitoring occurs 
on the Hanford Site, as well as at several offsite locations.  External radiation 
levels are also monitored.  Data from this program are reported regularly in the 
annual Hanford Site Environmental Monitoring Reports (MSA 2012a).  
Currently, the annual budget for this project is approximately $2,100,000 (DOE 
2012c). 

 Soil and Groundwater Remediation Project.  Managed by the CH2M HILL 
Plateau Remediation Company (CHPRC), this project includes sampling and 
monitoring of groundwater and soil on-site to characterize distribution of 
contamination and evaluate the effectiveness of remediation activities (CHPRC, 
2012; Poston et al. 2010). 

 Drinking Water Monitoring Project.  This program conducts routine 
monitoring of drinking water supplies on the Hanford Site to ensure compliance 
with the Safe Drinking Water Act (Poston et al. 2010). 

 Biological Control Program.  The biological control program was established to 
limit the environmental impact of radioactively contaminated or otherwise 
undesirable plants and animals.  As part of this program, radiological surveillance 
is done to help characterize the extent and distribution of contaminated biota and 
soil (Poston et al. 2010). 

 Near-Facility (Near Field) Environmental Monitoring.  This program 
monitors environmental media, as well as external radiation levels, around DOE 
facilities that have released, or have the potential to release, radioactive or 
hazardous contaminants.  Monitored sites include areas around nuclear facilities 
(e.g., 100-N reactor and the Plutonium Finishing Plant), and waste storage and 
disposal facilities (e.g., burial grounds and trenches).  Resources monitored 
include soil, air and vegetation (Poston et al. 2010).  Although this monitoring is 
currently managed under the Environmental Surveillance Project, historically the 
annual budget for this monitoring was approximately $500,000 (DOE 2012c). 

 Washington State Department of Health Hanford Environmental Radiation 
Oversight Program.  This Department of Health program’s primary 
responsibility is providing oversight of DOE monitoring programs designed to 
characterize the impact of releases of radiation on the public and the 
environment.  The program is itself not intended to provide comprehensive 
characterization of site contamination, but rather to independently verify the 
characterization work being done by DOE.  Results of the program’s work are 
published annually in a Data Summary Report (WDOH 2012).  Currently, the 
annual budget for this oversight program is approximately $764,000 (DOE 
2012c). 

 Hanford Long-Term Stewardship Program.  This program was established to 
manage DOE’s post-cleanup obligations.  One of the key activities of the 
program will be the surveillance and maintenance of physical remedies and 
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institutional controls to ensure continued protection of human health and the 
environment (DOE 2010b).   

 CERCLA Five-Year Reviews.  The five-year review process required under 
CERCLA calls for additional characterization of sites where contaminants remain 
at levels that preclude unrestricted use of an area.  Additionally, it will evaluate 
the effectiveness of completed remedies to determine if those remedies continue 
to be protective of the public and the environment.  These reviews will be 
conducted by the Hanford Long Term Stewardship Program (DOE 2010b). 

 Ecological Monitoring Project.  Part of Mission Support Alliance’s Public 
Safety and Resource Protection program, this project monitors the abundance, 
condition, and distribution of biota on the Hanford Site.  Note that this program is 
focused on population-level conditions of biotic resources, rather than 
concentrations of contaminants within individual specimens (MSA 2012b).   

In addition to the established long-term monitoring programs described above, several 
recent and on-going efforts have included comprehensive characterization of the Hanford 
Site and its resources.  These efforts include: 

 Remedial Investigation of Hanford Site Releases to the Columbia River:  
Samples collected between 2008 and 2010 (and approximate sample numbers 
reported in the Columbia River Component [CRC] database) included aquifer 
tubes (3,000), pore-water (400), surface water (600), sediment (1,200), soil (100), 
and fish (1,000) (DOE 2010c). 

 River Corridor Baseline Risk Assessment (RCBRA): Samples collected as 
part of the RCBRA (and approximate sample numbers reported in the Guided 
Interactive Statistical Decision Tools [GiSdT] database) included soil/sediment 
(9,500), surface water, including seeps, springs, aquifer tubes, and pore-water 
(3,500), groundwater (13,000), and biota (200) (Neptune and Company Inc. 
2009). 

This study will consider these existing characterization efforts, assuring that additional 
characterization is not duplicative of these efforts. 

Objective: There are a number of ongoing efforts to characterize and monitor 
contaminant concentrations within the Hanford study area.  This study will define how to 
better organize and present this information for use by the tribal publics as well as the 
general public. It will also identify where additional characterization of contaminant 
concentrations would allow for restoration of tribal lost services. This effort will require 
close coordination with tribal community members and resource managers to fully 
understand tribal concerns and information needs.  

Need/Rationale: A significant concern of the tribal Trustees for natural resources at 
Hanford is an absence of sufficient characterization of contaminant concentrations in 
natural resources. This information is needed by tribal resource managers to inform 
decisions by tribal members who are interested in utilizing resources at Hanford, but want 
to assure that these uses are safe. 
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Approach: Following response actions and/or primary restoration efforts, 
characterization of natural resources will be required to monitor the safety of the natural 
resources and to allow for restoration of tribal services.  Some of this characterization is 
already taking place, but additional actions may be needed. This additional 
characterization would include organization of existing information, as well as gathering 
of additional information on the nature and extent of residual contamination and 
condition of injured resources.  The scope and scale of characterization required to restore 
tribal use of the site needs to be determined and compared against information from 
existing characterization efforts (e.g., determine what media to monitor, where to monitor 
(and density of samples), and frequency and duration of sampling).   

In addition to any monitoring plans associated with remedial activities and long-term 
stewardship plans, which rely heavily on the expectation of institutional controls, 
additional characterization may be undertaken by the Tribes to verify whether tribal use 
services can be confidently resumed.  This effort would include developing Sampling and 
Analysis and Quality Assurance Project Plans, conducting field sample collection and 
laboratory analysis activities for all resource types in terrestrial, riparian, and aquatic 
zones, and conducting adaptive management, as necessary.   

The factors that will need to be determined in this study are: 

 Do existing sampling and characterization efforts provide enough information 
and the right type of information to inform tribal member use? 

 How would this information be better assessed and presented for use by tribal 
members in making decisions about resource use?  What is the most effective 
means to communicate this information to the public? 

 What additional information is needed?  Over what time period?  

 What is the most cost-effective means to obtain additional characterization 
information? 

 
As discussed in Chapter 4, based on review of existing information, the Trustees are 
proposing a study to fully describe the past, current, and future geographic and temporal 
scope of contaminant-related institutional controls which could impact human use of 
natural resources at the site. At this time the Trustees are not proposing additional study 
of the effect of site releases on agriculture or a detailed study of recreational behavior. 
While this information exists, it has not been compiled in a manner sufficient for injury 
quantification. 

INVENTORY OF INSTITUTIONAL CONTROLS RELATED TO THE RELEASE OF 

HAZARDOUS SUBSTANCES , AND DESCRIPTION OF ASSOCIATED LIMITS ON HUMAN 

USE OF THE SITE  

 

Objective: To determine the extent to which institutional controls at the Hanford site, 
past, current, and expected future, are related to the release of hazardous contaminants.  

7.7  OTHER 

HUMAN USES  
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To define the geographic scope and nature of these controls, and describe the types of 
human uses that may be impacted.  

Need/Rationale: The primary source of non-tribal lost human use opportunities at the 
Hanford site will be associated with institutional controls made necessary by the presence 
of hazardous contaminants released from site operations.  These controls may relate to 
areas of the site that will be subject to access restrictions, as well as limitations on the use 
of specific resources (e.g., groundwater).  These restrictions may result in quantifiable 
injury.  Based on this study, the Trustees will be able to determine if additional analysis 
of the likely change in the scale and scope of human use of the site from baseline 
conditions is called for. 

Approach: An inventory of institutional controls will be developed.  These controls will 
be screened to determine if they are related to the presence of a hazardous contaminant 
released from Hanford operations. A set of maps will be developed that presents these 
controls, for past, present and expected future conditions. Once this inventory is 
completed, the nature of any expected change in human use will be described. 

 

TREATMENT OF NON-DETECTS IN STUDIES  A NALYZ ING EXISTING DATA 

Initial data evaluations conducted by the Trustees to date have determined that a 
substantial number of available records identifying contaminant concentrations in various 
media in key sites databases (specifically, HEIS) are identified as “non-detects.”  The 
value that is reported for records that are identified as non-detects is dependent upon the 
type of reporting limit reported by the lab that conducted the analysis.  Values reported 
may be the Adjusted Reporting Limit, Estimated Quantitation Limit, Instrument 
Detection Limit, Method Detection Limit, Practical Quantitation Limit, or Required 
Detection Limit (DOE 2007b).  Occasionally the value may simply be reported as “0” or 
some number < 0.   

While it is not necessarily clear from the record documentation what value specifically is 
reported for each record, we can generally assume that the actual concentration of the 
contaminant in question is something less than the value reported.  The issue of non-
detects becomes particularly problematic in cases where the value being reported exceeds 
a selected injury threshold, numerically suggesting injury although the analyte was not 
detected.  Initial data evaluations have identified this situation in a number of 
media/contaminant pairings, including antimony in sediment, mercury in fish tissue, and 
chromium in soil.  Alternately, if a detection limit exceeds an identified injury threshold, 
a reported value (e.g., if listed as zero) may suggest an absence of injury, even though the 
actual analyte’s concentration may have exceeded an injury threshold. 

Records identified as “non-detects” represent valuable historical information that cannot 
be replicated.  Thus, the Trustees prefer not to simply remove these data from the analysis 
but rather wish to identify the most appropriate treatment of these.  Although it can be 
tempting to simply use the reported value or use some proportion of the detection limit, 

7.8  ALL 

RESOURCES  
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for most applications, “substitution” approaches have been severely critiqued (e.g., Helsel 
2010). 

Objective:  Determine the most appropriate way to treat samples identified as non-detects 
within analyses that rely upon historical data, and develop recommendations for 
additional data collection efforts. 

Need/Rationale: Because of the substantial number of contaminants measured as non-
detects, the Trustees need to develop a method to both utilize these data and reduce 
uncertainty in data analyses. 

Approach: For each study that relies upon the analysis of historical data, the Trustees 
will evaluate a variety of options for handling non-detect sample results within each 
analysis.  As a detailed analysis of non-detect samples for every media type and 
contaminant in each individual study area will not be feasible, the Trustees may prioritize 
detailed evaluations of non-detects in cases where: 

 The extent of non-detects included within the group of samples to be analyzed is 
substantial (e.g., > 30 percent of available samples); and/or, 

 The reported value of non-detect samples frequently exceeds the lowest identified 
injury threshold for a given contaminant/media type pairing (e.g., the vast 
majority of PCB sediment samples are non-detects and the reported values are 
above injury thresholds); and/or, 

 The detection/reporting/quantitation limit value (where known) exceeds the 
lowest identified injury threshold for a given contaminant/media type pairing; 
and/or, 

 Other evidence (e.g., toxicity testing results) indicates that injury to a specific 
resource due to a given contaminant is likely. 

Evaluation of existing samples identified as non-detects may also indicate that additional 
data collection is warranted to adequately characterize the present state of the resource.  
In these instances, investigators will take care to select laboratory methods whose 
detection limits are sufficiently low such that the lowest detectable concentration of a 
contaminant does not exceed levels that have been identified as injurious. 
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CHAPTER 8  |  QUALITY ASSURANCE MANAGEMENT 

The DOI NRDA regulations require the Trustees to develop a Quality Assurance Plan 
(QAP) that “satisfies the requirements listed in the NCP and applicable EPA guidance for 
quality control and quality assurance plans” (43 CFR § 11.31(c)(2)).  The Trustees 
recognize the importance of data quality: many of the management decisions involved in 
accomplishing the Hanford natural resource damage assessment ultimately require the use 
of environmental data.  The collection, compilation, evaluation and reporting of 
environmental data are necessary to perform the functions of the assessment.  It is 
necessary that the origin and quality of the data used to make these decisions is properly 
documented so that data gaps may be identified; assessments of the severity, location and 
extent of injury are accurate; and thus, appropriate decisions may eventually be made as 
to the needed type and scale of restoration actions.   

The Hanford Trustees have developed a Quality Management Plan (QMP) in order to 
document the Trustees Quality Systems and to provide a blueprint for how the Trustees 
will plan, implement, and assess its Quality Systems for work performed by or on behalf 
of the Hanford Trustees.  Consistent with EPA (2001), the Trustees’ QMP (HNRTC 
2011b) presents the organizational structure, functional responsibilities of management 
and staff, lines of authority, and required interfaces for those planning, implementing, and 
assessing all activities conducted under the assessment.  The following paragraphs 
summarize key elements of this Quality Management Plan, including the requirement that 
natural resource damage assessment work plans include project-specific Quality 
Assurance Project Plans (QAPPs). 
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Exhibit 8-1 shows the quality assurance management organization for the Hanford natural 
resource damage assessment.     

 

EXHIBIT 8-1  QUALITY ASSURANCE  MANAGEMENT ORGANIZATION FOR THE HANFORD NATURAL 

RESOURCE DAMAGE ASSESSMENT 

 

 

The Trustees have overall program management responsibilities for the natural resource 
damage assessment including data quality management.  The Case Manager is 
responsible for the management and communication of specific quality assurance 
activities with advisory input from the Technical Working Groups (TWGs).  TWGs also 
work closely with Principal Investigators in the technical design of work plans to help 
ensure that these documents meet the Trustees’ needs.  The Data Manager is responsible 
for assembling documents and data collected in support of the assessment (both current 
and historical) in an accessible and complete format for assessment purposes.  Principal 
Investigators are responsible for project-specific design and implementation of the quality 
assurance/quality control (QA/QC) activities.  The Quality Assurance Coordinator 
oversees QA program implementation, contributing to the work plan development, data 
review, and documentation processes.  Specific responsibilities of the Hanford Quality 
Assurance Coordinator include: 

 PROJECT 8.1

MANAGEMENT 
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 Annually reviewing the Hanford natural resource damage assessment QMP, 
revising it if changes are necessary, and obtaining appropriate document 
approvals. 

 Overseeing the verification and validation of the historical and newly acquired 
data for the Hanford assessment. 

 Identifying and delegating responsibility for responding to specific QA/QC 
needs, and ensuring timely answers to requests for guidance or assistance 
including interpretation of the Quality Management Plan and providing guidance 
on compliance. 

 Ensuring that all work plans, Quality Assurance Project Plans, and standard 
operating procedures (SOPs) are technically reviewed and approved prior to 
collection and/or analysis of environmental data. 

 Ensuring that problems and deficiencies identified in technical audits and data 
assessments are resolved. 

 

The goal of the Quality System is to ensure that the acquisition and use of environmental 
data, whether historical or generated under the oversight of the Hanford Trustees, 
includes sufficient up-front planning and review to ensure data quality is adequate to 
meet project goals.  In order for any data to be useful for the natural resource damage 
assessment, the data must be of known and documented quality: it must have sufficient 
supporting documentation such that data users can evaluate whether the data meet their 
needs. This is achieved by ensuring that adequate quality assurance tools are used 
throughout the entire data collection and assessment process from initial planning through 
data usage. The tools used in the Quality System include: 

 The Trustees’ Quality Management Plan (HNRTC 2011b); 

 The Data Management Plan (HNRTC 2011a); 

 Work plans including associated Quality Assurance Project Plans that may be 
developed to support assessment activities; 

 Standard Operating Procedures; 

 Peer reviews; 

 Technical systems audits; 

 Field and laboratory audits; and 

 Data verification and validation. 

 

Exhibit 8-2 depicts the relationships of these tools to one another.  The Technical 
Working Groups, Data Manager, QA Coordinator, Principal Investigators and appropriate 
staff participate in and are responsible for the creation and implementation of each of 
these tools. 

 QUALITY 8.2

SYSTEM 

DESCRIPTION 
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EXHIBIT 8-2  COMPONENTS  OF THE QUALITY SYSTEM 

 

Quality system components shall be consistent with, and supportive of, project objectives 
(e.g., they will have a graded approach as described in EPA 2001a).  In other words, the 
level of application of quality system controls to an environmental data program can vary 
according to the intended use of the results and the degree of confidence needed in the 
quality of the results.  For example, if historical data are being used to support planning 
for additional sampling, the degree of review and documentation may be less than the 
degree of review and documentation if historical data are to be used for injury 
determination. 

Specifically, it is the responsibility of the QA Coordinator working with the TWG leads 
and Principal Investigators to ensure that the following objectives are achieved. 

 All environmental data used and generated are of known and acceptable quality 
for the intended use. The data quality information developed with all 
environmental data is documented and available within the Data Management 
System (DMS). 

 If new data are to be collected, the intended uses of the data are defined before 
the data collection effort begins so that appropriate QA measures can be applied 
to ensure a level of data quality commensurate with the project data objectives. 
The determination of this level of data quality takes into account the prospective 
data needs of secondary users. The assigned level of data quality, specific QA 
activities, and data acceptance criteria must be explicitly described in each 
individual Quality Assurance Project Plan. 

 The general audit and data review procedures are stated during the planning 
process for the acquisition and use of any data used in the assessment process. 
The audits and data assessments should be documented and provided with the 
final data reports. 
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NEW DATA GENERATION ACTIVIT IES  

All Hanford assessment projects that involve the generation of new environmental data 
(activities that involve the measurement, monitoring or collection of physical, chemical, 
or biological data) are required to document all aspects of their project’s sampling design, 
sample collection, analysis, quality control, and data management activities in a work 
plan.  Work plans should generally include, but are not necessarily limited to, the 
following elements: 

• Cover page with title and date; 

• Signatory page (including the Principal Investigator(s) and QA Coordinator); 

• Background/introduction; 

• Study measurement endpoints; 

• Sampling design strategy (e.g., numbers and types of samples, sampling 
locations, sampling timing, and identification of analyses that will be conducted 
on the samples); 

• Detailed methods, including new, study-specific SOPs or references to SOPs; 

• A description of the statistical methods to be used in interpreting results; 

• Provisions for health and safety, as applicable; 

• Descriptions of all permissions needed to conduct the study (e.g., collection 
permits, paperwork documenting approval for work on-site at Hanford); and 

• References. 

Accompanying the work plan must be a study-specific QAPP that describes the methods 
for documenting and assessing environmental data, QA, QC, and other technical activities 
that must be implemented to ensure that the results of the work performed will satisfy the 
stated performance criteria.  The QAPP should follow the EPA guidelines for QAPP 
preparation (EPA 2002b). 

These work plans must be peer-reviewed, signed by the Principal Investigator(s) and the 
QA Coordinator, then approved by the Hanford Trustee Council.  The QA Coordinator 
shall ensure appropriate QA/QC measures are included in all technical guidance 
documents.  The Principal Investigator and the QA Coordinator are jointly responsible for 
the proper use of these documents, which is ensured through the training and audit 
processes. The Case Manager provides higher-level oversight to ensure documents are 
consistent with overall Trustee priorities. 

HISTORICAL DATA ACQUIS ITION AND USE  

If a historical dataset is identified that may be useful for formulating or performing a 
study, the request for potential inclusion of the dataset  in the Trustees’ DMS will be 
made through the development and submittal of a Data Acquisition Plan (DAP) as 
described in the  Data Management Plan (HNRTC 2011a).  Once implementation of the 
DAP has been approved by the Hanford Trustees, the dataset(s) will be obtained, 

 DATA 8.3

GENERATION 

AND 

ACQUISITION 
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reviewed by the QA Coordinator, and assigned a QA Category, as described in the 
Trustees’ Quality Management Plan (HNRTC 2011b).   

Reports relying on historical data shall describe the data review procedures undertaken as 
part of report development, as well as the results of those efforts (i.e., whether or not 
specific data sets were included/excluded from use).  The QA Coordinator shall advise as 
to the appropriate nature and type of data review procedures for use in connection with 
specific efforts. 

 

The appropriate type of assessment activity for particular projects will be determined 
during the planning process.  Assessment tools include technical systems audits, 
laboratory and field audits, peer reviews, and data verification and validation. For 
evaluating particular activities, the work plan will describe the appropriate assessment 
tool and identify personnel responsibilities. 

Data quality verification, validation, and assessment shall be consistent with EPA 
Guidance on Environmental Data Verification and Data Validation (QA/G-8) (EPA 
2002c). 

The QA Coordinator determines if appropriate actions have been implemented in 
response to assessment findings.  The QA Coordinator, in a timely manner, determines 
the effectiveness of responses to assessments and maintains the documentation and 
correspondence relating to assessments and actions.  Following any assessment event, the 
QA Coordinator prepares a written summation of needed changes and actions and then 
presents this summation in a timely manner to the Case Manager. 

 

The purpose of data validation is to verify that the data are of known quality, are 
technically valid, are legally defensible, satisfy project objectives, and are usable for their 
intended purpose. Work plan Quality Assurance Project Plans shall describe the criteria 
that should be used for accepting, rejecting, or qualifying project data.  Understanding the 
extent of validation of historic data is integral to evaluating their usability for natural 
resource damage assessment purposes and is an important aspect of the categorization of 
historical data described above.  Overall, data quality verification and validation shall be 
consistent with EPA Guidance on Environmental Data Verification and Data Validation 
(QA/G-8) (EPA 2002c). 

 

 

 

 ASSESSMENT 8.4

AND 
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APPENDIX A  |  THE FOUR HANFORD NPL SITES 

On November 3, 1989, Hanford was added to the NPL as four separate sites: the 100 
Area, 200 Area, 300 Area, and 1100 Area (see Exhibits B-1 through B-4, below).83 In 
order to coordinate response actions, each of these sites was further subdivided into 
operable units (OUs), based on geographic area or common waste sources. A total of 
1,200 waste management units have been identified throughout the Hanford Site and are 
grouped among the four NPL sites (DOE 2006a).  

Cleanup efforts for the remaining Hanford Site contamination are organized into three 
major components: the River Corridor (including the 100 and 300 Areas), the Central 
Plateau (primarily the 200 Area), and tank waste. Cleanup of the Site is a particularly 
large and complex effort, dependent on many dozens of individual decision steps, 
stakeholder coordination, sustained funding, and the ability to address complex technical 
challenges. Full remediation of the NPL sites is expected to extend over the next 40 to 50 
years; however, timelines are difficult to determine, due to the factors discussed above 
(DOE 2012). 

Additional summary information describing the four Hanford NPL sites and the current 
status of remediation efforts is provided below.  More detailed information can be found 
at http://www.hanford.gov/. 

 

100 AREA 

The 100 Area contains the remnants of Hanford’s nine nuclear reactors, spread over six 
reactor sites (B/C, K, N, D, H, and F). The footprint covers about 26 sq. mi. of land area, 
11 sq. mi. of which is contaminated (including groundwater contamination and waste 
disposal locations) (DOE 2011d). Much of the contamination is the result of the reactors 
discharging cooling water into various trenches, cribs, ponds, and other waste sites. 
Additional contamination sites include an array of structures such as buildings and buried 
pipelines, and two basins that currently store spent nuclear fuel from the reactors. 

The 100 Area site is divided into 22 OUs. Five OUs address groundwater contamination, 
and the remaining contamination is grouped geographically into 17 OUs, which 
encompass the Area’s 400 soil, structure, debris, or burial ground waste sites. With the 
exception of OUs that are designated as “isolated units” (IUs), the 100 Area OUs are 
associated with reactor areas (EPA 2001b). 

   

                                                            
83 Note that the areas captured within the 100, 200, 300, and 1100 designations have changed slightly over time.  

AREA 

DESCRIPTIONS 
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200 AREA 

Used for chemical processing and waste management, the 200 Area NPL site covers 
about 75 sq. mi. of land area, and consists of large amounts of radioactive, hazardous, and 
mixed, soil and groundwater contamination. The 200 Area, also referred to as the Central 
Plateau, contains about 1,000 structures, including the Plutonium Finishing Plant (PFP), 
and five chemical processing facilities, called “canyon” facilities (T, B, U and S, or 
REDOX plant, and the Plutonium/Uranium Extraction (PUREX) plant). The 
approximately 700 soil waste sites, with associated structures and facilities, are divided 
into 23 soil OUs organized by discharge type (e.g., cooling water, solid waste) and waste 
site type (e.g., pond, crib, ditch). Additionally, there are four groundwater OUs, two each 
in the 200-East and 200-West areas. 

The 200 Area is split into the Inner and Outer Areas. The Inner Area will be dedicated to 
waste management and containment of contamination from Hanford Site cleanup actions, 
and will remain under Federal ownership (DOE 2011d). The Outer Area includes the 
areas surrounding the Inner Area in the Central Plateau. Cleanup of the Outer Area to 
standards similar to those being achieved in the River Corridor is expected (DOE 2011d).  

A key feature of the characterized waste in the 200 Area are the tank farms where highly 
radioactive liquid effluents are stored in single and double shelled underground tanks. 
There are 177 tanks, some of which have are known to have leaked (DOE 2011d). One of 
the double-shelled tanks is now known to be leaking, and a number of the single-shelled 
tanks are known or suspected to be leaking. 200 Area tank wastes remain a major clean 
up and remediation challenge (Abbotts and Weems 2008). Additionally, a number of 
trenches (associated with canyon facility operations), ponds (where cooling water was 
discharged in the Outer Area), and other solid waste burial grounds and pipelines are 
located in the 200 Area (DOE 2009). 

300 AREA 

The 300 Area NPL site consists of a quarter-mile industrial complex, with contamination 
stemming from multiple unlined liquid disposal areas, burial grounds, landfills, and other 
miscellaneous disposal sites. The site is split into three OUs, two that address soil 
contamination areas (300-FF-1 and 300-FF-2), and one that addresses groundwater 
contamination (300-FF-5). The primary contaminant in the 300 Area is uranium from the 
fuel fabrication process (EPA 2001b). 

1100 AREA 

The 1100 Area NPL site consists of two non-adjacent areas covering a total of just less 
than 5 sq. mi. The first area, located adjacent to the City of Richland, is split into three 
OUs (1100-EM-1, 1100-EM-2, and 1100-EM-3), and the second portion, located on the 
Arid Land Ecology (ALE) Reserve is a single OU (1100-IU-1). The portion of the site 
near Richland was historically used as a warehousing, vehicle maintenance, and 
transportation distribution center, and was known to be a dumping area for up to 15,000 
gallons of waste battery acid from these operations. The site is located in close proximity 
to the Richland groundwater wells that supply drinking water to the City. The ALE site 
was a former NIKE missile base. Waste sites discovered in these OUs include the 
landfills, burn pits, solvent and fuel tanks, and a TCE groundwater plume (EPA 2001b). 
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HANFORD SITE AREAS NOT LISTED 

Two additional numbered areas were excluded from NPL designation. The first of these, 
the 400 Area, contains the Fast Flux Test Facility (FFTF), a nuclear research and test 
reactor. The FFTF underwent destruction and demolition and was placed under long-term 
surveillance and maintenance in 2009. The 600 Area is defined as all portions of the 
Hanford Site not included in the 100, 200, 300, 400, or 1100 Areas.  All waste sites 
potentially falling in the 600 Area were included in one of the other four NPL sites, due 
to proximity or likeliness to other waste sites (DOE 2006a). 

In summary, over 40 years of plutonium production activity at Hanford resulted in (DOE 
2011g): 

 586-sq.-mi. footprint requiring cleanup; 

 2,300 tons of spent nuclear fuel (stored near the Columbia River); 

 20 tons of leftover plutonium in the Plutonium Finishing Plant; 

 1,012 waste sites, 522 facilities, and nine plutonium production reactors (near the 
Columbia River) requiring cleanup; 

 More than 100 sq. mi. of groundwater contaminated; 

 53 million gallons of waste in 177 underground tanks, 67 of which may have 
leaked; 

 15,000 cubic meters of buried or stored plutonium-contaminated waste on site; 

 850 waste sites and 970 facilities on the Central Plateau requiring cleanup. 
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After listing on the NPL, a remedial investigation/feasibility study (RI/FS) is performed. 
The RI is a mechanism for collecting data to characterize site conditions, determine the 
nature of the waste, assess HH&E risk, and test treatment options; the FS develops, 
screens, and evaluates alternative remedial actions. The RI/FS are conducted 
concurrently, each utilizing information from the other to maximize the efficiency of data 
collection. The RI/FS process is a five-phase approach: 1) scoping; 2) site 
characterization; 3) development and screening of alternatives; 4) treatability 
investigations; and 5) detailed analysis (EPA 2011). 

From the information recorded in the RI/FS report, a Record of Decision (ROD) is 
generated. The ROD is a public document that explains which cleanup alternatives will 
be pursued. The ROD documents site history, site description, site characteristics, 
community participation, enforcement activities, past and present activities, contaminated 
media, contaminants present, scope and role of response action, and the remedy selected 
for cleanup. 

A summary of remediation status by NPL Site and OU follows. 

100 AREA 

Closure of the 100 Area is planned based on five decision areas, encompassing 
boundaries beyond individual OUs and waste sites. These areas are the 100 B/C Area, 
100-N Area, 100-D and H Areas, and the 100-F Area combined with 100-IU2/6. These 
decision areas include the entirety of the 100 Area NPL site (see Exhibit B-1) (DOE 
2012, p. 29). Final RODs have not yet been issued for these decision areas.  However, 
eight RODs for interim actions have been issued, and as of July 2011, RI/FSs were being 
developed in support of final RODs (DOE 2011d). Five interim RODs address soil 
contamination, one addresses K-Basins spent fuel removal, and two address groundwater. 
Multiple other CERCLA documents have been issued to address individual building 
demolition and cleanup of various 100 Area structures (DOE 2011d).  

Decision documents have been issued for 100-HR-1, 100-IU-1, 100-HR-3, K Basins 
(100-KR-2), 100-NR-1 and 100-NR-2, and 100-BC-1. Additionally, “Remaining Sites” 
and “Burial Grounds” RODs have been issued to cover various waste sites within the 100 
Area OUs. A “Remaining Sites” ROD, designed to be inclusive of all 100 Areas not 
already covered by an existing decision document, selects removal, treatment, disposal, 
backfill and re-vegetation for multiple 100 Area waste sites. Groundwater has been 
addressed in various pump-and-treat systems, while new methods (injection) are being 
tested for the 100-N Area. 

To date, a majority of high-priority 100 Area sites have been remediated and backfilled 
with clean soil (DOE 2011d). 

   

S ITE 

ASSESSMENT 

AND 

REMEDIATION 
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EXHIBIT A-5 100 AREA OPERABLE UNITS AND REMEDIATION STATUS 

ISOLATED UNITS (IUS) 

100-IU-1 Riverland Railroad Wash Station Study and remediation selection 
complete 

100-IU-2 White Bluffs Townsite Area Study and remedy selection 
underway 

100-IU-3 North Slope (Wahluke Slope) Study not begun 
100-IU-4 Buried Sodium Dichromate Drums Study not begun 
100-IU-5 Pickling Acid Cribs Study not begun 
100-IU-6 Hanford Townsite Area Study and remedy selection 

underway 

100-B/C AREA 

100-BC-1, 100-BC-2 Soil, Buildings, and Burial Grounds Remedy construction complete 
100-BC-5 Groundwater (Sr-90 tritium, nitrate, 

hexavalent chromium)  
Final RI/FS work plan underway 

100-K AREA 

100-KR-1 Principally Soil Sites Contaminated by 
Liquid Discharges 

Remedy construction underway 

100-KR-2 Soil, Buildings, and Burial Grounds Remedy construction underway; K 
Basin ROD (removal of radioactive 
sludge) 

100-KR-4 Groundwater (Sr-90, C-14, tritium, 
TCE, hexavalent chromium) 

Remedy construction underway; 
pump-and-treat 

100-N AREA 

100-NR-1 Soil, Buildings, and Burial Grounds Remedy construction underway; 
Completion expected in 2012 

100-NR-2 Groundwater (Sr-90) (Interim) Remedy construction 
underway; Previously conducted 
pump-and-treat, currently testing 
injection methods for a permeable 
reactive barrier 

100-D AREA 

100-DR-1 Soil, Buildings, and Burial Grounds Remedy construction complete 
100-DR-2 Soil, Buildings, and Burial Grounds Remedy construction underway 

100-H AREA 

100-HR-1 Soil, Buildings, and Burial Grounds Remedy construction complete 
100-HR-2 Soil, Buildings, and Burial Grounds Remedy construction underway 
100-HR-3 Groundwater (chromium) Remedy construction underway 

(pump and treat) 

100-F AREA 

100-FR-1 Principally Soil Sites Contaminated by 
Liquid Discharges 

Remedy construction underway 

100-FR-2 Soil, Buildings, and Burial Grounds Remedy construction complete 
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100-FR-3 Groundwater Study and remedy selection 
underway; to be included in final 
ROD for 100-F, 100-IU-1 and 100-IU-
2 (projected for 2012) 

Sources: DOE 2011d, EPA 2012c. 

 

200 AREA 

Closure plans for the 200 Area is organized into three major components: the Inner Area, 
the Outer Area, and groundwater. Each component contains smaller decision units, which 
are determined primarily based on geography and the status of existing decision 
documents. The extent of each of the main closure plan components are described as 
(DOE 2009): 

 “Inner Area: The final footprint area of the Hanford Site that will be dedicated to 
waste management and containment of residual contamination and will remain 
under federal ownership and control.” 

 “Outer Area: All Areas of the Central Plateau beyond the boundary of the Inner 
Area.” 

 “Groundwater: Contaminant plumes underlying the Central Plateau and 
originating from waste sites on the Central Plateau.”  

As of July 2011, the 200 Area had four RODs in place (DOE 2011d): an interim action 
and final ROD for the 200-ZP-1 OU (groundwater), and two final RODs to address the 
ERDF and contaminated soil removal at the 221-U Facility (a “canyon” site in the Inner 
Area). 

Closure of the NRDWL/SWL is included in cleanup actions for the 200 Outer Area (DOE 
2009). 
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EXHIBIT A-6 200 AREA OPERABLE UNITS AND REMEDIATION STATUS 

200-PW-1, 200-PW-3, 200-PW-6, AND 200-CW-5 GROUNDWATER OPERABLE UNITS 

200-PW-1 Plutonium/Organic-Rich Waste; large-
scale carbon tetrachloride 
contamination, and radionuclides in 
soil 

RI/FS high priority 
200-PW-3 
200-PW-6 

200-CW-5 U Pond/Z Ditches Cooling Water; large-
scale carbon tetrachloride 
contamination, and radionuclides in 
soil 

RI/FS high priority 

EAST INNER AREA 

200-EA-1 Other unassigned 200 East Area waste 
sites 

RI/FS in process 

200-IS-1 East Inner Area, pipelines and 
associated components 

RI/FS in process 

WEST INNER AREA 

200-BC-1 200 West Inner Area cribs and trenches RI/FS workplan underway 
200-WA-1 Other unassigned 200 West Inner Area 

waste sites 
RI/FS workplan underway 

CANYONS AND ASSOCIATED WASTE SITES (CENTRAL PLATEAU, INNER AREA) 

200-CU-1 U Plant “Canyon” Building Final remedial actions scheduled for 
2011 

200-CB-1 B Plant (original fuel separation 
facility) 

 

200-CP-1 PUREX Plant  
200-CR-1 REDOX Plant (S Plant) Demolished; Materials shipped to 

ERDF and WIPP; Remedial action for 
below grade structure to occur 

T Plant 221-T Canyon Building Still in operation; Receiving K Basin 
sludge 

PFP Plutonium Finishing Plant (PFP) Readied for demolition 

CENTRAL PLATEAU OUTER AREA 

200-CW-1 Gable Mountain/B-Ponds and Ditches 
Cooling Water 

Study and remedy selection 
underway 

200-CW-3 200 North Cooling Water Interim ROD issued; Remedy 
construction complete 

200-OA-1 B/C Controlled Area unplanned release 
from B/C cribs 

Study not begun 

GROUNDWATER 

200-ZP-1 Groundwater contamination in 
northern 200 West Area (Contaminant 
plumes: carbon tetrachloride) 

Conducting pump-and-treat; 
Natural attenuation 

200-UP-1 Discharge to five liquid waste disposal 
sites in 200 West Area (Contaminant 
plumes: U, Tc-99) 

Conducting pump-and-treat 
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200-PO-1 Groundwater contamination in 
southern portion of 200 East Area from 
PUREX liquid waste disposal and B-
Plant (Contaminant plumes: tritium 
and I-129)  

Study and remedy selection 
underway 

200-BP-5 Groundwater contamination plumes 
associated with B-Plant operations in 
200 East Area and 600 Area north of 
200 East (Contaminants of concern: Tc-
99, Co-60, Sr-90, Cs-137, Pu-239/240) 

RI/FS issued; Study and remedy 
selection underway 

OTHER OUS 

200-DF-1 Environmental Restoration Disposal 
Facility (ERDF) 

Hanford remediation waste disposal 
site 

200-DV-1 Deep Vadose/Tank waste Study not begun 
200-CS-1 Chemical Sewer Study and remedy selection 

underway 
200-SW-2 Radioactive Landfills and Dumps Study and remedy selection 

underway 
Sources: DOE 2011d, EPA 2012c. 

 

300 AREA 

Final RODs have been issued for the 300-FF-1 and 300-FF-2 OUs, and portions of the 
contamination in 300-FF-5 are covered in the ROD for 300-FF-1. Remedial actions have 
been completed at 300-FF-1 and are still underway at 300-FF-2 (DOE 2011d). Remedial 
actions underway for 300-FF-5 (groundwater) include monitoring and natural attenuation.  

The primary remediation action is removal of contaminated soil and debris, treating the 
material, disposing in long-term waste management facilities (mainly ERDF), and 
backfilling and re-vegetating the areas where possible. 

Remaining future cleanup and closure will be covered under a single ROD, which will 
include nearby 600 Area waste sites (618-10 and 618-11 burial grounds, which are 
considered to be two of Hanford’s most challenging remediation projects) (DOE 2012, 
DOE 2011f). 

1100 AREA 

Remediation of the 1100 Area was completed in 1996, and the area was removed from 
the NPL (groundwater monitoring north of Richland continues) (DOE 2006a). 

SUMMARY 

In summary, achievements in clean up and remediation of environmental impacts that 
have been accomplished to date include the following milestones (Abbotts and Weems 
2008): 

 Active cleanup footprint has been reduced from 586 sq. mi. to 201 sq. mi.; 

 All spent fuel, previously stored  near the River, has been moved to dry storage; 

 All plutonium left in PFP has been stabilized and shipped off-site; 
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 Five of the nine reactors have been cocooned, and associated facilities 
demolished, with two additional underway; 

 636 waste sites have been remediated, and 310 facilities have been demolished; 

 5.8 billion gallons of groundwater have been treated, leaving 65 of the original 
100 sq. mi. of contaminated groundwater remaining; 

 All pumpable liquids and two million gallons of solids have been transferred 
from single- to double-shelled tanks, and construction of Waste Treatment Plant 
for underground tank waste is underway; 

 Over 11,500 of an original 15,000 cubic meters of plutonium-contaminated waste 
buried on site has been retrieved; 

 81 of an original 850 waste sites and 337 of an original 970 facilities in the 
Central Plateau have been remediated and demolished; 

 DOE continues to advance site closure activities. Priority projects include 
(Poston 2010): 

 Restoring the Columbia River Corridor with an expected completion date of 
2015, providing a basis for closure reviews of the 100 and 300 Areas by 
independent experts; 

 Completing tank waste treatment, closing underground storage tanks, and 
completing construction of the Tank Waste Treatment and Immobilization 
Plant (WTP, which will process and stabilize radioactive waste on site);84 

 Continuing cleanup of and protecting groundwater resources, and; 

 Treating and disposing of mixed low-level waste and retrieve transuranic 
waste for shipment offsite. 

 

                                                            
84 The WTP’s planned date for full operation has been 2019 (http://www.hanford.gov/page.cfm/WTP, viewed 24 October 

2012). However, DOE informed the State of Washington that it may not be able to meet deadlines set forth in its 2010 

consent decree with the State, including the deadline for the vitrification plant to be fully operational by the end of 2022 

(Cary 2012). 
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CARBON TETRACHLORIDE (CCl4) 
ECOTOXICOLOGICAL PROFILE 

Carbon tetrachloride (CCl4) is one of the hazardous substances (as defined by Sections 
101(14) and 101(33) of CERCLA and listed in 40 CFR §302.4) to which natural 
resources have been exposed as a result of operations and cleanup efforts over the past 
60 years at the U.S. Department of Energy (DOE) Hanford Site in the State of 
Washington. CCl4, which is primarily of anthropogenic origin, is a volatile organic 
chemical (VOC),87 existing as a vapor in the air at room temperature (EPA 2010).   

 

Although marine algae, oceans, volcanoes, and drill wells have been cited as natural 
sources of CCl4 (Gribble 1994, as cited in ASTDR 2005), the majority of CCl4 in the 
environment comes from “direct release to the atmosphere during production, 
disposal, or use of the compound” (ASTDR 2005). 

Historically, the primary anthropogenic use of CCl4 was in the production of 
chlorofluorocarbons (CFCs) (NLM 2003; Rossberg 2002, as cited in EPA 2010).88  
After the 1970s, until 1986, the primary use of CCl4 was as a grain fumigant (ASTDR 
2005).  Beginning in January 1996, the production and import of CCl4 was banned in 
most developed countries (including the U.S.A.). 

At Hanford, CCl4 was used widely as a cleaning agent and solvent, “including for 
degreasing equipment and machinery parts...[and] in the refining process during the 
separation of plutonium,” (Peterson 2007).  More specifically, CCl4 was used at 
Hanford to “recover plutonium isotopes” (Markwiese et al. 2008).  Over the years that 
plutonium was produced at the site, hundreds of cubic meters of liquid CCl4 waste 
were discharged to soil.  This resulted in groundwater contamination and a dispersed 
CCl4 vapor plume in the subsurface (vadose zone) (Markwiese et al. 2008) that is 
“spreading within a thick, unconfined aquifer” (Williams 2007).  It is estimated that 
“363,000 to 580,000 L of liquid CCl4 and other co-contaminants in spent solvent 
extraction mixtures were discharged to the ground during the plutonium refining 
operations at Hanford between 1955 and 1973. The used solvent was discharged to the 
soil column through a system of drain fields and trenches (cribs) that covered an area 
of <0.02 km2” (Williams 2007).   

                                                            
87 “Volatile organic compounds (VOC) means any compound of carbon, excluding carbon monoxide, carbon dioxide, 

carbonic acid, metallic carbides or carbonates, and ammonium carbonate, which participates in atmospheric 

photochemical reactions, except those designated by EPA as having negligible photochemical reactivity” (40 CFR 

5.100).  “Volatile organic compounds, or VOCs are organic chemical compounds whose composition makes it possible 

for them to evaporate under normal… atmospheric conditions of temperature and pressure” (US EPA 2010) 
88 The Consumer Products Commission banned the use of CFCs in consumer products in the 1970s (EPA 2010 p. 4). 

I .   INTRODUCTION 

I I .   SOURCES 
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FATE AND TRANSPORT 

In soils, “CCl4 is expected to evaporate rapidly … due to its high vapor pressure and 
may migrate into groundwater due to its low soil adsorption coefficient” (ASTDR 
2005). 

Although many VOCs are unstable in air, CCl4 is stable in the troposphere (the lowest 
layer of Earth’s atmosphere), persisting for 30-50 years (OxyChem 2010).  “CCl4 does 
not readily dissociate in the lower atmosphere, nor is it easily washed out by rainfall,” 
(Peterson 2007)  Eventually, CCl4 rises and undergoes photolysis in the upper 
atmosphere (stratosphere) (EPA 2010), creating chlorine radicals and trichloromethyl 
radicals which are destructive to the ozone layer (Peterson 2007). The primary 
chemical degradation products of CCl4 are chloroform, methylene chloride, and 
chloromethane (Markiwese 2008).   

Within soils, CCl4 is highly mobile.  The Koc
89 values for CCl4 from various sources 

range from 48.89 (soils with organic carbon content of 0.66 percent) to 143.6 (soils 
with organic carbon content of 1.49 percent) (ASTDR 1992, as cited in Irwin 1997), 
and the average Koc value is 71 (NLM 2003, as cited in EPA 2010).   

Carbon tetrachloride’s mobility in soils allows it to pass through to “lower soil 
horizons and groundwater” (NLM 2003, as cited in EPA 2010).  However, CCl4 is 
only “slightly soluble” in water (Peterson 2007).  The Log Kow

90 value for CCl4 is 2.73 
(EPA 1995, as cited in Sample et al 1997).   

There is potential for CCl4 to biodegrade in both soil and water under both aerobic and 
anaerobic conditions (NLM 2003; US EPA 1996b; Semprini 1995, as cited in EPA 
2010): “Biodegradation may occur in groundwater, but will be very slow, [6-12 
months under aerobic conditions and 7-28 days under anaerobic conditions,  Peterson 
2007], compared with evaporation” (OxyChem 2010).  The half-life91 of CCl4 in river 
water is between 0.3 and 3 days, depending upon the water movement (EuroChlor 
1999). 

The distribution of CCl4 throughout the Hanford environment is “complex because of 
its potential to migrate either as a dense nonaqueous phase liquid (DNAPL), in the 
gaseous state, and/or dissolved in water” (Williams 2007).  Simulations of CCl4 
contaminant flow to the Columbia River at the Hanford site have determined that 
sorption and abiotic degradation are critical in predicting the future movement of CCl4 
from the 200 West Area to the river (Bergeron and Cole 2005 as cited in Williams 
2007).   

                                                            
89 The organic carbon adsorption coefficient (Koc) is a measure of the tendency for organic substances to be adsorbed by 

soil or sediment; this parameter is substance-specific and is largely independent of soil properties (Duffus et al. 2007). 
90 “The octanol-water partition coefficient (KOW) is the ratio of the concentration of a chemical in octanol and in water 

at equilibrium and at a specified temperature. Octanol is an organic solvent that is used as a surrogate for natural 

organic matter. This parameter is used in many environmental studies to help determine the fate of chemicals in the 

environment” (USGS 2010). 
91 Half-life here refers to the transfer of CCl4 from aquatic systems to the atmosphere through volatilization and 

calculations are based on the value of the Henry’s law constant (EuroChlor 1999). 

I I I .   ENVIRONMENTAL 

CHEMISTRY 
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Calculations based on groundwater, soil–gas concentration and well venting data from 
the Hanford site, show that approximately 12 percent of the original carbon 
tetrachloride inventory was estimated to be in the vadose zone, 21 percent was lost to 
the atmosphere, and 1 to 2 percent was dissolved in the upper 10 m of the unconfined 
aquifer beneath the 200 West Area (Swanson et al. 1999; Rohay and Johnson 1991, as 
cited in Williams 2007). The remaining 65 percent of the original inventory is 
unaccounted for and may be held as residual DNAPL in the soil pores of both the 
vadose zone and groundwater (Swanson et al. 1999, as cited in Williams 2007).   

BIOACCUMULATION POTENTIAL 

CCl4 has a low potential to bioconcentrate (Hoffman et al. 1990, as cited in Irwin 
1997): it does not readily bioaccumulate in either plants or animals (EuroChlor 1999; 
Peterson 2007). However, Koc values for carbon tetrachloride suggest that 
bioaccumulation is at least possible under conditions of constant exposure and may 
occur in occupational settings or in people living at or near hazardous waste sites 
(ASTDR 1992, as cited in Irwin 1997). In a comprehensive search done for the carbon 
tetrachloride entry in the 1997 Environmental Contaminants Encyclopedia, “[n]o data 
were located on the biomagnifications of carbon tetrachloride” (ASTDR 1992, as 
cited in Irwin 1997). In addition, “Limited data indicate that CCl4 has a low tendency 
to bioconcentrate in the food chain even though it is a lipophilic compound” (Neely et 
al. 1974, Peason and McConnell 1975, as cited in ASTDR 2005).  This can be 
explained physiologically: “since most animals readily metabolize and excrete carbon 
tetrachloride following exposure biomagnification is not expected” (ASTDR 1992, as 
cited in Irwin 1997). In other words, “rapid clearance from exposed organisms” 
(ASTDR 2005) prevents CCl4 from bioaccumulating across trophic levels (EPA 
2010). 

Experimentally derived bioconcentration factors (BCFs) also indicate that CCl4 will 
not “bioconcentrate appreciably in aquatic…organisms” (EuroChlor 1999; NLM 2003 
as cited in EPA 2010).  Reported BCFs were 17.38 and 30.2 in trout and bluegill 
sunfish, respectively (ASTDR 1992, as cited in Irwin 1997), and the maximum BCFs 
listed for fish is 69.95 (Sample et al. 1996). In 1980, Kenaga reported a 
bioconcentration factor (predicted from water solubility) of 14 (calculated), and 
determined experimentally that this bioconcentration factor was 18 (Kenaga 1980, as 
cited in Irwin 1997). These numbers are all consistent with a substance with low 
bioaccumulation potential which is generally defined as BCF < 250 (Kenaga 1980, 
Abdullah et.al. 2007). 

ACCUMULATION WITHIN SPECIFIC TISSUES 

It has been shown that CCl4 preferentially migrates toward tissues that have a high fat 
content (EPA 2010), and that it “does tend to become concentrated in fatty tissues” 
(ASTDR 2005). CCl4 is absorbed quickly by organisms and distributed widely 
throughout tissues (especially to the tissues with high lipid content), but is also 
excreted quickly (EPA 2010).  Animal studies have shown that under differing 
conditions, 34–75% of carbon tetrachloride leaves the body in expired air, 20–62% 
leaves the body in feces, and only low amounts leave the body in the urine. Animal 
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studies also suggest that it may take weeks for the remainder of the compound in the 
body to be eliminated, especially that which has entered the body fat (ASTDR 2005).  
Tissues commonly examined in both terrestrial and aquatic animals as indicators of 
exposure (in laboratory experiments) include liver, fat, brain, heart, gills, muscle, and 
blood (reviewed in Irwin 1997).  

In plants, some data indicate that CCl4 does not migrate to tissue with higher fat 
content: CCl4 “residue in wheat germ with a high fat content was found to be less than 
50% of that found in bran,” (Hayes 1982 as cited in Irwin 1997). 

  

For aquatic biota, dermal absorption is an important CCl4 exposure route (ANL 1996). 
For terrestrial biota, exposure can “occur by breathing carbon tetrachloride present in 
the air, by drinking water contaminated with carbon tetrachloride, or by getting soil 
contaminated with carbon tetrachloride on the skin” (ASTDR 2005).  In fact, “toxic 
amounts may be absorbed through the skin to cause chronic health effects” (OxyChem 
2010).   

Furthermore, VOCs “in soil represent a potentially significant exposure pathway to 
fossorial wildlife through the inhalation of contaminated subsurface burrow air” 
(Carlsen 1996; USEPA 2003, as cited in Markwiese 2008).  At Hanford, burrowing 
mammals may be more at risk for exposure to CCl4 than other organisms because of 
the CCl4 soil content at some areas of the site.   

 

CCl4 is a known hepatotoxin (Alexeeff & Kilgore 1983, Manubisan et al. 2007). 
Other toxic effects occur but generally appear to be secondary:  “an extensive body of 
scientific data indicates that carbon tetrachloride-induced liver carcinogenicity 
appears to be secondary to toxic effects of the chemical.  Assays for mutagenicity and 
other genotoxic effects have primarily been negative or have produced evidence of 
effects only at high, cytotoxic concentrations” (Manubisan et al. 2007).  Similarly, 
although “subchronic/chronic exposure by various routes also results in damage to 
respiratory, cardiac, neural and reproductive/fetal tissues and in reduced body weight, 
[these occur] generally at doses greater or equal to those producing hepatic effects” 
(OxyChem 2010).   

KNOWN BENEFICIAL OR PROTECTIVE PROPERTIES 

There are no known beneficial or protective properties attributed to CCl4. 

MECHANISM(S)  AND LOCI  OF TOXICITY 

A 2007 review of CCl4 mode of action states that “the primary site of toxicity and 
carcinogenesis is the liver. Carbon tetrachloride consistently causes liver toxicity, 
resulting in fatty degeneration, cellular necrosis, fibrosis and cirrhosis. This occurs in 
multiple species and through multiple routes of exposure” (Manibusan et al. 2007).  
More recent information expands upon this: “The liver and kidney are the primary 
sites of induced CCl4 toxicity.  More specifically, target organs for CCl4 damage are 

IV.  TYPICAL MAJOR 

EXPOSURE ROUTES 

V.   ECOTOXICITY 
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the central nervous system, liver, kidney, lungs, eyes, heart, skin” (OxyChem 2010).  
CCl4 is readily absorbed by the gastrointestinal tract in humans and animals (EPA 
2010).  

There is substantial evidence that the first step in biotransformation of CCl4 is 
“reductive dehalogenation: reductive cleavage of one carbon-chlorine bond to yield 
chloride ion and the trichloromethyl radical” (Reinke and Janzen 1991; Tomasi et al. 
1987; McCay et al. 1984; Mico and Pohl 1983; Slater 1982; Poyer et al. 1980, 1978; 
Lai et al. 1979 as cited in EPA 2010).  It is this free radical that forms the 
trichloromethyl peroxy radical, the primary initiator of the liver damage that occurs 
from exposure to CCl4 (Boll et al. 2001a; McCay et al. 1984; Rao and Recknagel 
1969 as cited in EPA 2010). 

FACTORS AFFECTING TOXICITY 

High fat diets and malnutrition greatly enhance CCl4 uptake (NAS 1978, as cited in 
Irwin, 1997; Sagai 1978, as cited in Irwin 1997). Though this is not expected to be an 
issue relevant to biota exposed in the natural environment, ethanol consumption also 
enhances CCl4 uptake and hepatotoxicity (NAS 1978, as cited in Irwin, 1997; 
Reynolds et al. 1982, as cited in Irwin 1997).  Other biological factors that enhance 
toxic effects include respiration rate (e.g., in the case of burrowing mammals or other 
species exposed through inhalation), and age.   Mammals that are in utero or in 
infancy are particularly sensitive to CCl4 exposure because it may cross the placenta 
and may be excreted in breast milk (OxyChem 2010).  Blain et al. (1999) 

PLANTS 

There has been relatively little investigation of the effects of CCl4 exposure on plants 
other than algae. 

AQUATIC INVERTEBRATES AND F ISH 

CCl4 exposure has a wide range of toxic effects on aquatic invertebrates and fish in 
laboratory experiments.  Rainbow trout fed diets containing 3,200 and 12,800 ppm 
CCl4 developed hepatomas (4 out of 44 at the lower dose level and 3 out of 34 at the 
higher dose level) after 20 months whereas no tumors were found in the controls 
(IARC 1972, as cited in Irwin 1997).  A 1979 study by Weber et al. (as cited in 
ERED) on immature rainbow trout demonstrated a range of effects at varying doses 
(292-6,400 mg/kg wet weight concentration in fish tissue), including physiological 
measures of liver function, body weight increases, inflammation of intestines and 
peritoneal lining, mottled liver and spleen; hemorrhage, and death. 

Studies performed in conditions that more closely mimic field/environmental 
conditions have found CCl4 exposure to be less toxic, when compared to results from 
laboratory studies such as those listed above.  In 1980, Carroll et al.. evaluated 
exposure of immature bluegill to CCl4.  The fish were exposed to environmentally 
realistic CCl4 levels by absorption (whole body), and there was no effect on mortality 
(Carroll et al. 1980, as cited in ERED).  The Pesticide Action Network (PAN) 
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Pesticide Database contains a list of toxic effects of CCl4 on a variety of aquatic 
organisms (Exhibit 1) (Kegley et al. 2010). 

EXHIBIT 1  PAN PESTICIDE DATABASE INFORMATION 

SPECIES GROUP SPECIES INCLUDED 

NO. OF 

STUDIES EFFECTS NOTED 

ACUTE TOXICITY 

RANGE 

Cnidaria Hydra 
(Hydra attenuata) 

1 Abnormal Growth - 

Crustaceans Fairy shrimp 
(Streptocephalus 
proboscideus) 

1 Mortality Not acutely toxic 

Echinoderms Sea urchin (Paracentrotus 
lividus) 

1 Developmental changes 
(fertilized eggs) 

- 

Fish Rainbow trout 
(Oncorhynchus mykiss), 
Medaka, high-eyes 
(Oryzias latipes), Bluegill 
(Lepomis macrochirus), Zebra 
danio 
(Danio rerio), Fathead 
minnow 
(Pimephales promelas), Carp 
(Leuciscus idus melanotus), 
English sole 
(Parophrys vetulus), Indian 
catfish 
(Heteropneustes fossilis) 

88 Accumulation, Behavior, 
Biochemistry, Enzyme(s), 
Histology, Injury, Mortality, 
Physiology  

Not acutely toxic 
to slightly toxic 

Nematodes and 
Flatworks 

Flatworm 
(Dugesia japonica) 

2 Growth, Mortality Highly toxic 

Phytoplankton Green algae 
(Chlorella fusca vacuolat), 
various diatoms (including 
Cylindrotheca sp. , 
Hantzschia amphioxys 
pusilla), Blue-green algae 
(Anacystis aeruginosa), 
Cryptomonad 
(Chilomonas paramecium), 
Flagellate euglenoid 
(Entosiphon sulcatum) 

28 Accumulation, Population -- 

Zooplankton Water flea 
(Daphnia magna), Ciliate 
(Tetrahymena pyriformis), 
Rotifer 
(Brachionus calyciflorus), 
Scud 
(Gammarus pseudolimnaeus) 

21 Behavior, Growth, 
Intoxication, Mortality, 
Physiology, Population 

Not acutely toxic 
to moderately 
toxic 
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BIRDS 

There has been relatively little investigation of the effects of CCl4 exposure on birds.  
A 1975 study reported that “the chicken was resistant to CCl4-induced liver necrosis” 
(Diaz Gomez 1975), making it the lowest in CCl4-induced lipid peroxidation of the 
animals tested.  The paper reports rat> hamster = guinea pig > chicken = mouse (Diaz 
Gomez 1975). 

MAMMALS 

Laboratory experiments have shown a range of toxic effects on mammals, including , 
carcinogenicity, reproductive toxicity (embryo- and feto-toxicity), as well as growth, 
and behavioral effects.   

For example, in 1974, Schwetz et al. found evidence of embryo- and fetotoxicity 
attributable to inhaled CCl4 in rats (Schwetz et al. 1974, as cited in Gallegos et al. 
2007).  Changes in fetal weight due to exposure were observed (ibid.).  Based on 
chemical data, CCl4 may cause cancer in mammals: “Oral administration to animals 
produced liver tumors, including hepatocellular carcinomas, in various strains of 
mice; and in rats caused benign and malignant liver tumors. Administration of CCl4 to 
mice resulted in a statistically significant increase in the incidence of neoplastic 
tumors of the skin” (OxyChem 2010). 

Mice exposed acutely via inhalation to 134.3 mg/l CCl4 were found to have a 
significantly decreased ability to learn (as judged by a passive-avoidance conditioning 
task) as compared to controls (Alexeeff & Kilgore 1983).  Also, “Prendergast et al. 
(1967) conducted experiments with rats, guinea pigs, rabbits, dogs, and monkeys, 
using carbon tetrachloride. They reported that all species exhibited a depressed growth 
curve following a 90-d exposure when compared with controls” (Alexeeff and Kilgore 
1983). 

Evidence of reproductive impacts appears to be mixed.  For instance, “In rats, 
inhalation exposure during gestation caused maternal weight loss and clear maternal 
hepatotoxicity, but no effect on conception, number of implants, or number of 
resorptions. There were no gross anomalies, although fetal size was somewhat 
decreased. The authors concluded that this response was not treatment related” 
(OxyChem 2010).   However, “In rats, moderate to marked degeneration of testicular 
germinal epithelium and reduced fertility were seen after inhalation of 200 ppm or 
higher for up to 192 days,” and “This material has been reported to prolong the estrus 
cycle and to cause testicular atrophy and to decrease sperm counts in rats, although 
oral exposure did not adversely affect reproduction. Ovary changes were observed in 
female mice that were exposed to vapor for 6 hours/day, 5 days/week for 2 years. In 
addition, absolute and relative testicular weights were elevated in the male mice. Rats 
exposed twice weekly for five weeks to anesthetizing concentrations exhibited only a 
small decrease in testes weight” (OxyChem 2010). 

There is some evidence that intermittent chronic exposure causes more damage than 
constant chronic exposure in rats.  “Shimizu et al. (1973) exposed groups of 4 female 
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Sprague-Dawley rats to 10, 50 and 100 ppm of CCl4 vapor for 3 hours a day, 6 days a 
week for up to 6-8 weeks. The rats were terminated two days after the last inhalation.  
The intermittent exposure caused a more pronounced and higher number of change 
indices to occur (34 as opposed to the 17 change indices of the monotonous regimen), 
indicating a greater intensity of liver damage” (California 2000). 

AMPHIBIANS AND REPTILES 

There has been relatively little investigation of the effects of CCl4 exposure on 
amphibians and reptiles. In a 1980 study titled “Effects of organic compounds on 
amphibian reproduction,” Fowler’s toad (Bufo woodhousei fowleri), bullfrog (Rana 
catesbeiana), and pickerel frog (Rana palustris) were studied.  Acute high level 
exposure to CCl4 caused mortality and had effects on hatching success (Birge et al. 
1980, as cited in Kegley et al. 2010). 

EFFECTS IN THE PRESENCE OF OTHER CONTAMINANTS 

There are “low amounts of organic matter and ferrous iron (Fe2+) available [in the 
unconfined aquifer at Hanford]” (Thornton et al. 1995, as cited in Patton et al. 2007), 
but the presence of either in higher concentrations would result in dechlorination of 
CCl4 (Peterson 2007). In support of this assertion, it has been found that interaction of 
CCl4 with clay may reduce its toxicity (Efroymson 1997). 

Increased sensitivity to the toxic effects of CCl4 exposure can be caused by exposure 
to or consumption of “alcohols, ketones, phenobarbital, methamphetamine, or other 
barbituates, other brominated or chlorinated solvents, dichlorodiphenyltrichloroethane 
(DDT), PBB, chlordecone, nicotine, carbon disulphide and other alkyl disulpfides or 
hypoxia” (OxyChem 2010).  A 2007 report from Argonne National Laboratory 
confirms that interaction with “ketones (e.g. acetone) increases toxicity” of CCl4 
(Peterson 2007).  A 1982 study done by Kluwe showed that “20 days oral 
administration of hexachlorobenzene…, polybrominated biphenyls … or 
polychlorinated biphenyls …increased CCl4-induced92 growth retardation, renal 
tubular functional impairment, & hepatocellular necrosis in male rats” (Kluwe 1982 as 
cited in Irwin 1997).  Additionally, a 1982 study showed that “[c]oncurrent treatment 
of mammals with CCl4 & DDT...[i]ncreases susceptibility (approximately 10 fold) to 
CCl4 toxicity” (Booth & McDonald, eds., 1982 as cited in Irwin 1997).   

DATA GAPS & CHALLENGES 

Most toxicological research has been laboratory-based.  Little research has been 
conducted on the effects of CCl4 toxicity under field conditions or on wild species.  
Specifically, there appears to be a paucity of CCl4 toxicity data on birds, waterfowl, 
insects, reptiles, amphibians, plants, and wild mammals.  

 

   

                                                            
92 (0.00, 0.03, 0.25, or 2.00 Ml/kg, iontophoretic administration) 
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CESIUM (Cs-137)  
ECOTOXICOLOGICAL PROFILE 

 

Cesium-137 (Cs-137) is a radionuclide and is one of the hazardous substances (as 
defined by Sections 101(14) and 101(33) of CERCLA and listed in 40 CFR §302.4) to 
which natural resources have been exposed as a result of operations and cleanup 
efforts over the past 60 years at the U.S. Department of Energy (DOE) Hanford Site in 
the State of Washington.  Cesium is a soft metal element with a melting point of only 
28.4C, such that it can be liquid at room temperature.  It is one of the alkali metals 
and in metallic form is extremely reactive (Butterman et al. 2005); however, the 
chemical forms that occur following the detonation of a weapon or release from a 
reactor tend to be oxides, salts, or hydroxides.  

Natural cesium (Cs-133) is not radioactive; however, there are a number of artificial 
radioisotopes of cesium, of which Cs-137, a reactor byproduct, is “the most used and 
well-known” (Butterman et al. 2005).  A radionuclide, “Cesium-137 has a half-life of 
about 30 years and decays by beta decay either to stable Ba-137 or a meta-stable form 
of barium (Ba-137m).  The meta-stable isotope (Ba-137m) is rapidly converted to 
stable Ba-137 (half-life of about 2 minutes) accompanied by gamma ray emission 
(ICRP 1983).  The first beta decay mode that forms Ba-137m accounts for roughly 
95% of the total intensity, while the second mode accounts for about 5%” (WHO 
1983). 

Exhibit 1 presents the radioactive properties of Cs-137 and its progeny Ba-137m.  
Because the half-life of Ba-137m is so short, each disintegration of Cs-137 is 
accompanied shortly thereafter by a disintegration of its progeny, Ba-137m.  Hence, it 
can be assumed that Ba-137m is in equilibrium with Cs-137 whenever Cs-137 is 
found.  Furthermore, each disintegration of Cs-137 results in the emission of a beta 
particle with an average energy of about 0.6 MeV, followed shortly by a decay of Ba-
137m, which emits primarily a photon of about 0.6 MeV, along with an occasional 
electron (see Exhibit 1).   

A large body of information is available about the properties and ecotoxicity of Cs-
137.  This profile relies in significant part on NCRP Report No. 154 (NCRP 2007), a 
relatively recent comprehensive review of Cs-137 in the environment, which in turn is 
an update of NCRP Report No. 52 (NCRP 1977).  This profile also draws heavily 
from ATSDR (2004), the Hazardous Substances Databank (HSDB),93 and reports 
addressing the operation and remediation of the Hanford facility.94      

 

                                                            
93 The National Institute of Health maintains the Toxicology Data Network (TOXNET), which includes the Hazardous 

Substance Data Bank (found at http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB). 

   
94 At several places in this profile, direct quotes make reference to additional specific source documents.  These 

references are included in the reference section of this profile so that readers can more easily identify and obtain the 

original source documents cited in the major publications. 
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EXHIBIT 1 RADIOLOGICAL PROPERTIES  OF CS-137 AND ITS SHORT-LIVED PROGENY, Ba-

137M (EXCERPTED FROM SHLEIEN ET AL.  1998) 

ISOTOPE HALF-

LIFE 

PROB-

ABILITY 

OF 

DECAY 

MAX BETA/ 

ELECTRON 

ENERGY 

(MEV) 

AVERAGE 

BETA/ 

ELECTRON 

ENERGY (MEV) 

PHOTON 

(GAMMA AND 

X-RAY) 

PROBABILITY 

PHOTON 

ENERGY

(MEV) 

Cs-137 30.17 yrs 94.6% 0.512 0.157 NA NA 

  5.4% 1.173 0.415 NA NA 

Ba-137m 2.55 min 7.6% 0.0037  1.04% 0.004 

  0.8% 0.0264  2.07% 0.032 

  8.1% 0.624  3.82% 0.032 

  14.6% 0.656  1.39% 0.036 

  0.5% 0.660  90% 0.662 

 

NATURAL SOURCES 

As discussed in ATSDR (2004), “Naturally-occurring cesium and cesium minerals 
consist of only one stable isotope, Cs-133.  Cesium occurs in the earth's crust at low 
concentrations.  Granites contain an average cesium concentration of about 1 ppm and 
sedimentary rocks contain about 4 ppm (Burt 1993).”  Higher concentrations are 
found in a number of minerals; however, there are no sources of naturally occurring 
Cs-137.  

ANTHROPOGENIC SOURCES 

Cesium-137 is a fission product and was produced in large quantities during above-
ground weapons testing in the United States and the former Soviet Union during the 
1950s and 1960s and also, to a lesser degree, by China, France, and the United 
Kingdom (UNSCEAR 2000).  It was also produced during below-ground weapons 
testing, but the fission products were largely confined below ground at the test sites 
(primarily the Nevada Test Site).  Mikhailov (1999) provides a historic account of all 
nuclear weapons testing by every nation up until 1999. 

During testing, Cs-137 was produced at a rate of 0.17 million curies per megaton, and, 
as a result, fallout from above-ground testing resulted in the widespread distribution of 
Cs-137 in soil, water, and food.  The literature summarizing the concentrations of 
Cs-137 in air, soil, water, food items, and in aquatic and terrestrial organisms is vast.  
Summaries of this literature can be found in Eisenbud and Gesell (1997), UNSCEAR 
(2000 and 2008), and in NCRP (2007).  Eisenbud and Gesell (1997) concluded that, 
over most of the United States, the fallout by the end of above-ground weapons testing 
in 1965 deposited between 60 and 100 millicuries of Cs-137/km2.  Table 9.6 in 
Eisenbud and Gesell (1997) presents the concentrations of Cs-137 in various food 
items in Chicago in 1968.  UNSCEAR (2000) presents a fairly detailed description of 
the deposition density (Bq/m2) of Cs-137 in the northern and southern hemisphere for 
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different latitudes and as a function of time up to 2000.  Updated information was 
recently published in UNSCEAR (2008).   

The concentration of Cs-137 in the environment from weapons testing is gradually 
declining due to its 30 year half-life and also due to natural attenuation; i.e., Cs-137 is 
gradually depleted from soil and sediment by downward migration and erosion, and 
eventually transported into relatively inaccessible or less accessible environmental 
compartments, such as the ocean depths.    

There have been several occurrences where large quantities of Cs-137 were injected 
into the atmosphere following the termination of above-ground weapons testing.  The 
most noteworthy is the Chernobyl accident in 1986.  Buzulukov and Dobrynin (1993) 
estimated that 1 to 2 million curies of Cs-137 were released to the atmosphere during 
the accident.  This is a significant fraction of the estimated inventory of Cs-137 in the 
Chernobyl reactor core at the time of the accident (i.e., about 7 million curies of Cs-
137 in the core).  Elevated levels of Cs-137 were measured in the atmosphere at many 
points around the northern hemisphere (reviewed in HDSB).  Other accidents 
involving Cs-137 that resulted in its widespread dispersal in the environment include 
nuclear waste disposal accidents in the USSR in 1949-1956 and a 1957 accident at the 
Windscale facility in Great Britain (reviewed in IARC 2000 and ATSDR 1999). 

In addition to weapons testing and accidental releases, cesium-137 produced in fission 
reactors is often present in detectable quantities in the routine gaseous and liquid 
effluent from operating nuclear reactors and fuel cycle facilities.  It is also present in 
relatively large quantities in low level and high level solid radioactive waste and in 
spent fuel (Eisenbud and Gesell 1997).   

In summary, “Of the roughly 1 EBq (1018 Bq) of Cs-137 released to the biosphere, 
~90% was produced by atmospheric testing.  Approximately 6% was produced by the 
Chernobyl accident and roughly 4% by nuclear fuel reprocessing facilities.  Of the 
nuclear reactor accidents, the Chernobyl accident on April 26, 1986 in the Ukraine 
released far more radioactivity, including Cs-137, to the environment than all other 
nuclear accidents combined” (NCRP 2007). 

At Hanford, there are a number of site-specific sources of Cs-137.  NCRP (2007) 
describes these as follows: 

“Most historical releases of radiocesium at Hanford were to terrestrial disposal sites 
and to surface-water impoundments.  Approximately 1.6 TBq95 of Cs-137 was 
released to the atmosphere from the separation facilities at Hanford.  However, the 
primary repository of radiocesium at Hanford has been in the 200 Areas where the 
majority of the Site’s liquid-waste ponds, cribs, trenches, tanks, and solid-waste 
burial grounds are located.  Since operations began in 1944, more than 1 EBq96 of 
Cs-137 have been disposed of and stored in the 200 Areas, most of it in large 
underground tanks.  Leaks from the tanks have released Cs-137 and other 
radionuclides into subsurface soil.  In addition, contaminated process water and 

                                                            
95 T stands for tera and means 1012. 
96 E stands for exa and means 1018. 
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liquid wastes were historically discharged to cribs, trenches, French drains, ditches, 
and ponds.  Approximately 5 × 108 m3 of liquid waste were percolated into the 
ground, including more than 1.5 PBq97 of Cs-137.  Such disposal was designed to 
allow the liquid wastes to percolate into the ground where adsorption to soil 
removed most of the Cs-137 and other contaminants before they reached 
groundwater.  The cribs were leach fields covered by soil.  The trenches were 
covered with soil after receiving waste materials.  The ditches and ponds were 
usually left open, providing habitat for plants and animals, including fish.  
Contaminated solid wastes were disposed of in various burial grounds.  The single-
pass production reactors generated the irradiated fuel that was sent to the separation 
facilities to isolate plutonium, but fuel element ruptures during operation of the 
reactors released fission and activation production to the Columbia River.” 

Hanson (2000) provides an overview of the types and inventories of waste at the site 
and associated historic leakages.  More detailed information is provided in many of 
the citations in that report, such as the paper by Gephart and Lundgren (1998).   
 

In discussing the environmental chemistry of cesium, it is appropriate to make a 
distinction between the chemistry of metallic stable cesium in the environment and the 
various chemical forms of Cs-137 that might be released to air surface water and the 
subsurface environment at a nuclear facility, such as Hanford.  As described in 
ATSDR (2004),  

‘Cesium is a silvery white, soft, ductile metal with only one oxidation state 
(+1). At slightly above room temperature, cesium exists in the liquid state. 
Compared to the other stable alkali metals, cesium has the lowest boiling 
point and melting point, highest vapor pressure, highest density, and lowest 
ionization potential. These properties make cesium far more reactive than the 
other members of the alkali metal group. When exposed to air, cesium metal 
ignites, producing a reddish violet flame, and forms a mixture of cesium 
oxides. Pure cesium reacts violently with water to form cesium hydroxide, the 
strongest base known, as well as hydrogen gas. The burning cesium can ignite 
the liberated hydrogen gas and produce an explosion. Cesium salts and most 
cesium compounds are generally very water soluble, with the exception of 
cesium alkyl and aryl compounds, which have low water solubility.’ 

Tables 4-1 and 4-2 of ATSDR (2004) identify and describe the chemical properties of 
six forms of cesium, including cesium metal, cesium chloride, cesium carbonate, 
cesium hydroxide, cesium oxide, and cesium nitrate.  When released following the 
detonation of a weapon, the high temperatures tend to form an oxide.  When released 
in liquid effluent from a reactor it will react with water to form a salt or hydroxide, 
which are soluble and, due to its positive charge in solution, will tend to bind to 
negatively charged soil and sediment.  In solution, it behaves chemically and 
biochemically as potassium, and it therefore bioconcentrates and is metabolized in a 

                                                            
97 P stands for peta and means 1015. 
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manner that it similar to potassium; i.e., it is distributed intracellularly in a manner 
that is similar to, but not exactly the same as, the essential electrolyte, potassium. 
(ATSDR 2004). 

FATE AND TRANSPORT 

Air  

As described in ATSDR (2004), when airborne (e.g., due to production from a 
weapons test, discharges to the atmosphere following an accident, or deliberate 
releases in gaseous effluent during routine operations at a reactor), “radioactive 
cesium … can travel thousands of miles before settling to earth.  Wet deposition is 
considered the most important pathway for the removal of radioactive cesium from 
the atmosphere.  It is a complex process that depends upon meteorological conditions 
such as temperature, the microphysical structure of the clouds, and the rainfall rate, as 
well as the physical and chemical properties of the airborne cesium.”  Dry deposition 
can also occur.   

Also as described in ATSDR (2004), when deposited onto plants, cesium “is absorbed 
into the flora through its foliage” (Sawidis et al. 1990).  The deposited cesium can 
make its way to soil through decomposition of the contaminated foliage. 

Surface So i l s  

Once deposited onto soil or into the subsurface such as from leaking tanks or from 
deliberate disposal of radioactive wastes, cesium’s mobility is generally very low.    
Partition coefficients (Kd values) are a measure of the strength of Cs-137’s binding to 
soil and sediments, and therefore its potential for movement in soil and the 
subsurface.98 

Depending on the characteristics of the soil, Sheppard and Thibault (1990) reported 
Kd values for cesium ranging from 0.2 to 145,000, with central estimates of 280 for 
sand, 4,600 for loam, 1,900 for clay, and 270 for organic soils.  Included in their 
reported values of Kd, they report values by Baes and Sharp (1983) of a best estimate 
of 1,100 and range of 10 to 52,000 for agricultural soils and by Coughtrey et al. 
(1985) of a best estimate of 1,000 and a range of 1,000 to 10,000.  The implications of 
these investigations are that, although the Kd values for cesium at a site can be highly 
variable, the central estimates are generally quite high, and leaching and migration of 
cesium out of soil and sediment is expected to be slow.  The DOE Biota Dose 

                                                            
98 The partition coefficient is expressed as follows: Kd = Cs/Cl  where: 

Kd = the partition coefficient of a given element in soil,  

Cs = the average concentration of a given element in soil in contact with the water for sufficient 

time to achieve equilibrium, and 

Cl = the average concentration of the element in water. 
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Assessment Committee (BDAC) database contains 19 Kd entries for Cs for sands, 
clays, and loams that range from 0.2 to 360,000. 

Of note, Smith and Amonette (2006) summarize the literature describing the 
limitations of Kd values, explaining that any measured Kd reflects only the very 
specific conditions under which those measurements were made.  It is for this reason 
that the reported range of Kd values is so large. 

Some site-specific partition coefficient information is available for Hanford.  NCRP 
(2007) reports: 

“At Hanford, radiocesium is readily bound to soil by abundant micaceous and 
other clay minerals (NAS/NRC, 1978).  The distribution coefficient (Kd) value for 
cesium in Hanford soils is ~300 L kg–1 (Napier et al., 1988).  The relative high Kd 
value, which relates to the affinity for a compound to be attached to soil, means 
that cesium does not move very much with water as it percolates down a soil 
column.  According to Schreckhise et al. (1993), water in Hanford soils will 
percolate through a soil column ~1,000 times as fast as cesium (i.e., the ratio of 
the velocity of cesium to water is ~0.001).  Penetration of small but detectable 
levels of Cs-137 through soil to the water table beneath high-level waste tanks 
may be possible through waste-modified soil chemistry, colloid transport, or other 
mechanisms besides normal solution-phase movement.  Klepper et al. (1979) 
reported that Cs-137 was detected in the litter and top 1 cm of soil beneath 
contaminated plants growing over a leachfield containing high levels of Cs-137.  
No activity was detected between the soil surface and the contaminated leach field 
which indicates that the Cs-137 was firmly attached to the soil particles and did 
not migrate downward in the soil column through percolation.  Cline and Rickard 
(1972) reported on the behavior of Cs-137 applied to soil in two outdoor 
experimental plots that were located near the 100-F Area.  In one plot, the Cs-137 
was tilled into the top 13 to 15 cm of soil.  In the other plot, the Cs-137 was 
placed on the soil surface.  During the first 3 y, both plots were sprinkled with 30 
to 100 cm of water each year and then allowed to lay fallow the last 5 y.  The 
vertical distribution of the Cs-137 in both plots changed very little over the 8 y 
period.  Only relatively small amounts of Cs-137 are located in the accessible 
surface environment on the Hanford Site.”   

NCRP (2007) also notes: 

“The soil or sediment is particularly important because it is the primary reservoir 
of Cs-137 in most ecosystems.  … [T]he strength of its binding to soil or sediment 
particles … is mainly dependent on the clay mineral composition and abundance.  
Other chemical factors that modify its transport include the soil or sediment cation 
exchange capacity (CEC) and pH, and the soluble potassium levels in the system 
[cesium is chemically similar to potassium and therefore potassium competes with 
cesium for binding sites on soil].”  

   

Exhibit 1



  Final Hanford Natural Resource Damage Assessment Injury Assessment Plan 

 

  B2-7 

 

Subsurface So i l s  

Cesium-137 in the subsurface at Hanford and in the Columbia River has been the 
subject of intensive investigation.  Hanson (2000) explains that the subsurface at 
Hanford is generally sandy, and, as such, the water-holding capacity of the vadose 
zone at the site is limited.  The implications with respect to leaking underground waste 
storage tanks is that some contaminants discharged to the subsurface can migrate 
relatively rapidly through the soil matrix and into the underlying water table.  The 
water table about 200 to 300 feet beneath the surface, and then becomes more shallow 
as one approaches the Columbia River.  Hence, there is a concern that some 
radionuclides, including Cs-137, can and have reached ground water and also entered 
the Columbia River.   

The speed at which Cs-137 is migrating in the vadose zone very much depends on the 
chemical and physical properties of the waste and the vadose zone.  Because of the 
complexity of the subsurface environment horizontally, vertically, and over time at the 
site (especially in the Central Plateau 200 Area where the waste storage tanks are 
located), predicting the subsurface behavior of most radionuclides, including Cs-137, 
is a challenging undertaking.  Brown and Serne (2008) discuss the history and current 
status of this issue since the inception of the Vadose Zone Characterization Program 
(VZCP) in 1997 (DOE 1996).    The VZCP is a comprehensive subsurface 
investigation program in the 200 Areas, where extensive subsurface investigations 
were implemented in order to better understand the migration of toxicants leaking 
from the waste storage tanks.  Due to the abundance of Cs-137 in the tanks, Cs-137 
was used as the benchmark radionuclide for these investigations.  In addition, the 
program resulted in a Cs-137 model that has been used as the basis for ongoing 
research on the migration pattern and speed of radionuclides and toxic chemicals in 
the vadose zone in the 200 Areas. 

Brown and Serne (2008) report that the waste water migrating beneath the site, along 
with its dissolved and suspended radionuclides and other contaminants, does not 
appear to be migrating vertically, as previous believed, due to the geological layering 
in the vadose zone, which include thin, fine-grained lenses of sediments, which cause 
horizontal migration.  They also report that predicting contaminant migration is 
complicated by the variable pH in the vadose zone, due to material with a high pH in 
some tanks, which is buffered by natural minerals in the vadose zone.  The uncertainty 
and variability in pH is important because, in general, an elevated pH tends to cause 
Cs-137 to precipitate, which could slow migration, while acidic environments could 
have the opposite effect.  In addition, the amount of salts and other ions in solution 
affect the ion exchange capacity of the soil.  Brown and Serne (2008) specifically 
discuss the effect of these processes on the mobility of Cs-137, citing Kd values 
ranging from 10 to 1000 ml/g depending on the soil chemistry.  Flury et al. (2004) 
confirmed through experiment that ionic strength of the media can have a ten-fold 
effect on the Cs retardation coefficient.99 

                                                            
99 The retardation coefficient (Rd ) is the velocity of a chemical in the unsaturated and saturated zone 
relative that of water.  It is related to Kd according to the following equation (Codell and Duguid, 1983): 
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Smith and Amonette (2006) cite studies that reveal that  many radionuclides, 
including Cs-137, can move relatively quickly through the unsaturated zone.  The 
reasons cited include (1) adsorption onto colloids that remain suspended in soil pore 
water and move at the rate that the water moves through the vadose zone (as opposed 
to binding to the soil in the vadose zone), (2) pH and oxidative state affect the binding 
capability of some radionuclides to soil, (3) the presence of organic and inorganic 
complexing agents, including microbial activity and dissolved carbonates, and (4) 
chelating agents, such as EDTA.  Campbell et al. (1994), as cited in Ballou et al. 
(1996), identified several chelating agents in the Hanford tanks.  Cherry (2003) 
isolated colloids from Hanford sediments and demonstrated that they also affected 
transport through sediment under steady-state unsaturated conditions. 

These investigations reveal that the chemistry of cesium in the subsurface at Hanford 
can be complex, and it is difficult to draw simple conclusions regarding the rate at 
which it may be moving through the vadose zone at different locations at the site and 
at different time periods.   

Water and Sediment 

ATSDR (2004) states: “Since cesium does not volatilize from water, transport of 
cesium from water to the atmosphere is not considered likely, except by windblown 
sea sprays.  Most of the cesium released to water will adsorb to suspended solids in 
the water column;” hence, the fate of Cs-137 in the Columbia River is expected to be 
strongly related to the fate of the river’s sediments. As an alkali metal, it stays in ionic 
solution (as would potassium and sodium) and tends also to bind to negatively 
charged sediment particles in suspension in the water column and then deposited in 
the bottom sediment.  It also competes with other alkali (K+ and Na+) and alkaline 
earth metals (Ca2+ and Mg2+) metals in solution for binding sites on sediment.  

Ritchie (2005) has compiled a bibliography of about 3,000 publications related to 
Cs-137 erosion and sediment deposition, many of which address Cs-137 at the 
Hanford reservation and the Columbia River.  Cesium-137 is the focus of attention of 
so many studies primarily due to the widespread contamination of soil, water, and 
sediment resulting from Cs-137 in fallout.  In addition to concern over the potential 
public health and environment impacts of Cs-137 in the environment, these 
investigations are using Cs-137 as a tool to better understand the kinetics of soil and 
sediment erosion.   

Biota 

At Hanford, biota themselves have been shown to be a transportation mechanism for 
Cs-137.  NCRP (2007) reports that “deep-rooted plants, such as tumbleweed (Salsola 
kali), have transported subsurface 137Cs to the surface.  Windblown plants can 

                                                                                                                                                             
Rd = n/ne + ρb/neKd 

 

Where 
n = total porosity 
ne = effective porosity  
ρb =  bulk density (g/cm3) 
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transport radionuclides some distance before depositing contamination on the soil 
surface (Johnson et al., 1994).”  In addition, NCRP (2007) states the following:  

“Some radionuclides have been taken up by animals from the open disposal 
systems such as ditches and ponds that received liquid radioactive wastes 
(Emery and McShane, 1980)… “noteworthy location is the BC Crib area….  
Animals removed Cs-137 salts and other radionuclides from an underground 
disposal facility and, primarily via deposition of feces, scattered the 
radionuclides over a large area (Johnson et al., 1994).”   “Another mechanism 
for contamination of biota is burrowing by small mammals and insects into 
contaminated subsurface soil.  Burrows can then be invaded by other species 
such as snakes and birds.  Contaminated small animals such as rabbits can in 
turn be consumed by predators such as raptors and coyotes.  These 
phenomena all provide mechanisms for biologically mediated dispersal of 
radioactive materials well beyond the confines of waste disposal sites.”   

BIOACCUMULATION POTENTIAL  

Cs-137 can bioconcentrate and has been shown to bioaccumulate in both terrestrial 
and aquatic food chains (ATSDR 2004).  As stated in NCRP (2007), “The passage of 
radiocesium up through animal food chains, unlike the vast majority of other 
radionuclides, often increases from one trophic level to the next higher trophic level.  
For example, predatory animals tend to concentrate Cs-137 in their soft tissues to a 
higher degree than do the animals upon which they feed” (NCRP 2007).  

Of note, however: “The accumulation of cesium varies by orders of magnitude 
between different biological components within a single environment and also among 
different ecosystems.  Much of this observed behavior can be understood from the 
chemical properties of cesium and its interactions with soil and sediment particles… 
The fraction of the Cs-137 in ecosystems that is available for biological uptake and 
transport is largely determined by the strength of its binding to soil or sediment 
particles” (NCRP 2007).   As stated previously, the strength of Cs-137’s binding to 
soil (and hence, its bioavailability) depends on a range of location-specific factors that 
can vary over space and time.  In aquatic systems, a large humic content and high 
levels of potassium cations reduce the bioconcentration and bioaccumulation of Cs-
137 (Penttila et al. 1993 as cited in ATSDR 2004). 

NCRP (2007) cites the following default values for predicting the environmental 
concentration of Cs-137 at Hanford (from Schreckhise et al. 1993): 

 Concentration ratios for terrestrial vegetation (Bq kg–1 dry vegetation per 
Bq kg–1 dry soil): 
- leafy vegetables = 2 × 10–2 
- root vegetables = 2 × 10–2 
- fruit = 2 × 10–2 
- grain = 2 × 10–2 

 Equilibrium transfer coefficient (Bq kg–1 wet food product per Bq d–1 
consumed): 
- meat = 3 × 10–2 
- poultry = 4.4 × 100 
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- milk = 7 × 10–3 
- eggs = 4.9 × 10–1 

 Concentration ratios for aquatic organisms (Bq kg–1 wet tissue per Bq L–1 
water values):  
- fish = 1.5 × 104 
- crustacea = 5 × 102 
- mollusks = 5 × 102 
- aquatic plants = 1 × 103 

 

A well-researched radioecological characteristic of Cs-137 in freshwater ecosystems 
is referred to as the trophic level effect.  Many investigators have observed a three-
fold increase in the concentration of radiocesium as it passes up the food chain from 
one trophic level to the next in freshwater aquatic biota (Gustafson et al. 1966, 
Kevern, 1966, Nelson et al. 1971, Pendleton, 1962, and others).  This effect is 
attributed to the following.  If (1) the assimilation of radiocesium and potassium from 
food items are the same (McNeill and Trojan, 1960), (2) the concentration of 
potassium is held constant in the organisms under homeostatic control, and (3) the 
elimination rate of radiocesium from the organism is one-third that of potassium, the 
radiocesium to potassium ratio of the food organisms of a fish will be one third that of 
the fish.  Since the potassium concentration is held constant under homeostatic 
control, the radiocesium concentration triples as one moves up each step in the food 
chain.  This trophic level effect can be impeded if the uptake of radiocesium is 
reduced if radiocesium uptake is reduced, such as occurs when large amounts of 
sediment are ingested by bottom feeding organism.  Under these circumstances, the 
presence of sediment in the GI tract of fish binds the radiocesium to the sediment and 
reduces the assimilation of radiocesium by fish; i.e., the radiocesium is eliminated in 
the fecal plug as opposed to being absorbed (Mauro 1973).    

ACCUMULATION WITHIN TISSUES 

As described by Eisenbud and Gesell (1997), cesium is a conger of potassium (K) and 
is therefore taken up by all organisms in a manner similar to that of potassium. 
Potassium is an essential element under homeostatic control, is required by all 
organisms to maintain electrolytic balance, and is biochemically maintained at very 
narrow intracellular and extracellular and concentration. To a degree, cellular 
biochemical machinery cannot distinguish between Cs and K.  As a result, cells take 
up cesium using active transport mechanisms in a manner similar to that of potassium 
(NCRP 1977, Sakhnini and Gilboa, 1998).  

Because of the biochemical similarities between cesium and potassium, if soil is low 
in potassium, there will be a tendency for plants to take up more Cs-137.  Extensive 
evidence of this phenomenon is provided in many studies of the Marshall Islands.  
Two classic issues of the Journal of the Health Physics Society, Volume 73, No. 1 
(1997) and Volume 99, No. 2 (2010), provide a wealth of information on this 
important radioecological subject.    

Overall, however, as described in ATSDR (2004) and NCRP (2007), once assimilated, 
Cs-137 is metabolized in a manner very similar to that of potassium; i.e., it is 
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absorbed intracellularly and is relatively uniformly distributed throughout the 
organism.  For example, Cs-137 accumulates in both the shells and soft tissue of the 
freshwater mussel Lampsilis radiata (Harvey 1969 as cited in Havlik 1987). 

 

As discussed in other sections of this profile, surface soil at Hanford has been 
contaminated as a result of the discharge and subsequent deposition of Cs-137 in 
airborne effluents; the subsurface environment has been contaminated from leaking 
waste tanks, trenches, and cribs, primarily in the 200 Areas; terrestrial plants have 
been contaminated from direct deposition of Cs-137 on resuspended soil and from 
root uptake; and aquatic ecosystems have been contaminated from deliberate and 
inadvertent discharges of liquid waste to the Columbia River.  As described in NCRP 
(2007), once Cs-137 is in the environment, the primary pathway by which biota are 
exposed to Cs-137 is through ingestion of contaminated food and water.  Once 
ingested, Cs-137 is readily assimilated100 and relatively uniformly distributed 
throughout the organism.  Once it is deposited within an organism, the organism 
experiences internal exposure from the beta and gamma radiation associated with the 
decay of Cs-137 and its progeny Ba-137m.  In addition, once in the environment, 
biota also experience external exposures from the beta and gamma radiation emitted 
by Cs-137 and its progeny present in soil, sediment, and, to a lesser extent, in water. 

 

In theory, biota can be damaged by both the chemical toxicity and radiotoxicity of 
Cs-137. However, the specific activity of Cs-137 is relatively high and its chemical 
toxicity is relatively low.  For example, ATSDR (2004) explains that, from a chemical 
toxicity perspective, stable cesium has an LD50 value for rats and mice ranging from 
800 to 2,000 mg Cs/kg, and single oral doses of cesium chloride, administered to 
female mice at dose levels ranging from 125 to 500 mg/kg, have been shown to result 
in significant increases in chromosomal breaks in bone marrow cells (Ghosh et al. 
1990 and 1991).  It is important to recognize that the specific activity of Cs-137 is 
86 Ci/gram or 0.086 Ci per mg.  Hence, a single mg of Cs-137 is highly radioactive 
and extremely radiotoxic.  As a result, the chemical toxicity of Cs-137 is of little to no 
concern relative to its radiotoxicity.  

KNOWN BENEFICIAL OR PROTECTIVE PROPERTIES 

There are no beneficial or protective properties associated with exposure to Cs-137.  
However, as summarized in the HSDB, Cs-137 does have beneficial uses, including 
radiotherapy; calibration of equipment used to measure correct patient dosages of 
radioactive pharmaceuticals; measurement and control of the liquid flow in oil 
pipelines; telling researchers whether oil wells are plugged by sand; ensuring the right 
fill level for packages of food, drugs, and other products; for the construction of 
atomic clocks; in process control instruments; and in sewage and sludge sterilization. 

                                                            
100 An exception to this general rule is Cs-137 that is tightly bound to soil and sediment.  When bound to soil and 

sediment, Cs-137 is not available to be transported across biologic membranes. 
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MECHANISMS OF ACTION 

Radioecological damages to aquatic and terrestrial organisms due to Cs-137 in the 
environment result from ionization caused by the interaction of its beta particles and 
photons with living tissue.  In particular, upon each disintegration, Cs-137 emits a 
beta particle with an average energy of about 0.6 MeV and a gamma ray from 
Ba-137m of 0.662 MeV (Shleien et al. 1998).  

In ternal  Beta Exposures 

The range of beta particles in matter is given by (Shleien et al. 1998, Formula 2a, 
p. 3-15): 

For (0.01 ≤ E ≤2.5 MeV):   

R = 412*E(1.265-0.0954*ln(E) 

Where: 

R =  range in mg/cm2 (range in cm times the density of the absorbing medium 
in mg/cm3) 

E =  energy of the beta particle in MeV  

Using this equation, the approximate range of Cs-137 beta particles in water (which is 
similar to tissue) is 1.533 cm.101  Given that the typical energy required to ionize a 
molecule (i.e., eject an electron from its orbit) is about 34 to 35 eV (see page 17, 
Casarett 1968), the total number of ion pairs produced by the energy deposited in 
tissue from the average energy beta particle emitted by Cs-137 is about 17,000 ion 
pairs (i.e., 0.6 MeV/35 eV).   

The pattern of energy deposition for beta particles is described in Morgan and Turner 
(1973) as follows: 

Mean linear ion density = T/Rt × W 

Where: 

T = average energy of electron liberated 

Rt = range or electrons of energy T 

W = average energy to form an ion pair 

For Cs-137, the equation is 0.6 MeV × 1,000,000 eV/MeV ÷ 1.533 cm × 35 eV/ion 
pair =  1.1 × 104 ion pairs per cm or about 1 ion pairs per micron.  Given that a typical 
cell is on the order of tens of microns (see page 102 of Curtis and Barnes 1989), a 
single cell might experience about 10 to 20 ion pairs produced by the passage of an 
average Cs-137 beta particle.  It is this deposited energy in living tissue that results in 
biological damage.   

   

                                                            
101 Also see Figure 5.8.1 of Shleien (1998). 
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External  Beta Exposures 

Sufficiently energetic beta particles can penetrate the dead layer of the skin of 
mammals (nominally 70 microns in humans) and deposit energy in underlying tissues.  
Thus, there is a real potential for exposure to terrestrial organisms from external 
radiation from beta particles emitted by Cs-137, except for organisms that have a thick 
outer layer (such as bark of trees, heavy fur, etc.) that can shield the living tissue 
beneath from the beta emissions.  In theory, aquatic organisms can also experience 
external exposure from beta particles but, due to the limited range of Cs-137 beta 
particles in water (about 1 cm), only Cs-137 in very close proximity to the organisms 
can result in exposure to living tissue.   

In ternal  and Externa l  Gamma Exposures  

Terrestrial and aquatic organisms can also experience internal exposures from the 
0.662 MeV photons emitted by Cs-137’s short-lived progeny, Ba-137m.  However, 
because only about 10% of the photon energy is deposited per cm of path length in 
tissue (see Figure 5.4 of Shleien et al. 1998), the contribution of gamma exposure 
from Ba-137m to the internal dose is small compared to the internal dose from the 
beta emission.  However, external exposure to terrestrial organism from the gamma 
emissions from Cs-137 (and its progeny) in soil must be taken into consideration 
when assessing the overall dose to terrestrial biota.  For aquatic biota, close proximity 
to sediment containing Cs-137 could contribute to external exposures.   

FACTORS AFFECTING TOXICITY 

The adverse effects of both external and internal exposure to Cs-137 are due to the 
deposition of ionizing radiation in living tissue, and the associated disruption of the 
organism’s biochemical machinery primarily through direct ionization of 
macromolecules and indirect damage from free radicals produced by the ionization of 
water molecules.  There are numerous environmental factors can enhance or reduce 
the potential for biota to be exposed to Cs-137.  As discussed above, the uptake of 
radiocesium can be enhanced or reduced by the amount of potassium in the 
environment.  If cesium is tenaciously bound to soil and sediment, it is less likely to 
be available for uptake by biota.  Also, as discussed in the papers published in Volume 
73 (1) 1997 and in Volume 99(2) 2010 of Health Physics, the addition of potassium to 
soil (i.e., fertilizer) can reduce the uptake of radiocesium by plants and therefore also 
protect organisms higher up the food chain. 

NCRP (2007) devotes a section (7.3.5) of the report on the extensive research 
performed in the former Soviet Union following the Chernobyl accident and the 
contamination of the Pripyat and Dnieper Rivers.  The report explains that following 
contamination of the Pripyat-Dnieper River, the Cs-137 dissolved in surface waters 
was rapidly bound to suspended sediment and settled to the bottom sediment.  The 
sediment was then transported downstream to the sediment in the Kiev Reservoir.  
Hence, natural attenuation by sedimentation helps to clear surface waters, but of 
course, increases exposures to bottom feeding organisms and organisms whose 
lifecycle includes contact with sediment.   
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PLANTS 

No literature was found that explicitly addresses the radiotoxicity of Cs-137 on plants 
at Hanford.  However, there is an abundance of publications on the effects of radiation 
in general on plants and plant communities, and some of this is specific to Cs-137.  A 
classic series of investigations on the effects of external gamma ionizing radiation on 
plant communities was performed at Brookhaven National Laboratory in Upton, New 
York, in 1962.  A large (9,500 Ci) Cs-137 source was placed in a pine forest for 20 
hours per day, where the external exposures ranged from several thousand R102 per 
day within a few meters of the source to about 1 rad per day at 130 meters from the 
source.  After 6 months of exposure, a total kill zone was observed at dose of >350 
R/day.  At 10 R/day, there was reduced shoot growth of all tree species, but no trees 
died (Casarett 1968).   

Chapter 13 of Casarett (1968) provides an excellent review of the literature on the 
effects of radiation on higher plants and plant communities.  She provides data 
showing the percent germination for pollen for a variety of plants, as a function of 
dose, where the doses ranged from zero to over 6,000 rad.  She also summarizes 
studies on the effects of radiation on the fertilized egg (ovule), where effects on the 
developing plant were observed at 500 R, and the radiosensitivity of developing 
embryos (fertilized ovule) varied 100-fold depending on plant species.  

Casarett (1968) also presents the results of investigations performed by Sparrow and 
Woodwell (1962), where the effects of chronic exposure to Co-60 were measured.  
The effects included growth reduction, failure to set seed, pollen sterility, floral 
inhibition or abortion, and lethality. 

Driver (1994) does not specifically address the toxicity of Cs-137 to plants but does 
review experiments evaluating the effects of radiation on terrestrial plants (including 
the Brookhaven experiments).  The following is excerpted from Driver (1994):    

“Plants are relatively resistant to ionizing radiation.  [It should be noted that 
experience following the Chernobyl accident found pine trees to be radiosensitive, 
see below.]  The effects of chronic irradiation (6 months) of a late successional 
oak-pine forest were studied at Brookhaven National Laboratory (BNL) in New 
York.  Changes in ecosystem structure, diversity, primary production, total 
respiration, and nutrient-inventory occurred.  The most resistant species were the 
ones commonly found in disturbed places, i.e., generalists capable of surviving a 
wide range of conditions.  Mosses and lichens survived exposures greater than 
1000 R/d.  No higher plants survived greater than 200 R/d.  Sedge (Carex 
pennsylvanica) survived 150 to 200 Rad.  Shrubs (Vaccinium and Quercus 
ilicijolia) survived 40 to 150 R/d.  Oak trees survived up to 40 R/d, whereas pine 
trees were killed by 16 R/d.  No change was noted in the number of species in an 
oak-pine forest up to 2 R/d, but changes in growth rates were detected at exposures 
as low as 1 R/d (Woodwell 1970).  Severe defects were observed in Tradescatia at 
an exposure rate of 40 R/d.  However, an exposure of 6000 R/d was required to 

                                                            
102  For simplicity, it can be assumed that one R or Roentgen is equal to 1 rad (or 100 ergs of energy deposited per gram 

of tissue). 
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produce the same effect in a hybrid gladiolus (Odum 1956).  The sensitivity of 
various plant species appears to be related to the cross-sectional area of the nucleus 
in relation to cell size: the larger the nucleus and chromosome volume, the more 
sensitive the plant (Underbrink and Sparrow 1968, 1974).”   

Driver (1994) cites studies by Rickard et al. (1981) which found that bulrushes, 
cattails, and pond weeds were not inhibited from colonizing an industrial pond 
containing Cs-137 concentrations in the sediment of 28,000 pCi/g dry weight.   

Also noteworthy are investigations of the damage done to conifer forests in the 
vicinity of the 1986 Chernobyl accident.  Radiation resulted in the death of many pine 
stands within approximately 5-10 km of the power plant, resulting in the so-called 
“red forest.”  In addition to mortality, adverse effects observed in the forest included 
reproduction anomalies, growth reductions, and morphological damage (ibid.).  The 
absorbed dose was largely due to beta radiation (90%), with some contribution from 
gamma radiation (10%), and four distinct zones of damage were identified, with 
different dose levels associated with different severities and types of injury (see Table 
6.3 in IAEA 2006). 

AQUATIC BIOTA 

There is an abundance of publications on the effects of radiation in general on aquatic 
organisms, but a limited amount of laboratory and environmental radiotoxicity 
literature specifically addressing the effects of Cs-137 on aquatic biota.  A detailed 
review of the literature on the effects of radiation on aquatic biota is provided in 
NCRP (1991). More specifically, NCRP (1991) provides an extensive review on the 
reproductive effects of radiation on in fish and invertebrates in natural and 
experimental settings.  Tables 3.3 to 3.8 of the report summarize the extensive 
literature on this subject.  Data are available on many life stages of the mosquito fish, 
roach, pond snail daphnia, Chinook salmon, coho salmon, stickleback, pike, rainbow 
trout, guppy, and medaka.     

This report concludes that: 

The discharge of low-level radioactive effluents into the aquatic environment 
has resulted in chronic, low dose rate exposure aquatic organisms.  The fate of 
individual organisms is, generally, not the major concern but rather the 
response and maintenance of endemic populations. 

Experimental studies to date have shown that fertility and fecundity 
(gametogenesis) of the organisms and embryonic development are probably 
the most sensitive components of the radiation response, and it is precisely 
these attributes which are of importance in determining the fate of the 
population. 

Driver (1994) summarizes the literature on the effects of radiation on aquatic 
organisms, providing LD50 values for fish (90,000 R), 50% survival doses for male 
and female germ cells (305 to 500 R), and reduction on population growth rate for 
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white crappie, largemouth bass, and redhorse (25% reduction at 57 R external 
exposure). 

Driver (1994) also summarizes the literature specifically addressing the effects of 
Cs-137 on fish.  The effects included allergic effects at 2,000 Bq/L or more.  Also 
damage to brain and epithelial cells of renal tubules of carp were observed (Vosniakos 
et al. 1991).  Rickard et al. (1981) observed no effects on carp monitored in an 
industrial pond containing sediment levels of Cs-137 of about 28,000 pCi/g dry 
weight.  Also, Kimura and Honda (1977a and 1977b) observed no increase on the 
mortality rate of rainbow trout embryos exposed for 20 days to up to 10 µCi/L of Cs-
137.  

Driver (1994) also references studies on the effects of radiation (not specifically Cs-
137) on crustaceans, snails, and daphnia, where effects of exposure to radiation were 
observed but only at very high dose rates (hundreds to thousands of rad).   

A more recent review of this subject is provided by the EPA as part of the 
“Framework for the assessment of environmental impact project (FASSET at 
http://www.fasset.org).  In these studies, zebrafish were exposed to gamma radiation 
at a dose rate of 30, 100, and 740 mrad/hr.  Only the highest dose rate group 
experienced effects on reproductive output (reduced egg count).  IAEA (2006) also 
summarizes information on chronic effects of ionizing radiation on fish reproduction, 
taken from the FASSET database. 

BIRDS 

Driver (1994) summarizes publications addressing the harmful effects of Cs-137 to 
birds: 

“Levels in birds exposed to high levels of radiocesium in the environment have 
been reported to be in excess of the maximum permissible concentrations for man.  
However, it was not determined if these levels (average body burden of 5 µCi) 
were harmful to the birds (Krumholz 1954).  Red blood cell abnormalities in 
mallards that accumulated cesium-137 from an abandoned nuclear reactor cooling 
tower were observed after 8 months of exposure.  Aneuploidy in the blood cells 
was observed after 9 months of exposure.  Such changes only occurred with 
maximum body burdens of cesium-137 (George et al. 1991).  Willard (1963) 
calculated that a chronic dose LD50 of 21,700 mGy103 would be needed to kill 50% 
of bluebird (Sialia sialis) nestlings over a 16-day period of irradiation with cesium-
137.  Growth of tree swallows was significantly affected by acute doses of 2700 to 
4500 mGy (Zach and Mayoh 1984).  Hatching success was reduced by chronic 
doses of 100 mGy/d (Zach and Mayoh 1984).  Birds environmentally exposed to 
cesium-137 during breeding season received total dose equivalent rates to the 
whole body of 9.8 × 10-7 Sv/h or 2.8 mSv104 for the whole period of 120 days 

                                                            
103 mGy refers to a milligray, where “milli” means 0.001, and Gray is a unit of absorbed dose equal to 100 rad.  One rad 

is 100 ergs of energy absorbed per gram of absorbing medium. 
104 mSv refers to millisievert, where “milli” means 0.001, and a Sievert is a unit of dose equivalent equal to 100 rem.  

For beta and gamma radiation 1 rad equals 1 rem.   For alpha radiation, the potential damage per rad is many times 

higher than that associated with exposure to gamma and beta radiation. 
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(breeding season).  No reproductive or population effects were observed in even the 
most contaminated individuals and species (Lowe 1991).  The number of eggs and 
chicks produced by American coot (Fulica americana) colonizing a cooling pond 
that received low levels of cesium-137 were similar to the number produced on 
uncontaminated ponds (Rickard et al. 1981).  The coots consumed aquatic plants 
containing about 11,000 pCi of cesium/g dry weight and, inadvertently, sediments 
containing about 28,000 pCi of cesium/g dry weight (Rickard et al. 1981).” 

MAMMALS 

The literature on the adverse effects of internal and external radiation exposures on 
mammals is substantial, and a number of studies specific to Cs-137 are available.  
Most of this work has been laboratory-based, although several field investigations 
have also been performed following the accidents described above in the section on 
anthropogenic sources of Cs-137. This profile provides a brief summary of the 
literature addressing the adverse effects of internal and external Cs-137exposure on 
mammals.  

ATSDR (2004) summarizes the adverse effects of Cs-137 on humans, drawing 
heavily from exposure to experimental animals.  ATSDR (2004) organizes this 
information first by route of exposure (inhalation, oral, and external), although it is 
noted that “it has been proposed that adverse  health effects, related to a soluble and 
readily absorbed compound such as 137CsCl, should be similar across the three routes 
of exposure.”  Within exposure route, information is organized by health effect 
category and exposure duration. 

For internal exposure, available information is largely limited to experiments on dogs 
that used intravenous injections. In particular, dose-related decreased survival was 
observed in beagle dogs that had received single intravenous injections of 137CsCl in 
amounts resulting in average initial body burdens of 64–147 MBq/kg (1.7–
4.0 mCi/kg) (Nikula et al. 1995 and 1996).  Depressed blood cell counts and platelet 
levels, reduced packed-cell volume, and bone marrow aplasia were observed in dogs 
that had been administered single intravenous injections of 137CsCl, which resulted in 
average initial body burdens ranging from 36.4 to 141.0 MBq/kg (1.0 to 3.8 mCi/kg) 
(Nikula et al. 1995; Redman et al. 1972).  Severe bone marrow depression was 
observed in dogs exposed to 137CsCl by intravenous injection at activity levels 
resulting in estimated total bone marrow doses of 7–24 Gy (700–2,400 rad) (Nikula et 
al. 1995).  Benign and malignant neoplasms were found in a variety of tissues and 
organs of dogs administered single intravenous doses of 137CsCl, which resulted in 
average initial body burdens ranging from 37 to 147 MBq/kg (1.0 to 4.0 mCi/kg) 
(Nikula et al. 1995 and 1996).   

Information is also available on adverse effects of acute external Cs-137 exposure to 
mammals.  Specifically, ATSDR (2004) states that significantly reduced survival was 
noted in rat fetuses following whole-body irradiation (via a Cs-137 source) of 
pregnant dams on gestational day 14 at acute radiation doses ≤4 Gy (400 rad); an LD50 

value was about 5 Gy (500 rad) (Koshimoto et al. 1994).  In male mice, reduced 
fertility following external Cs-137 exposure, and sterility, have also been observed, as 
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has increased total and postimplantation embryo mortality (ATSDR 2004).  
Gestationally-exposed  rats experienced  reduced postnatal body weight, impaired 
motor activity, and decreased thickness within cortical layers of the brain, while 
gestationally-exposed mice experienced smaller litter sizes, smaller head sizes, 
retarded odontogenesis, decreased brain weights, and cleft palates (ibid.), although 
ATSDR (2004) notes that “the observed developmental effects were the result of 
radiation exposure, not the presence of cesium per se.” Some exposures to Cs-137 
resulted in increased mammary tumors in rats, and ATSDR (2004) similarly notes 
“[t]hese effects were the result of the gamma radiation, not the presence of cesium per 
se.” Also, the age of the rats at the time of exposure affected their risk of carcinoma, 
with younger animals having higher risks.                         

The most comprehensive investigations on the effects of radiation on mammals in a 
natural setting are those that have been performed and are ongoing in the vicinity of 
the Chernobyl accident.  Though the studies do not specifically focus on Cs-137, Cs-
137 was one of the primary long-lived radionuclides released during the accident, 
resulting in widespread contamination.  IAEA (2006) notes that in the fall of 1986, the 
numbers of small rodents on highly contaminated research plots decreased by two to 
10 fold; however, immigration assisted in recovery as early as spring 1987.  Other 
effects in this timeframe include pre-implantation deaths in rodents (ibid.).  A July 30, 
2010 BBC News article105 reports on recent results of the largest wildlife census of its 
kind conducted in the vicinity of Chernobyl.  The article summarizes investigations 
performed Dr. Timothy Mousseau from the University of South Carolina and Dr. 
Anders Moller from the University of Paris-Sud, France.  They found a reduction of 
biodiversity in the vicinity of Chernobyl, including reptiles and mammals. 

 

ATSDR (2004) states that no data were located regarding interactions of cesium with 
other chemicals that might influence the toxicity of cesium.  Concerns over the 
possible synergistic effects of exposure to radiation and chemical toxins have been 
extensively raised and reported in the scientific literature (Burkart et al. 1997, Prasad 
et al. 2004), but little consensus has been achieved in quantifying these effects in 
humans except possibly for radon and smoking (BEIR IV 1988) and certainly in the 
enhancement of the therapeutic effects of radiotherapy used to treat cancer (e.g., Lew 
et al. 2002).  UNSCEAR (2000) Annex H explores the combined effects of radiation 
and chemical agents, including heavy metals.  Only a few data are available from 
combined exposures of radiation and metals in human populations and no firm 
evidence of interactions has been observed.  

As summarized in ATSDR (2004), there is some literature on observed synergistic 
adverse effects of radiation and toxic chemicals on organisms other than humans (e.g., 
salmon (Mothersill et al. 2007)).  Examples of ionizing radiation and metals 
producing combined effects in other biological systems include synergistic effects on 
soil microbial activity from cadmium and zinc in combination with gamma radiation 
(summarized in UNSCEAR 2000).  Also, combined effects of cesium-134/137 and 

                                                            
105 http://www.bbc.co.uk/news/science-environment-10819027  

VI.  EFFECTS IN THE 
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lead found in highly contaminated habitats in the Russian Federation increased the 
mutation rate in the plant Arabidopsis thaliana (summarized in UNSCEAR 2000).  
However, the authors clearly indicate that the relative importance of different damage-
inducing mechanisms of metals for combined exposures in human and non-human 
populations remains to be elucidated. 

ATSDR (2004) states that, overall, there is a clear need for additional research on 
synergistic effects of multiple stressors in radioecotoxicology (e.g., Salbu and 
Skipperud 2007; Mothersill and Seymour 2007).  In particular, these authors raise the 
issue of pesticides, organics, and endocrine disruptors and synergistic effects with 
radioactive materials, particularly with long-term exposure to various biological 
systems.  Manti and D’Arco (2010) summarize the in vitro and animal-model studies 
and epidemiological surveys with two or more stressors, including radionuclides 
(DNA-damaging agents).  They also emphasize that most research focuses only on the 
short-term effects of combined single exposures to animal models, and more work is 
needed to understand chronic exposure to trace contaminants and radioactive elements 
in the environment, including impacts to long-term genome stability.  Specific 
research is lacking on Cs-137 effects with multiple stressors on biological systems, 
particularly non-human systems. 

 

Some literature is available addressing the effects of Cs-137 exposure (and, more 
generally, radiation exposure) to wild plant species, but little research has been 
performed on species native to the Hanford site. Species-specific information is of the 
most use as different plant species have been shown to be differentially sensitive to 
the effects of radiation.   

For aquatic biota, there is an abundance of publications on the effects of radiation in 
general although a literature specifically addressing the effects of Cs-137 is limited.  
Also, while some literature is available describing the radiosensitivity of certain 
aquatic invertebrates (crustaceans, snails, and daphnia), little is available specific to 
Cs-137, and effects information on unionids appears to be lacking.  Specific 
information on the effects of Cs-137 in amphibians and reptiles is also lacking. 

The literature on effects of Cs-137 on mammals is more substantial but, due to human 
health concerns, has largely focused on domestic or laboratory species, and data on 
effects under field conditions are fewer.  Overall, the majority of research has been 
laboratory-based, although some field data are available primarily because of 
accidental releases of Cs-137.  In addition, little is known about the combined action 
of exposure to radiation and other environmental toxicants.   
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CHROMIUM (Cr) 
ECOTOXICOLOGICAL PROFILE 

 

Chromium is one of the hazardous substances (as defined by Sections 101(14) and 
101(33) of CERCLA and listed in 40 CFR §302.4) to which natural resources have 
been exposed as a result of operations and cleanup efforts over the past 60 years at the 
U.S. Department of Energy (DOE) Hanford Site in the State of Washington. 

Chromium can exist in oxidation states ranging from -2 to +6 but is most frequently 
found in the environment in the trivalent (Cr+3 or Cr(III)) and hexavalent (Cr+6 or 
Cr(VI)) oxidation states.  This profile focuses primarily on Cr(VI) because it is the 
most toxic form of the metal and because this form is widespread in the Hanford 
environment.  

NATURAL SOURCES 

Chromium is a naturally occurring metal.  At the Hanford site, the weathering of rocks 
that contain chromite ore is a natural source of chromium.  Specifically, it is found in 
“basaltic rock fragments within sedimentary formations that overlie the Columbia 
River Basalt Group” (Dauble et al. 2003).  This group “forms the main bedrock of the 
Columbia Basin and Hanford Site” (Duncan et al. 2007).  In comparison to the 
amount of chromium generated by anthropogenic activity at the Hanford site, this 
natural source is minimal (DOE/RL 1997, Potson et al. 2000, as cited in Dauble et al. 
2003). 

ANTHROPOGENIC SOURCES 

During operations at the Hanford site, reactors in the 100 Areas were cooled with 
Columbia River water (Patton 2007) to which hexavalent chromium was added to 
prevent corrosion (AMEC 2008).  Diluted coolant solution, which contained a final 
concentration of approximately 700 g/L sodium dichromate (Na2Cr2O7) (Hope 1996, 
Petersen 2009), was added to river water used at plutonium reactor systems (Geist 
1994, Hazen 2008). At 8 of the 9 Hanford reactors, a “single-pass” design was used 
(reactors B, D, F, H, DR, C, KE, and KW) and the used cooling water from these 
single-pass reactors was stored temporarily in nearby basins (Ridolfi 2006) before 
being returned to the Columbia River (Gephart 2003).  The 107-D/DR coolant water 
retention basins held large volumes of reactor coolant routinely, on the order of 148 to 
204 million gallons (561 to 773 million liters) per day (Hope 1996).  Contamination 
occurred through not only direct discharge of spent cooling water into the Columbia 
River (Gephart 2003), but also through “leakage from coolant water retention basins” 
(Hope 1996),  leeching of waste discharged into trenches and cribs (Geist 1994), and 
leakage/spillage of Na2Cr2O7 stock solution from chemical delivery pipelines (Hope 
1996a, Petersen 2009).  

In addition to the 100 Areas, chromium is known to have been used or produced at the 
200 Area, the 300 Area, and the 1100 Area (Stratus 2009).  Chromium was used for 
decontamination in the 100, 200, and 300 Areas, including decontamination reactors 

I .  INTRODUCTION 
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Exhibit 1



  Final Hanford Natural Resource Damage Assessment Injury Assessment Plan 

 

  B3-2 

that were shut down (Hazen 2008) and for oxidation-state control in the Reduction-
Oxidation Plant process.  “[S]oil column disposal of liquid wastes associated with 
decontamination activities” (Hope 1996) constitutes another source of chromium 
contamination.   

Chromium has reached the groundwater at Hanford.  The annual Hanford Site 
Groundwater Monitoring Reports demonstrate chromate’s mobility through the 
vadose zone and upper unconfined aquifer at Hanford (Serne 2007).  Groundwater 
investigations by DOE beginning in 1999 identified a large Cr(VI) plume in the 
southwest portion of the 100-D Area.  Concentrations in the plume have not decreased 
significantly over the course of the past 10 years, implying that there is a vadose zone 
source that continues to supply contamination to the aquifer (DOE 2007, as cited in 
Petersen 2009).   

In addition to the plumes found in the 100 Areas near the Columbia River from usage 
in reactor cooling water, several plumes are found in the “200 Areas from usage in 
fuel processing to extract plutonium” (Hartman et al. 2004, as cited in Serne 2007).  
Chromium contamination in groundwater at Hanford is also abundant at the S-SX 
tank farm (Zachara et al. 2004), and plumes have extended into the 600 Area.   

Thornton et al. (1995) concluded that the majority of the chromium found in the 
Hanford unconfined aquifer of the 100-D and 100-H Areas (where much of the 
chromium contamination at the Hanford site has originated) is in the hexavalent state.  
Data from a Technical Report for the Groundwater Protection Project 
(Characterization of Systems Task) confirms that the dominant chromium species at 
Hanford is hexavalent chromium (Serne 2007): “Hanford sediments do not appear to 
reduce and immobilize significant amounts of chromate over time spans of days to a 
month” (Cantrell et al. 2003, as cited in Serne 2007).  Serne concludes “it is not clear 
whether significant amounts of chromate have been reduced in the Hanford vadose 
zone over the 40 to 50 years of operations and cleanup efforts, but based on observed 
chromate groundwater plumes it would appear not” (Serne 2007).   

 

Chromium can exist in oxidation states ranging from -2 to +6 but is most frequently 
found in the environment in the trivalent (Cr+3 or Cr(III)) and hexavalent (Cr+6 or 
Cr(VI)) oxidation states.  In fact, the chromium in effectively all environmentally 
important chromium compounds is in one of these two oxidation states (Eisler 2000), 
and only the trivalent and hexavalent chromium compounds are “biologically 
significant” (Driver 1994).  The trivalent and the hexavalent species are also the most 
stable, although various other valence states, which are unstable and short-lived, do 
exist in biological systems (Shanker et al. 2005).  Cr(VI) is considered the most toxic 
form of chromium (Eisler 2000; Patton 2001, Mishra 2008, etc.).  By comparison, 
“Cr(III) is less mobile, less toxic and is mainly found bound to organic matter in both 
soil and aquatic environments” (Becquer et al. 2003, as cited in Shanker et al. 2005).   

In solution, Cr(VI) exists as a component of a complex anion and may take the form 
of chromate (CrO4

2-), hydrochromate (HCrO4
-1), or dichromate (Cr2O7

2-) (Eisler 2000, 

I I I .  ENVIRONMENTAL 
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EPA 1998).  As such, Cr(VI) acts like a divalent anion rather than a hexavalent cation 
(Kimbrough 1999).  At acidic (low) pHs, the dichromate form dominates (Eisler 
2000). Under oxygenated conditions, Cr(VI) is the “dominant dissolved stable 
chromium species in aquatic systems, and it exists as a component of [one of the] 
complex anion[s]” (Eisler 2000) named above. 

Although chromium does not decompose, environmental conditions can lead to 
changes in oxidation state.  Chromate is “relatively soluble over much of the 
environmental pH range” (Zachara et al. 2004) – approximately pH 6.0 – 8.5 (USEPA 
1980)).  In general, under reducing conditions Cr(VI) converts to Cr(III), but under 
oxidizing conditions, Cr(VI) forms (Babula 2008): “all stable Cr(VI) anionic 
compounds strongly oxidize organic matter on contact, yielding oxidized organic 
matter and Cr(III)” (Eisler 2000).  Consequently, within living organisms, Cr(III) is 
the predominant form of chromium, as Cr(VI) will rapidly oxidize (Eisler 2000). 

In contrast to the numerous pathways for the reduction of Cr(Vl), there are very few 
mechanisms for the oxidation of Cr(III) back to Cr(VI) in environmental settings. 
“Only two constituents in the environment are known to oxidize Cr(III) to Cr(Vl): 
dissolved oxygen and manganese dioxides (MnO2) (Eary and Rai, 1987 as cited in 
Palmer et al 1994).  “Studies of the reaction between dissolved oxygen and Cr(III) 
revealed very little (Schroeder and Lee, 1975) or no (Eary and Rai, 1987) oxidation of 
Cr(III) even for experiments conducted at pH as great as 12.5 for 24 days. Therefore, 
the transformation of Cr(III) by dissolved oxygen is not likely to be an important 
mechanism for the oxidation of Cr(III)” (Palmer et al 1994).  Experiments have 
verified that “[t]here is an increase in the rate and amount of Cr(III) oxidation as pH 
decreases, and the surface area to solution volume increases” (Palmer 1994).  
Attention to controlling these two parameters might control the process of “re-
oxidation” of Cr(III). 

FATE AND TRANSPORT 

Hexavalent chromium is highly soluble in water and thus tends to be mobile in aquatic 
systems.  In groundwater, Cr(VI) is mobile both due to its solubility and due to its low 
adsorption to metal oxides in neutral to alkaline waters (Calder 1988, as cited in Eisler 
2000).  (Cr(VI) adsorption does increase with decreasing pH (Eisler 2000).)  Cr(VI)’s 
tendency to adsorb to particulates is also dependent on other environmental conditions 
including particle surface area and the density of active sites on the sorbent (Eisler 
1986).   

As noted previously, the chromium present in the unconfined aquifer at the Hanford 
Site is predominantly hexavalent (Thornton et al. 1995, as cited in Patton et al. 2007).   
At Hanford, it has been estimated that chromium moves at approximately the same 
velocity as groundwater (Thorne 2004, as cited in Duncan et al. 2007).   Hexavalent 
chromium has been measured in near-shore groundwater wells and Hanford Site 
riverbank springs (Poston et al. 2003 as cited in Patton et al. 2005).   

The water table height under the Hanford site, which ranges from a few feet to 250 
feet below the surface (Gerber 2002), is higher than the average elevation of the rest 
of the river, resulting in a flow of groundwater towards the river.  Flows are larger 
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when the river discharge is low, because that results in the steepest water table 
gradient towards the river (Hope 1996a, Dauble 2003). 

Through analysis of chemical data collected from seep water samples, Thornton et al. 
(1995) also inferred that most of the hexavalent chromium in Hanford groundwater 
ultimately discharges into the Columbia River without changing its valence state 
(Thornton et al. 1995).  As groundwater passes through the riverbank, minor uptake of 
chromium by sediment occurs, and a small amount of “[c]hromium precipitates as a 
result of reduction by labile iron and organic matter in sediments.  [However, m]ost 
chromium probably passes through [the] riverbank mixing zone relatively unaltered” 
(Thornton et al. 1995).  “Dilution of hexavalent chromium subsequently occurs during 
the mixing of groundwater and river water, with relatively little change taking place in 
speciation” (Thornton et al. 1995).   

Trivalent chromium is less soluble in water, as it tends to form stable complexes with 
negatively charged inorganic or organic compounds: it is “unlikely to be found 
uncomplexed in aqueous solution if anionic or particulate compounds (such as 
decaying plant or animal tissues, or silt or clay particles) are present” – i.e. in 
oxidizing conditions (Steven et al. 1967; Pfeiffer et al. 1980; Ecological Analysis 
1981, as cited in Eisler 2000).   

In soils, Cr(VI) “may be leached, reduced, absorbed, precipitated, or taken up by 
a[n]… organism” (Bartlett and James 1988, as cited in Eisler 2000).  Cr(VI) can also 
become airborne as sorbent on particulate matter and distributed in that fashion.  
Because of the high wind force at Hanford, an air exposure pathway cannot be ruled 
out. Wind-dust storms and high peak winds occur regularly (Hoitink 2005).  
Chromium’s vapor pressure is negligible, however, and gaseous chromium is not 
typically encountered.  

BIOACCUMULATION POTENTIAL 

High accumulations of chromium have been recorded among organisms from the 
lower trophic levels, but there is little evidence of biomagnification through food 
chains; in fact, some studies have actually found decreasing concentrations at higher 
trophic levels (Outridge and Scheuhammer 1993, as cited in Eisler 2000). Results 
reported in freshwater and marine food webs were similar (Holdway 1988; USPHS 
1993, as cited in Eisler 2000).   

In general, both living and dead plant tissues accumulate chromium to a substantial 
extent (Driver 1994, Eisler 2000).  However, most plant and invertebrate species die 
before accumulating levels of chromium that are toxic to potential predators (Outridge 
and Scheuhammer 1993, as cited in Eisler 2000).   

ACCUMULATION WITHIN TISSUES 

In 2003, Dauble found that at high environmental concentrations of Cr(VI) (i.e., 2.0 
mg/L in water) and at alkaline pH, concentrations in rainbow trout tissues were 
greatest in gill, liver, kidney, and digestive tract.  Even after transfer of fish to 
chromium-free media, residues tended to remain high in kidney and liver (Van der 
Putte et al. 1981a, as cited in Eisler 2000).  
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Waterfowl that consumed diets rich in chromium had elevated chromium 
concentrations in tissues, especially gonads, gallbladder and pancreas (van Eeden and 
Schoonbee 1992; Table 2.3, as cited in Eisler 2000).   

In mammals, although both Cr(III) and Cr(VI) accumulated in the brain, kidney and 
myocardium of rabbits, the “accumulation of Cr(VI) was highest in brain and that of 
Cr(III) in kidney; for both valence states there was no correlation between dose and 
concentration of stored chromium, or extent of tissue damage” (Hatherill 1981 as cited 
in Eisler 2000).  Tissue residues in mice were highest in the heart and spleen 
(Schroeder et al. 1964, as cited in Eisler 2000).  In rats, studies have shown that 
Cr(VI) tends to accumulate in “the reticuloendothelial system, liver, spleen, and bone 
marrow at high doses; at much lower doses, major accumulation sites were bone 
marrow, spleen, testes, and epididymis” (Langard and Norseth 1979, as cited in Eisler 
2000).   

  

For aquatic biota, ingestion (biotic and abiotic) and/or absorption from Columbia 
River water or sediment are likely to be the more significant exposure routes. For 
example, benthic invertebrates can accumulate chromium from sediments or clays 
(Eisler 2000).  Fall chinook salmon embryo development occurs in association with 
gravel substrates of the Columbia River (Geist 1994), making this species potentially 
more vulnerable than others (Woodward 1999).  

For terrestrial biota, exposure may occur through inhalation of soil or particulate 
matter containing chromium (Kimbrough 1999), and also through ingestion (biotic or 
abiotic) or dermal contact (contaminated soil, sediment, water).   

Both terrestrial and aquatic plants can be exposed to chromium by absorption through 
roots from soil or groundwater, or absorption of material deposited on the plant from 
air (Eisler 2000).  Riparian plants near groundwater seeps may be more highly 
exposed than those not adjacent to seeps. 

Human exposure to chromium at Hanford may occur through visits to riverbank areas 
(e.g., abiotic exposure such as dermal contact) and potentially through the 
consumption of exposed plants and animals (biotic exposure) (Ridolfi 2006).  

  

In organisms, “trivalent chromium does not readily cross cell membranes, and it forms 
stable complexes with serum proteins.  As a result, it has a low overall toxicity 
potential and is relatively inactive in vivo…[H]exavalent chromium is[, however,] 
readily taken up by living cells and is highly active in diverse biological systems” 
(Driver 1994). In fact, Cr(VI) is “the most biologically active chromium chemical 
species” (Eisler 2000).   

Cr(VI) has a variety of lethal and sublethal effects in both aquatic and terrestrial 
organisms.  Consistent with its non-specific mechanism of toxicity, the range of 
ecotoxicological effects inducible by chromium is broad.  These effects can include, 
but are not limited to: mutagenic effects, teratogenic effects, reduced survival and 

IV.  TYPICAL MAJOR 

EXPOSURE ROUTES 

V.  ECOTOXICITY 
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fecundity, photosynthesis disruption, growth inhibition, lesions, and abnormal 
behavior.  Early life stages are generally more sensitive to effects than adults (Mishra 
2008). 

KNOWN BENEFICIAL OR PROTECTIVE PROPERTIES 

Cr(VI) has no known beneficial properties but Cr (III) is an important micronutrient 
for some plants and animals, including humans, who need it for sugar metabolism 
(Babula 2008).  It is not clear whether Cr(III) is an essential trace element for all 
organisms (Eisler 2000). 

MECHANISM(S)  AND LOCI  OF TOXICITY 

Hexavalent chromium is a strong oxidant.  Cr(VI) is rapidly reduced to Cr(III) after 
penetration of biological membranes.  The reduction of Cr(VI) to Cr(III) may be the 
most important mechanism whereby chromium causes toxicity (USPHS 1993, as cited 
in Eisler 2000).  This reduction leads to oxidative stress, which can lead to cellular 
toxicity.  Reactive oxygen species (ROS) are generated through the suite of reactions 
that follows Cr(VI) reduction and it is likely that these ROS interact with various 
tissues, resulting in damage (Mishra 2008). 

The formation of metallothionein (an intra-cellular stress-response protein present in 
animals and plants) is normally increased by the presence of metals.  Metallothionein 
protects cells from metals and reactive oxygen species by scavenging and sequestering 
the material, but it cannot bind Cr. The presence of Cr(VI) inhibits the formation of 
metallothionein, which potentially increases the toxicity of other metals (Kimura 
2010; Majumder et al. 2003). Inhibition of metallothionein may also contribute to the 
toxicity of Cr, but additional study is needed to explore this hypothesis. 

FACTORS AFFECTING TOXICITY 

Biotic factors affecting chromium toxicity include species, age, and developmental 
stage.  For all species, early life stages are generally more sensitive to the toxic effects 
of chromium than adults (Mishra 2008).  Behavioral factors that enhance toxic effects 
include habitat use and residence time.  For example, organisms that have “limited 
mobility and a small home range (e.g. sculpin) may be at maximum risk for exposure” 
(Ridolfi 2006).  In contrast, fall chinook salmon inhabit the river bottom substrate at 
Hanford (i.e. gravel nests or redds) from the eyed-egg stage to the swim-up stage.  
During this stage, the fish may have elevated exposures to chromium, but later when 
they begin to rear along the shoreline, they are “unlikely” to be exposed to elevated 
levels (Geist 1994, Patton 2007, Eisler 2000).   

Abiotic factors affecting toxicity include water and soil temperature, pH, alkalinity, 
salinity, hardness of water (Dauble 2003), oxygen content, and organic matter content.   

PLANTS 

Aquatic plants are among the most sensitive groups of organisms that have been tested 
(Eisler 2000).  Studies report a wide array of potential effects of Cr(VI) exposure to 
plants including photosynthesis disruption (Eisler 2000).  Hexavalent chromium in 
particular has been shown to be five to ten times more effective at inhibiting growth 
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than Cr(III) in both freshwater and terrestrial plants (USEPA 1980; Outridge and 
Scheuhammer 1993 as cited in Eisler 2000).  Chromium can also inhibit seed 
germination (Towhill et al. 1978, as cited in Driver 1994).   

AQUATIC INVERTEBRATES AND F ISH 

Invertebrate species are generally more sensitive to hexavalent chromium than fish 
(USEPA 1980).  Daphnia magna is known to be very chromium-sensitive, and Cr(VI) 
exposure has been associated with reduced survival and fecundity (USEPA 1980, as 
cited in Eisler 2000).  Keller and Zam (1991) tested the acute toxicity of chromium 
and other metals to the juvenile freshwater mussel, Andonta imbecilis and reported 
that this mussel seems to be more sensitive than the insects Daphnia and Chironomos, 
although the bluegill was similarly sensitive. 

A 1994 review reported that stickleback (Gasterosteus aculeatus) may be more 
sensitive than other freshwater fish (Driver 1994).  Data from multiple studies shows 
that exposure to chromium at concentrations greater than or equal to 1 mg/L are lethal 
to this species (Anderson 1944, Murdock 1953, Jones 1939, as cited in Driver 1994). 

Aqueous exposure to chromium has been shown to reduce the growth of rainbow trout 
and chinook salmon fingerlings (USEPA 1980, as cited in Eisler 2000).   Growth rate 
of larvae of the fathead minnows was also reduced by Cr(VI) exposure (Eisler 2000).  
The survival rate of alevins and juveniles of coho salmon was significantly reduced by 
exposure to chromium (Oson 1958, as cited by Driver 1994).   

In 2000, a “USGS Final Report: The Potential for Chromium to Adversely Affect 
Chinook Salmon (Oncorhynchus tshwytscha) in the Hanford Reach of the Columbia 
River, Washington, USA” (Farag et al. 2000) found that aqueous chromium exposure 
of chinook salmon parr to between 24 and 120 µg Cr/L led to malfunctions associated 
with reduced growth and survival (Farag et al. 2000)  This study also found the 
kidney to be the target organ as evidenced by histological lesions and elevated levels 
of the “products of lipid peroxidation.”  Results of USGS avoidance-preference 
experiments suggest that there may also be behavioral effects associated with water 
column exposure to chromium (Delonay et al. 2001).   

In rainbow trout (aged between 4 and 9 months), “acute chromium poisoning caused 
morphological changes in gills, kidney, and stomach tissues at higher pH, but only in 
the gills at lower pH” (Van der Putte et al. 1981, as cited in Eisler 2000).  Sublethal 
water concentrations of Cr(VI) were shown to cause avoidance behavior in one-year-
old rainbow trout: “The intensity of avoidance response reached a significant level at 
test concentrations of 0.003 mg Cr/L and higher, and was directly proportional to the 
Cr(VI) concentration logarithm” (Svecevicius 2007). 

BIRDS 

Teratogenic effects were documented in chicken embryos after eggs had been injected 
with Cr(VI).  Deformities included short and twisted limbs and growth stunting 
(Ridgeway and Karnofsky 1952; Giliani and Marano 1979, as cited in Eisler 2000).  
Overall, however, chickens appear to be more resistant than mammals to the adverse 
effects of Cr(VI) exposure (Eisler 2000).   
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MAMMALS 

Acute and chronic adverse effects of chromium on warm-blooded organisms are 
caused mainly by Cr(VI) compounds (Eisler 2000), and nearly all Cr(VI) compounds 
are potent mammalian mutagens and carcinogens (Eisler 2000).  Also in mammals, 
chromium-containing compounds, especially Cr(VI) compounds, are associated with 
spermicidal, embryocidal, teratogenic, and other adverse effects on reproduction 
(Nieboer and Yassi 1988, as cited in Eisler 2000).   

AMPHIBIANS AND REPTILES 

Hexavalent chromium is known to be toxic to embryos of many species including 
frogs, as a 2009 study on the anuran Xenopus laevis showed (Bosisio et al. 2009).  
This study found evidence of both “embryolethality and teratogenicity of Xenopus 
embryos exposed to Cr(VI)” (Bosisio et al. 2009). 

EFFECTS IN THE PRESENCE OF OTHER CONTAMINANTS 

Hexavalent chromium can interact with other metals in solution to produce additive or 
synergistic effects, “as was the case with nickel salts in acute toxicity to guppies” 
(Khangarot and Ray 1990, as cited in Eisler 2000).  Additionally, effects on rainbow 
trout (as measured by liver enzyme activity) were intensified by the presence of nickel 
and cadmium salts in solution (Arillo et al. 1982, as cited in Eisler 2000).  In another 
experiment, chromium uptake in rainbow trout increased when ionic cadmium was 
present (Calamari et al. 1982, as cited in Eisler 2000).  However, in a 96-hour study of 
juvenile freshwater mussels, the presence of inorganic mercury reduced acute 
chromium toxicity (Keller and Zam 1991). 

Reducing agents (e.g. trivalent arsenic, divalent iron, vanadium, sulfur dioxide) can 
convert Cr(VI) to Cr(III), making the contaminant less toxic (Palmer 1994).  
Conversely, ozone and manganese can convert Cr(III) to Cr(VI), making the 
contaminant more toxic  (Palmer 1994, Eisler 2000).  Nitrate and sulfate can also 
mobilize Cr(VI) (Hazen 2008). It is important to note that the chromate added to the 
Columbia River water at the Hanford Site was added in conjunction with other 
substances.  Other chemicals known to have been added to Columbia River water in 
conjunction with Na2Cr2O7 are nitric acid, sulfuric acid, polyacrylamide (Essig 1971, 
as cited in Ridolfi 2006), chlorine, lime, ferric or aluminum sulfate, and activated 
silica (Gerber 2002). 

DATA GAPS & CHALLENGES 

There are a number of data gaps associated with understanding the ecotoxicology of 
chromium.  For one, it can be difficult to quantify chromium in its different ionic 
states (Eisler 2000), and since hexavalent chromium is distinctly more toxic than 
trivalent chromium, this can lead to uncertainty in how to interpret measured values. 
(To this point, Eisler (2000) states “[l]ittle is known about the relationship between 
concentrations of total chromium in a given environment and biological effects.”) 

In addition, there are a number of species groups for which ecotoxicological data is 
limited or absent. Data on terrestrial invertebrates, reptiles, and amphibians appear to 
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be particularly limited.  Information on the sensitivity of wild bird and wild 
mammalian species to chromium also appears to be limited: most research has 
focused on domesticated and/or laboratory species. Extrapolating sensitivity from one 
species to another may be problematic as even closely related species can vary widely 
in sensitivity (Eisler 2000). 

It is also important to note that most research has been laboratory-based: little research 
appears to have been conducted on the effects of chromium toxicity under field 
conditions (Eisler 2000).  This is of particular note as many factors have the potential 
to affect chromium speciation and bioavailability. Furthermore, information on the 
effects of chromium in the presence of other contaminants appears to be limited. 
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IODINE (I-129)  
ECOTOXICOLOGICAL PROFILE 

 

 

Iodine-129 (I-129) is one of the hazardous substances (as defined by Sections 101(14) 
and 101(33) of CERCLA and listed in 40 CFR §302.4) to which natural resources 
have been exposed as a result of operations and cleanup efforts over the past 60 years 
at the U.S. Department of Energy (DOE) Hanford Site in the State of Washington. 
Iodine is a common element that is widely distributed throughout marine and 
terrestrial environments (EPA 2002). There are thirty-five known isotopes of iodine, 
with atomic mass ranging from 108 to 142 (ATSDR 2004). Of these forms, only I-129 
and I-127 occur naturally. I-127 is the only stable iodine isotope, and I-129 has the 
longest half-life of the iodine isotopes, 15.7 million years. The natural ratio of stable I-
127 to radioactive I-129 in the environment is more than 1014 to 1 (ANL 2001).  
Considerable attention has been paid to I-129 because its long half-life creates the 
potential for significant accumulation in the environment from prolonged low-level 
releases (NCRP 1983).   

 

NATURAL SOURCES 

The  global inventory of I-129 in 1945, prior to the first nuclear weapons testing, was 
essentially a constant 40 Ci (NCRP 1983). I-129 in nature is produced predominately 
by cosmic ray induced spallation of xenon in the upper atmosphere (Schwehr 2004).  
It is also produced to a much lesser degree by spontaneous fission of U-238 in the 
lithosphere and the neutron-initiated reactions Te-128(n,γ) and Te-130(n,γ) (Preedy et 
al. 2009; NCRP 1983). Exhibit 1 presents the global inventory of natural I-129. 

 

EXHIBIT 1  MAJOR NATURAL LOCATIONS OF I -129 

SOURCE KG OF I-129 TBQ OF  I-129 

Natural hydrosphere 100 0.65 

Natural atmosphere 0.0005 0.000003 

Source: Preedy et al. 2009 

ANTHROPOGENIC SOURCES 

Since 1945, that atom ratio of I-129 to I-127 has been increasing due to the I-129 
added to the environment from anthropogenic sources (NCRP 1983).  Most man-made 
I-129 in the environment comes from two sources: 1) fallout from the detonation of 
nuclear weapons (especially atmospheric weapons tests) and 2) the nuclear fuel cycle 
(NCRP 1983). Potential I-129 releases from the nuclear fuel cycle include 1) nuclear 

I I .   SOURCES 

I .   INTRODUCTION 

I I .   SOURCES 
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power plant accidents, 2) nuclear fuel reprocessing, and 3) facilities that treat or store 
radioactive waste (EPA 2002). 

I-129 is produced in nuclear explosions of U-235 or Pu-239 at the rate of 30 and 50 
Ci per kiloton (KT) TNT equivalent, respectively (NCRP 1983). This equates 
roughly to a release of 10 Ci from nuclear weapon detonation (NCRP 1983).  

Nearly all of the iodine-129 and iodine-131 generated in the United States is present 
in spent nuclear reactor fuel rods. These fuel rods are currently located at commercial 
reactor facilities or at DOE facilities across the United States (ATSDR 2004). Iodine-
129 is produced in nuclear fission as a decay product of technetium-129 (NCRP 
1983).  The cumulative yield of iodine-129 is about 1% of all fission products (ANL 
2001). Thus, iodine-129 represents only a small fraction of the total fission product 
inventory in the nuclear fuel cycle. I-129 inventories produced from nuclear power are 
estimated to be approximately 2,350 Ci (Preedy et al. 2009).  Exhibit 2 presents the 
global I-129 inventory from major anthropogenic sources. 

 
EXHIBIT 2 MAJOR ANTHROPOGENIC SOURCES OF I -129 (PREEDY ET AL.  2009) 

SOURCE KG OF I-129 TBQ OF  I-129 

Atmospheric Testing 50 0.32 

Chernobyl (1986) 1-2 0.01 

Savannah River Site (1953-1990) 32 0.21 

Hanford Reservation (1944-1972) 266 1.7 

NTS underground nuclear testing 10 0.065 

Proposed Yucca Mountain Repository 13,300 87 

Spent fuel reprocessing (Europe) 2,360 15 

Source: Preedy et al. (2009) 

 

The IAEA estimates that, if the backlog of SNF were to be reprocessed, 
approximately 7.4 Ci of gaseous I-129 would be released into the atmosphere (NCRP 
1983). The remainder would be collected and stored for disposal as high level waste 
(Preedy et al. 2009).  

I-129 in the environment surrounding the Hanford site originated from nuclear fuel 
cycle processes at that site. The Hanford operations included plutonium production 
and research reactors, chemical separation facilities, and fuel fabrication facilities, all 
of which involved processing and storing various uranium compounds, resulting in the 
production of iodine and therefore its subsequent release of some I-129 into the 
environment.   

From 1944 through 1972, the plutonium production operation at the Hanford Site in 
Washington released about 260 kg of I-129 into the air from its 200-E and W areas 
(Hu et al. 2003; Garland et al. 1983).  In comparison, the operation of production 
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reactors from 1953 to about 1990 at the Savannah River Site (SRS) in South Carolina 
released about 32 kg of I-129 into the air (Hu et al. 2003). As iodine-129 is a product 
of nuclear fission, its contamination is present at numerous areas throughout the 
Hanford Site especially in groundwater; 2009 levels at and near the site are detailed in 
the Hanford Site Environmental Report (Poston et al. 2010).  The largest groundwater 
plume extends from the 200 Areas to the Columbia River. Very low concentration 
gradients of iodine-129, less than 100 attocuries/L, have been detected in the river 
(ANL 2001). According to Poston et al. (2010) contaminant plumes totaling 
approximately 11.3% of the Hanford Site area exceed the drinking water standard for 
I-129 at Hanford.  

A notable release of iodine from Hanford, called the “Green Run,” occurred on 
December 3, 1949.  Hanford workers released a plume of approximately 8,000 Ci of I-
131. This was done intentionally and without notifying the public to assess the 
usefulness of atmospheric sampling for radioisotope indicative of fuel reprocessing 
(Angelo 2004). I-131 from this release is no longer an environmental concern because 
of the short half-life of I-131. 

The long half-life of I-129 makes anthropogenic additions of I-129 essentially 
permanent additions to the global inventory of iodine (NCRP 1983). The ratio of I-
129 to I-127, in a small number of samples of animal thyroids  from locations remote 
from nuclear facilities, was found to range from 10-8 to 10-7 (Brauer and Ballou 1974; 
Smith 1977).  Ratio values ranging as high as 10-4 to 10-3 for thyroids and vegetation 
have been measured near some nuclear facilities (Brauer and Ballou 1974). A wide 
range of ratio values are observed, depending on the geographic location, time of year, 
and types of materials sampled (NCRP 1983).  

 

Many of the physical and biological properties of iodine-129 are based on those of 
other isotopes due to a lack of experimental data (NCRP 1983). Iodine in elemental 
form exists only as I2 due to the reactive nature of its valence electrons. It has 
oxidation states ranging from -1 to +7. In aqueous environments -1 (iodide, I-) and +5 
(iodate, IO3

-) are its dominant states (ATSDR 2004). In reducing environments, 
aqueous iodine usually occurs as the very mobile iodide anion. Iodide in this state is 
readily metabolized by the body. Under oxidizing conditions, aqueous iodine is 
present in the more reactive, iodate anion form (Hu 2003). As iodate, the mobility of 
iodine is slowed through interactions with clay and organic compounds in the soil. 

Iodine coexists in various proportions of inorganic and organic iodine in different 
environments. A significant faction of iodine in aqueous environments and in the 
atmosphere exists as organically bound iodine. The transfer of iodine among the 
various portions of the environment depends on its chemical and physical form 
(Holland 1963, Perkins 1963). Inorganic vapor is the most chemically reactive form of 
iodine, but iodine associated with particles and organic compounds, such as methyl 
iodide (CH3I), is readily metabolized (Morgan et al. 1967). 

   

I I I .   ENVIRONMENTAL 

CHEMISTRY 
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FATE AND TRANSPORT 

The environmental transport, distribution, and transformation of iodine is driven by a 
complex series of physical, chemical, and biological processes that are collectively 
known as the global iodine cycle (WHO 2006). The cycle, represented below from 
Kocher (1981), involves the transfer of iodine between the ocean, land, and terrestrial 
biosphere (see Exhibit 3).  

 

EXHIBIT 3   THE GLOBAL IODINE CYCLE (RECREATED FROM KOCHER 1981 AS CITED  

BY WHO 2006)  

 

As seen above, the main driver for the iodine cycle is the exchange of iodine between 
ocean water and its atmosphere. Some aquatic biological aspects of this cycle involve 
the reduction of iodate to iodide and then its conversion to organic iodine compounds 
by algae at the ocean surface water (Vogt et al. 1999).  The volatility of these 
compounds combined with direct evaporative losses results in the transfer of a range 
of iodine compounds to the ocean atmosphere (WHO 2006). 

Numerous studies of the sorption of iodine on sediments, soils, pure minerals, oxide 
phases, and rock materials have been conducted. An extensive review of these studies 
is presented in Selinus (2005) and WHO (2006). 
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Soi l s/Sediments/Rocks 

In the lithosphere, natural iodine is an ultra-trace element. Its crustal abundance is 
estimated to be 0.3 mg/kg. Iodine content in most rock forming minerals is fairly 
uniform. Sedimentary rocks show a greater range of iodine content with clay rich 
rocks more enriched than sand-rich rocks. The highest concentrations of iodine have 
been found in organic-rich shales, with concentrations as high as 44 mg/kg. Sediments 
of marine origin can also be extremely enriched with iodine concentrations as high as 
20,000 mg/kg recorded from some samples. Soils near oceans also have elevated 
iodine concentrations, though the ocean influence does not extend very far inland 
(Selinus 2005).   

Most I-129 present in soil around the world comes from fallout from atmospheric 
nuclear weapons tests. I-131 produced in these tests has decayed away. Iodine may 
also be found as a contaminant where spent nuclear fuel was processed (ANL 2001).  

Iodine concentrations in sandy soil are about the same as in interstitial water (in the 
pore spaces between soil particles).  It binds preferentially to loam, where the 
concentration in soil is estimated to be 5 times higher than in interstitial water.  I-129 
is one of the more mobile radionuclides in soil due to its water solubility in several 
chemical forms (NEI 2006). Iodine travels with infiltrating water to groundwater 
(ANL 2001).  

The geochemistry of soil iodine reflects not only the input of iodine but also the soil’s 
ability to retain iodine. Iodine retention in soil is dependent on many factors. It is 
likely that organic matter is the most influential component in soil iodine retention. 
Organic-rich sediments can be and frequently are strongly enriched in iodine levels, 
correlated to their content of organic matter (Selinus 2005).  

There is also evidence showing iron and aluminum oxides play an important role in 
soil retention of iodine. The sorption of iodine by aluminum and iron oxides is 
strongly dependent on the soil pH. Sorption is greatest in acidic conditions 
(Whitehead 1984). 

Overall, “Retention of iodine in the soil is influenced by a number of factors, 
including soil pH, soil moistness, porosity of soil, and composition of organic and 
inorganic (e.g., aluminum and iron oxides) components (Sheppard and Evenden 1995; 
Whitehead 1984).  Approximately 1% of iodine received through atmosphere-to-soil 
deposition is returned through volatilization of molecular iodine and methyl iodide; 
the remaining iodine is eventually returned to the oceans through surface water and 
groundwater (USNRC 1979; Whitehead 1984).  The average residency time of iodine 
in the soil at 0.3- and 1-meter depths has been suggested to be 80 and 800 years, with 
only 1–3% of deposited iodine migrating to the 1-meter depth (DOE 1986)” (ATSDR 
2004).106 

                                                            
106 At several places in this profile, direct quotes make reference to additional specific source documents.  These 

references are included in the reference section of this profile so that readers can more easily identify and obtain the 

original source documents cited in the major publications. 
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Water 

Most forms of iodine are readily soluble in water.  Iodine enters surface waters and 
ground waters primarily through rainwater for non-costal land regions and the 
combination of rain and ocean spray in coastal areas (WHO 2006).   Most I-129 is 
discharged in gaseous effluents, with some also present in liquid effluents. Iodine-129 
deposited on land from effluents and natural I-129 production may eventually 
percolate through soil to groundwater and, together with I-129 in liquid effluent 
discharged directly to water, ultimately reach ocean waters. Most of the earth's stable 
iodine is located in the oceans (ATSDR 2004); therefore the marine environment will 
eventually constitute the primary reservoir of most anthropogenic I-129 (NCRP 1983). 
The average concentration in seawater is about 60 ppb, but it varies from place to 
place. This concentration is thought to be relatively uniform with depth. Rivers 
usually contain about 5 ppb of iodine, and in mineral sources some ppm 
concentrations can even be found. 

Iodine is strongly reactive, although less than other halogens. Iodine cannot be found 
as an element, but rather as I2 molecules, as I- ions, or as iodate. “When iodine is 
added to water, the following reaction results: 

I2 (l) + H2O (l) ↔ OI- (aq) + 2H+ (aq) + I- (aq) 

I2 molecules and water molecules react to substances such as hypoiodite (OI-). The 
reaction can move both ways of the equilibrium, depending on the pH of the solution” 
(Lenntech 2009). 

The iodine in groundwater can be present in the forms I-, I2, IO
-, or IO3

-. If the ground 
water has a high reduction potential or certain bacteria are present, the iodine also may 
be present as CH3I (USNRC 1979). 

Air  

Iodine enters the atmosphere mainly through volatilization of methyl iodide and, to a 
lesser extent, molecular iodine from the ocean surface (ATSDR 2004).  I-129 is 
introduced naturally though the iodine cycle as well as through gaseous effluents. In 
air, some iodine compounds photochemically decompose to iodine and its radicals. 
These products then go on to react with atmospheric gasses to produce a range of 
additional reactive iodine species. The iodine species can also react with aerosols or 
water droplets to form iodine anions. Concentrations of I-129 in the atmosphere range 
from 2-14 ng/m3 in air and 17-52 ng/m3 over land (WHO 2006). The gaseous 
inorganic and particulate forms of iodine are precipitated from the atmosphere through 
wet (meteorological events) and dry (gravitational settling) deposition processes 
(Whitehead 1984).  The deposition of iodine will depend on particle size and 
concentration, wind turbulence, and the chemical form of iodine.  If precipitation 
occurs over land, iodine will be deposited onto plant surfaces or soil surfaces, or into 
surface waters. 

Because the atmospheric residence time of iodine ranges from 10 to 18 days, it easily 
travels around the globe (Schwehr 2004, Whitehead 1984).  In fact, anthropogenic I-
129 from reprocessing emissions has been found in river water (Schink et al. 1995) 
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and in rainwater of the northern hemisphere (Moran et al. 1999). These measurably 
high anthropogenic I-129 emissions are found not only in their source area in western 
Europe, but also in the United States, where known atmospheric releases currently are 
negligible, as well as in the southern hemisphere (Fehn and Snyder 2000).  

BIOACCUMULATION POTENTIAL 

Terrestr ia l  Systems 

The global iodine cycle is essential to terrestrial life, especially considering the 
majority of iodine in the earth’s surface is inaccessible and only liberated in small 
amounts from weathering and dissolution. The transfer of iodine to land and the 
terrestrial environment decreases by distance from the ocean (WHO 2006).  

When iodine is strongly sorbed in most soils, it will not be readily bio-available. 
Therefore, high concentrations of iodine in the soil does not necessarily mean that 
plants growing in that soil will incorporate large amounts of iodine.  In fact, a 1985 
study by Al-Ajely found no correlation between the iodine concentrations in soils and 
the plants growing in them.  

Iodine content in plants is generally low. Grass and herbage from around the world 
have an iodine content of roughly 0.2 mg/kg (Selinus 2005). A 1994 study of Japanese 
plants by Yuita found the mean iodine content of different plant parts to be green 
leaves 0.46 mg/kg, fruit 0.14, edible roots 0.055, and seeds 0.0039. 

In most cases the major pathway for elements into a plant is through the root system, 
followed by translocation into the upper parts of the plant. The iodide ion has been 
shown experimentally to be taken up through the root system and more readily 
incorporated into the plant than iodate. However, there is little translocation from the 
roots to the upper plant (Selinus 2005). It has been demonstrated that rice grown in 
areas flooded with water high in iodine only have slightly elevated levels of iodine 
compared to rice grown in drained soil (Preedy et al. 2009) Notably though, when 
leaves are submerged in the plant, a dramatic increase in iodine content is seen. From 
these considerations, it is likely that root uptake of iodine is only a small part of iodine 
content in plants (Selinus 2005).  

It is likely that the most important pathway of iodine into plants is through direct 
absorption from the atmosphere. Several studies have shown that plant leaves can 
absorb iodine. Increased humidity increases the absorption of gaseous iodine through 
the leaf stomata. Iodine taken in through the leaf slowly incorporates into the rest of 
the plant (Selinus 2005).  

Aquat ic Systems 

Iodine has been shown to bioaccumulate in many seawater and freshwater aquatic 
plants (Poston 1986).  Freshwater plants such as algae contain 10-5% by weight of 
iodine, whereas marine plants (algae) contain 10-3% by weight (NCRP 1983).  In 
freshwater fish, iodine concentrations in tissues range from 0.003 to 0.81 ppm, which 
gives concentration ratios (fish/water) of 0.9–810.  In marine fish, the iodine 
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concentrations range between 0.023 and 0.11 ppm, yielding concentration ratios of 
between 10 and 20 (Poston 1986). 

ACCUMULATION WITHIN TISSUES 

Iodine is unique in that, unlike other organs in the body, thyroidal cells are able to 
absorb iodine. The average human body contains 10-20 mg of iodine, more than 90% 
of which concentrates in the thyroid (NRCP 1983). All vertebrates have thyroids that 
absorb iodine; however, the quantity of iodine absorbed is dependent on a number of 
factors. Invertebrates do not have thyroid tissue but have an organ known as an 
endostyle that, among other functions, absorbs iodine. The endostyle is thought to be 
an evolutionary precursor to the thyroid (Evans and Claiborne 2006). 

Under normal conditions, the thyroid maintains a nearly static amount of iodine. 
Large changes is iodine intake effect this concentration. In addition to the thyroid, 
iodine also concentrates in a much lesser quantities in the kidney, mammary glands, 
salivary glands, gastric mucosa, placenta, ovary, skin and hair of mammals (ATSDR 
2004). Iodine is readily taken into the bloodstream from both the lungs and through 
the gastrointestinal tract (nearly 100%) after inhalation and ingestion.  In a simplified 
model that does not reflect intermediate redistribution of iodine, once in the 
bloodstream, 20% of iodine is quickly excreted in feces, 30% is deposited in the 
thyroid, and the remainder is eliminated from the body within a short time. In humans, 
clearance time from the thyroid varies with age, with biological half-lives ranging 
from 11 days in infants to 23 days in a five-year-old child, and 80 days in adults (ANL 
2001).  The whole-body effective biological half-life of iodine-129 is 140 days in 
humans (Multi-Agency 2004). Biological half-lives in non-human species are not well 
documented. 

Iodine also concentrates in animal products, specifically milk and eggs. Iodine found 
in these products is directly influenced by iodine intake from feed and water. 
Lactating animals excrete 10% or more iodine taken in through milk, depending on 
the rate of excretion (Committee 2005).  

 

Although literature on non-humans is sparse, a great deal of literature is dedicated to 
the exposure routes through which humans are exposed to iodine.  Iodine enters the 
body through inhalation, ingestion, and absorption. Dietary intake is the main source 
of iodine to the general population. Marine seafoods typically contain the highest 
amounts of iodine (160-3200 g/kg). Kelp, seaweeds and sea salt also are known to 
have a high iodine content (NCRP 1983). In most industrialized nations, the most 
important sources of iodides are dairy products, eggs, grain, and cereal products. 
Other sources include meat and poultry, fruits, and legumes (WHO 2006). 
Additionally, iodine is added to salts in many countries to reduce iodine deficiency 
disorders. NCRP (1983) estimates that meat, milk, and milk products contribute the 
most to dietary iodine intake of Americans over the course of a lifetime.  Cultures that 
consume more seafood and seaweed gain a larger percentage of their iodine intake 
from these sources. 

IV.   TYPICAL MAJOR 

EXPOSURE ROUTES 
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Inhalation and absorption of iodine occurs to a much lesser extent. It is estimated that 
5 g/day and inhaled in coastal areas, assuming time is spent both indoors and 
outdoors. Iodine vapor have also been shown to penetrate the skin. Experiments show 
iodine absorbed dermally is only 1-2% of that absorbed through the lungs for 
inhalation. Consequently, dermal absorption is not considered a main contributor to 
iodine exposure from the air. 

 

Chemical toxicity of iodine is of larger concern than radiotoxicity from I-129 (e.g., 
Sheppard and Evenden 1995, Laverlock et al. 1995). Iodine is an essential component 
of all animal life. Iodine’s chemical effects are most completely documented for 
humans but due to the function the thyroid serves in all species, much of the 
information is applicable to other vertebrates.  Overall, “Several reviews are available 
on iodine toxicity in mammals in NRC (1980), SCF (2002),  McDowell (2003) and 
ATSDR (2004); however, reports on iodine toxicity to fish from diet and aquatic 
environments are sparse…Significant species differences exist in the tolerance levels 
iodine because of the differences in basal metabolic rate and iodine metabolism. All 
species appear to have a wide margin of safety for this iodine” (Committee 2005). 

Iodine deficiency is the major cause of mental retardation, endemic goiter, and 
cretinism worldwide.  These effects are also seen in animals but minimal research has 
been done investigating these effects. The thyroid responds to a shortage of dietary 
iodine by enlarging and more actively transporting iodine from the blood, thereby 
concentrating sufficient iodine to maintain normal function. In contrast, when iodine 
ingestion is excessive, the thyroid decreases the transport of iodine. This mechanism, 
known as the Wolff-Chaikoff effect, leads to a transient decrease in thyroid hormone 
synthesis for about 48 hours. Normal thyroid hormone synthesis resumes shortly after 
despite continued ingestion of excess iodine (BRER 2004). 

KNOWN BENEFICIAL OR PROTECTIVE PROPERTIES 

Iodine is an essential element to virtually all living organisms (other than plants), and 
there is a vast body of literature documenting its beneficial effects on humans.  In 
vertebrates, iodine is used by the thyroid to produce multiple essential hormones.  

The major use of iodine, iodine radionuclides, and iodine compounds is in medical 
diagnosis and treatment. Iodine-123, I-125, and I-131 are used for diagnostic imaging 
of the thyroid gland and the kidneys. Iodine-131 is used to treat hyperthyroidism and 
thyroid cancer. Stable iodine in the form of potassium iodide is added to commercial 
salt to prevent iodine deficiency disorders.  Iodine in the form of the hormone 
thyroxine is also used for thyroid and cardiac treatment and hormone replacement 
therapy in iodine deficiency. Iodine radionuclides are used as a tracer in the laboratory 
and industry to study chemistry mechanisms and processes and to study biological 
activities and processes. Iodine is a bactericide and is used as an antiseptic and 
sterilization of drinking water (USNRC 1979). Iodine can also be used to treat 
syndrome X, infertility, growth retardation, and polycystic ovarian syndrome (Preedy 
et al. 2009). 

V.  CHEMICAL 

ECOTOXICITY 
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In instances when large qualities are radioiodine is thought be released, such as in a 
nuclear accident, potassium iodine is distributed to populations to decrease their 
uptake of radioiodine. Effectively, this treatment lowers the radioiodine concentration 
by providing a huge influx of stable iodine. This lowers the probability that the 
radioiodine will be untaken by the thyroid. 

I-129, specifically, is not used in medical treatments (EPA 2002). Its long half-life and 
low energy beta prevents it from being useful in medical applications. I-129 in some 
instances has been used as a radiotracer. 

MECHANISM(S)  AND LOCI  OF CHEMICAL TOXICITY 

Aqueous iodine (I2(aq)) acts as a biotic killing agent under acidic conditions. Since I2 is 
nonpolar, it can pass through the membrane lipid bilayer and form N-iododerivatives 
from amino acids, oxidize the thiol group in cysteine, react with phenolic alcohol 
groups, and interfere with unsaturated fatty acid carbon double bonds (Gottardi 1991). 
Aqueous I2 is most stable at lower acidic pHs. Under acidic conditions, biocidal I2(aq) 
levels can be maintained for longer periods (Gottardi 1991) and, as solution pH 
increases, iodine equilibriums shift toward the non-bactericidal I− species.  

As noted previously, iodine is unique in that, unlike other organs in the body, 
thyroidal cells are able to absorb iodine, and many of iodine’s effects in animals occur 
through its effects on the thyroid and on thyroidal processes. For example, excess 
iodine may result in hyperthyroidism or hyperthyroidism, although the mechanisms 
involved in these responses are not entirely understood.  Many studies conducted on 
the mechanisms of iodine toxicity show the following direct effects on the thyroid 
gland: 1) inhibition of iodide transport and uptake by the thyroid, 2) accumulation of 
iodotyrosines, 3) inflammation and degradation of follicular cells, and 4) damage to 
follicular cell DNA (Committee 2005). 

FACTORS AFFECTING TOXICITY 

The toxicity of iodine depends largely on its chemical form. The observation of 
toxicity of iodine is predominantly focused on the iodide and iodate species of iodine. 
These forms are found in iodized salt, milk and water. However, the toxicity of other 
species can be much higher. Iodine is often used as a means of water disinfectant. 
Iodine doses as low as 1 mg/l in water kill bacteria within minutes. Elemental iodine 
that remains in the water can be toxic to humans (Preedy et al. 2009). 

Iodine toxicity is also species dependent. Laverlock et al. (1995) found Daphnia 
magna to be more sensitive than rainbow trout fry.  In particular, Daphnia were 
equally sensitive to I2 (LD50 ≥ 0.16mg/l) and I- (LD50 ≥ 0.17mg/l) but were less 
sensitive to IO3- (LD50 ≥ 10.3 mg/l). In contrast, rainbow trout fry were relatively 
sensitive to I2 (LD50 ≥ 0.53 mg/l) and less sensitive to I- (LD50 ≥ 860 mg/l) and IO3

-

(LD50 ≥ 220 mg/l). The effect of water hardness and total organic carbon on lethality 
was not uniform but depended on the chemical form of iodine used and on the test 
species.  A follow-up study on the single cell organism, Tetrahymena pyriformis, 
found iodine toxicity to increase as follows: CaI2< KI<KIO3<I2<KIO4 (Preedy et al. 
2009).   
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PLANTS 

High concentrations of iodine have been shown to be toxic to most plants (Sheppard 
and Evenden 1995). Unlike mammals, plants do not require iodine, and they can be 
adversely affected by low (micromolar) concentrations. The degree of phytotoxicity is 
dependent on the species of iodine that exists in the soil solution. Typically, I− is more 
phytotoxic than IO−3 (Mackowiak and Grossl 1999, Umaly and Poel 1971), which is 
potentially due to the greater ability of plant roots to absorb the reduced form 
(Böszörményi and Cseh 1960). Once in the plant, I− may oxidize to I2, which iodinates 
photosystem II components (Takahashi and Satoh 1989). 

High concentrations of iodine in soil have been shown to inhibit growth in pak choi, 
spinach, and rice. This indicates that uptake of iodine in certain plants has the 
potential for toxic effects (Preedy et al. 2009).  In a study by Mackowiak et al., rice 
receiving the highest dose of I2 (20 µM) under neutral conditions experienced the least 
growth and the greatest iodine biomass concentrations (2004). Few studies appear to 
be available on wild plant species. 

AQUATIC INVERTEBRATES AND F ISH 

Most of the planet’s stable iodine is located in the oceans because of the solubility of 
most forms of iodine; therefore, the marine environment will eventually be the 
primary resting place for much of anthropogenic I-129 (NCRP 1983).  Elevated 
aquatic concentrations of iodine have led to elevated iodine levels in marine animals. 
Certain tropical sponges can contain up to 14% iodine by weight (Mellor 1946).  

Oral toxicity of iodine to fish has not been studied.  High levels of iodine in water can 
be toxic to aquatic animals (Committee 2005); although "[i]nformation is sparse 
regarding the acute or chronic toxicity of iodine to freshwater biota” (Laverlock et al. 
1995).  Channel catfish populations experienced 100% mortality from concentrations 
as low as 0.73 mg I/L over 24-hour exposure periods. This same result was also 
achieved with 7.2 mg I/L over one hour (LeValley 1982).  An exposure of 8.0 mg/L 
was lethal to some species of mullet.  Mortality in both cases was caused by gill 
damage and asphyxiation (LeValley 1982).  As noted previously, Laverlock et al. 
(1995) determined median lethal concentrations of elemental iodine, iodide, and 
iodate to rainbow trout fry and to Daphnia magna under several different water 
quality regimes.  

MAMMALS 

Iodine toxicosis in humans and in laboratory surrogates has been widely studied, 
driven largely by human health concerns.  Studies in wild species appear to be few. 

Physiological responses are dependent on the dose and the duration of the iodine 
intake. There are also significant differences between species and their tolerance to 
high dietary concentrations of iodine (ASDR 2004).  

The chronic administration of large doses of iodine to many domesticated and 
experimental animals has been shown to reduce iodine uptake by the thyroid, which in 
many cases leads to antithyroidal or goitrogenic effects. High levels of iodide inhibit 
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organic iodine formation and saturate the active transport mechanism of this ion 
causing iodide goiter (Committee 2005).  

Excess iodine may result in hyperthyroidism or hyperthyroidism, but the mechanisms 
involved in these responses are not entirely understood.  Many studies conducted on 
the mechanisms of iodine toxicity show the following direct effects on the thyroid 
gland: 1) inhibition of iodide transport and uptake by the thyroid, 2) accumulation of 
iodotyrosines, 3) inflammation and degradation of follicular cells, and 4) damage to 
follicular cell DNA (Committee 2005). 

Other indirect effects of iodine toxicosis include 1) poor absorption of thyroid 
hormones resulting in greater excretion in feces, 2) changes in thyroid hormone 
transport, 3) elevated hepatic microsomal enzyme activities which cause increases in 
iodotyrosine excretion, and 4) interference in transthyrectin metabolism (Committee 
2005; ATSDR 2004). 

Large acute doses of iodine produce different effects.  The LD50 of mice fed iodate 
ranged from 483-698 mg/kg (Webster et al. 1966). Webster et al. (1966) also found 
three doses of 100 mg I/kg body weight to cause anorexia and occasional vomiting in 
dogs, while larger doses (200-250 mg I/kg body weight) caused death preceded by 
anorexia or coma. Severe retinal changes were seen in laboratory animals 
administered sodium iodate intravenously above 10 mg/kg (Burgi et al. 2001). 

As noted previously, inhalation is generally considered to be a minor exposure route.  
However, if I2 or methyl iodide vapors are inhaled they can be absorbed and would be 
expected to exert effects that are similar to that of iodide absorbed after ingestion, 
including effects on the thyroid gland.  Furthermore, iodine (I2) is a strong oxidizing 
agent; therefore, exposure to high air concentrations of I2 vapor could potentially 
produce upper respiratory tract irritation and possibly oxidative injury (ATSDR 2004). 

BIRDS 

Information on iodine’s effects on birds is very limited. Domesticated birds’ diets are 
typically supplemented with iodine and in some cases higher concentrations are used 
to enhance the iodine content in eggs. A study by the University of Natal found excess 
iodine in poultry diets prevented sexual maturation in fowl, decreased rate of lay, 
decreased egg weight, and increased body weight (Lewis 2004). Similar studies in 
chickens and turkeys by Perdomo et al. (1966), Arrington et al. (1967), Marcilese et 
al. (1968) and Christensen et al. (1991) found reduced fertility, decreased egg 
production, egg size and hatchability.  

AMPHIBIANS AND REPTILES 

Information on the effect of iodine on amphibians and reptiles is limited. Both reptiles 
and amphibians have a dietary need for iodine and are sensitive to elevated and 
depressed concentrations in their diet. Iodine dietary supplements are often necessary 
in domesticated reptiles and amphibians (Swingle 1923).  Higher quantities of iodine 
are known to be toxic but the toxic concentration is not documented. 

Exhibit 1



  Final Hanford Natural Resource Damage Assessment Injury Assessment Plan 

 

  B4-13 

 

Iodine is known to be an essential component in the amino acid and protein molecule 
responsible for the metamorphosis of amphibians. Without iodine amphibians are 
unable to go through metamorphosis. Non-thyroidal iodine is also effective in 
inducing metamorphosis in urodele and anuran larvae that lack thyroids (Swingle 
1923).  

 

MECHANISM OF ACTION 

Iodine-129 decays by emitting a low energy beta and gamma particle to produce 
xenon-129. I-129’s very long half-life (1.57 × 107 yr) and low specific activity limit 
its radioactive hazards, as does the low energy of its beta and gamma emissions. In 
fact, accurate detection and measurement of the isotope is difficult and tedious (NCRP 
1983) because of its weak emissions. 

Radioecological damages to aquatic and terrestrial organisms due to I-129 in the 
environment result from ionization caused by the interaction of its beta and gamma 
particles with living tissue. In particular, upon each disintegration, I-129 emits a beta 
particle with an average energy of 50.3 keV and a maximum energy of 154.4 keV 
(Shultis and Faw 2008) The range of beta particles in matter is given by Shleien et al. 
(1998), Formula 2a, p. 3-15: 

for (0.01≤E≤2.5 MeV):   

R = 412*E(1.265-0.0954*ln(E)) 

Where: 

R = range in mg/cm2 (range in cm times the density of the absorbing medium in 
mg/cm3) 

E = energy of the beta particle in MeV  

Using this equation, the average approximate range of I-129 beta particles in tissue is 
about 0.004g/cm2 or 0.004 cm.  Given that the typical energy required to ionize a 
molecule (i.e., eject an electron from its orbit) is about 34 to 35 eV (see page 17, 
Casarett 1968), the total number of ion pairs produced by the energy deposited in 
tissue from the average energy beta particle emitted by I-129 is about 1400 ion pairs 
(i.e., 0.05 MeV/35 eV).   

The pattern of energy deposition for beta particles is described in Morgan and Turner 
(1973) as follows: 

mean linear ion density = T/Rt×W 

Where: 

T = average energy of electron liberated 

Rt = range or electrons of energy T 

W = average energy to form an ion pair 

For I-129, the equation is 50.3 keV x 1000 eV/keV ÷ 0.003 cm x 35 eV/ion pair =  
4.79×105 ion pairs per cm or about 48 ion pairs per micron.  Given that a typical cell 

VI.   RADIOLOGICAL 

ECOTOXICITY 
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is on the order of tens of microns (see page 102 of Curtis and Barnes, 1989), a single 
cell might experience about 500 to 600 ion pairs produced by the passage of an 
average I-129 beta particle.  It is this deposited energy in living tissue that results in 
biological damage. Radioiodine toxicity is most likely in tissues that can transport and 
accumulate iodide (ATSDR 2004). 

Sufficiently energetic beta particles can penetrate the dead layer of the skin of 
mammals (nominally 70 microns in humans) and deposit energy in underlying tissues.  
I-129 emits beta particles with an average energy of 50.3 keV and that have a range of 
about 3.3 cm in air and 0.04 cm in tissue (Shleien et al. 1998).  Thus, there is some 
potential for exposure from external beta radiation from I-129, including all aquatic 
and terrestrial organisms and all stages of their life cycle, except for organisms that 
have a thick outer layer (such as bark of trees, heavy fur, scales, etc.) that can shield 
the living tissue beneath from the beta emissions. 

RADIOECOTOXICOLOGICAL EFFECTS 

Terrestrial and aquatic organisms can also experience internal exposures from the 
approximate 0.04 MeV photons emitted by I-129.  However, because only about 10% 
of the photon energy is deposited per cm of path length in tissue (see Figure 5.4 of 
Shleien et al. 1998), the contribution of gamma exposure from I-129 to the internal 
dose is small as compared to that from the internal dose from the beta emissions of I-
129.  However, external exposure to terrestrial organism from the gamma emissions 
from I-129 in soil must be taken into consideration when assessing the dose to 
terrestrial biota.  For aquatic biota, close proximity to sediment containing I-129 could 
contribute to external exposures.   

In most animal and human life, iodine concentrations are highest in the thyroid gland.  
The metabolic constraints that control the quantity of stable iodine in the thyroid gland 
also restrict the amount of I-129 that can be absorbed and thus also restrict the 
potential for radiotoxicological effects from I-129.   

For example, the ICRP reference man107 (ICRP 1975) has 13 mg of iodine, 12 mg 
(>90%) of which is located in the thyroid. Using this reference, combined with an 
assumption of constant exposure only to pure I-129 (which has a specific activity of 
0.17 mCi/g), the theoretical maximum I-129 activity in the thyroid is limited to 
roughly 2 Ci in an adult human. This is an overly conservative assumption 
considering the highest ratios of I-129 to I-127 seen in animals living near nuclear 
facilities is in the range of 0.001 (Brauer and Ballou 1974). Encountering iodine only 
in the form I-129 over a lifetime to achieve this maximum activity is impossible but is 
presented for comparison with reasonable intake. 

Under considerably more realistic conditions, NCRP (1983) states “A steady dietary 
intake of one pCi I-129 ingested daily would lead to an equilibrium burden of 8.7 pCi 
in the thyroids of 1 to 4 year old children and 22 and 43 pCi [105 times smaller than 

                                                            
107   In order to standardize the radiation doses to humans per unit intake of a given radionuclide, the International 

Commission on Radiological Protection defines a reference man, which standardizes the size, weight and function of 

every organ and structure in the human body. 
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the above theoretical maximum possible] in those of 14-year olds and adults, 
respectively, resulting in dose equivalent rates of 4.9, 2.1, 1.7 and 2.6 mrem/y in 1-,  
4-, and 14-year olds, and adult, respectively.” NCRP (1983) also estimates a dose to 
the thyroid to 7 mrem/nCi intake. The thyroid gland in adults is considered to be 
radioresistant in terms of cell death and failure of function. It has the capacity to 
actively concentrate iodine. Radioiodine can, therefore, deliver considerable doses to 
the gland without causing the thyroid to fail.  A dose of at least 300 Gy (30,000 rem) 

108  is required to cause total ablation of the thyroid within a period of two weeks 
(WHO 2001). This is exponentially larger than any expected environmental exposure 
and would only be expected in a medical setting where killing the thyroid is the 
intended consequence. 

In a 1983 study conducted by Book, rats were fed I-129 over a lifetime. These rats 
experienced no significant increase in tumor occurrence nor were any difference seen 
in longevity between exposed and control rats.  

No literature was found that explicitly addresses the radiotoxicity of I-129 on plants.  
However, there are a number of publications on the effects of radiation in general on 
plants and plant communities.  Chapter 13 of Casarett (1968) provides an excellent 
review of the literature on the effects of radiation on higher plants and plant 
communities.  She provides data showing the percent germination for pollen for a 
variety of plants, as a function dose, where the doses ranged from zero to over 6,000 
rad.  She also summarizes studies on the effects of radiation on the fertilized egg 
(ovule), where effects on the developing plant were observed at 500 R,109 and the 
radiosensitivity of developing embryos (fertilized ovule) varied 100-fold depending 
on plant species.  That said, the low energy of radiation from I-129 and its low 
specific activity suggest radiological damage to plants from I-129 to be unlikely.  

 

Natural and synthetic chemicals distributed in plant and plant products have the 
potential to alter the uptake of iodine in the thyroid of vertebrates.  Although the 
effects of goitrogens on iodine toxicity are not fully understood, changes in thyroid 
metabolism associated with high intakes of goitrogens may influence iodine toxicity 
and the concentration of iodine in tissue and animal products (Committee 2005).  
Some agricultural species (broccoli, kale, spinach, cabbage, soy products, and turnips) 
have naturally high concentrations of goitrogens (ATSDR 2004); it is not known 
whether native plants at Hanford may also have high concentrations of these 
compounds.   

There are two types of goitrogens: thiocyanates and goitrin. Thiocyanates inhibit the 
uptake of iodine in the thyroid, but their action is reversible by additional iodine 
supplementation. Goitrin inhibits the synthesis of thyroid hormone through the 
inhibition of thyroid peroxidase. Goitrin effects are not reversible by iodine 

                                                            
108 1 Gy= 100 rad. Units of absorbed radiation dose. Although, technically different, by convention, 1 rad is loosely 

considered equivalent to 1 rem. 
109 For simplicity, it can be assumed that one R or Roentgen is equal to 100 rad (or 100 ergs of energy deposited per 

gram of tissue). 
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supplement (Committee 2005). Normal iodine uptake may also be inhibited by 
bromine, fluoride, cobalt, manganese, and nitrate (ATSRD 2004). 

Various substituted phenols with hydroxyl groups in the meta positions have been 
shown to increase thyroid iodide accumulation and to inhibit iodothyronine 
production in the thyroid (ATSDR 2004). 

  

The health impacts of I-129 on humans are well understood (ATSDR 2004): effects of 
acute exposures to radioiodine (predominately I-131110) have been extensively studied 
in humans and in mammalian laboratory surrogates.  An enormous amount of 
epidemiological and case literature derives from the clinical use of I-131 in diagnostic 
procedures and in treatment of thyroid gland enlargement and thyrotoxicosis. In 
addition, epidemiology studies have examined health effects resulting from accidental 
environmental exposures due to nuclear detonations and releases from nuclear power 
plants. These studies collectively and credibly identify the thyroid gland as the 
primary target of radioiodine.  Other tissues that are either in close proximity to the 
thyroid gland, such as the parathyroid gland, or that accumulate iodine, such as the 
salivary gland, also are affected by exposures to radioiodine; however, these effects 
occur at absorbed radiation doses that are clearly cytotoxic to the thyroid gland.   In 
addition, the toxicokinetics of iodine in humans has been substantially explored and 
characterized in both experimental studies and clinical cases.   

Although the effects of stable and radioiodine are well understood in humans, the 
literature on the effects of I-129 on wild species is extremely limited if not absent. 
Literature on the effects of non-radioactive iodine on wild species has relevance as 
most of the effects of I-129 are expected to be chemical rather than radiological.  
Information on mammalian laboratory species is plentiful; however, information 
appears to be quite limited for aquatic species and may be absent for wild birds, wild 
mammals, amphibians, and reptiles. 

 

Al-Ajely, K.O. 1985. Biological prospecting as an effective tool in the search for 
mineral deposits.  Ph.D. Thesis, University of Wales, Aberystwyth. 

Angelo, J.A. 2004. Nuclear Technology. Greenwood Publishing Group. Westport, 
Connecticut: 398-399 

Argonne National Laboratory (ANL). 2001.  Human Health Fact Sheet. 
http://www.stoller-eser.com/factsheet/iodine.pdf. Accessed 5 January, 2011. 

                                                            
110 I-131 metabolically behaves the same as I-127 and I-129; however, its radiological properties are considerably 

different that I-129. I-131 decays by 364 keV gamma emission (81% abundance) and beta emission with a mean energy 

of 190 keV (89% abundance) with a half-life of 8 days . I-131 properties allow it to be used as a surrogate to easily 

trace where iodine goes in the body.  I-131 decays away in a matter of days and thus its risks are very different than I-

129 which essentially never decays.  
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MERCURY (Hg) 
ECOTOXICOLOGICAL PROFILE111 

 

Mercury (Hg) is one of the hazardous substances (as defined by Sections 101(14) and 
101(33) of CERCLA and listed in 40 CFR §302.4) to which natural resources have 
been exposed as a result of operations and cleanup efforts over the past 60 years at the 
U.S. Department of Energy (DOE) Hanford Site in the State of Washington.  Heavy 
and silver-colored, mercury is the only metal that is liquid at standard conditions of 
temperature and pressure (25C and 1 atm).   

Assessing the potential effects of mercury exposure, particularly to methylmercury, 
has been an active area of research for over thirty years (Scheuhammer and 
Sandheinrich 2008) and has resulted in the generation of an extremely large body of 
information.  Mercury fate, transport, and ecotoxicology have been the focus of 
special issues in journals and of conferences/workshops, and have been the subject of 
several books as well as a tremendous number of journal articles.  This profile does 
not attempt to comprehensively review all available ecotoxicological information on 
mercury but rather aims to provide a broad overview of its known characteristics and 
properties, including its better-studied ecological effects with a particular focus on 
those of the most relevance to natural resource damage assessment.  

  

Mercury is a toxic element found ubiquitously throughout the environment. The 
sources of mercury to the biosphere can be grouped as follows (UNEP 2002): 

 Natural sources, such as volcanic activity, forest fires, and weathering of rocks; 

 Current/ongoing anthropogenic activities, such as fossil fuel combustion, leaks 
from industrial activities, and the disposal or incineration of wastes; and 

 Re-mobilization of past anthropogenic releases from environmental media such 
as soils, sediments, waterbodies, landfills, and waste piles. 

Estimates of the increase in atmospheric deposition of mercury since preindustrial 
times range from 1.5 to 4, excluding industrial areas where deposition rates are higher 
(Swain et al. 1992, UNEP 2002).  North American anthropogenic sources on average 
contribute roughly 20 to 30 percent of total mercury deposition within the continental 
United States (Seigneur et al. 2004, Selin et al. 2007).  The remainder comes from 
anthropogenic emissions of other countries and natural sources.  There is uncertainty 
with respect to how much of anthropogenic emissions is attributable to new releases 
as distinct from remobilization; however, several researchers have estimated these to 
be approximately equal or at least within a factor of two of each other (Seigneur et al. 
2004). 

At Hanford, use and spillage of chemicals, including mercury, in the 100 Area 
resulted in the contamination of facilities and soil (EPA 1999). One specific example 

                                                            
111 Selected portions of this document are derived from IEc (2010). 
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of such releases relates to a five-year project termed “Project P-10-X” that 
commenced in 1949 (Kincaid et al. 2006).  This project, the purpose of which was 
tritium production, took place in the 100-B Area and released both tritium and 
mercury to the environment.  Indeed, the “second largest source of contamination 
emitted from Project P-10-X operations was the mercury used in the Toepler pumps 
and pressure gauges. It is estimated that hundreds of liters of contaminated mercury 
was disposed to the 100-B crib, with subsequent diffusion through surrounding soil 
and groundwater” (ibid.). 

 

Mercury’s chemical forms include elemental mercury, or Hg(0), oxidized inorganic 
mercury, as Hg2+ and Hg2

2+, and organic forms, principally methylmercury.  As an 
element, mercury does not break down although it does change among these chemical 
forms, and its form determines not only its environmental fate but also its potency as a 
toxicant.  In particular, elemental mercury can be oxidized to Hg2+ which can in turn 
be methylated by sulfate-reducing bacteria.  Elemental mercury is volatile and can be 
lost to the atmosphere and transported long distances before being deposited.  In 
contrast, Hg2+ tends to bind to sediment particles (EPA 2006).  The dominant factors 
controlling mercury speciation in solution include dissolved ions, pH, and redox 
potential (Gabriel and Williamson 2004). 

From a biological perspective, the most hazardous form of mercury is methylmercury, 
both because of its bioaccumulation and biomagnification potentials and also because 
organic forms are the most toxic (Wolfe et al. 1998, Boening 2000).   

The main mechanism through which mercury becomes methylated is thought to be 
through the action of sulfate-reducing bacteria, particularly in freshwater sediments 
and wetlands (Wiener et al. 2003, Evers et al. 2005).  Many factors affect the rate of 
mercury methylation in waterbodies, including pH, acid neutralizing capacity, sulfate 
content, dissolved organic matter, waterbody morphometry, and temperature (Wiener 
et al. 2003, EPRI 2004, EPA 2005).   Wetlands tend to be areas of higher 
methylmercury production and may contribute methylmercury to associated 
waterbodies (Wiener et al. 2003, EPA 2005b).  In general, mercury methylation rates 
are higher in lower alkalinity, low pH waterbodies, in surface waters with large 
upstream or adjoining wetlands, in waters with adjoining or upstream terrestrial areas 
subject to flooding, and in dark-water lakes and streams (Scheuhammer et al. 2007). 
Demethylation of methylmercury is possible, but this process is less well understood.  
There is some evidence that at least in some predatory aquatic species, a portion of the 
methylmercury burden may become demethylated, especially in the liver and kidney, 
and perhaps brain (Scheuhammer et al. 2007). 

In contrast to aquatic ecosystems, concentrations of methylmercury in soils are 
generally low (EPA 2005, Gabriel and Williamson 2004); indeed, the concentration of 
methylmercury is generally less than 2% of the total mercury concentration in soil 
(Schluter 2000 as cited in Gabriel and Williamson 2004).  Methylation can occur in 
the terrestrial environment, but this process is less well understood (Gabriel and 
Williamson 2004). 

I I I .  ENVIRONMENTAL 

CHEMISTRY 
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FATE AND TRANSPORT  

Mercury is primarily released to the environment in its elemental and inorganic forms.  
When released to the atmosphere, it can be transported around the globe, and through 
wet and dry depositional processes, may be deposited in areas far from its point of 
release.   

Atmospheric mercury can deposit directly to surface waters and to soils.  Although in 
most watersheds, the primary source of total mercury to surface waters is atmospheric 
deposition, erosion and runoff can also be large sources (EPA 2006, Gabriel and 
Williamson 2004).  Groundwater can also be a source of mercury to surface waters, 
and the interface between ground water and streams can be an important methylation 
site (EPA 2006).  Inorganic mercury, as Hg2+ in aquatic systems, is generally bound to 
dissolved organic carbon (EPA 2006). 

Gabriel and Williamson (2004) review biogeochemical factors affecting the 
speciation, ligand formation, and transportation of mercury in terrestrial 
environments.  These authors note that adsorption in soils is one of the most widely 
researched areas in the terrestrial biogeochemistry of mercury.  A number of factors 
affect the element’s chemical form in soils.  These factors include the presence of 
certain dissolved species (particularly S-, Cl- and dissolved organic carbon), pH, and 
redox potential.  Factors affecting mercury’s adsorption to soils include the soil 
particles’ surface area, organic content, cation exchange capacity, and grain size. 
Overall, soils have a high affinity for mercury in its elemental, inorganic, and organic 
forms, such that even the elemental form can be fairly resistant to volatilization loss, 
and soils can sequester a large percentage of atmospherically deposited mercury 
(ibid.). 

BIOACCUMULATION POTENTIAL 

Methylmercury is the only form of mercury that biomagnifies through food chains 
(Chan et al. 2003, EPRI 2004), with higher trophic level organisms acquiring 
increasingly large body burdens (EPA 1997, EPA 2005).  Nearly all of the mercury in 
fish is in the form of methylmercury (Wiener and Spry 1996, EPA 1997, Eisler 2000), 
and even in predatory insects, methylmercury comprises much of the body burden 
(Mason et al. 2000, Cristol 2008).  Overall, the proportion of methylmercury in 
organisms is a function of food chain length. 

Methylmercury has repeatedly been shown to accumulate in aquatic food webs.  
Uptake and bioaccumulation in terrestrial ecosystems has been less well studied, 
although it has been shown that plants can take up elemental mercury directly from 
the atmosphere and can accumulate mercury in their leaves (EPA 2006).  Uptake from 
soils via roots is also possible, and this mercury may be translocated to the leaves 
(Suszycynsky and Shann 1995 as cited in Boening 2000). Mosses are key vegetative 
species in that they tend to accumulate more mercury than other plants (Boening 
2000).   

Cristol et al. (2008) have reported methylmercury biomagnification in a terrestrial 
habitat immediately adjacent to a mercury-contaminated river in Virginia; in this food 
web, spiders provided a substantial exposure pathway to songbirds.  Rimmer et al. 
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(2010) found increasing mercury concentrations at higher trophic levels in a montane 
forest. 

ACCUMULATION WITHIN TISSUES 

Methylmercury does not partition based on lipohilicity but does preferentially bind 
with sulfhydryl groups in proteins (Webb et al. 2006).  In vertebrates, mercury has 
long been known to accumulate to high levels in the kidneys and liver (Tan et al. 
2009).  The pituitary gland, thyroid and gonads have also been shown to accumulate 
mercury concentrations similar to, or modestly lower than, those in kidneys and livers 
(ibid.).    

In mammals, where neurotoxic effects are a common focus, effects thresholds are 
frequently expressed as concentrations in brain tissue (e.g., see Scheuhammer et al. 
2007).  In bats, fur and blood have also been evaluated (Wada et al. 2010).   

In fish, accumulation of mercury in the brains appears to occur to a lesser extent than 
in mammals (Boening 2000).  Muscle tissue, however, is frequently evaluated, as this 
tissue is of particular interest when human exposure is of concern.  When the purpose 
of the research is to estimate effects to fish themselves, concentrations in whole fish 
(especially if small) are commonly targeted (e.g., Friedman et al. 2006, 
Hammerschmidt et al. 2002, Drevnik and Sandheinrich 2003). 

In birds, both brain and egg concentrations have commonly been measured 
(Scheuhammer et al. 2007, Tan et al. 2009).  Blood has also been a preferred tissue to 
characterize exposure in birds (e.g., Burgess and Meyer 2008, Brasso and Cristol 
2008).  Bergeron et al. (2007) report that blood concentrations can also be used as an 
of mercury exposure in turtles. 

  

Fish and wildlife are primarily exposed to methylmercury rather than to other 
chemical forms; furthermore, exposure occurs predominatly through the diet 
(Scheuhammer et al. 2007).  Because of the biomagnification of methylmercury 
through food webs, top predators, particularly in aquatic food chains, are likely to be 
the most exposed, while terrestrial non-piscivorous species typically experience 
relatively low merucy exposures (ibid.)  

For fish embryos, maternal transfer of dietary methylmercury is the primary method 
of exposure (Hammerschmdt and Sandheinrich 2005 as cited in Scheuhammer et al. 
2007).  Maternal transfer also occurs in mammalian, reptilian, amphibian, and avian 
species (Tan et al. 2009, Bergeron et al. 2010). 

  

Mercury is a known mutagen, teratogen, and carcinogen (Eisler 2000).  In higher 
organisms, inorganic mercury is primarily nephrotoxic (Khan and Wang 2009), while 
methylmercury’s effects in wildlife include neurotoxicity, affecting endpoints such as 
behavioral alterations and sensory impacts (e.g., to vision and hearing), and 
developmental effects (EPA 1997, Eisler 2000).  Mercury can cross both the blood-
brain barrier and the placental barrier, making it “one of a few known developmental 

IV.  TYPICAL MAJOR 
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neurotoxins” (Khan and Wang 2009).  Species sensitivity to mercury varies, and 
within a species the early life stages are generally the most sensitive to these types of 
effects (Wiener and Spry 1996, Eisler 2000, Boening 2000).   

Endocrine-related effects, including reproductive impairment, have also been 
observed in fish, birds, and mammals (Tan et al. 2009).  The “estrogenic” properties 
of mercury compounds may be responsible for these effects, and some evidence 
suggests that endocrine effects “may be observed at lower doses or before onset of the 
extensively studied neurological symptoms” (ibid.).  Endocrine effects are not limited 
to the hypothalamic-pituitary-gonadal axis but also include impacts to the 
hypothalamic-pituitary-thyroid axis and the hypothalamic-pituitary-adrenal axis 
(ibid.). 

KNOWN BENEFICIAL OR PROTECTIVE PROPERTIES 

Mercury has no known beneficial effects or protective properties. 

MECHANISM(S)  AND LOCI  OF TOXICITY 

Mercury is cytotoxic (Tan et al. 2009). At the molecular level, it interacts with 
reduced sulfhydryl groups (Chan et al. 2003).  Sulfhydryl groups are part of many 
proteins and enzymes; thus, methylmercury may interfere with the actions of these 
structures, directly or indirectly altering cellular metabolism.  Cellular processes 
affected by mercury can include ionic homeostasis, synaptic function, oxidative stress, 
and protein synthesis (Khan and Wang 2009). The literature has documented impacts 
of methylmercury on the activity of certain enzymes, including several enzymes 
present in the brain (Hoffman and Heinz 1998, Wolfe et al. 1998).  

PLANTS 

Less is known about the effects of mercury on plants, although several laboratory 
studies of aquatic and terrestrial species have been conducted.   These have found 
evidence of impacts to a variety of endpoints including photosynthesis, root/shoot 
weight and length, chlorophyll content, enzyme activities, mitotic activity, 
transpiration, water uptake, and chlorophyll synthesis (Boening 2000).   

FISH AND AQUATIC INVERTEBRATES  

Through laboratory dosing studies, researchers have investigated the sensitivity to 
mercury of a wide range of fish species, including Atlantic salmon, rainbow trout, 
brook trout, catfish, amphipods, mummichog, fathead minnows, walleye, golden 
shiner, and others (Eisler 2000, Scheuhammer et al. 2007).   These studies have found 
that mercury reduces fish growth, increases tissue histopathology, and impairs 
olfactory receptor function (Eisler 2000).  Symptoms in fish potentially related to 
neurotoxicity include changes in activity level, coordination, ability to capture prey, 
predator avoidance, emaciation, brain lesions, and death (Wiener and Spry 1996, 
Eisler 2000, Weis 2009).   

Reproductive impacts represent another key set of endpoints for fish.  Laboratory 
studies have demonstrated impacts of mercury on a wide range of reproductive health 
metrics including gonadal development, production of sex hormones, gametogenesis, 
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sperm morphology and motility, vitellogenesis, fecundity, fertilization, hatching 
success, and embryo development/malformations among other reproductive endpoints 
(Scheuhammer et al. 2007, Tan et al. 2009, Weis 2009, Crump and Trudeau 2009).  
Exposures during sensitive periods can produce delayed effects in later life phases 
(Weis 2009). 

Some effects observed in laboratory studies (e.g., growth and survival) are relatively 
unlikely to occur in most wild fish, inasmuch as ambient mercury concentrations are 
generally lower than those found to cause these effects (EPA 2005).  However, fish 
reproduction may be a more sensitive endpoint, and it is plausible that reproductive 
effects from methylmercury may occur under field conditions (Scheuhammer et al. 
2007, Crump and Trudeau 2009).  Also, more recent laboratory studies have 
specifically focused on environmentally realistic concentrations (e.g., Friedman et al. 
1996, Hammerschmidt et al. 2002, Drevnick and Sandhenrich 2003). 

Field studies of effects of mercury on fish are more limited than laboratory studies 
(Scheuhammer et al. 2007).  Friedmann et al. (2002) compared the reproductive 
health of wild largemouth bass from three New Jersey lakes with varying degrees of 
mercury contamination.  The authors evaluated organosomatic indices, condition 
factor, serum cortisol, testosterone, and 11-ketotestosterone and found a significant 
difference for this latter metric, and a (non-statistically significant) 50% decrease in 
testosterone among fish from the most heavily contaminated lake.   

Webb et al. (2006) investigated white sturgeon from the lower Columbia River and 
found several significant correlations between tissue methylmercury concentrations 
and measures of reproductive health in these fish.   These include negative 
correlations between: (a) plasma androgens and Hg in muscle tissue, (b) plasma 
estrogens and Hg in liver tissue, (c) condition factor and both gonad/liver Hg 
concentrations, (d) relative weight and both gonad/liver Hg concentrations, and (e) in 
immature males, gonadosomatic index and gonad Hg concentrations.  The authors 
hypothesize that “[t]he physiologic result of decreased circulating sex steroids… may 
be altered gametogenesis, a delay in sexual maturation, and/or decreased reproductive 
success” but note that “further studies with older and larger fish would need to be 
conducted to determine if mercury is negatively impacting the onset of maturation and 
reproductive potential.”  Webb et al. (2006) further note that the gonadosomatic index 
has been found to be inversely related to tissue mercury in several teleosts.   

In aquatic invertebrates, many researchers have investigated mercury concentrations; 
however, data on effects are fewer.  Skinner and Bennett (2007) evaluated gill 
deformities in macroinvertebrates (mayflies, caddisflies, and stoneflies) from stream 
areas in New York State.  The authors found the highest rate of gill deformities (28%) 
among animals with the highest mercury concentrations; however, the authors did not 
report mercury concentrations in macroinvertebrates from the reference area (instead 
noting that water column levels were non-detectable).   

BIRDS 

Dosing studies of bird species have found evidence of toxicity, ranging from blood 
and tissue chemistry changes to brain lesions, reduced growth, developmental 
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alterations, behavioral alterations, reproductive impairment, and death (Frederic 2000, 
Eisler 2000).  Reproductive effects include not only embryomortality and 
development but also appear to extend to juvenile survival (Wolfe et al. 1998).  
Mercury may also be associated with immunotoxic effects including a higher potential 
for infection by disease organisms (Scheuhammer et al. 2007).  Avian species 
investigated include mallards, quail, ring-necked pheasants, chickens, house sparrows, 
northern bobwhite, goshawks, red-tailed hawks, tree swallows, and others (Thompson 
1996, Eisler 2000, Wada et al. 2009, Heinz et al. 2009).  Egg injection experiments 
have demonstrated a range in LC50 concentrations among different species of avian 
embryos exposed to mercury (Heinz et al. 2009). 

Although a number of correlative studies of mercury and various avian reproductive 
endpoints under field conditions did not find effects or were subject to confounding 
factors (Thompson 1996), there are several examples that strongly suggest mercury is 
adversely impacting at least some species at some locations.  Of these, the common 
loon is probably the best studied.  Effects associated with field exposure to mercury in 
this species include elevated corticosterone hormone levels, reduced foraging 
behavior, reduced incubation activity, and reduced fledgling production (Evers 2004, 
Burgess and Meyer 2008).   

In addition, available data suggest that sublethal impacts to birds in the Florida 
Everglades are likely.  (The Florida Everglades is amongst the better-studied sites 
with respect to mercury.) In particular, field studies suggest that mercury may 
predispose juvenile great white herons to disease (Spalding et al. 1994 as cited in 
Frederick 2000).  Dosing of great egrets at environmentally realistic levels resulted in 
impaired immunological responses, reduced appetite, and altered behavior (Frederick 
2000).  Altogether, "it is strongly suspected that exposure of nestlings to Everglades 
diets is likely to result in increased juvenile mortality" (ibid.).  Population-level 
impacts are possible, as modeling suggests populations of great egrets are sensitive to 
changes in juvenile survival (ibid.). 

Bald eagles and osprey are high trophic-level predators that have experienced elevated 
mercury levels in some environments; however, available data indicate a lack of 
association between mercury exposure and productivity of these species 
(Scheuhammer et al. 2007). 

Fewer field studies are available for non-piscivorous birds, although several recent 
studies have examined tree swallows near the mercury-contaminated South River in 
Virginia.  In particular, Brasso and Cristol (2008) found “subtle” reproductive 
effects—i.e., reduced productivity for young females in the contaminated area that 
were breeding for the first time in one of the years of the study.  Wada et al. (2009) 
found nestlings from the contaminated area to have suppressed adrenocortical 
responses, plasma triiodothyronine and thyroxin concentrations relative to reference 
levels, suggesting endocrine disruption in these organisms.  Hawley et al. (2009) 
found evidence of sublethal immunosuppressive effects in female tree swallows 
associated with the South River relative to reference birds.  In addition, Edmonds et 
al. (2010) identified elevated mercury levels in some North American populations of 
the wetland obligate and rapidly declining rusty blackbird and found concentrations 
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that are “among the highest reported for wild populations of passerines at sites without 
a known local source of mercury.” The authors suggest that mercury should be 
considered as a potential contributor to the species’ decline at certain locations. 

MAMMALS 

Methylmercury causes neurotoxic effects in mammals, including brain lesions, ataxia, 
anorexia, disorientation, tremors/convulsions, lethargy, paralysis, and death (Wolfe et 
al. 1998, Frederick 2000, Scheuhammer et al. 2007).  Effects on reproduction have 
also been examined: for instance, Dansereau et al. (1999) found a tentative link 
between methylmercury in the diet of mink and whelping rates.   

Most research on the effects of mercury on mammals has been in the form of 
laboratory studies, and the most commonly evaluated non-domestic species are mink 
and otter (Wolfe et al. 1998, Eisler 2000, Scheuhammer et al. 2007).  Effects 
thresholds in these species are often expressed as dietary exposures or achieved 
concentrations in brain tissues (e.g., Scheuhammer et al. 2007).   

There have been a few scattered incidents of apparent mercury toxicity to wild 
mammals, including the death of a Florida panther (Roelka et al. 1991, as cited in 
Thompson 1996).  This same research also suggested a potential impact of mercury 
exposure on Florida panther kitten survival (ibid.).  Sleeman et al. (2010) report the 
discovery of a moribund river otter next to the mercury-contaminated South River, 
Virginia, and identify mercury poisoning as the cause.  Scheuhammer et al. (2007) 
states that current levels of methylmercury in mink and piscivorous mammals may be 
sufficiently high in certain mercury-sensitive environments to cause “subtle 
neurotoxic and other consequences.”  

Wada et al. (2010) evaluated adrenocortical responses in female big brown bats near a 
mercury-contaminated river in Virginia.  Although bats captured at the contaminated 
site had 2.6 times higher mercury concentrations in blood and fur, no differences were 
observed in adrenocortical responses. 

AMPHIBIANS AND REPTILES 

Less is known about the effects of mercury on amphibians and reptiles than other 
species groups.  Amphibians and reptiles can have increased tissue concentrations of 
methylmercury, varying with geographic region and diet (Tan et al. 2009).  A 
significant number of investigations of the effects of mercury exposure to amphibians 
used exposure conditions have not been “representative of conditions in natural 
ecosystems” (Unrine et al. 2004); however, in a mesocosm experiment, the southern 
leopard frog larvae experienced increased mortality and malformations, and reduced 
metamorphic success when exposed to dietary mercury expected to reflect the highest 
concentrations associated with atmospheric deposition (Unrine et al. 2004).  The 
authors conclude that “dietary Hg concentrations in sites with little or no source 
contamination may be sufficient to disrupt normal development and key life history 
characteristics of amphibians.”  

Salamanders from a mercury-contaminated site with “among the highest documented 
[mercury concentrations] in amphibians” caught half as much prey as reference 
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animals (Burke et al. 2010).  Furthermore, in one of two tests of locomotion two tests 
of locomotion, there appeared to be a significant effect on speed and responsiveness 
(ibid.).   

EFFECTS IN THE PRESENCE OF OTHER CONTAMINANTS 

Selenium (Se), which is both an essential and a toxic element, has been shown to act 
in an antagonistic fashion towards mercury in many studies including those on 
bacteria, zooplankton, mayflies, amphipods, perch, walleye, quails, mallards, rats, 
mice, and pigs (Khan and Wang 2009, Yang et al. 2008).  Indeed, Khan and Wang 
(2009) characterize their interaction as “one of the best known examples of biological 
antagonism” while noting that both additive and synergistic effects of mercury and 
selenium have at times been observed.  Whether antagonism or other interactions 
predominate is a function on the elements’ relative concentration, bioavailabilities, 
and the species’ (and organ’s) sensitivity (Khan and Wang 2009).  The fundamental 
mechanism for mercury-selenium antagonism is not yet understood (Khan and Wang 
2009, Yang et al. 2008). 

In addition, in some cases, the interaction of selenium and methylmercury appears to 
be complex.  Mallard diets supplemented with selenium ameliorated the neurotoxic 
effects of methylmercury but increased reproductive impairment (Heinz and Hoffman 
1998). 

DATA GAPS 

Most studies of mercury's effects have been laboratory dosing studies.   Until recently, 
many of these studies have used mercury concentrations that are much higher than 
those typically encountered in the environment (Crump and Trudeau 2009, Unrine et 
al. 2004), rendering it difficult to extrapolate laboratory results into field conditions.   

Field studies of any species group are fewer, and the interpretation of results can be 
complicated by confounding factors such as the presence of multiple contaminants or 
other environmental factors (Friedman et al. 2002, Crump and Trudeau 2009).  The 
common loon is the probably the best-studied species, having been studied repeatedly 
in the field and also having corroboration from laboratory studies (Scheuhammer et al. 
2007).   Field studies have also been conducted on a limited number of other avian 
and fish species, and for one salamander species. 

Overall, most studies have focused on aquatic or aquatically-linked organisms, 
especially fish species and piscivores, presumably because of the higher rates of 
methylation in aquatic ecosystems and consequent potential for higher bioavailability 
of methylmercury to these organisms.  Considerably less research has been devoted to 
effects on invertebrates (aquatic and terrestrial), plants, amphibians, reptiles, and non-
aquatically linked birds and wild mammals. 
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POLYCHLORINATED BIPHENYLS (PCBs) 
ECOTOXICOLOGICAL PROFILE 

 

Polychlorinated biphenyls (PCBs) are hazardous substances (as defined by Sections 
101(14) and 101(33) of CERCLA and listed in 40 CFR §302.4) to which natural 
resources have been exposed as a result of operations and cleanup efforts over the past 
60 years at the U.S. Department of Energy (DOE) Hanford Site in the State of 
Washington. 

PCBs are a group of synthetic chemicals, of which there are 209 individual 
compounds (or congeners) possessing similar chemical structures.  This structure 
consists a biphenyl core with between 1 and 10 chlorine atoms attached. PCBs have 
the generic formula C12H(10-x)Clx, where x is an integer from 1 to 10.  Congeners 
differ in their chemical properties and in their ecotoxicological effects (Kannan et al. 
1989 as cited in Eisler 2000).   

  

There are no natural sources of PCBs.  First manufactured in the United States in 1929 
by the Monsanto Chemical Company (Eisler 2000), PCBs mixtures were 
manufactured and sold under a variety of trade names including Aroclor.  PCBs were 
used in a wide range of commercial applications including use as coolants and 
lubricants in electrical equipment, in carbonless copy paper, as flame retardants, and 
for a variety of other purposes (ATSDR 2000).  Due to increasing concerns about the 
human health and environmental impacts of these compounds, U.S. production of 
PCBs was halted in 1977 (ATSDR 2000).   

PCBs’ long history of use and their chemical properties have made their presence 
nearly ubiquitous in the global environment.  At Hanford, PCBs were not 
manufactured onsite, nor were they used as an input to other manufacturing activities.   
However, PCBs were intentionally released at parts of the site: “PCB waste oils were 
mixed with non-PCB oils and disposed of on roadways during a period of unregulated 
disposal. A limited number of roads were identified as likely to have had PCB-
containing waste oil applied” (WCH 2007; in particular, see Figure 3 and Table 6 in 
that document).  In addition, “Materials and equipment known to contain PCBs have 
been used across the Hanford Site … [for example] sites and equipment such as 
electrical substations, transformers, capacitors, roofing material, and caulking can be 
found at various locations across the Hanford Site indiscriminant of operable unit,”  
and potential on-site exposure sources therefore include “releases from past disposal, 
leaks, or spills” (ibid.).  The presence of PCBs has been confirmed in nine waste sites 
listed in the Hanford Waste Information Data System, and in 67 waste sites in the 100 
and 300 Areas (ibid.).  Elevated levels of PCBs were also detected in the bottom 
sludge of spent nuclear fuel storage basins at 100-N, 100-K, and 100-KE (ibid.).  
PCBs have been detected in the site’s underground storage tanks; they may have been 
used in 200 Area operations, and they have been detected at elevated concentrations in 
area pond sediments (ibid.).  

I .  INTRODUCTION 

I I .  SOURCES 
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PCBs are highly lipophilic (hydrophobic) pollutants, meaning that they have a strong 
affinity for organic material such as fat as opposed to water, although there are 
considerable differences in hydrophobicity among the various congeners.   

PCBs are also highly stable under most environmental conditions and can persist in 
the environment for decades.  That said, under anaerobic conditions, some reductive 
dechlorination of PCBs can occur (e.g., Karcher et al. 2007).  In addition, some 
transformation (hydroxylation) of PCBs occurs within living organisms, primarily in 
the liver (Sipes and Schnellmann 1987 as cited in Eisler 2000), although this may not 
be beneficial to the organism given the toxicity of the resulting metabolites (Parkinson 
and Safe 1987 as cited in Eisler 2000).  Altogether, however, as a result of 
environmental degradation/transformation processes, the proportions of individual 
PCB congeners present in environmental media may differ from those present in the 
original source material.   

FATE AND TRANSPORT  

PCBs have a low solubility in water and adhere strongly to organic materials in soils 
and sediments.  The more highly chlorinated congeners sorb more strongly.  If present 
at high levels in groundwater, PCBs will tend to form dense non-aqueous phase 
liquids (DNAPLs), the fate and transport of which can be complex to model.  
Leaching of PCBs from soil is slow, particularly for the more highly chlorinated 
congeners 

In surface waters, PCBs also adhere strongly to sediments and are transported 
downstream; they can also be resuspended and/or deposited.  The transportation of 
sediments is considered to be a dominant PCB transportation mechanism (Bush and 
Kadlec 1995).  Although they have a low solubility in water, PCBs can also associate 
and disassociate from sediments, potentially contributing to the toxicity of pore waters 
to benthic biota. 

PCBs are volatile, allowing for their evaporation and airborne transportation over very 
long distances.  PCBs have been detected in the snow and sea water of remote polar 
regions as well as in associated organisms (Eisler 2000).  However, “volatilization 
from water surfaces is expected to be attenuated by adsorption to suspended solids and 
sediment in the water column” (HSDB undated). 

BIOACCUMULATION POTENTIAL 

Due to their lipophilicity, PCBs are highly bioaccumulative, increasing in 
concentration at higher trophic levels within the food web.  PCBs in higher trophic 
level organisms may reach levels that are many thousands of times greater than in 
water (ATSDR 2000).   The precise extent of accumulation, however, depends on a 
variety of factors in addition to trophic position, including feeding strategy, longevity, 
fat content, sex, and reproductive status (HRTC 2002, Eisler 2000). 

As for other lipophilic compounds, the tendency for PCBs to bioaccumulate in food 
webs is sometimes measured through the calculation of bioconcentration factors 
(BCFs), bioaccumulation factors (BAFs) and/or biota-sediment accumulation factors 

I I I .  ENVIRONMENTAL 

CHEMISTRY 
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(BSAFs).  BCFs represent ratios of the contaminant concentration in the organism 
divided by the concentration in the water.  BCFs in “various fresh water and marine 
species are generally in the range of 5x102–4x104 for lower chlorinated PCB 
congeners and about 1x103–3x105 for tetra- to hexa-PCBs [while]… coplanar PCBs 
and the more highly chlorinated congeners can have aquatic organism BCFs as high as 
2x106 (ATSDR 2000). 

BAFs are defined as a ratio between the concentration in a tissue of the organism of 
interest and the combined concentration of PCBs in sediment, food, and water 
(ATSDR 2000).  ATSDR (2000) reports that “[t]ypical field- measured BAFs range 
from 2.1x103 to 3.9x106 for total PCBs (ibid.). 

BSAFs represent ratios of the contaminant concentration in the organism, normalized 
to the percent lipid, divided by the concentration in the organic carbon fraction of the 
sediment.  BSAFs also vary by congener and organism, and can also vary between 
sites.  Some of this variability may be due to differing food web structures, while 
some may be due to differences in black carbon levels (Cornelissen and Gustafsson 
2005).    

ACCUMULATION WITHIN TISSUES 

The PCBs lipophilicity results in their tendency to be associated with fat within 
tissues.  PCB measurements are commonly reported on both fresh weight and lipid 
weight bases.  The choice of which tissue to analyze to characterize PCB 
concentrations within organisms depends on the organism and the purpose of the 
measurement.   

In general, for smaller organisms (e.g., insects, soft parts of bivalves, tadpoles), whole 
bodies may be analyzed, and it may sometimes be necessary to combine multiple 
organisms into composite samples to garner a sufficient sample mass for analysis.   

For fish, if the purpose of the sampling is to characterize potential exposure of 
piscivorous mammals or birds, the entire fish is typically analyzed.  For fish health 
concerns, fish eggs or reproductive organs may be the focus (e.g., if reproductive 
endpoints are of interest); fish livers are also frequently used as indicators of PCB 
exposure. 

If the concern is human consumption, measurements are most frequently made of 
muscle tissue (fillets).  To reflect the eating habits of some Native American tribal 
members, it is also important to evaluate other sample types that reflect traditional 
methods of preparing fish for consumption.   

For birds, eggs and livers are the most frequently sampled, although some have 
evaluated PCB concentrations in plasma (especially in chicks), muscle, or in adipose 
tissue (Eisler 2000 – Table 24.11).  In reptiles, eggs are also sampled (Eisler 2000 – 
Table 21.10).  Body burdens in amphibians have been evaluated as concentrations in 
egg masses, larvae, ovaries, and whole adults (e.g., FEL 2002a,b). 

In mammals, the liver is probably the most frequently analyzed tissue, although 
muscle, fat, and brain have also been measured (Eisler 2000 – Table 24.12). 
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Major routes of exposure for aquatic organisms can include direct absorption from the 
water column (bioconcentration) as well as the ingestion of contaminated food or prey 
items (Bush and Kadlek 1995, Hoffman et al. 1996). Sediment ingestion can be a 
major uptake route in benthic invertebrates (Kaag et al. 1997). 

Maternal transfer represents a significant route of exposure for many young 
organisms.  Birds, reptiles, and fish deposit PCBs into their eggs (e.g., Kelly et al. 
2008, Cook et al. 2003), and mammals can transfer PCBs to their young as developing 
fetuses (e.g., Grieg et al. 2007).  Human exposure to PCBs typically occurs through 
the consumption of PCB-contaminated food or from breathing contaminated air; 
maternal transfer and transfer through breast milk also occur (ATSDR 2000). 

  

PCBs are harmful to fish and wildlife.  While acute mortality at environmentally 
relevant concentrations is uncommon, PCBs can cause a range of serious sublethal 
effects.  Reproductive effects--including reduced numbers, growth, survival, and 
development of offspring—are among the most sensitive endpoints for animals 
exposed to PCBs (EPA 2000).   Additional effects include behavioral changes, 
lesions, immune system dysfunction, neurotoxicity, and hormone imbalances.  PCBs 
are also probable human carcinogens (ATSDR 2000).   

KNOWN BENEFICIAL OR PROTECTIVE PROPERTIES 

PCBs have no known beneficial effects or protective properties. 

MECHANISM(S)  AND LOCI  OF TOXICITY 

Many of the adverse ecotoxicological effects of PCBs are thought to occur through the 
ability of certain PCB congeners to bind with the aryl hydrocarbon receptor (AhR).  In 
particular, a subset of the PCB congeners have a chemical structure that is similar to 
2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD), the most toxic of all halogenated 
aromatic hydrocarbons (Van den Berg et al. 2006).  When one of these “dioxin-like” 
(or coplanar) PCB molecules enters a cell and binds to the AhR receptor in the 
cytoplasm, a series of inter-cellular events takes place resulting in the AhR receptor 
complex becoming translocated to the nucleus and stimulating transcription of certain 
genes that code for the production of monooxygenase enzymes with aryl hydrocarbon 
hydroxylase (AHH) activity and ethoxyresorufin-O-deethylase (EROD) activity 
(Landers and Bunce 1991, ATSDR 2000, Denison and Nagy 2003).  Toxic responses 
occur via subsequent mechanisms that have not been fully elucidated (ATSDR 2000).  

In addition to dioxin-like toxic effects, some of PCBs’ effects are mediated through 
mechanisms that are independent of the Ah receptor (ATSDR 2000), although these 
mechanisms and associated effects have not been studied to the same extent as the 
dioxin-like effects.  Even so, research has demonstrated that non-coplanar congeners 
can interfere with intracellular calcium-based signaling pathways, causing cellular, 
organ-level and organismal effects including neurotoxicity (Fischer et al. 1998). 
Additional effects that have been investigated include estrogenicity, insulin release, 

IV.  TYPICAL MAJOR 

EXPOSURE ROUTES 

V.  ECOTOXICITY 
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neutrophil (a type of white blood cell) function, and behavioral changes (Fischer et al. 
1998). 

FACTORS AFFECTING TOXICITY 

The exact nature of these effects depends on the level and duration of exposure, the 
mixture of congeners to which the organism is exposed, the sensitivity of the 
organism to PCBs, lipid content, and the presence of other contaminants (e.g., dioxins 
and furans) (Eisler 2000). 

Biotic factors affecting toxicity include species, age, and developmental stage.  With 
respect to dioxin-like effects, embryos and juveniles are generally  the most sensitive 
life stages (Eisler 2000). 

PLANTS 

Although a few studies have shown that PCBs in soils can reduce plant growth, these 
effects occurred at concentrations higher than those observed in the environment; 
overall, information on the toxicological effects of PCBs on plants is limited (Nagpal 
1992). 

FISH AND AQUATIC INVERTEBRATES  

In general, acute toxicity of PCBs to fish is low; in addition, resistance to bacterial 
diseases and behavioral responses also appear to be relatively insensitive endpoints 
(Niimi 1996).  Egg viability, fry mortality, hepatic lesion/tumor frequency, and 
enzyme activity are more sensitive (Niimi 1996, Eisler 2000).  Many studies have 
evaluated these endpoints in a laboratory context, using waterborne or food-based 
exposures, or even injections into fish eggs (Niimi 1996, Walker and Peterson 1991, 
Wright and Tillitt 1999). 

Of fish, lake trout are the most sensitive for early life stage mortality associated with 
dioxin-like compounds (Cook et al. 2003).  Historically, PCBs were associated with 
reproductive failures of lake trout in Green Bay and Lake Michigan, but since 1980, 
other factors appear to be substantially more important to the survival of fry in these 
areas (Stratus 1999).  In chinook salmon, PCBs have been associated with reduced 
hatching success in some studies (Ankley et al. 1991 as cited in Eisler 2000) but not 
others (Williams and Giesy 1992 as cited in Niimi 1996).   In Columbia River white 
sturgeon sampled downstream of the Hanford reach, researchers found negative 
correlations between a number of health metrics—including condition factor, as well 
as plasma androgens and gonad size in males—and tissue burdens of contaminants, 
including (but not limited to) PCBs (Feist et al. 2005).   

Walleye from Fox River, Wisconsin with average tissue burdens of 4.6 to 8.6 ppm, 
had significantly increased hepatic lesions and tumors compared to reference area fish 
(26% versus 7%), although no clear differences between sites were evident for other 
health metrics evaluated (immunological system effects, biochemical changes, 
disease, or endocrine system) (Barron et al. 1999).   

Biochemical responses are generally more sensitive with changes in activity levels 
occurring at lower concentrations than other endpoints (Niimi 1996), and liver in 
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particular is the primary target organ for induction of monooxygenase enzymes in fish 
(Eisler 2000). 

PCBs may also affect benthic invertebrates.  Fuchsman et al. (2006) summarizes acute 
mortality results from water-based laboratory toxicity testing of marine and freshwater 
invertebrate species.  Some spiked sediment PCB studies have also been performed 
for selected marine benthic invertebrate species (DiPinto et al. 1993, Swartz et al. 
1998).  However, few studies appear to have examined benthic community health in 
freshwater areas where PCBs are the predominant contaminant of concern.  Similarly, 
few sediment toxicity studies are available that use field-collected materials from 
PCB-contaminated sites.  Also of note, invertebrate AhRs do not strongly bind dioxins 
and related chemicals (Hahn 2002). 

BIRDS 

In birds, endpoints commonly associated with sufficient PCB exposure include 
embrolethality, chick mortality, and developmental abnormalities including beak 
deformities.   These effects have been observed in a variety of field studies on fish-
eating birds in the Great Lakes especially during the 1950s and 1960s (reviewed in 
Hoffman et al. 1996).  PCBs have also been associated with impaired bald eagle 
reproduction in the Great Lakes region in the period 1986-2000 (Best et al. 2010).  A 
study of nesting bald eagles along the Lower Columbia River did not find a 
statistically significant correlation between contaminant concentrations (including 
DDE and PCBs) and productivity, but the authors did conclude that at the older 
territories egg contaminant levels remained high enough to impair reproduction (Buck 
et al. 2005). 

PCBs may also cause endocrine disruption in birds, although these effects have been 
difficult to characterize in the field (Ottinger et al. 2009). Field studies also suggest 
that PCBs can cause reduced retinoid (Vitamin A) levels and histological 
abnormalities of the thyroid gland, although some laboratory studies have not found a 
consistent relationship between contaminants and thyroid hormone alterations 
(reviewed in Rolland 2000).  

Avian species vary in their sensitivity to PCBs by over 1000-fold, with domestic 
chickens being uniquely sensitive (Head et al. 2008).  Research suggests that part of 
the chicken’s particular sensitivity to dioxin-like compounds is attributable to the 
presence of two amino acids, Ile324 and Ser380, at key points in the ligand binding 
domain of the chicken’s AhR (Karchner et al. 2006).  Other species whose AhR genes 
were sequenced had a Val/Ala genotype and were the least sensitive, whereas those 
with an Ile/Ala genotype had intermediate sensitivity (Head et al. 2008).  Of course, 
variability in avian sensitivity to PCBs is also affected by other factors, as suggested 
by the observation that American kestrels are more sensitive to PCB 77 than herring 
gulls even though their AhR genes are identical at the amino acid level (ibid.). 

MAMMALS 

PCBs can affect growth, survival, reproduction, and metabolism of mammals (Eisler 
2000).  Mink (Mustela vison) are among the most sensitive mammals to the effects of 
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PCBs (Eisler 2000).  Laboratory studies have shown that these effects include, but are 
not limited to, a variety of reproductive impairments such as reduced whelping, 
reduced kit growth and survival, as well as causing jaw lesions (e.g., Hornshaw et al. 
1983, Restum et al. 1998, Bursian et al. 2006).  PCBs also may be estrogenic in 
mammals, although the evidence is not conclusive (Eisler 2000).  Otters are also 
sensitive to PCBs (Smit et al. 1996). 

Studies have also suggested that coplanar PCBs alter thyroid hormones and vitamin A 
status in wildlife, decreasing circulating levels of these compounds (Rolland 2000).  
Vitamin A (retinoids) and thyroid hormones play critical roles in mammal 
development and throughout life (ibid.). 

AMPHIBIANS AND REPTILES 

The reproduction and survival of amphibians and reptiles can be adversely affected by 
PCBs at environmentally relevant concentrations.  Wood frogs (Rana sylvatica) from 
vernal pools with higher levels of PCB contamination displayed skewed sex ratios and 
higher rates of abnormalities in metamorph specimens (FEL 2002b). Furthermore, 
adult female leopard frogs (Rana pipiens) collected from PCB-contaminated sites near 
the Housatonic River, Massachusetts, were not as reproductively fit as external 
reference specimens: only traces of mature oocytes were identified in these animals, 
and the proportion of mature oocytes was significantly negatively correlated with 
ovary tissue total PCB concentrations (FEL 2002a).  

Snapping turtles are also affected by PCB exposure.  For instance, Hudson River  
(NY) females pass on PCBs to their eggs, with the juveniles suffering from high rates 
of mortality eight or more months after hatching (Eisenreich et al. 2009). 

EFFECTS IN THE PRESENCE OF OTHER CONTAMINANTS 

With respect to dioxin-like toxicity, PCBs are generally considered to act in an 
additive fashion with dioxins/furans and other contaminants that act through the Ah 
receptor, and a “toxic equivalency” (TEQ) method has been established to quantify 
this relationship (e.g., Van Den Berg et al. 2005).   Because PCBs also act through 
mechanisms that are independent of the Ah-receptor, however, the accuracy of this 
approach may be limited (ATSDR 2000).  For example, mixtures of planar PCBs and 
dioxins produced synergism of AHH activity in fish liver at low doses but antagonistic 
effects at high doses, potentially due to the contributions of nonplanar compounds 
(Janz at Metcalfe 1991b as cited in Eisler 2000). 

DATA GAPS 

Relatively little information is available about potential impacts of PCBs to plants.  
Among animals, species differ in their sensitivities to PCBs, and while this seems to 
be at least partly attributable to the Ah receptor genotype, additional unidentified 
factors also likely influence this parameter.  The degree to which PCBs affect benthic 
invertebrates under field conditions is unclear. 

The most dramatic effects of PCBs on fish under field conditions are those associated 
with lake trout in the Great Lakes.  These appear to have attenuated over time with 
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reductions in concentrations of PCBs and other contaminants that act through the Ah 
receptor; whether more subtle effects persist in these or other populations of wild fish, 
affecting their fitness, and whether these effects are attributable to PCBs as distinct 
from other contaminants present at sites, is not always clear. 

Among mammals, with the exception of mink, relatively little information is available 
about the sensitivity to PCBs of most species likely to be present in the Hanford area. 

Finally, non-dioxin like effects of PCBs are less well understood than dioxin-like 
effects, and the mechanisms through which these effects occur are also not clearly 
established.  In part because of these factors, the use of TEQs to characterize dioxin-
like toxicity has limitations. 
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PLUTONIUM (Pu) 

ECOTOXICOLOGICAL PROFILE 

 

 

Plutonium (Pu) is one of the hazardous substances (as defined by Sections 101(14) 
and 101(33) of CERCLA and listed in 40 CFR §302.4) to which natural resources 
have been exposed as a result of operations and cleanup efforts over the past 60 years 
at the U.S. Department of Energy (DOE) Hanford Site in the State of Washington.  
Plutonium is primarily a man-made radioactive element, which consists of 20 isotopes 
(Pu-228 to Pu-277), the most important of which from an environmental toxicological 
perspective are Pu-238, Pu-239, Pu-240, and Pu-241.  The primary radiological 
properties of the most common isotopes of plutonium are shown in Exhibit 1. 

 

EXHIBIT 1 PLUTONIUM ISOTOPES AND HALF-LIVES (ATSDR 2008)*  

RADIOISOTOPE AND 

CAS NUMBER 

DECAY 

MODE(S)/ENERGY 

(MEV) 

RADIOACTIVE 

HALF LIFE 

(YEARS)** 

INITIAL DECAY 

PRODUCT(S) 

SPECIFIC 

ACTIVITY 

(CI/G) 

Pu-238 
13981-16-3 

Alpha/5.559 
Spontaneous 
fission 

88 
4.75x1010  

U-234 17 

Pu-239 
15117-48-3 

Alpha/5.244 
Spontaneous 
fission 

21,110 
8x1015 

U-235 0.063 

Pu-240 
14119-33-6 

Alpha/5.255 
Spontaneous 
fission 

6,560 
1.14x1011 

U-236 0.23 

Pu-241 
14119-32-5 

Beta/0.02 (99+%) 
alpha/5.138 
(0.002%) 

14.3 
Am-241 
U-237 

100 

Notes: 
* Originally from Baum et al. 2002, ChemIDplus 2009, Clark et al 2006; Lide 2008 
* Two half lives are provided because each isotope has two modes of decay, alpha decay and spontaneous 

fission, each with its own half life.  Note that spontaneous fission is a very rare event relative to alpha 
decay. 

 

As ATSDR (2008) states: 

“Plutonium is primarily a human-made radioactive element of the actinide series and 
was the first human-made element to be synthesized in weighable amounts. Plutonium 
was first synthesized by the bombardment of uranium with deuterons (2H) by Seaborg 
and co-workers in 1940. Although 20 isotopes of plutonium (228-247Pu) have been 
identified, the alpha-emitting 238Pu and 239Pu isotopes are the ones most commonly 
encountered and widely studied for potential adverse health effects. The main sources 

I I .   SOURCES

I .  INTRODUCTION

Exhibit 1



  Final Hanford Natural Resource Damage Assessment Injury Assessment Plan 

 

  B7-2 

 

of plutonium in the environment are releases from research facilities, nuclear weapons 
testing, waste disposal, nuclear weapons production facilities, and accidents. 
Atmospheric testing of nuclear weapons, which ended in 1980, is the source of most 
of the plutonium in the environment worldwide, which released approximately 10,000 
kilograms of plutonium. Plutonium released to the atmosphere reaches the earth's 
surface through wet and dry deposition to the soil and surface water. Once in these 
media, soluble plutonium can sorb to soil and sediment particles or bioaccumulate in 
terrestrial and aquatic food chains.” 

In addition, small quantities of plutonium are ubiquitous in the environment from 
global fallout from the reentry and burn up of satellites that used Pu-238 as a heat 
source in nuclear batteries used to produce electricity in devices, such as unmanned 
spacecraft and interplanetary probes (ATSDR 2008).   

Plutonium also occurs naturally in the environment as a result of the interaction of 
neutrons, primarily from spontaneous fission of uranium, with U-238 (ATSDR 2008).  
Trace amounts of naturally occurring Pu-239 are also found in naturally occurring 
uranium ores, although in such small amounts that extraction is not practical. Small 
amounts of 244Pu also exist in nature from remnants of primordial stellar 
nucleosynthesis and from “natural” reactors such as the Oklo natural reactor in the 
African nation of Gabon, which existed about 2 billion years ago (DOE 2005a as cited 
in ATSDR 2008).     

Taylor (2001) provides a detailed description of the natural processes that are 
responsible for naturally occurring plutonium in the environment, and estimates a 
concentration of about 100 amole/kg of the earth’s crust, where “a” stands for atto, 
which is a prefix meaning 10-18, or about 50 µBq/kg of earth’s crust.   Taylor (2001) 
also estimates that the rate of production of Pu-239 in the earth’s crust through natural 
processes (i.e., interaction of neutrons with U-238 to produce Np-239, which produces 
Pu-239 through beta decay) is about 28 kg of Pu-239 per year.  Taylor (2001) also 
provides estimates of the concentration of the various isotopes of plutonium in the 
earth’s crust from weapons testing, SNAP-9A satellite fallout, and releases from 
nuclear industry, along with the chronic daily inhalation and ingestion rate of 
plutonium by humans in Japan, New York, and Poland at different time periods from 
1962 to 1986. 

Essien (1994) provides a tabulation of the concentration of plutonium in the 
environment primarily from global fallout.  He reports bimonthly average 
concentrations of Pu-239 in rain and snow samples in Fayetteville, Arkansas between 
March 1980 and April 1983 ranging from 2.06 to 18.20 fCi/L.  (Note: “f” refers to 
“femto,” which is 10-15 of a curie.)  Table 6-6 of Eisenbud and Gesell (1997) report the 
range of U-238 in different types of soil and rock, where the reported values range 
from 7 to 60 Bq/kg (or 0.2 to 1.6 pCi/g, where “p” stands for pico or 10-12). 

Man-made sources of plutonium are also present in the environment at many sites 
throughout the United States that were involved in weapons production.  Hanford 
served as a plutonium production facility starting in 1945.  Relatively large quantities 
of plutonium and other transuranic elements (relative to the ubiquitous levels in the 
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environment from natural and other anthropogenic sources) were discharged to the 
subsurface, primarily in the 200 Area (the Hanford Central Plateau) associated 
primarily with activities at the Z-Plant (Plutonium Finishing Plant) complex and 
unlined ditches and ponds, high level waste tanks, and landfills.  In the past, 
plutonium and americium (Am) migrated deep into the subsurface at certain locations 
at Hanford, although plutonium and other transuranics are not currently being detected 
in significant concentrations in any associated groundwaters (Felmy et al. 2010).   

Plutonium-238, plutonium-239/240, plutonium-241, and other isotopes were released 
into the air from the 100, 200, 300, 400, and 600 Areas of the Hanford Site.  The Z 
plant (in the 200 West Area) also discharged plutonium in its gaseous effluents 
(ORAUT-TKBS-0006-4, 2010), which resulted in plutonium deposited in soil on and 
in the vicinity of the Hanford Reservation.   

The annual Hanford Site Environmental Reports provide information on the quantities 
of plutonium released to the Columbia River each year.112  For example, for calendar 
year 2009, Poston et al. (2010) provides information regarding waterborne releases of 
plutonium isotopes and measurements taken in various aquatic environmental media.  
Poston et al. (2010) estimate that approximately 3.6e-6 curies (Ci) of Pu-238 and 
3.0e-5 Ci of Pu-239/240 were contained in liquid effluent discharged in the 100 Areas 
in 2009.  Generally, this effluent consists of secondary cooling water discharged from 
the 100-K Area to the Columbia River via the NPDES-permitted 1908-K Outfall. 

 

As a preface to this section, it is appropriate to point out that the subject of 
environmental chemistry is vast, and can include both the physical and chemical 
behavior of plutonium in the environment and its transport through aquatic and 
terrestrial ecosystems.  Many compendia have been published that address this broad 
subject.  Till and Meyer (1983) is one of the earliest compilations and descriptions of 
models and parameters addressing the environmental behavior of radionuclides, 
including plutonium.  A recent addition to the literature on this subject is IAEA 
(2010).  In addition, the U.S. Department of Energy Richland Operations Office 
(DOE-RL) periodically updates the System Assessment Capability (SAC), which is an 
environmental assessment tool that can be used to assist in the analysis of the 
movement of contaminants from waste sites at the Hanford Site into and through the 
vadose zone, groundwater, atmosphere, and Columbia River.  These reports can serve 
as a convenient starting point for compiling generic and site-specific models and 
modeling parameters for assessing the behavior of plutonium in the environment at 
Hanford.  

Plutonium can exist in various oxidation states, including valence III, IV, V, VI, and 
VII (although, as discussed below, once exposed to the environment, plutonium 
oxidizes rapidly).  As indicated in Exhibit 1, certain plutonium isotopes have long 
half-lives and will not rapidly decay.  In addition, as discussed in greater detail below, 

                                                            
112 The quantity of plutonium “released” to the Columbia River is based on concentrations of plutonium in liquid 

effluents.  The extent to which plutonium might be entering the Columbia River from groundwater discharges is a 

subject of active research and concern. 

I I I .   ENVIRONMENTAL

CHEMISTRY
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plutonium generally binds strongly to soil and sediment, but there are physical, 
chemical, and biological processes that can increase its mobility in soil.  The 
conventional wisdom is that natural attenuation of plutonium is generally slow, but 
there are exceptions (see Smith and Amonette 2006). 

FATE AND TRANSPORT 

Once released to the environment, plutonium reacts readily with oxygen to form 
plutonium oxide, which is highly insoluble, binds strongly to soil and sediment, and 
generally does not migrate rapidly in the environment.  However, as discussed in 
ATSDR (2008), the chemistry of plutonium is complex, and its mobility in the 
environment will depend on its oxidation state, which is affected by soil and water 
chemistry and microbial action.  Its mobility also depends on the presence of 
complexing agents, such as chelating agents, colloids, and organic material.  
However, in general, plutonium is not very mobile in soil and sediment.  Smith and 
Amonette (2006) describe experience at Idaho National Laboratories and at the 
Nevada Test Site where plutonium moved in the vadose zone much more quickly than 
anticipated.  They also cite studies at Hanford where many radionuclides moved 
relatively quickly through the 90 meter thick unsaturated zone below the Hanford 
waste tanks.  The reasons cited for this unexpected behavior include (1) adsorption of 
plutonium onto colloids113 that remain suspended in soil pore water and move at the 
rate that the water moves through the vadose zone (as opposed to binding to the soil in 
the vadose zone), (2) pH and oxidative state affect the binding capability of plutonium 
to soil, (3) the presence of organic and inorganic complexing agents, including 
microbial activity and dissolved carbonates, and (4) chelating agents, such as EDTA. 

The fate of radionuclides, including plutonium in soils and in the subsurface, is 
understood in a general sense, and models are available to predict the behavior of 
plutonium in the environment.  Fundamental to the movement of radionuclides, 
including plutonium, in soil and the subsurface are the partition coefficients, or Kd 
values.  Partition coefficients describe the strength of plutonium’s binding to soil and 
sediments. 

Sheppard and Thibault (1990) compiled and reviewed the literature on the partition 
coefficients of numerous elements, including plutonium, where the partition 
coefficient is expressed as follows: 

Kd = Cs/Cl 

where: 

Kd = the partition coefficient of a given element in soil,  

Cs = the average concentration of a given element in soil in contact with the water 
for sufficient time to achieve equilibrium, and 

Cl = the average concentration of the element in water. 

                                                            
113 Zhao (1997) presents a detailed description of actinide colloid chemistry. 
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Depending on the characteristics of the soil, Sheppard and Thibault (1990) reported 
Kd values for plutonium ranging from 11 to 300,000, with central estimates of 550 for 
sand, 1,200 for loam, 5,100 for clay, and 1,900 for organic soils.  Included in their 
reported values of Kd, are values by Baes and Sharp (1983) of a best estimate of 1,800 
and range of 11 to 300,000 for agricultural soils and by Coughtrey (1985) of a best 
estimate of 5,000 and a range of 18 to 10,000.  The implications of these 
investigations are that, although the Kd values for plutonium at a site can be highly 
variable, the central estimates are generally quite high, and leaching and migration of 
plutonium out of soil and sediment is expected to be extremely slow.  The U.S. 
Department of Energy (DOE) Biota Dose Assessment Committee (BDAC) database 
contains 15 Kd entries for Pu for sands, clays, and loams that range from 10 to 330,000 
for clays and 18 to 16,000 for sands. 

Notwithstanding these general characteristics of plutonium, Felmy et al. (2010) 
reports that the chemical form of transuranics, including plutonium, in the deep 
subsurface sediments and the past mechanism of vertical migration at the Hanford 
reservation remain largely unknown.  Initial studies performed as part of research 
performed by Felmy et al. (2010) indicate that the chemical form of Pu can vary from 
disposal site to disposal site, depending upon the waste type, and the chemical form 
can also differ between surface sediments and deep subsurface sediments at the same 
site.  The implications of these investigations are that there is uncertainty regarding 
the chemical forms of plutonium in the subsurface in the vicinity of Hanford and also 
uncertainty in its mobility. 

Smith and Amonette (2006) summarize the literature describing the limitations of Kd 

values, explaining that any measured Kd  reflects only the very specific conditions 
under which those measurements were made.  It is for this reason that the reported 
range of Kd values is so large. 

A review of transuranic contamination, including plutonium, in sediment and 
groundwater at Hanford is provided by Cantrell (2009).  The review summarizes the 
types, quantities, and sources of liquid waste containing plutonium and other 
transuranics that was disposed of at various locations at the Hanford site.  They 
emphasize that, notwithstanding the large quantities of plutonium that have been 
disposed of and entered the near surface vadose zone, only miniscule amounts have 
entered the groundwater.  Cantrell (2009) explains that the reasons for the slow 
movement of plutonium in the vadose zone at Hanford are the typical oxidizing and 
neutral to slightly alkaline pH conditions in the vadose zone.   However, he also 
explains that transuranics disposed of with acidic waste moved much more quickly in 
the vadose zone (e.g., 36 meters below ground surface).   

These investigations reveal that the chemistry of plutonium in the subsurface at 
Hanford is complex, and it is difficult to draw simple conclusions regarding the rate at 
which plutonium may be moving through the vadose zone at different location at the 
site and at different time periods.   
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BIOACCUMULATION POTENTIAL 

ATSDR (2008) reports “Plutonium has been shown to bioconcentrate in aquatic 
organisms at the lower end of the food chain. However, data do not indicate that 
plutonium is bioconcentrated in plants, higher aquatic organisms, or animals. In 
addition, there is no indication that plutonium is biomagnified in terrestrial or aquatic 
food chains.”  Hinton and Pinder (2000) studied Pu in the environment in the vicinity 
of the Savannah River Plant.  These authors found that: (1) regardless of the crop type, 
plutonium contamination of plants was dominated by retention of plutonium bearing 
particles on plant surfaces from direct airborne deposition and resuspension, rather 
than root uptake, and, as such, it is the surface characteristics of the plant that 
determined the degree of contamination.  Furthermore, over 99% of the plutonium 
inventory in the aquatic ecosystem was in the sediment.  Hinton and Pinder (2000) 
also generally describe the factors that affected the cycling of plutonium in aquatic 
ecosystems. 

Aquat ic  Food Webs 

Notwithstanding the relatively high Kds reported for plutonium and the relatively low 
bioaccumulation factors for plutonium that have generally been observed in higher 
organisms, even small amounts of plutonium absorbed by higher organisms following 
intake by ingestion are of concern.  In addition plutonium adsorbed to the cell 
membrane of microorganisms, the surface of fish eggs, or the root hairs of higher 
plants are also of potential concern.  As discussed below, some studies have observed 
high concentrations of plutonium in aquatic organisms relative to the concentration of 
plutonium in the water in which they reside.  Hence, it is difficult to make broad 
generalizations regarding the transport and re-concentration of plutonium in the 
aquatic environment.   

A convenient method for relating the concentration of a given radionuclide in water to 
that in aquatic organisms is the use of empirically determined bioaccumulation factors 
(BFs).  The radioecological literature is filled with estimates of BFs for plutonium in 
fish and other aquatic organisms, expressed as follows: 

BF = Cbiota/Cwater   

where:  

BF is the bioaccumulation factor 

Cwater is the measured or estimated average concentration of a given radionuclide 
in water, and 

Cbiota is the measured or estimated average concentration of a given radionuclide 
in aquatic organisms living in the water and achieving a quasi-steady state 
equilibrium with the radionuclide in the water. 

BFs are useful because actual measurements of the concentration of a given 
radionuclide in specific aquatic organisms at a site might be lacking.  Without such 
information, it is difficult to estimate the potential ecological or public health damage 
due to the presence of the radionuclide in the environment.  One method that can be 

Exhibit 1



  Final Hanford Natural Resource Damage Assessment Injury Assessment Plan 

 

  B7-7 

 

used to estimate these concentrations in aquatic biota is by multiplying the observed 
or estimated concentration of a given radionuclide in water by an appropriate BF for 
the aquatic biota of concern. 

NCRP (1996) recommends a default BF for plutonium for freshwater fish of 30.  
However, caution must be used when selecting BFs because many site-specific factors 
affect the BF, including the chemical form of the plutonium, water chemistry, the 
composition of the food chain, the role of sediment in contributing to or limiting the 
uptake of plutonium by the organism, and uncertainty regarding the degree to which 
plutonium concentrations have reached equilibrium in organisms and the 
environment.  For example, Cummins (1994) summarizes plutonium BFs for fresh 
water organisms as observed at the Savannah River Site (SRS) and as reported in the 
literature as ranging from 0.4 to 840,000.  The BF for freshwater fish muscle ranged 
from 0.4 to 5600, the range for macroinvertebrate larvae ranged from 587 to 840,000, 
and the range for macrophytes ranged from 6,600 to 100,000. 

Emery and Klopfer (1974) present a Hanford-specific study of the ecological behavior 
of plutonium and americium in a freshwater system at Hanford.  They studied a 
shallow 14 acre pond that received waste waters from the waste trenches that were 
used for the disposal of waste water containing plutonium and americium. The pond 
contained macrophytes, algae, benthic invertebrates, and goldfish.  The report 
explains that the majority of the plutonium and americium was in the sediment (390 
pCi/g dry weight of Pu in the sediment and 0.01 pCi/L of Pu in the water).   The report 
goes on to describes the levels of Pu and Am found in the various organisms, 
providing some site-specific information regarding the behavior of Pu in one aquatic 
ecosystem at the site.   

Terrestr ia l  Food Webs 

Fundamental to understanding the movement of radionuclides from soil to biota in 
terrestrial ecosystems are the environmental transfer coefficients, including soil-to-
plant transfer factors and plant-to-animal transfer factors.  These transfer factors are 
used to predict the concentrations of radionuclides in plants given the radionuclide 
concentrations in soil, and the concentrations of radionuclides in animals given the 
concentrations of radionuclides in the diet of the animals of concern.  (Note that 
transfer factors are based on an assumption of equilibrium concentration in soil, 
plants, and animals.) 

For plants, these transfer factors are also referred to as concentration ratios (CRs) and 
can be expressed as the concentration of a given radionuclide in a plant (dry or wet 
weight) per unit concentration of a given radionuclide in soil (dry weight).  Care must 
be used when interpreting CRs reported in the literature since some CRs include only 
the radionuclides that have been absorbed into the organism, while other CRs also 
include radionuclide contaminants that have adsorbed onto the surface of the 
organisms.  This distinction is important because, whether one is concerned with 
chemical or radiological toxicity, the potential for injury is generally greater if the 
plutonium is absorbed within the cell, where it can directly interfere with the cell’s 
biochemistry.  As shown below, the differences between CRs for plutonium that do 
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and do not include surface contamination are large because plutonium is generally not 
very biologically mobile (i.e., it does not readily cross biological membranes). 

ANRCP (1998) presents a literature review of chromium, uranium, and plutonium in 
plant systems.  Some of the key points made in that review are: (1) up to 1000-fold 
increases in tumbleweed uptake of plutonium in the presence of diethylenetriamine-
pentaacetate added to soil,114 (2) soil-to-plant transfer factors have an enormous range 
(from 10-9 to 10-3), (3) the Pu concentration in roots exceeded those in shoots by 
factors of 3 to 8, and (4) direct deposition by dust is an important mechanism by 
which plants can be contaminated by plutonium. 

A large body of literature has been compiled on the transfer factors for many 
elements.  For example, Sheppard and Evenden (1997) state that over 7,000 CRs have 
been compiled for 22 elements.  Since the publication of this article, the CR database 
has expanded considerably.  More recent compendia on environmental transfer factors 
are provided in IAEA (1994), IAEA (2010), and numerous articles in the Journal of 
Health Physics and many other publications dealing with ecology and radioecology.    

Exhibit 2 shows data from Peterson (1983), which provides a number of dry weight 
soil-to-plant CRs for Pu-239.  Of note, these values represent a compendium 
published in 1983.  The numbers of reported values of CRs have increased 
substantially since then.   

Most of the published CR values for plutonium are for pasture and food crops, and the 
dry weight CRs are consistently a small fraction of 1.0 (e.g., see the review by Napier, 
et al. 2007, where the reported dry weight CR ratios for all plants ranged from 
0.00000048 to 0.39).  Complicating the interpretation of CR ratios for plants is the 
contribution to plant contamination by raindrop splash, where soil particles with 
relatively high concentrations of plutonium are splashed onto the surface of plants 
(Dreicer 1983).   

Some information is available on plutonium concentration ratios for local Hanford 
species.  Price (1972) found only “slight” uptake of plutonium by tumbleweed and 
cheatgrass (concentration ratios of 46x10-6 and 17x10-6, respectively). Similarly, Price 
(1973) found plant/soil concentration ratios for tumbleweed and cheatgrass to be 
between 14x10-6 and 310x10-6, depending on which acid was also added to the soil. 

 

                                                            
114 Ballou, et al. (1996) reports that many chelating agents, including EDTA, were found in the waste tanks at Hanford. 
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EXHIBIT 2 PLUTONIUM CONCENTRATION RATIOS (CRS)  IN PLANTS (FROM PETERSON 1983) 

TYPE OF PLANT 

NUMBER OF 

MEASUREMENTS PU-239 DRY WEIGHT CR* 

Forage: Legumes: alfalfa, clover, 
sorghum 

24 
 

2.3e-4 
 

Forage: Legumes: alfalfa, clover, 
sorghum (includes external 
contamination)  

6 0.066 

Forage: Grasses 35 9.2e-5 
Forage: Grasses (includes external 
contamination) 

9 0.014 

Grains (kernels): wheat, oat, barley 20 1.5e-6 
Grains (kernels): wheat, oat, barley 
(includes external contamination) 

8 0.018 

Grains: corn, rice (dry) (includes surface 
contamination) 

4 0.014 

Leafy: cabbage, lettuce, spinach 3 1.75e-4 
Leafy: cabbage, lettuce, spinach 
(includes surface contamination) 

1 1e-3 

Root: radish, carrot, turnip, beet 5 3.7e-4 
Root: radish, carrot, turnip, beet 
(includes surface contamination) 

1 4.6e-3 

Root: potato, sweet potato 1 1.4e-3 
Root: potato, sweet potato (includes 
surface contamination) 

5 1e-3 

Legumes: bean, pea, soybean 19 8.1e-6 
Legumes: bean, pea, soybean (includes 
surface contamination) 

5 1.0e-3 

Fruits: tomatoes, cucumbers, apples etc. 2 1.0e-4 
*  pCi/kg dry weight plant of the edible part of the plant per pCi/kg dry weight soil.  The 

values represent the 84th percentile confidence level on the mean. 

 

Sheppard and Evenden (1997)  investigated the uncertainty and variability of soil-to-
plant transfer factors and found that, in general, for a given element, the 95th percentile 
confidence interval for transfer factors encompasses a range of 1,300-fold.  In 
addition, they report that, for a given crop of interest at a given site for a given 
radionuclide, the uncertainty/variability is much smaller; i.e., the 95% confidence 
interval is about a factor of 5.  Peterson (1983) explains that a significant portion of 
the variability in the transfer factors is due to the variability in Kd, i.e., if the Kd is 
high, the amount of the radionuclide dissolved in water and available for root uptake 
is small, as is often (but not always) the case for plutonium.  Peterson (1983) also 
reports that, if chelating agents are present in the soil, the transfer factors can increase 
dramatically (i.e., up to a factor of over 800 has been observed).  The transfer factor 
also depends on the depth of the contamination and the root depth.  If the 
contamination is not located in the root zone, uptake is minimized. 
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Published plutonium transfer factors for animals are quite limited and emphasize beef, 
since the primary concern in the literature is to develop methods to assess impacts on 
humans.  These transfer factors are expressed in units of radionuclide concentration in 
beef per unit intake of the radionuclide ingested by the animal (i.e., pCi/kg of beef per 
pCi/day ingested, which reduces to units of days/kg).  For beef, Ng et al. (1979) 
reports a value of 1e-6 d/kg for plutonium.  Till and Moore (1988) report a value of 
1.4e-5 d/kg.  DOE (2002) and (2004) provide methods to predict uptake of 
radionuclides by animals other than beef cows.  IAEA (1994 and 2010) also provide 
transfer factors for many radionuclides and elements, including plutonium.   

The most important point of this discussion is that there is considerable variability and 
uncertainly in the partition and transfer factors of plutonium in aquatic and terrestrial 
ecosystems between sites.   

ACCUMULATION WITHIN TISSUES 

The primary concern associated with exposure of higher organisms to plutonium is 
inhalation of airborne particles of plutonium oxide bound to respirable aerosols and 
deposition in the lungs, where it has a generally very slow clearance rate.  In addition, 
as discussed above, as a general rule, plutonium does not readily cross biological 
membranes and enter cells or systemic circulation.  However, when it does, it is 
transported primarily to bone and the liver, where it has a relatively low clearance 
rate; i.e., a half life on the order of years (Taylor 1989). A complete description of the 
biokinetics of plutonium in humans is provided in the publications of the International 
Commission on Radiation Protection, in particular ICRP (1995 and 1996).  

The biochemical mechanism for the transport of plutonium that crosses biological 
membranes is believed to be transport by transferrin (Turner and Taylor 1968), a 
protein in blood plasma and cytoplasm that binds the ferric ion, and transfers it for 
utilization (Stryer 1988).  Welch (1992) summarizes the literature that confirms that 
plutonium binds to transferrin and follows a similar metabolic pathway as iron in 
mammalian systems, and eventually deposited on bone surfaces or incorporated into 
the iron-storage protein ferritin.  

In fish, plutonium is concentrated in bones rather than in muscle tissues (NCRP 1984 
as cited in ATSDR 2008), while in lobsters, plutonium accumulated primarily in the 
gills and exoskeleton (Swift 1992 as cited in ATSDR 2008). In birds and in mammals 
in general, it can be assumed that plutonium also tends to accumulate in bone and the 
liver.   

 
Plutonium in water and sediment is accumulated to varying degrees by aquatic 
organisms through direct adsorption and absorption for the lower trophic levels and 
through ingestion of food, water, and sediment by organisms higher up the food chain. 
As discussed above, in aquatic organisms, accumulation is expressed in terms of 
bioaccumulation factors.  In plants, accumulation is expressed in terms of 
concentration ratios, also referred to as soil-to-plant transfer factors. In mammals, 
accumulation in muscle is expressed in terms of food-to-meat transfer factors (see also 
IAEA 1994). 

IV.   TYPICAL MAJOR

EXPOSURE ROUTES 
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An attempt to build models that can be used to quantitatively analyze the 
accumulation, fate, and effects of a large number of radionuclides, including 
plutonium, in many organisms other than man is provided in DOE (2002) and (2004) 
and in ICRP (2008).  These publications and models extrapolate from a limited 
amount of radioecological data to develop methods to predict the fate and effects of a 
large number of radionuclides, including plutonium, in organisms other than man. 

Plutonium can enter the various trophic levels of a terrestrial food chain by deposition 
onto plant surfaces and, when deposited on or in soil, by adsorption to the surface of 
microorganisms and plant roots.  It can also be ingested or inhaled by higher 
organisms and, to a limited degree, be absorbed by the gastrointestinal (GI) tract, 
where it can have toxic effects on the organisms either through direct exposure of the 
GI tract to radiation emitted by the radionuclide as it passes through the GI tract, or to 
both chemical and radiological systemic effects from plutonium that is absorbed from 
the GI tract and transferred to other organs in the body, primarily to bone and the 
liver. (Till and Meyer 1983 present a comprehensive description of the behavior of 
radionuclides in the environment, including plutonium.).   

 
The chemical ecotoxicity of plutonium is not well-studied because the radiological 
ecotoxicity of plutonium is believed to be limiting for most organisms; chemical 
ecotoxicity, thus, has not been directly investigated.  For example, a literature review 
of the ecotoxicity of plutonium at the Hanford Reservation states that “the toxicity of 
plutonium is related to the radioactive properties of the radionuclide rather than its 
chemical properties” (Driver 1994).  Wilding and Garland (1982), who studied the 
effects of plutonium on soil microorganisms (organisms that are known to be highly 
radio-resistant), concluded that the toxicological effects they observed were due to the 
radiological and not the chemical toxicity of plutonium.  Others have likened 
plutonium’s chemical toxicity to that of other heavy metals such as lead (Craig 2010).   

Of note, care must be taken in interpreting the potential chemical and radiological 
toxicity of the observed concentrations of plutonium in organisms.  For example, as 
noted previously, plutonium often adsorbs to the surface of microorganisms, plants, 
and plant roots rather than being absorbed by them.  In addition, plutonium observed 
in fish could be associated with plutonium in sediment in the organism’s 
gastrointestinal tract.  If not actually assimilated into the plasma, tissue, and cytoplasm 
of an organism, there is some question regarding the extent of damage that the 
observed concentrations can cause.  The potential for chemical toxicological effects as 
a heavy metal is questionable because, if not absorbed, it would not have access to the 
intracellular or systemic biochemical machinery.  As a radionuclide, those isotopes of 
plutonium that emit beta and gamma radiation could cause tissue damage if adsorbed 
to external surfaces of the organisms.  However, because of the low penetrating power 
of alpha particles, radiation damage associated with external alpha exposure would be 
limited, except for perhaps plant root hairs and fish eggs, which have very thin cell 
walls protecting the cytoplasm from external alpha radiation. 
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A large body of literature exists on the observed radiological toxicity of the various 
isotopes of plutonium.  The following presents a limited review of the literature on 
this subject, drawing heavily from Driver (1994).  Note that many of these 
experimental outcomes are expressed in terms of effects observed at a given 
concentration of plutonium in water, soil, and sediment.  No attempt is made here to 
convert these exposure settings to the dose (in rads) experienced by the organisms.     

KNOWN BENEFICIAL OR PROTECTIVE PROPERTIES 

There are no known beneficial or protective properties of plutonium.  

MECHANISM(S)  AND LOCI  OF TOXICITY 

Considerable literature exists which characterizes and quantifies the potential damages 
to terrestrial and aquatic organisms due to radionuclides in the environment.  
However, the literature specifically addressing the radioecological impacts of isotopes 
of plutonium in the environment is limited.  Driver (1994) summarizes the literature, 
stating that the damages to aquatic and terrestrial organisms due to plutonium in the 
environment are due to ionization caused by the interaction of highly energetic alpha 
particles with living tissue.115   

In particular, typical alpha particles, which have an energy of about 5 MeV, have a 
range in air of only about 4 cm (see Figure 6.7 of Shleien, et al. 1998).  In addition, a 
layer of tissue of 0.07 mm will stop a 7.5 MeV alpha particle (see Table 3-1 of 
Shleien, et al. 1999).  Hence, unless the plutonium alpha particle is in intimate contact 
with living tissue or is intracellular, it has a limited potential for biological damage.  
However, if it is in close proximity to living tissue and/or inside the cytoplasm or the 
nucleus of a cell, it deposits its 5 MeV alpha energy over a relatively short distance. 
For example, the typical binding energy of a hydrogen electron is about 13.6 eV and 
the typical energy required to ionize a molecule (i.e., eject an electron from its orbit) 
is about 34 to 35 eV (see page 17, Casarett, 1968).  Hence, in a relatively short 
distance, a large number of ion pairs are produced by the passage of a 5 MeV alpha 
particle through tissue.  For example, the total number of ion pairs produced by the 
energy deposited in tissue from a 5 MeV alpha particle is about 140,000 ion pairs (i.e., 
5 MeV/35 eV).  The pattern of energy deposition for a 5 MeV alpha particle is about 
110 keV/micron, which is also referred to as the linear energy transfer (see page 28 of 
Casarett, 1968).  Hence, about 3000 ion pairs are produced per micron.  Given that a 
typical cell is on the order of tens of microns (see page 102 of Curtis and Barnes, 
1989), a single cell might experience 30,000 ion pairs produced by the passage of a 
single 5 MeV alpha particle.  It is this deposited energy in living tissue that results in 
biological damage. 

FACTORS AFFECTING TOXICITY 

As discussed in more detail in the following sections, a variety of factors can affect 
the ecotoxicological effects of plutonium, including dose, exposure period, species, 
and route of exposure. 

                                                            
115 Among the various isotopes of plutonium, the primary concern is exposure to alpha particles.  However, the isotopes 
of plutonium emit x-rays and some emit beta particles.  
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PLANTS 

Literature explicitly addressing the effects of plutonium on plants and plant 
communities is sparse.  However, there is an abundance of publications on the effects 
of radiation in general on plants and plant communities.  A classic series of 
investigations on the effects of external gamma ionizing radiation on plant 
communities was performed at Brookhaven National Laboratory in Upton, New York 
in 1962.  A large (9500 Ci) Cs-137 source was place in a pine forest for 20 hours per 
day, where the external exposures ranged from several thousand R116 per day within a 
few meters of the source to about 1 rad per day at 130 meters from the source.  After 6 
months of exposure, a total kill zone was observed at dose of >350 R/day.  At 10 
R/day there was reduced shoot growth of all tree species but no trees died (Casarett, 
1994).   

Chapter 13 of Casarett (1968) provides an excellent review of the literature on the 
effects of radiation on higher plants and plant communities.  She provides data 
showing the percent germination for pollen germination for a variety of plants, as a 
function dose, where the doses ranged from zero to over 6000 rad.   She also 
summarizes studies on the effects of radiation on the fertilized egg, where effects on 
the developing plant were observed at 500 R, and the radiosensitivity of developing 
embryos varied 100-fold depending on plant species.  

Casarett (1968) also presents the results of investigations performed by Sparrow and 
Woodard (1962) where the effects of chronic exposure to Co-60 were measured.  The 
effects included 10% growth reduction, failure to set seed, 50% growth reduction, 
pollen sterility, floral inhibition or abortion, severe growth inhibition, and measures of 
LD50 and LD100 levels. 

Driver (1994) also does not specifically address experiments on the toxicity of 
plutonium in plants, but does summarize the general literature at that time regarding 
the effects of radiation on terrestrial plants (including the Brookhaven experiments).  
The following is excerpted from Driver (1994):    

Plants are relatively resistant to ionizing radiation. The effects of chronic 
irradiation (6 months) of a late successional oak-pine forest were studied at 
Brookhaven National Laboratory (BNL) in New York. Changes in ecosystem 
structure, diversity, primary production, total respiration, and nutrient-inventory 
occurred. The most resistant species were the ones commonly found in disturbed 
places, i.e., generalists capable of surviving a wide range of conditions. Mosses 
and lichens survived exposures greater than 1000 R/d. No higher plants survived 
greater than 200 R/d. Sedge (Carex pennsylvanica) survived 150 to 200 Rad. 
Shrubs (Vaccinium and Quercus ilicijolia) survived 40 to150 R/d. Oak trees 
survived up to 40 R/d, whereas pine trees were killed by 16 R/d. No change was 
noted in the number of species in an oak-pine forest up to 2 R/d, but changes in 
growth rates were detected at exposures as low as 1 R/d (Woodwell 1970).  Severe 
defects were observed in Tradescatia at an exposure rate of 40 R/d. However, an 

                                                            
116  For simplicity, we can assume that one R or Roentgen is equal to 1 rad (or 100 ergs of energy deposited per gram of 

tissue). 
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exposure of 6000 R/d was required to produce the same effect in a hybrid gladiolus 
(Odum 1956). The sensitivity of various plant species appears to be related to the 
cross-sectional area of the nucleus in relation to cell size: the larger the nucleus and 
chromosome volume, the more sensitive the plant (Underbrink and Sparrow 1968, 
1974).   

Driver (1994) goes on to provide a tabulation of the effects of chronic exposure to 
external radiation on a variety of plants.   

One line of research of particular note is investigations of the damage done to pine 
forest in the vicinity of the Chernobyl accident.  From this work, it became clear that 
pine trees are among the most radiosensitive organisms.  “According to reports from 
Soviet scientists at the First International Conference on the Biological and 
Radiological Aspects of the Chernobyl Accident (September 1990), fallout levels in 
the 10 km zone around the plant were as high as 4.81 GBq/m². The so-called "red 
forest" of pine trees killed by heavy radioactive fallout lies immediately behind the 
reactor complex within the 10 km zone. The "red forest" covered some 4 km² and only 
pine trees died while birch and aspen survived. The "red forest" is so named because it 
was reported by evacuees that in the days following the accident the trees glowed red, 
apparently due to heavy radioactive fallout.117 

It is noteworthy that the above general discussion of the effects of radiation on trees 
emphasizes external exposure to gamma emitters and direct deposition of fallout.  
Specific research on the radiotoxic effects on trees of plutonium mixed in soil is 
sparse.  The National Aeronautics and Space Administration (NASA 1995) 
investigated this matter in its Final Environmental Statement (FEIS) for the Cassini 
Mission.  Appendix C of the FEIS investigates the impacts of plutonium dioxide fuel 
(mainly Pu-238), used as a radioisotope thermoelectric generator (RTG), if soil were 
contaminated following an accident.  The appendix explores the chemical behavior of 
PuO2 in soil, water, and sediment.  However, it concluded that, due to the very low 
soil-to-plant uptake factors, there was little potential for uptake by trees.  However, 
the report did not explore the external exposure of the root hairs of trees to Pu-238’s 
alpha emissions. 

AQUATIC INVERTEBRATES AND F ISH 

Literature explicitly addressing the effects of plutonium on aquatic biota is sparse.  
However, there is an abundance of publications on the effects of radiation in general 
on aquatic organisms. Driver (1994) summarizes the literature on the effects of 
radiation on aquatic organisms, providing LD50 values fish (90,000 R), 50% survival 
doses for male and female germ cells (305 to 500 R), and reduction on population 
growth rate for white crappie, largemouth bass, and redhorse (25% reduction at 57 R 
external exposure). 

EA (2002) compares the effects of alpha and gamma radiation on the reproductive 
output of a freshwater fish.  In particular, zebrafish were exposed to gamma radiation 

                                                            
117 See http://www.wordiq.com/definition/Chernobyl_accident#Impact_on_the_natural_world 
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at a dose rate of 30, 100, and 740 mrad/hr.  Only the highest dose rate group 
experinced effects on reproductive output (reduced egg count).  Polonium (Po)-210 
spiked meals were designed to deliver internal dose rates 0.8, 2.5, 18.5, and 74 
mrad/hr (of note, polonium is an alpha-emitter).  After the experiments, it was 
determined that the doses to the testes were actually 0.96, 1.9, 8.4. and 21.4 mrad/hr.   
Among these fish, no adverse effects were observed.  The study also concluded that 
alpha relative biological effectiveness (RBE118) was <7 to <20, and that the use of an 
RBE of 35 for internal exposure to alpha emitters is considered an upper bound for 
egg production as a biological endpoint.  

Till et al. (1976) evaluated the radiological and chemical toxicity of plutonium and 
uranium on the developing embryos of fish.  Eggs were used from carp and fathead 
minnows.  Fertilized eggs were developed in a high specific activity solution of Pu-
238 and low specific activity solution of Pu-244.  The penetration of the plutonium 
was evaluated, and results indicated that it accumulated in the carp embryos and was 
evenly distributed in the egg volume.  Overall, abnormalities was the most sensitive 
endpoint evaluated, followed by larval survival and then egg hatchability. 

Till et al. (1976) also found that although concentration of 7.5 µCi/ml of Pu-238 did 
not entirely inhibit carp eggs from hatching, a significant number of abnormalities 
resulted, and most of the larvae died within several hours of hatching.  At 3.9 pCi/ml 
normal hatching occurred, although there were a significant number of abnormalities 
in comparison to the control group, and the larvae died within 48 hours.  
Concentrations of 1.6 pCi/ml and 0.16 pCi/ml did not affect hatching, and the authors 
did not find a significant effect on larval survival at these levels. 

Till et al. (1976) also found fathead minnow eggs to be more sensitive than carp eggs: 
at a concentration of 1.3 µCi/ml of Pu-238, hatching was severely inhibited. At 0.85 
pCi/ml of Pu-238, many eggs hatched prematurely.  A concentration of 0.26 pCi/ml 
resulted in a significant number of abnormal larvae, and one-third of the eggs hatched 
prematurely.  No obvious effects on the fathead minnow eggs were found at 0.0056 
µCi/ml of Pu-238 (ibid.).  

Till et al. (1976)’s toxicity experiment using Pu-244 found that an alpha activity of 
0.02 µCi/ml (equivalent to a concentration of 20 ppm), prevented both carp and 
fathead minnow eggs from hatching.  A concentration of 9 ppm delayed hatching by 
approximately 6 hours compared to the control group, and by the fourth day, the 
fathead minnow eggs had died.  The authors suggest that the absence of hatching in 
the 20 ppm exposure may have been the result of plutonium’s chemical rather than 
radiological toxicity (ibid.).   

Till et al. (1976) evaluated the dosimetry of the concentrations used in the above 
experiments and conclude that the doses from Pu-238 that affected the survival of the 
larvae were estimated to be about 8,200 rads for carp eggs and 1,900 rads for fathead 
minnows. A larger number of abnormal larvae than in the control groups were 

                                                            
118  For a given biological endpoint, such as egg production, different types of radiation, such as gamma, beta, and alpha 

emitters, can have different levels of toxicity for the same dose in rads.  Relative biological effectiveness expresses the 

potential toxicity of a given dose of radiation relative to gamma radiation.  
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produced by Pu-238 doses of approximately 4,300 rads to carp and 570 rads to fathead 
minnows.  

SOIL MICROORGANISMS AND INVERTEBRATES 

Wilding and Garland (1982) studied the effects of plutonium in soil on 
microorganisms.  Significant effects on bacteria were observed at Pu-239 
concentrations as low as 1 µg/g of soil in the form of plutonium nitrate.  Fungi were 
not affected until exposed to much higher levels (180 µg/g).   

Driver (1994) cites literature that observed that 1780 Ci/m2 of Pu-239/240 in soil 
mixed to a depth of 25-30 cm decreased the population density of earthworms and 
insect larvae by 50% over three years. 

BIRDS 

Driver (1994) states that no information is available on plutonium effects in wild 
birds. A limited search of the published literature did not identify any experimental or 
environmental studies that investigated the potential toxic effects of plutonium on 
birds. 

MAMMALS 

The literature on the effects of plutonium on mammals is extensive, primarily because 
of concern over the toxicity of plutonium on humans.  ARSDR (2008) provides a 
detailed discussion of the toxicity of plutonium on man and a variety of mammals 
organized “first by route of exposure (inhalation, oral, and dermal) and then by health 
effect (death, systemic, immunological, neurological, reproductive, developmental, 
genotoxic, and carcinogenic effects). These data are discussed in terms of three 
exposure periods: acute (14 days or less), intermediate (15–364 days), and chronic 
(365 days or more).  ATSDR (2008) cites numerous studies conducted in nonhuman 
primates, dogs, and rodents. The ATSDR discussions primarily focused on the wealth 
of information that has been developed on the toxicology of plutonium in beagle dogs 
exposed by inhalation.  A detailed account is provided of the levels of exposure where 
adverse effects were observed under acute and chronic exposures.     

With respect to ingestion, ATSDR (2008) states: 

“No studies were located regarding death or lifespan shortening in humans after 
oral exposure to plutonium.  In neonatal rats, given a single 1.2x104 kBq 238Pu 
/kg dose (as plutonium citrate) by gavage, 45% mortality was observed by 2 
weeks post exposure; no deaths were reported following dosing at 3.7 kBq/kg 
(Fritsch et al. 1987).  No studies were located regarding respiratory, 
cardiovascular, hematological, musculoskeletal, hepatic, renal, or dermal/ocular 
effects in humans or animals after oral exposure to plutonium. 

No studies were located regarding gastrointestinal effects in humans after oral 
exposure to plutonium. Gastrointestinal effects were observed in neonatal rats 
following oral administration of 238Pu/kg (as plutonium citrate) by gavage (Fritsch 
et al. 1987).  Mild hypertrophy of the crypts of the small intestine, which form the 
secretions of the small intestine, was observed in the rats receiving a 5,300 kBq 
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238Pu/kg dose. Total disappearance of epithelial cells and crypts combined with 
intestinal hemorrhaging, was observed in rats that received 17,400 kBq 238Pu /kg 
(Fritsch et al. 1987).  Increased neutrophils were noted on the surface epithelium 
and superficial cellular layers of the large intestine in adult rats given 155 μCi 
238PuO2/kg (5,740 kBq/kg) (Sullivan et al. 1960). This effect was noted at 3 (but 
not 6) days post exposure. No studies were located regarding the following health 
effects in humans or animals after oral exposure to plutonium: immunological and 
lymphoreticular effects, neurological effects, reproductive effects, developmental 
effects, or cancer.” 

It is clear that there is a vast body of laboratory-based literature on the effects of 
plutonium on non-human mammals.  However, field studies on the toxicity of 
plutonium on mammals were not identified, nor were any laboratory studies of wild 
species. 

 

In theory, one would expect additive and synergistic effects of exposure to plutonium 
with other environmental toxicants, similar to those observed between other heavy 
metals.  For example, Schubert et al. (1978), Tabata et al. (2003), Traore et al. (1999), 
and Sanchez et al. (2001) address the synergistic cytotoxic and nephrotoxic effects of 
a number of heavy metals.  In addition, there may also be synergistic effects 
associated with the combined action of exposure to plutonium as a chemical and 
radiological toxin.  Concerns over the possible synergistic effects of exposure to 
radiation and chemical toxins have been extensively raised and reported in the 
scientific literature (Burkart et al. 1997, Prasad et al. 2004) but little consensus has 
been achieved in quantifying these effects in humans, except possibly for radon and 
smoking (BEIR IV, 1988) and certainly in the enhancement of the therapeutic effects 
of radiotherapy used to treat cancer (e.g., Lew et al. 2002).  Animal models (rats) have 
been used to demonstrate synergistic effects of plutonium and cigarette smoke 
(Mauderley et al. 2010). UNSCEAR (2000) Annex H explores the combined effects 
of radiation and chemical agents, including heavy metals.  Only a few data are 
available from combined exposures of radiation and metals in human populations and 
no firm evidence of interactions has been observed.  

There is some literature on observed synergistic adverse effects of radiation and toxic 
chemicals on organisms other than humans (e.g., salmon, Mothersill et al. 2007).  
Examples of ionizing radiation and metals producing combined effects in other 
biological systems include synergistic effects on soil microbial activity from cadmium 
and zinc in combination with gamma radiation (summarized in UNSCEAR 2010).  
Also combined effects of cesium-134/137 and lead found in highly contaminated 
habitats in the Russian Federation increased the mutation rate in the plant Arabidopsis 
thaliana (summarized in UNSCEAR 2010).  However, the authors clearly indicate 
that the relative importance of different damage-inducing mechanisms of metals for 
combined exposures in human and non-human populations remains to be elucidated. 

Overall, there is a clear need for additional research on synergistic effects of multiple 
stressors in radioecotoxicology (e.g., Salbu and Skipperud 2007, Mothersill and 
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Seymour 2007). In particular, these authors raise the issue of pesticides, organics, and 
endocrine disruptors and synergistic effects with radioactive materials, particularly 
with long-term exposure to various biological systems. Manti and D’Arco (2010) 
summarize the in vitro and animal-model studies and epidemiological surveys with 
two or more stressors, including radionuclides (DNA-damaging agents). They also 
emphasize that most research focuses only on the short-term effects of combined 
single exposures to animal models, and more work is needed to understand chronic 
exposure to trace contaminants and radioactive elements in the environment, including 
impacts to long-term genome stability. Specific research is lacking on plutonium 
effects with multiple stressors on biological systems, particularly non-human systems. 

 

As described in ATSDR (2008), though the environmental fate and transport of 
plutonium is understood to a degree, it is also acknowledged that, due to its complex 
chemistry, “information on environmental compartments, such as flux rates, and the 
mechanisms and rates of several processes involved in biogeochemical cycling of 
plutonium are still undefined.” Also, “the data available on the uptake of plutonium by 
plants is limited.”  In fact, though there is an abundance of literature citing plutonium 
bioaccumulation factors in aquatic organisms and soil-to-plant transfer factors in 
terrestrial plants, species specific bioaccumulation factors and soil-to-plant transfer 
factors for plutonium at Hanford appear to be limited. 

There is limited literature addressing the chemical toxicity of plutonium because it is 
widely acknowledged (see discussion above) that at all trophic levels the radiotoxicity 
of plutonium is limiting.  In addition, there appears to be a need to better understand 
the degree to which the combined chemical and radiological toxicity of plutonium 
might be additive and/or synergistic.  

There appears to be some literature on the radiotoxicity of plutonium on aquatic and 
terrestrial organisms based on laboratory experiments.  However, field studies of 
effects are limited, as are experimental data on the effects of plutonium on wild 
organisms.   

In addition, there are data gaps related to the sensitivity of plant root hairs and fish 
eggs to external exposure to alpha emitters, such as Pu-239, in soil and sediment, 
respectively.  With respect to fish eggs, this gap is based on calculations of the range 
of alpha particles in tissue as compared to the thickness of the egg chorion, which 
does not appear to be thick enough to protect the egg cytoplasm from the potential 
harmful effects of external alpha emitters in river sediment (at least for some species 
of fish).  With regard to plant root hairs, they consist of a filament of cells without a 
protective membrane, other than the cell membrane, which is not thick enough to 
protect the cell interior from the potential harmful effects of exposure to external 
sources of alpha emitters in soil.  The literature reviewed here is silent on these 
subjects and appears to be worthy of further consideration. 
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STRONTIUM (SR-90)  
ECOTOXICOLOGICAL PROFILE 

 

 

Strontium-90 (Sr-90) is a radionuclide and is one of the hazardous substances (as 
defined by Sections 101(14) and 101(33) of CERCLA and listed in 40 CFR §302.4) to 
which natural resources have been exposed as a result of operations and cleanup 
efforts over the past 60 years at the U.S. Department of Energy (DOE) Hanford Site in 
the State of Washington.  Strontium is a hard, white-colored metal that in its natural 
form is found in the minerals celestite (SrSO4) and strontianite (SrCO3).  Its 
concentrations in most mineral materials are on the order of a few parts per million 
(ppm) (ATSDR 2004).  Strontium, which is chemically similar to calcium, exists as 
four stable isotopes in nature: Sr-84, Sr-86, Sr-87, and Sr-88, while Sr-90 is an 
artificial isotope formed in nuclear reactors or during the explosion of nuclear 
weapons (ibid.).  

As a radionuclide, Sr-90 has a half-life of about 29 years and decays by beta decay to 
yttrium-90 (Y-90), which is also radioactive.  Yttrium-90 decays by beta decay to 
zirconium-90 (Zr-90), which is stable (ATSDR 2004).  

Exhibit 1 summarizes the radiological properties of Sr-90 and its progeny, Y-90.  Of 
note, Y-90 has a half-life of about 64 hours.  This means that the Y-90 will grow in 
and achieve equilibrium with its parent in about 10 half-lives or 641 hours.  Once 
equilibrated, every disintegration of Sr-90 is associated with a disintegration of Y-90.  
This is important because Y-90 has much more energetic beta particles, and will be 
responsible for most of the beta energy deposited in an organism per disintegration of 
Sr-90, once the Sr-90 is absorbed. 

 

EXHIBIT 1    RADIOLOGICAL PROPERTIES  OF SR-90 AND IT’S PROGENY, Y-90 (EXCERPTED 

FROM SHLEIEN ET AL.  1998) 

ISOTOPE HALF-LIFE PROBABILITY 

OF DECAY 

MAX BETA/ 

ELECTRON 

ENERGY (MEV) 

AVERAGE BETA/ 

ELECTRON 

ENERGY (MEV) 

Sr-90 28.6 yrs 1.0 0.546 0.1958 

Y-90 64.1 hrs 1.0 2.2839 0.9348 

 

This profile draws heavily from a number of authoritative literature summaries on 
Sr-90, including, UNSCEAR (2000 and 2008), ATSDR (2004), the Hazardous 

I .   INTRODUCTION 
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Substance Databank (HSDB),119 and reports addressing the operation and remediation 
of the Hanford facility.120      

 

NATURAL SOURCES 

There are no naturally occurring sources of Sr-90. 

ANTHROPOGENIC SOURCES 

Sr-90 is a fission product and was produced in large quantities during above-ground 
weapons testing in the United States and the former Soviet Union during the 1950s 
and 1960s and also, to a lesser degree, by China, France, and the United Kingdom 
(UNSCEAR 2000).  It was also produced during below-ground weapons testing, but 
the fission products were largely confined below ground at the test sites (primarily the 
Nevada Test Site).  An historic account of all nuclear weapons testing by every nation 
through 1999 is provided in Mikhailov (1999). 

During testing, Sr-90 was produced at a rate of 30 to 40 atoms of Sr-90 for every 
1,000 fissions (or about 0.10 million curies per megaton), and, as a result, fallout from 
above-ground testing resulted in the widespread distribution of Sr-90 in soil, water, 
and food (see Glasstone and Dolan 1977).  The literature summarizing the 
concentrations of Sr-90 in air, soil, water, food items, and in aquatic and terrestrial 
organisms is vast.  Summaries of this literature can be found in Eisenbud and Gesell 
(1997) and UNSCEAR (2000 and 2008).  Eisenbud and Gesell (1997) provides a 
detailed summary of global fallout in the northern and southern hemispheres from 
1963 through 1981, with the atmospheric inventory peaking at about 5 million curies 
in 1963, the time at which above-ground testing ceased.  The atmospheric inventory 
declined to about 10 million curies in 1980, with periodic spikes associated with 
above-ground testing performed by other nations. 

Figure 9-20 in Eisenbud and Gesell (1997) presents isocontour lines of global Sr-90 
deposition as estimated based on soil samples collected from 1965 to 1967 (i.e., 
shortly after the conclusion of above-ground weapons testing by the U.S. and the 
former Soviet Union).  The middle latitudes of the northern hemisphere (including the 
U.S.) experienced a total Sr-90 deposition of about 80 millicuries per square 
kilometer.  UNSCEAR (2000) also presents a fairly detailed description of the 
deposition density (Bq/m2) of Sr-90 in the northern and southern hemispheres for 
different latitudes and as a function of time up to 2000.  Updated information was 
recently published in UNSCEAR (2008). 

The concentration of Sr-90 in the environment from weapons testing is gradually 
declining due to its 29 year half-life, and also due to natural attenuation; i.e., Sr-90 is 

                                                            
119The National Institute of Health maintains the Toxnet database that includes the Hazardous Substance Database, 

which can be found at: http://toxnet.nlm.nih.gov/cgi-bin/sis/search/f?./temp/~4x0jSB:1 

 
120 At several places in this profile, direct quotes make reference to additional specific source documents.  These 

references are included in the reference section of this profile so that readers can more easily identify and obtain the 

original source documents cited in the major publications. 

I I .   SOURCES 
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gradually depleted from soil and sediment by downward migration and erosion, and 
eventually transported into relatively inaccessible or less accessible environmental 
compartments, such as the ocean depths. 

In addition to weapons testing, Sr-90 has been and continues to be released in the 
routine liquid and gaseous effluents of nuclear facilities.  The concentrations of Sr-90 
in effluents of nuclear facilities are monitored as part of routine effluent monitoring 
programs.  In addition, the environmental radiological surveillance programs at these 
facilities also look for Sr-90 in environmental samples collected in the vicinity of 
these facilities.  However, the levels of Sr-90 in the effluent of these facilities are 
relatively low compared to that of Cs-137.  Tichler et al. (1988) show similar results.  
As a result, Sr-90 is not routinely detected in the environment at levels above those 
resulting from fallout.  The reason is that, although Sr-90 is produced at about the 
same rate as Cs-137 in the fission process and its inventory in reactor cores is about 
the same as that for Cs-137, its ability to escape the fuel cladding, enter the coolant, 
and be released from these facilities is much less.  However, like Cs-137, Sr-90 is 
present in large quantities in high-level radioactive waste and spent fuel. 

At Hanford, local sources include activities associated with the reactors at the 100 
Area North and leakage of the high-level and low-level radioactive wastes that have 
been stored onsite in the 200 Area tank farms.  Vermeul et al. (2009) provides 
background information on the origin of Sr-90 contamination in the subsurface 
environment in the 100 Area and describes concerns that it is migrating to the nearby 
Columbia River.  Reactor operation in 100-N Area required the disposal of bleed and 
feed cooling water, waste water from the spent fuel storage basis, and other reactor-
related sources.  This waste water was disposed of in cribs and trenches, and the water 
was allowed to percolate downward through the soil.  This water contained fission and 
activation products, including Sr-90, which has migrated to the Columbia River via 
the groundwater.  The migration and control of this source of contamination is the 
subject of extensive research cited in Vermeul et al. (2009).  A detailed description of 
the efforts being employed to reduce the flux of Sr-90 to the Columbia River by this 
pathway is provided in DOE (2005). 

OTA (1991), DOE (1995a), and DOE (1997) provide a general overview of waste 
tank use and associated leakages from these.  Detailed information is provided in 
Hanson (2000) and its citations such as Gephart and Lundgren (1998).  In summary, 
0.6 to 1.4 million gallons have leaked from the single-shell high-level waste tanks 
containing a total of 1 to 2 million curies, primarily Sr-90 and Cs-137.  As a result of 
the wastewater leakage from the single shell tanks in the 200 areas and also seepage 
from cribs and tanks in the 100 Area, there are ground water plumes containing Sr-90 
beneath the site and migrating toward the Columbia River.   

The behavior of this leakage in the subsurface environment is monitored (e.g., 
monitoring is being performed by the Defense Nuclear Facilities Safety Board, Linzau 
and Quirk 2010) and is also the subject of numerous publications.
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Strontium can exist in two oxidation states:  0 and +2 (written as Sr0 and Sr2+), 
although under normal environmental conditions, the +2 oxidation state dominates 
(ATSDR 2004).  Because strontium and calcium are both alkaline earth metals in 
group IIa of the periodic table of the elements, their chemical properties are similar 
and, as one would expect, their metabolism is similar (see Eisenbud and Gesell 1997).  
The metabolism of Sr-90 has been extensively studied.   As described in NCRP 
(1991):  

“… after radiostrontium is ingested, a fairly substantial part is absorbed from 
the gastrointestinal tract… That which is absorbed is (a) deposited in the bone 
volume; (b) distributed in the exchangeable pool which can be considered to 
be comprised on the plasma, extracellular fluid, soft tissue and bone surfaces; 
or (c) removed from the body by urinary and fecal excretion.”   

Because of the similarity in the chemistries of the two elements, their biokinetics are 
qualitatively similar and the concentrations of Sr-90 in tissues have been reported as a 
Sr/Ca ratio (i.e., pCi of Sr-90 per gram of Ca), referred to as the “sunshine unit” in the 
early years of the weapons resting program (NCRP 1991).   

FATE AND TRANSPORT 

Air  

Strontium released to the atmosphere can be transported and redeposited by either dry 
or wet deposition.  ATSDR (2004) states: “Dry deposition results from gravitational 
settling, impact, and sorption on surfaces (NCRP 1984).  Experimental data on dry 
deposition of strontium, present in the ambient atmosphere, is limited.  Rain, sleet, 
snow, or other forms of moisture can wash airborne particles containing strontium 
from the atmosphere by the process of wet deposition.  Wet deposition depends on 
conditions such as particle solubility, air concentration, rain drop size distribution, and 
rain fall rate (NCRP 1984).  Hirose et al. (1993) examined the mechanism of aerial 
deposition of 90Sr derived from the Chernobyl accident, and found that 96% of 
atmospheric 90Sr returned to earth as wet deposition.” 

Water 

In water, most forms of strontium are dissolved (ATSDR 2004), but as discussed 
below, strontium will tend to bind to suspended and deposited sediment and organic 
detritus.  

   

I I I .   ENVIRONMENTAL 

CHEMISTRY 
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Soi l  and Sediment 

Strontium “has moderate mobility in soils and sediments, and sorbs moderately to 
metal oxides and clays (Hayes and Traina 1998)” (ATSDR 2004).  Partition 
coefficients (Kd values) are a measure of the strength of Sr-90’s binding to soil and 
sediments, and therefore its potential for movement in soil and the subsurface. 121 

ATSDR (2004) summarizes literature that altogether has reported a wide range of Kd 
values for Sr2+, ranging from 4.7 to 496 L/kg.  At Hanford, Kd values of 15-40 L/kg 
were measured for Sr2+-90 in aquifer sediments near Liquid Waste Disposal Facilities 
(DOE 1996 as cited in ATSDR 2004). 

ATSDR (2004) notes that the range in these Kd values reflects “differences in soil and 
sediment conditions as well as the analytical techniques used (Bunde et al. 1997).”  In 
particular, factors such as soil type, organic matter content, the presence of calcium 
(Ca2+) and magnesium (Mg2+) ions, can affect the tendency of strontium to precipitate 
(e.g., as strontium carbonate or as Sr2+-organic matter complexes) and can affect its 
overall mobility (ATSDR 2004).  It is also important to recognize limitations of Kd 
values, as summarized by Smith and Amonette (2006), who explain that any measured 
Kd reflects only the very specific conditions under which those measurements were 
made.   

In addition to the literature cited in ATSDR (2004), there are many publications on the 
behavior of Sr-90 in terrestrial ecosystems.  For example, Schultz and Riedel (1961) 
describe investigations that showed that, as Sr-90 in soil ages, it becomes less 
available for uptake by plants.  They also cite studies that show availability for uptake 
remains essentially the same with time.  Hence, it is difficult to make general 
statements about the mobility of Sr-90 in terrestrial ecosystems. 

Animals can also play a role in terrestrial transportation of Sr-90: “Subsurface 90Sr can 
be transported from soil to top soil by burrowing animals, and is spread to the 
surrounding environment via animal tissues and fecal deposits.  At the Subsurface 
Disposal Area at the INEL [Idaho National Laboratory], deer mice had the highest 
contamination of all animals from ingestion of 90Sr-contaminated low level nuclear 
waste.  In addition, the biotic intrusion of soils covering the waste site brings water 
infiltration into buried LLW (Arthur and Janke 1986)” (ATSDR 2004). 

BIOACCUMULATION POTENTIAL  

Since strontium is chemically and biochemically similar to calcium, strontium is 
readily taken up by biota and transported up the food chain.  As discussed below, 
higher terrestrial and aquatic organisms (i.e., vertebrates) have a relatively high 
potential to accumulate Sr-90 because strontium is a chemical congener of calcium 
and is bioconcentrated in bone. However, also as discussed below, many plants do not 
                                                            
121 The partition coefficient is expressed as follows: Kd = Cs/Cl  where: 

Kd = the partition coefficient of a given element in soil,  

Cs = the average concentration of a given element in soil in contact with the water for sufficient time to achieve 

equilibrium, and 

Cl = the average concentration of the element in water. 
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have high bioaccumulation factors because of their lesser dependence on calcium as 
an essential nutrient as compared, for example, to vertebrates. 

Table 6-2 of ATSDR (2004) summarizes bioconcentration factors for Sr-90 measured 
at the Savannah River Site.  These range from less than one to 13 for terrestrial plants 
but for aquatic plants range from 2,100 to 9,400.  In other aquatic fish and 
invertebrates, values of approximately 60,000 have been measured.   Overall, “The 
study illustrates that the organisms with the highest uptake are aquatic organisms such 
as fish (large-mouthed bass), macroinvertebrates (insects), macrophytes (white-water 
lilies and bladderwort), and zooplankton.  Because of the similarity of strontium to 
calcium, boney fish had a very high BCF, with a value >50,000 measured in the boney 
tissue (Friday 1996).  In the muscle tissue of boney fish, BCF values for 90Sr ranged 
from high (benthic invertebrate and fish feeders; 610) to very high (piscivores; 3,400).  
Because strontium and calcium are chemically similar, the concentration of calcium in 
water can influence the bioaccumulation of strontium in biota.  Organisms such as fish 
bioaccumulate strontium with an inverse correlation to levels of calcium in water.  
However, this correlation is not universal and does not apply to other organisms such 
as algae and plants (NCRP 1984).” 

For plants, as presented in ATSDR (2004): 

“Strontium is not necessary for growth or reproduction for most plants, but is 
typically absorbed to satisfy the plant’s metabolic requirements for calcium (NCRP 
1984).  Soil to plant concentration ratios for strontium (the ratio of the 
concentration of strontium in wet vegetation to the concentration of strontium in 
dry soil) are 0.017–1.0 (NCRP 1984), and indicate that strontium can be easily 
absorbed into plants from soil.  The uptake of strontium by plants is greatest in 
sandy soils having low clay and organic matter content (Baes et al. 1986).  The 
concentration of nutritive mineral elements in soil such as calcium lower the intake 
of strontium to the aboveground phytomass.  The average reduction of the soil-to-
plant concentration ratios for 90Sr caused by amendment with Ca or K is around 
50–60% (Lembrechts 1993).  Strontium may be deposited on plant surfaces from 
the atmosphere, remain on the plant, be washed off, or be absorbed directly into the 
plant through leaves.  Contamination by direct deposition on foliage surfaces is 
predominantly a short-term mechanism with a weathering half-life of 
approximately 14 days (Lassey 1979).” 

ACCUMULATION WITHIN TISSUES 

Strontium is a metabolic analog of calcium (Eisenbud and Gesell 1997) and therefore 
tends to accumulate in tissues rich in that mineral.  In bony vertebrates, strontium-90, 
whether absorbed from the lung, gastrointestinal tract, or bloodstream (dermal 
exposure), in large part becomes deposited in the bone (Driver 1994).  Any tissue 
where calcium is deposited will have relatively high concentrations of Sr-90 (egg 
shells, milk, exoskeletons, etc.).  In fact, as described in Eisenbud and Gesell (1997), 
it was common practice to express the concentration of Sr-90 in a given sample in 
terms of pCi of Sr-90 per gram of calcium in the sample. In addition, the 
radioecological literature often derived what is referred to as the “observed ratio” 
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(OR).  The OR is the concentration of Sr-90 in a given biotic sample relative to the 
concentration of calcium in that sample (i.e., pCi/g of Sr-90 per gram of calcium) 
divided by that same ratio as measured in the organism’s precursor food item.  An 
example is the OR for plants as compared to soil was reported at about 0.7; for human 
bone to diet, it was reported to be about 0.15; from diet to cow milk is was reported as 
0.15 (Eisenbud and Gesell 1997). The OR is a useful metric because it allows one to 
predict the concentration of Sr-90 in a given organism if there is knowledge of the 
concentration of Sr-90 and calcium in its diet.  

ATSDR (2004) also discusses the transport and accumulation of strontium in plants: 

“Carini et al. (1999) examined the mechanism of translocation in three species of 
fruit-bearing plants exposed to aerial deposition of 85Sr and found that translocation 
of 85Sr is localized to the area of contamination on the plant.  However, uptake of 
strontium through the leaves is minor compared to root uptake.  Once absorbed in 
the plant, strontium translocates to other parts of the plant, such as the leaves or 
fruit.  Translocation of strontium in plants is affected by the particular species and 
stage of organism growth, and the most metabolically active parts (growing) will 
accumulate higher concentrations of strontium (Kodaira et al. 1973). 

Strontium, taken up by plants and translocated to the above-ground plant 
compartments, has been observed for deep-rooted plants, such as chasima 
(Chrysothamnus nauseosus), mulberry vegetation (Morus alba), quaking aspen 
(Populus tremuloides), and red maple (Acer rubrum) growing on top of low-level 
waste burial sites or contaminated soils (Cooper and Rahman 1994; DOE 1995; 
Fresquez et al. [1996]).” 

 

As discussed above, terrestrial plants take up Sr-90 primarily through their roots.  
Higher terrestrial and aquatic organisms accumulate Sr-90 primarily via the ingestion 
of contaminated food (NCRP 1991; Eisenbud and Gesell 1997).   

The following was excerpt from ATSDR (2004) describes the major exposure routes 
of strontium for humans, which includes inhalation and diet.  This general observation 
is also applicable to other terrestrial vertebrates.  For fish, as described above, uptake 
is primarily from its diet.  

“If a person breathes in vapors or dust containing a chemical form of strontium that 
is soluble in water, then the chemical will dissolve in the moist surface inside the 
lungs and strontium will enter the bloodstream relatively quickly.  If the chemical 
form of strontium does not dissolve in water easily, then particles may remain in 
the lung for a time.  When you eat food or drink water that contains strontium, only 
a small portion leaves the intestines and enters the bloodstream.  Studies in animals 
suggest that infants may absorb more strontium from the intestines than adults.  If a 
fluid mixture of a strontium salt is placed on the skin, the strontium will pass 
through the skin very slowly and then enter the bloodstream.  If the skin has 
scratches or cuts, strontium will pass through the skin much more quickly.  Once 

 

 

IV.  TYPICAL MAJOR  
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strontium enters the bloodstream, it is distributed throughout the body, where it can 
enter and leave cells quite easily.” 

 

In theory, biota can be damaged by both the chemical toxicity and radiotoxicity of 
Sr-90.  However, the specific activity of Sr-90 is relatively high and its chemical 
toxicity is relatively low.  For example, with respect to stable strontium, Driver (1994) 
states “strontium toxicity to copepods is low.  The 48-h LC50 of strontium in the 
copepods (Cyclops abyssorum and Eudiaptomus padanus) is 300 mg/L and 180 mg/L 
respectively.  Cladoceran sensitivity to strontium is also moderate (75 mg/L, 48-h 
LC50) (Baudouin and Scoppa 1974).”  ATSDR (2004) explains that, “In acute 
exposure studies in mice, the oral LD50 for strontium nitrate was reported to be 
2,350 mg strontium/kg in males (Llobet et al. 1991a)….  No studies were located 
regarding death in animals following chronic-duration oral administration of stable 
strontium.”  

It is important to recognize that the specific activity of Sr-90 is 139 Ci/gram or 
0.139 Ci per mg.122  Hence, a single mg of Sr-90 is highly radioactive and extremely 
radiotoxic.  As a result, the chemical toxicity of Sr-90 is of little concern relative to its 
radiotoxicity. 

KNOWN BENEFICIAL OR PROTECTIVE PROPERTIES 

There are no beneficial or protective properties associated with exposure to Sr-90. 

MECHANISMS OF ACTION 

Radioecological damages to aquatic and terrestrial organisms due to Sr-90 in the 
environment result from ionization caused by the interaction of its beta particles with 
living tissue.  As noted previously, upon each disintegration, Sr-90 and its progeny, Y-
90, emit a beta particle with an average energy of about 0.196 and 0.935 MeV, 
respectively (Shleien et al. 1998).   

In higher organisms, Sr-90 will be metabolized as if it were calcium.  In bony animals, 
therefore, Sr-90 is deposited in large part in bone (ATSDR 2004), and many of its 
effects are associated with that tissue.  However, depending on the organism and its 
diet and ecological niche, exposure to the beta emissions from Sr-90 and its progeny, 
Y-90, can be to any tissue in any stage of its life cycle.  Hence, the mechanism of 
action is very much dependent on a multitude of factors which are highly site- and 
organism-specific. For example, in addition to damage to bone, the mechanism of 
action could also be effects on fish eggs sitting in sediment, damage to fish gills, and 
damage to plant root hairs, to name a few potential mechanisms of action. 

In ternal  Beta Exposures 

Figure 5.8.1 of Shleien et al. (1998) indicates that beta particles of this energy have a 
range in water (which is equivalent to tissue in terms of stopping power) of about 
0.5 cm2/g, which is about 1 cm in tissue.  Given that the typical energy required to 

                                                            
122 The equation used to derive specific activity is provided on page 3-17 of Schleien et al. (1998). 
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ionize a molecule (i.e., eject an electron from its orbit) is about 34 to 35 eV (see 
Casarett 1968, page 17), the total number of ion pairs produced by the energy 
deposited in tissue from the typical energy beta particle emitted by Sr-90/Y-90 is 
about 29,000 ion pairs (i.e., ~1 MeV/35 eV). 

The pattern of energy deposition for beta particles is described in Morgan and Turner 
(1973) as follows: 

Mean linear ion density = T/Rt × W 

Where: 

T = average energy of electron liberated 

Rt = range or electrons of energy T 

W = average energy to form an ion pair 

For Sr-90, the equation is 1 MeV × 1,000,000 eV/MeV ÷ 0.5 cm × 35 eV/ion pair =  
5.7 × 104 ion pairs per cm or about 5.7 ion pairs per micron.  Given that a typical cell 
is on the order of tens of microns (see page 102 of Curtis and Barnes 1989), a single 
cell might experience about 50 to 60 ion pairs produced by the passage of a typical 
Sr-90 beta particle.  It is this deposited energy in living tissue that results in biological 
damage. 

External  Beta Exposures 

Sufficiently energetic beta particles can penetrate the dead layer of the skin of 
mammals (nominally 70 microns in humans) and deposit energy in underlying tissues.  
Thus, there is a real potential for exposure to terrestrial organisms from external 
radiation from beta particles emitted by Sr-90, except for organisms that have a thick 
outer layer (such as bark of trees, heavy fur, etc.) that can shield the living tissue 
beneath from the beta emissions.  In theory, aquatic organisms can also experience 
external exposure from beta particles but, due to the limited range of Sr-90 beta 
particles in water (about 1 cm), only Sr-90 in very close proximity to the organisms 
can result in exposure to living tissue.   

FACTORS AFFECTING TOXICITY 

There are numerous environmental factors can enhance or reduce the potential for 
biota to be exposed to Sr-90.  As discussed above, the uptake of radiostrontium can be 
enhanced or reduced by the amount of calcium in the environment or in an organism’s 
diet.  Also, if strontium is tenaciously bound to soil and sediment, it is less likely to be 
available for uptake by biota.   

PLANTS 

No studies were found on the effects of Sr-90 on plants, but there is an abundance of 
literature on the effects of radiation in general on plants and plant communities.  
Although most of these studies address external exposure to gamma radiation, if the 
exposure is expressed in units of dose (i.e., rad and for both internal and external 
exposures), these studies have applicability to internal exposure to Sr-90 (expressed in 
units of rad) because both gamma and beta radiation have a similar linear energy 
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transfer.  In other words, whether the exposure is to external gamma or internal beta, 
the effects of comparable exposures, expressed in units of rad, should be similar. 

A classic series of investigations on the effects of external gamma ionizing radiation 
on plant communities was performed at Brookhaven National Laboratory in Upton, 
New York, in 1962.  A large (9,500 Ci) Cs-137 source was placed in a pine forest for 
20 hours per day, where the external exposures ranged from several thousand R123 per 
day within a few meters of the source to about 1 rad per day at 130 meters from the 
source.  After 6 months of exposure, a total kill zone was observed at a dose of 
>350 R/day.  At 10 R/day, there was reduced shoot growth of all tree species, but no 
trees died (Casarett 1968). 

Chapter 13 of Casarett (1968) provides an excellent review of the literature on the 
effects of radiation on higher plants and plant communities.  She provides data 
showing the percent germination for pollen for a variety of plants, as a function of 
dose, where the doses ranged from zero to over 6,000 rad.  She also summarizes 
studies on the effects of radiation on the fertilized egg (ovule), where effects on the 
developing plant were observed at 500 R, and the radiosensitivity of developing 
embryos (fertilized ovule) varied 100-fold depending on plant species. 

Casarett (1968) also presents the results of investigations performed by Sparrow and 
Woodwell (1962), where the effects of chronic exposure to Co-60 were measured.  
The effects included 10% growth reduction, failure to set seed, 50% growth reduction, 
pollen sterility, floral inhibition or abortion, severe growth inhibition, and LD50 and 
LD100. 

Driver (1994) summarizes the general literature at that time regarding the effects of 
radiation on terrestrial plants (including the Brookhaven experiments): 

“Plants are relatively resistant to ionizing radiation.  [It should be noted that 
experience following the Chernobyl accident found pine trees to be radiosensitive, 
see below.]  The effects of chronic irradiation (6 months) of a late successional oak-
pine forest were studied at Brookhaven National Laboratory (BNL) in New York.  
Changes in ecosystem structure, diversity, primary production, total respiration, 
and nutrient-inventory occurred.  The most resistant species were the ones 
commonly found in disturbed places, i.e., generalists capable of surviving a wide 
range of conditions.  Mosses and lichens survived exposures greater than 1000 R/d.  
No higher plants survived greater than 200 R/d.  Sedge (Carex pennsylvanica) 
survived 150 to 200 Rad.  Shrubs (Vaccinium and Quercus ilicijolia) survived 40 to 
150 R/d.  Oak trees survived up to 40 R/d, whereas pine trees were killed by 
16 R/d.  No change was noted in the number of species in an oak-pine forest up to 
2 R/d, but changes in growth rates were detected at exposures as low as 1 R/d 
(Woodwell 1970).  Severe defects were observed in Tradescatia at an exposure rate 
of 40 R/d.  However, an exposure of 6000 R/d was required to produce the same 
effect in a hybrid gladiolus (Odum 1956).  The sensitivity of various plant species 
appears to be related to the cross-sectional area of the nucleus in relation to cell 

                                                            
123  For simplicity, it can be assumed that one R or Roentgen is equal to 1 rad (or 100 ergs of energy deposited per gram 

of tissue). 
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size: the larger the nucleus and chromosome volume, the more sensitive the plant 
(Underbrink and Sparrow 1968, 1974).”   

Table 2.2 of Driver (1994) provides a tabulation of the effects of chronic exposure to 
external radiation on a variety of plants.  The exposure levels at which no effects were 
observed ranged from 10 R/day for the lily to 1720 R/day for the wood rush. These 
exposures were performed under controlled experimental conditions. 

Also noteworthy are investigations of the damage done to conifer forests in the 
vicinity of the 1986 Chernobyl accident.  Radiation resulted in the death of many pine 
stands within approximately 5-10 km of the power plant, resulting in the so-called 
“red forest.”  In addition to mortality, adverse effects observed in the forest included 
reproduction anomalies, growth reductions, and morphological damage (ibid.).  The 
absorbed dose was largely due to beta radiation (90%), with some contribution from 
gamma radiation (10%), and four distinct zones of damage were identified, with 
different dose levels associated with different severities and types of injury (see Table 
6.3 in IAEA 2006). 

AQUATIC INVERTEBRATES AND F ISH 

Very little literature was found that specifically addresses the radiotoxicity of Sr-90 on 
aquatic organisms.  There is, however, an abundance of publications on the effects of 
radiation in general on aquatic organisms.  Of note, most of these studies involved 
external exposures to gamma radiation or internal exposure to internal gamma and 
beta radiation.  The internal exposure investigations are probably more applicable to 
this profile, because Sr-90/Y-90 is a pure beta emitter and the vast majority of 
exposure would be internal exposure to beta emissions.  However, most of the 
experimental work addresses uniform whole-body exposure to beta and gamma (both 
internal and external), while the concern with Sr-90 for most higher organisms is the 
localized deposition of beta particle energy in bone.   

For organisms where Sr-90 does not concentrate in calcium rich tissue but is 
distributed more uniformly in soft tissue, the effects would be more like those 
observed for external or internal uniform exposures.  Hence, the literature on the 
effects of radiation exposure in general, when expressed in units of rad, has some 
applicability to internal exposure of biota to Sr-90.  

NCRP (1991) provides an extensive review on the reproductive effects of radiation on 
in fish and invertebrates in natural and experimental settings.  Tables 3.3 to 3.8 of the 
report summarize the extensive literature on this subject.  Data are available on many 
life stages of the mosquito fish, roach, pond snail daphnia, Chinook salmon, coho 
salmon, stickleback, pike, rainbow trout, guppy, and medaka.    This report concludes 
that: 

The discharge of low-level radioactive effluents into the aquatic environment 
has resulted in chronic, low dose rate exposure aquatic organisms.  The fate of 
individual organisms is, generally, not the major concern but rather the 
response and maintenance of endemic populations. 
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Experimental studies to date have shown that fertility and fecundity 
(gametogenesis) of the organisms and embryonic development are probably 
the most sensitive components of the radiation response, and it is precisely 
these attributes which are of importance in determining the fate of the 
population. 

Driver (1994) summarizes the literature on the effects of radiation on aquatic 
organisms, providing LD50 values fish (90,000 R), 50% survival doses for male and 
female germ cells (305 to 500 R), and reduction on population growth rate for white 
crappie, largemouth bass, and redhorse (25% reduction at 57 R external exposure).   

Driver (1994) also references studies on the effects of radiation (not specifically Sr-
90) on crustaceans, snails, and daphnia, where effects of exposure to radiation were 
observed but only at very high dose rates (hundreds to thousands of rad).   Casarett 
(1968) 124 similarly states that “Most invertebrates have been shown to be more 
resistant than vertebrates [to the effects of ionizing radiation].”   

BIRDS 

Driver (1994) provides a review of literature specifically citing studies on the effects 
of Sr-90 on birds at Hanford, as follows: 

“Radiostrontium levels of up to 1700 and 560 pCi/kg ash of the eggshells and inner 
egg contents, respectively, have been found in Canada goose eggs on the Hanford 
Site (Rickard and Sweany 1977).  No impacts on clutch size, hatching success, 
viability of the young, or population parameters have been associated with these 
levels of contamination when compared to uncontaminated goose populations.” 

Although few studies were found on the effects of Sr-90 on birds, some information is 
available on the effects of radiation in general on birds and avian communities, and 
this has some applicability to Sr-90.   

For example, Casarett (1968) cites an LD50 of 800 rad for birds, which is higher than 
that for mammals but lower than that for fish.  Møller and Mousseau (2007a) report 
on a census of the bird populations in the vicinity of Chernobyl and correlated the 
varying levels of “background” radiation with bird abundance.  They found a 
decreasing bird population density with increasing background radiation, where the 
background radiation in the vicinity of Chernobyl varied from 0.04 to 135.89 mR/hr.  
(To place these values into perspective, typical background radiation is about 0.01 
mR/hr.)  Raptor abundance was also reduced in contaminated areas (Møller and 
Mousseau 2009b).  Also of note, Møller and Mousseau (2009a) found that the 
abundance of insects and spiders (prey items for some birds) to be negatively 
correlated to radiation exposure around Chernobyl. 

Reasons for differential interspecific responses to radiation in birds have also been 
explored.  Møller et al. (2010) found species that responded more strongly to the 
impact of the Chernobyl radiation to be those that in the past were more susceptible to 
                                                            
124 Although this publication is highly authoritative, it is also quite dated.  There is certainly more information now 

available, especially after the Chernobyl accident.  Hence this table should be used only to obtain a general sense of the 

sensitivity of different types of organisms to the acute effects of radiation. 
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factors causing mutations in mitochondrial DNA.  Møller and Mousseau (2007b) 
investigated the role of antioxidants (which are used by the body to neutralize free 
radicals and reduce the negative effects of radiation).  The authors identified 
associations between increased use of antioxidants in certain species (e.g., those that 
migrate, have greater dispersal distances, larger relative egg sizes, and carotenoid-
based plumage) and radiation sensitivity as indicated by relative abundance around 
Chernobyl. Galvan et al. (2010) found that highly pigmented birds were more 
adversely affected (i.e., reduced population density) by the radiation in the vicinity of 
Chernobyl than less pigmented birds.  The article hypothesizes that this may be 
because ionizing radiation depletes antioxidants, which are required in greater 
quantities in more highly pigmented birds.  Møller et al. (2011) further explored the 
issue of radiation levels and the abundance of birds and eight other taxa (spiders, 
dragonflies, grasshoppers, bumblebees, butterflies, amphibians, reptiles, and 
mammals) and found statistically significant effects of radiation on all groups, with 
effect sizes being larger in taxa with longer natal dispersal distances and higher 
population densities. 

MAMMALS 

Driver (1994), HSDB, and ATSDR (2004) all provide reviews of large numbers of 
studies on the effects of Sr-90 on mammalian species.  Information specific to wild 
species and to field conditions is, however, extremely limited.  The vast majority of 
studies represent laboratory studies on domestic animals such as dogs, mice, rats, 
mice, swine, and cows.  Exposure routes used in these studies include inhalation (to 
aerosol and particulate-bound forms), dermal exposure, and ingestion through food or 
drinking water. Endpoints evaluated include death, carcinogenic effects, and also 
immunological, neurological, reproductive, and developmental effects. 

Exposure through ingestion and aerosol-based inhalation resulted in the rapid passage 
of Sr-90 through the body and into the skeleton, where the radionuclide becomes 
associated with bone (ATSDR 2004), and many of the observed adverse effects are 
associated with this partitioning within the body and consequent skeletal radiation 
exposure.    In many studies, younger animals were more sensitive to these effects 
than were older animals, and some studies noted age-related differences in 
incorporation of Sr-90 into skeletal tissues, with juveniles having higher skeletal 
activities than adults (ATSDR 2004). 

The only identified study on a non-domestic or laboratory species is described in 
Driver (1994): “Tumorogenicity has also been observed in wild rodents.  A muskrat 
from White Oak Lake that had more than 1 Jlc of strontium per gram of bone, a total 
body burden of nearly 100~Ci (Krumholz and Rust 1954), displayed advanced 
osteogenic sarcoma with metastasized cells to both kidneys and lungs.” 

 

ATSDR (2004) does not cite interactions of Sr-90 with other chemicals that might 
influence the toxicity of Sr-90.  However, concerns over the possible synergistic 
effects of exposure to radiation and chemical toxins have been extensively raised and 
reported in the scientific literature (Burkart et al. 1997; Prasad et al. 2004), but little 
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consensus has been achieved in quantifying these effects in humans, except possibly 
for radon and smoking (BEIR IV 1988) and certainly in the enhancement of the 
therapeutic effects of radiotherapy used to treat cancer (e.g., Lew et al. 2002).  
UNSCEAR (2000) Annex H explores the combined effects of radiation and chemical 
agents, including heavy metals.  Only a few data are available from combined 
exposures of radiation and metals in human populations and no firm evidence of 
interactions has been observed. 

As summarized in ATSDR (2004), there is some literature on observed synergistic 
adverse effects of radiation and toxic chemicals on organisms other than humans [e.g., 
salmon (Mothersill et al. 2007)].  Examples of ionizing radiation and metals 
producing combined effects in other biological systems include synergistic effects on 
soil microbial activity from cadmium and zinc in combination with gamma radiation 
(summarized in UNSCEAR 2000).   Furthermore, although not specific to Sr-90, 
combined effects of cesium-134/137 (another beta emitter) and lead found in highly 
contaminated habitats in the Russian Federation increased the mutation rate in the 
plant Arabidopsis thaliana (summarized in UNSCEAR 2000).  However, the authors 
clearly indicate that the relative importance of different damage-inducing mechanisms 
of metals for combined exposures in human and non-human populations remains to be 
elucidated. 

ATSDR (2004) states that, overall, there is a clear need for additional research on 
synergistic effects of multiple stressors in radioecotoxicology (e.g., Salbu and 
Skipperud 2007; Mothersill and Seymour 2007).  In particular, these authors raise the 
issue of pesticides, organics, and endocrine disruptors and synergistic effects with 
radioactive materials, particularly with long-term exposure to various biological 
systems.  Manti and D’Arco (2010) summarize the in vitro and animal-model studies 
and epidemiological surveys with two or more stressors, including radionuclides 
(DNA-damaging agents).  They also emphasize that most research focuses only on the 
short-term effects of combined single exposures to animal models, and more work is 
needed to understand chronic exposure to trace contaminants and radioactive elements 
in the environment, including impacts to long-term genome stability.  Specific 
research is lacking on Sr-90’s effects with multiple stressors on biological systems, 
particularly non-human systems. 

 

Information on the effects of Sr-90 in domestic/laboratory mammals is relatively 
extensive; however, effects data for other taxa are far fewer.  For example, this profile 
identified no Sr-90 specific effects information for plants, aquatic organisms, reptiles, 
or amphibians, and it identified very little Sr-90 effects information for birds and wild 
mammals.  Also, as described above, little is known about the combined action of 
exposure to radiation and other environmental toxicants.  

That said, some research on the effects of radiation has applicability to Sr-90, 
especially studies of exposure from internal or external beta or gamma emitters, if the 
exposure is expressed in units of dose (i.e., rad).  The research on the effects beta and 
gamma radiation in general on terrestrial and aquatic organisms is more substantial.  

VI I .  DATA GAPS 
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TECHNETIUM (Tc-99)  
ECOTOXICOLOGICAL PROFILE 

 

 

Technetium-99 (Tc-99) is one of the hazardous substances (as defined by Sections 
101(14) and 101(33) of CERCLA and listed in 40 CFR §302.4) to which natural 
resources have been exposed as a result of operations and cleanup efforts over the past 
60 years at the U.S. Department of Energy (DOE) Hanford Site in the State of 
Washington. Technetium is primarily a man-made element that only occurs in the 
earth’s crust in minute quantities (EPA 2002). All forms of technetium are 
radioactive; it is the lowest atomic number (43) element with no stable isotopes. 
Forty-three isotopes and isomers are thought to exist, with atomic mass ranging from 
86 to 113 (HSDB 2008); according to Garcia-Leon (2005), 24 isotopes with 9 isomers 
are known (it appears that there is some ambiguity in the literature with regard to the 
number of isotopes). Technetium-99 (Tc-99) is the most common and readily 
available of all the isotopes, as it is generated in the fission of uranium (235U) and 
plutonium ( 239Pu) at a rate of about 6%. Tc-99 is a beta-emitter, Emax = 294 keV, with 
a very long half-life of T1/2 = 2.11 × 105 yr (Garcia-Leon 2005). Its short-lived gamma 
ray-emitting nuclear precursor, technetium-99m, is used in nuclear medicine for a 
wide variety of diagnostic tests due to its short half-life of a little over six hours 
(Krupke and Serne 2002).  

 

NATURAL SOURCES 

No primordial Tc-99 is thought to exist because it would have decayed long ago, but 
there is non-primordial Tc-99 in minute quantities in the earth’s crust from 
spontaneous fission, mainly of uranium-238 (EPA 2002, Schwochau 2000).  In 1937, 
it was artificially produced and called technetium, then considered the first man-made 
chemical element. It is not naturally present in significant amounts (i.e., relative to the 
amounts in the environment due to nuclear programs activities), but was found in 
African rock samples in the early 1960s in trace amounts, confirming the presence of 
a natural nuclear reactor (Scerri 2009).  

ANTHROPOGENIC SOURCES 

Most Tc-99 in the environment comes from a few sources: 1) the detonation of 
nuclear weapons (especially atmospheric weapons tests), 2) nuclear reactor airborne 
emissions, 3) nuclear fuel reprocessing plant airborne emissions, and 4) facilities that 
treat or store radioactive waste (EPA 2002). The production and use of technetium 
compounds in nuclear medicine and as superconducting materials also may result in 
their release to the environment from various waste streams, although the medical 
industry uses 99-m isomer that decays in a matter of hours (HSDB 2008). Rough 
estimates indicate that, including all possible sources, at least 49,000-64,000 TBq had 
been produced worldwide by the mid-1990s (Garcia-Leon 2005, Yoshihara 1996).  

I I .   SOURCES 

I .   INTRODUCTION 
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In the absence of a local source, due to its low specific activity, estimated 
concentrations in surface soil tend to be very low—on the order of 0.0001 picocuries 
per gram (pCi/g) (ANL 2005).  

Technetium in the environment surrounding the Hanford site originated from nuclear 
fuel cycle processes at that site. The Hanford operations included plutonium 
production and research reactors, chemical separation facilities, and fuel fabrication 
facilities, all of which involved processing and storing various uranium compounds, 
resulting in the production of technetium.   

As technetium-99 is a product of nuclear fission, it is present at numerous areas 
throughout the Hanford Site including in groundwater; 2009 levels at and near the site 
are detailed in the Hanford Site Environmental Report (Poston et al. 2010). According 
to Poston et al. (2010) contaminant plumes totaling approximately 2.4 km2 in area 
exceed the drinking water standard for Tc-99 at Hanford. The only wild plant tested 
for Tc-99, as reported in the most recent Hanford Site Environmental report (Poston et 
al. 2010) was an edible wild chive (Allium schoenoprasum) growing in riparian 
habitats along the Hanford Reach of the Columbia River. The samples did not contain 
Tc-99 above the minimum detectable limit.  However, because Tc-99 is a low energy 
beta-emitter, it is more difficult to detect than gamma-emitting radionuclides, so some 
surveys for radionuclides are not designed to detect Tc-99 (e.g., most vegetation 
monitoring, Hanford Site Environmental Report, Poston et al. 2010).  Exhibit 1 
presents selected data on Tc-99 concentrations in environmental media. 

 

EXHIBIT 1 SELECTED TECHNETIUM-99 CONCENTRATIONS IN WATER, SEDIMENTS, AND 

BIOTA 

 
LOCATION AMOUNT SOURCE 

Groundwater 
 
DOE Idaho NL 

 
2000-2840 pCi/L 

 
Idaho DEQ (2003) 

Savannah River Site 200-1100 pCi/L Carleton et al. (1993) 

Surface Water Savannah River Site 0.42-0.58 pCi/L Carleton et al. (1993) 

Soil Chernobyl 30 km 
zone 

1.1-14.1 Bq/kg dry wt 
org. soil 
0.13-0.83 Bq/kg dry wt 
mineral layers 

Uchida et al. (1999) 

Biota    

Potamogeton lucens 
(aquatic plant) 

Yenisei River, 
Russia 82 Bq/kg biomass 

Bolsunovskii et al. 
(2010) 

Farmed salmon Scotland 0.11 Bq/kg max Scottish EPA (2003) 

 

Krupke and Serne (2002 and 2003) summarize the extensive literature on technetium 
environmental chemistry. Technetium exists in valence states from +7 to -1. In natural 
environments, the most stable valence states of technetium are +7 and +4 (i.e., 
Tc(VII) and Tc(IV)) under oxidizing and reducing conditions, respectively. Dissolved 
technetium is present in aerobic systems as the aqueous Tc(VII) oxyanion species 
pertechnetate (TcO4-), which is essentially nonadsorptive (i.e., Kd values are ≈0 

I I I .   ENVIRONMENTAL 

CHEMISTRY 
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ml/g) at circumneutral and basic pH values and is highly soluble. Therefore, the 
concentration of Tc(VII) in the vadose zone and groundwater is not limited by 
adsorption or solubility processes, and it will be highly mobile in aerobic 
environments. 

Under reducing conditions, technetium is present in the +4 oxidation state, which is 
not very soluble and is highly sorbed, usually existing in lower oxidative forms such 
as TcO2, TcO(OH)2, TcS2 or in complexes with humic material (HSDB 2008, Multi-
agency NUREG 2004). Technetium (IV) is considered to be essentially immobile in 
reducing subsurface environments. It is highly sorbed to iron and aluminum oxides 
and clays in this state (Krupke and Serne 2002).  

The results of studies of waste samples from underground storage tanks at the Hanford 
Site indicate that a significant fraction of the technetium in the waste is present in the 
+4 oxidation state. According to Krupke and Serne (2002), “future conceptual models 
for the release of technetium from the Hanford underground storage tanks will need to 
consider the potential mobility of Tc(IV) in the near-field, vadose sediments and 
potential interactions of organics present in the tanks with respect to complexing and 
stabilizing Tc(IV) and possibly other intermediate valance states of dissolved 
technetium.” 

Immobilization of the high-level nuclear waste stored at the Hanford Reservation has 
been complicated by the presence of soluble, lower-valent (<+4) technetium species. 
These species cannot be removed by ion-exchange and are difficult to oxidize. Lukens 
et al. (2004) found that soluble complexes of the Tc(I)-carbonyl species exist, 
especially fac-Tc(CO)3(gluconate)(2-), with implications for storage and clean-up. 
Extensive work has been done on clean-up techniques, utilizing both microbial and 
chemical means (e.g., iron-sulfides, Watson and Ellwood 2003). 

FATE AND TRANSPORT 

As described above, anaerobic vs. aerobic conditions influence the chemical behavior 
of technetium, and the transport potential of the +7 and +4 oxidation states differ 
dramatically. Because the pertechnetate anion (TcO4-) is highly soluble and is not 
strongly sorbed at neutral and basic pH conditions, it is highly mobile in most 
oxidizing systems. In the +4 valence state, technetium exists as the tetravalent cation 
and is relatively immobile in the absence of strongly complexing ligands. Numerous 
studies of the sorption of technetium on sediments, soils, pure minerals, oxide phases, 
and crushed rock materials have been conducted. An extensive review of these studies 
is presented in Krupke and Serne (2003) and Kd values for Tc-99 at the Hanford site 
are summarized in Krupke and Serne (2002). 

Soi l s/Sediments 

The behavior of Tc-99 in soils depends on many factors, such as texture and organic 
content. In soils rich in organic matter, Tc-99 is retained and does not have high 
mobility. Under aerobic conditions, technetium compounds in soils dominated by 
pertechnetate (TcO4-) are readily taken up by plants (EPA 2002; see “Bioaccumulation 
Potential”). Under both aerobic and anoxic conditions, little adsorption is observed for 
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technetium in lake sediment with low organic matter content (Tagami and Uchida 
1999a). 

Keith-Roach et al. (2003) investigated the relative uptake of Tc-99 among sites in 
coastal environments in Europe with reducing waters and/or sediments that represent 
potential sinks. Uptake varied greatly between the sites, with the highest occurring at 
an almost permanently anoxic fjord, followed by a brackish, seasonally eutrophic 
fjord, then a sub-oxic salt marsh, and finally sulfidic and iron-reducing muddy sandy 
sediments. Relatively high uptake of Tc into sediments at particular fjords occurred 
due to the fact that TcO4- was exposed to both reducing sediments and high mixing of 
in the water column, or an oxic/anoxic water boundary.  The lowest sediment uptake 
site could be explained by the speciation of technetium at this site in the carbonate 
phase, which is largely soluble. The other three sites showed that organic matter, in 
conjunction with reducing conditions, was very important for binding and retaining 
Tc-99 in sediments. 

The Argonne National Laboratory’s Human Health Fact Sheet (ANL 2005) states: 
“From the surface [technetium] can move rapidly downward with percolating water 
because most technetium compounds do not bind well to soil particles. The 
concentration associated with sandy soil particles is estimated at 0.1 of that in 
interstitial water (in the pore spaces between the soil particles), although technetium 
binds more tightly to clay soils (with concentration ratios 10 times higher). For this 
reason, technetium-99 has been found in groundwater at several DOE sites.” IAEA 
(2010) summarizes concentration ratios and Kd values for technetium. 

Groundwater  

In groundwater, technetium’s behavior is highly dependent on its oxidative state, and  
as noted previously, the predominant species under oxidizing conditions, 
pertechnetate (TcO4-), tends to be highly mobile, nonadsorptive, and soluble. The 
pertechnetate ion is stable over the complete pH range of natural waters, and is not 
known to form any strong aqueous complexes (Krupke and Serne 2002). Due to these 
properties, it has high dissemination potential in natural systems.  

Under reducing (anaerobic) conditions, technetium precipitates mainly as technetium 
dioxide (TcO2), which is very insoluble and relatively immobile (ANL 2005). 

Water 

The reactions of technetium in water are similar to those that occur in soils. In natural 
waters, the reduced form of technetium may also form highly stable complexes with 
humic and fulvic acids (Schulte and Scoppa 1987). However, additional studies are 
needed to determine the stability constants and potential roles of important 
complexing ligands, such as carbonate, phosphate, sulfide, and others, on the 
adsorption and solubility of Tc(IV). Technetium is primarily released to and present in 
the vadose zone and groundwater at the Hanford Site as oxidized Tc(VII), 
pertechnetate (Krupke and Serne 2002).  
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Air  

Because technetium compounds are ionic, volatilization from moist or dry soil 
surfaces or surface water will not occur (HSDB 2008). Ionic technetium compounds 
only exist in the particulate phase in air. Particulate phase technetium compounds may 
be removed from the air by wet and dry deposition (HSDB 2008). Tagami and Uchida 
(1999b) developed a sensitive analytical method of determining concentration of Tc-
99 in rain and dry fallout by inductively coupled plasma mass spectroscopy (ICP-MS). 

BIOACCUMULATION POTENTIAL 

Terrestr ia l  Systems 

Plant affinity for pertechnetate (TcO4-) applied to soil is high and generally exceeds 
that reported for other non-nutrient nuclides resulting from the nuclear fuel cycle 
(Menzel 1965, cited in Schwochau 2000). 

Driver (1994) notes that “Plants readily concentrate technetium in their tissues and 
play an important role in technetium cycling in the environment. Plants are able to 
effectively accumulate technetium at soil levels as low as 0.01g/g. … In general, 
between 47% and 74% of the technetium applied to soil in water is assimilated by 
plants.”   Eudicots appear to bioaccumulate Tc-99 to a greater extent than do 
monocots (Driver et al. 1994, Willey et al. 2010). 

Tagami and Uchida (2005a) studied the uptake of Tc-99 and rhenium (a chemical 
analogue of Tc) in three crop species (Cucumis sativus, Raphanus sativus, and 
Brassica chinensis). The results showed that Tc and Re uptake occurred not only with 
water mass flow or active nutrient uptake, but also with uptake of nutrient cations 
such as K+. It is likely that the stable chemical form under aerobic conditions, 
pertechnetate, is used in cation transport as a substitute ion, such as Cl-. After TcO4- 
passes through a root surface, it moves through the xylem together with cations. Due 
to these uptake mechanisms, Tc is highly accumulated in plants, and chemical effects 
are likely important (Tagami and Uchida 2005a). However, when Tagami and Uchida 
(2005b) collected plant samples in the Chernobyl area to obtain transfer factors of Tc-
99 in the soil-plant system under environmental conditions, their experimental results 
indicated that Tc-99 released from the Chernobyl Nuclear Power Plant showed low 
transfer rates to plants.   

Other forms of technetium such as TcO2 are not as readily taken up by plants 
(Sheppard and Evendon 1991, in Driver 1994, Yoshihara 1996).  Furthermore, 
Yoshihara (1996) states that “even under aerobic conditions, the transfer rate to plants 
decreases with time, indicating that soluble pertechnetate changes to insoluble forms 
by action of microorganisms which produce a local anaerobic condition around 
themselves” (e.g., studies by Landa et al. 1977, Hoffman et al. 1980, Van Loon et al. 
1989, Tagami and Uchida 1996).  In contrast, experiments with ryegrass showed that 
mobility of Tc-99 was not changed by aerobic microbial activity, and bioavailability 
of Tc-99 decreased with biomass production and not with time (Echevarria et al. 
1997). 
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Mean soil to plant transfer factors (Fv) range from 9.4 x 10-2 for tubers in loamy soil to 
2.5 x 102 for leafy vegetables growing in loamy soil (IAEA 2010). Van Loon et al. 
(1989) describe a general soil-to-plant transfer function for technetium. Concentration 
factors for technetium from the upper 15 cm of soil at field sites have been reported to 
range from 3 to 370 (Garland et al. 1983) and from 2 to 200 (Hoffman et al. 1980). 
Laboratory studies produced concentration factors of 10 to 1200 (Landa et al. 1977, 
Wildung et al. 1977, Mousney and Myttenaere 1981). For native plants at the Hanford 
Site, Rouston and Cataldo (1977) suggest a concentration factor of 76 to 390 for 
tumbleweed and 54 to 421 for cheat grass from five Hanford project soils.  

Factors that affect the extent of uptake by plants include soil type (e.g., sand versus 
peat), alkalinity, root depth, nutrients (manganese, sulfate, phosphate, and 
molybdenate), and the presence of actinides (Sheppard et al. 1983, Garten et al. 
1986a, Sheppard and Evenden 1985, Landa et al. 1977, Cataldo et al. 1989, Masson et 
al. 1989). 

Field studies near an old radioactive waste disposal site at Oak Ridge, TN, indicated 
that following root uptake, metabolism by deciduous trees rendered Tc-99 less 
biogeochemically mobile than expected, based on chemistry of the pertechnetate 
TcO4- anion (Garten and Lomax 1989). In the leaf, TcO4-, is converted to less soluble 
forms apparently associated with structural components of leaf cell walls. This 
conversion explains why Tc-99 is not easily leached by rainfall from tree foliage and 
why Tc-99 appears to accumulate in forest floor leaf litter layers at the Oak Ridge 
study site (Garten and Lomax 1989).  

Technetium compounds do not appear to be readily bioaccumulated by animals, 
although data are somewhat mixed.  Driver (1994) states: “although assimilation of 
ingested technetium compounds can be high, retention of the radionuclide is low in 
animals. Transfer of technetium incorporated in plant tissue to animals and its 
retention in their tissues are even lower than for unincorporated technetium, indicating 
a low potential for food chain magnification.” However, Garten, et al. (1986b) 
presents research that indicated a substantial increase of technetium-99 (20 and 16-
fold, respectively) above levels found in contaminated soil samples from a radioactive 
waste storage site for snails and millipedes. 

Based on a review of the literature, Thorne (2003) summarized biokinetic models for 
the uptake and retention of iodine, technetium, selenium and uranium for agricultural 
animals, reindeer, and humans.125  This article includes a summary of transfer factors 
for technetium-95m in birds; in particular, results have been reported for Tc-95m in 
hens and Japanese quail. Thomas et al. (1984) found that although as much as 8.4% of 
ionic technetium was transferred to quail eggs, only 2% was transferred when the 
radionuclide was ingested in plant material. Of the technetium deposited in the egg, 
80% appeared in the yolk and 20% in the albumin. In hens, technetium concentrations 
are much higher in eggs than in meat, but this is not the case in Japanese quail. Using 
Tc-95m in feed, Thomas et al. (1986) found transfer factors of 3.5x10-1d/kg for meat 

                                                            
125 Of note, however, most studies of the transfer of technetium to animals have employed the short-lived gamma-

emitting radioisotopes Tc-95m and Tc-99m, not Tc-99. 
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and 9x10-2 d/kg for eggs for quail. It is unclear how applicable these numbers are to 
Tc-99 in the environment because the chemical form used in the experiments may 
differ from that in various environments.   

Aquat ic Systems 

The freshwater microalgae Chorella emersonii, Chlamydomonas reinhardtii and 
Scenedesmus obliquus were all found to adsorb Tc-99 in the form of TcO4- (Garnham 
et al. 1992).  That adsorption was concentration-dependent and increased with 
decreased external pH.  

Hattink et al. (2003) confirmed that aquatic plants show a strong accumulation and 
retention of Tc-99, even after they have died. Accumulation experiments in duckweed 
suggested that reduction of TcO4- and subsequent complexation are responsible for the 
accumulation of Tc-99 in the plant. A steady state concentration of TcO4- in duckweed 
was reached within 24 hours, but the total concentration of Tc-99 increased 
continuously. Only a small part (</=5%) of Tc-99 was present as TcO4- and 
elimination experiments showed TcO4- to be the mobile species. Other Tc-99 species 
are responsible for the retention of Tc-99 in duckweed. It is known that these species 
are not bio-available and only slowly re-oxidize to pertechnetate, resulting in a longer 
residence time in ecosystems. 

Wolterbeek (2001) assessed whether the transfer factor or bioconcentration factor is 
an important parameter in the environmental distribution of Tc-99. This study 
evaluated the transfer factor concept for Tc-99 in duckweed by evaluating Tc-99 
steady-state concentrations in duckweed against growth rate and nutrient 
concentration. They concluded that Tc-99 accumulation is not homostatically 
controlled and the transfer factor is inversely proportional to the growth rate in aquatic 
biota. To date, few measurements on the uptake of Tc-99 by aquatic plants (or other 
organisms) have been made under field conditions.  

Some laboratory studies have indicated that technetium is not highly bioconcentrated 
in aquatic organisms. Driver (1994) states: “The Commission of the European 
Communities (1979) suggests a technetium concentration factor for freshwater fish of 
30 L/kg. This value is then multiplied by the concentration of technetium in the water 
to obtain the concentration of technetium in the organism (Zeevaert et al. 1989). In the 
absence of site-specific data, recommended default values for the water-based 
bioconcentration factor for technetium in the flesh of freshwater fish are 15 (NRCC 
1982), 30 (CSA 1987), and 15 (Poston and Klopfer 1985, Myers et al. 1989).”  

Blaylock et al. (1982) obtained concentration factors for fish and snails by spiking a 
small experimental freshwater pond with Tc-95m (most freshwater studies have not 
used the longer-lasting Tc-99). A model using the pond data was developed to 
calculate steady-state body burdens for freshwater biota. The concentration factors 
based on the calculated body burden for carp (Caprinus carpio), mosquitofish 
(Gambusia affinis), and snails (Helisoma sp.) were 11, 75 and 121, respectively.  

Masson et al. (1989) summarizes the bioaccumulation potential of Tc-99 as follows: 
“Concentration factors (CF) from water to organisms are generally very low (1 to 10); 

Exhibit 1



  Final Hanford Natural Resource Damage Assessment Injury Assessment Plan 

 

  B9-8 

 

however, CF greater than 1000 have been observed for some biota such as 
macrophytic brown algae, worms and lobsters. Biochemical analysis has shown that 
Tc-99 was essentially free and partially bonded to proteins. The transfer factors 
between sediments and species are very low (TF less than 0.5).” 

ACCUMULATION WITHIN TISSUES 

In mammals, absorption of inorganic pertechnetate from the gastrointestinal tract is 
about 90%, although when technetium has been incorporated in plant tissue, the 
absorption rate is greatly reduced (Sullivan et al. 1979). Hunt et al. (2001) 
investigated the uptake of Tc-99 in the human gut after subjects consumed 
contaminated lobster. A low value of the gut transfer factor (f1 value) was determined 
by comparing intake and fecal measurements: up to 0.1 with a maximum (two 
standard deviations) level of about 0.3.  

Polygastric animals appear to absorb less technetium than monogastric animals 
(Gerber et al. 1989). This reduced absorption may be due to the reduction of TcO4- in 
the rumen of polygastric animals that interferes with its reabsorption from the 
intestine (Jones 1989).  

Once absorbed, technetium’s biological half-life in mammals appears to be short; 
however, very little research has been done on Tc-99, with most studies focused on 
the medically-used Tc-95m.   

In rats and guinea pigs, 75-80% of ingested technetium-95m had been excreted within 
two days (Sullivan et al. 1979).  According to an EPA fact sheet (primary source 
unknown), the human body excretes half the ingested Tc-99 within 60 hours, 
continuing to excrete half of the remaining Tc-99 every 60 hours that follow. After 
120 hours, one-fourth of the ingested Tc-99 remains in the body, and nearly all of the 
ingested Tc-99 will be excreted from the body within a month (EPA 2010).  

Once absorbed, various organs and tissues can accumulate technetium, especially the 
kidneys, which are responsible for excretion of about 50% of intravenously 
administered technetium (Thorne 2003). Other organs and tissues that take up 
technetium are the stomach, salivary glands, thyroid, choroid plexus, mucus 
membranes, small and large intestines, sweat glands (Thorne 2003), and the thyroid 
and parathyroid (McGill et al. 1971) as well as bones and skin (Gerber et al. 1989). 
Hair also accumulates technetium and may be useful as a bioindicator of technetium 
exposure (Gerber et al. 1989). However, limited data exist on the relationship between 
tissue activity and exposure or dose-response. 

According to Sharp et al. (1998), technetium is generally found in body fluids as 
pertechnetate, regardless of the form in which it was administered. About 70–80% of 
the pertechnetate ions become bound to serum proteins, but unbound technetium 
rapidly diffuses into interstitial fluids and protein-bound technetium is released to 
compensate for this diffusion (Sharp et al. 1998).  

Studies are lacking on accumulation of Tc-99 in the tissue of non-mammalian species. 
A recent summary includes estimates of concentration ratios (CR) in reptiles in 
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terrestrial environments (Wood et al. 2010). Only Tc-95m has been studied in 
Japanese quail and hens (summarized in Thorne 2003). 

 

As discussed in other sections of this profile, surface soil can and has been 
contaminated as a result of the discharge of Tc-99 in airborne effluents from nuclear 
facilities, contamination of the subsurface environment at many sites from leaking 
tanks, and aquatic ecosystems have been contaminated from deliberate and 
inadvertent discharges of liquid waste to the environment.  Though its beta energy is 
weak, Tc-99 in the environment can result in external exposure from Tc-99 that comes 
into close contact with biota.  However, the principle pathway of exposure to Tc-99 is 
from internal exposures resulting from root uptake by plants and ingestion by aquatic 
and terrestrial animals 

 

The chemical versus radiological toxicity of technetium is debated in the literature. 
Driver (1994) summarizes its toxicity: “Although technetium has a long half-life and 
is distributed more readily in the environment than most other radionuclides with long 
half-lives, technetium-99 as a beta-emitter is much less toxic than the alpha-emitting 
actinides. The toxicity of technetium in animals is low and appears to be related to the 
radioactive properties of the radionuclide rather than its chemical properties. 
However, a chemical toxicity has been associated with reduced fertility. Technetium 
is very toxic to plants. Its chemical properties affect the distribution, and biological 
half-life in plants, and may influence the retention of plutonium in target tissues 
(Roucoux and Colle 1986).” 

According to Schwochau (2000), “the radiological toxicity of Tc-99 might be even 
less than its chemical toxicity.”  He states that technetium-99 is often thought to be a 
significant long-term risk to humans, spreading more readily in the environment than 
many other radionuclides (as pertechnetate), but presents limited evidence for this 
risk. The literature on the topic of radiological toxicity is lacking, although most 
recent studies point to effects of chemical toxicity, mainly in plants. 

KNOWN BENEFICIAL OR PROTECTIVE PROPERTIES 

There are no known beneficial effects associated with exposure to Tc-99.  The 
gamma-emitting precursor, Tc-99m is used in medical therapy in brain, bone, liver, 
spleen, kidney, and thyroid scanning and for blood flow studies. Tc-99m is the 
radioisotope most widely used as a tracer for medical diagnosis (EPA 2002). 

MECHANISM(S)  AND LOCI  OF CHEMICAL TOXICITY 

In plants, it is likely that Tc-99 exhibits a role in nutrient competition and/or 
substitution in uptake or metabolism (Berlyn et al. 1980). More specifically, it appears 
that incorporation of technetium results in technetium-cysteine, which is unable to 
form disulfide-like bridges. Formation of technetium-cysteine leads to nonfunctional 
proteins that accumulate and to increased production proteins (which end up 
defective) that, in turn, lead to metabolic dysfunction, especially in young tissue 

IV.   TYPICAL MAJOR 

EXPOSURE ROUTES 

V.   CHEMICAL 

ECOTOXICITY 
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where protein synthesis is critical (Cataldo et al. 1989). Cellular effects of technetium 
have also been attributed to alteration of membrane permeability (Neel and Onasch 
1989) and cellular energetics (microorganisms, Gearing et al. 1975; aquatic plants, 
Hattink and Wolterbeek 2004). Limited information on mechanisms of toxicity on 
animals is available. 

PLANTS 

Research on the toxicity of technetium to plants has focused largely on agricultural 
species and aquatic plants. In most studies, adverse effects have been observed in the 
early stages of development (e.g., germination) and on plant growth. 

For example, laboratory-grown soybeans exhibited stunted growth when exposed to 
Tc-99: at the 0.1 g/g level, growth did not occur beyond cotyledon expansion; at the 
5 g/g level growth ceased three days after emergence (Berlyn et al. 1980). 
Observations of mitotic figures in soybean plants exposed to Tc-99 did not reveal any 
chromosome aberrations, micronuclei, or chromosomal bridges (Wildung et al. 1977). 
Schwochau (2000) states that this study suggests that growth effects were due to 
chemical toxicity, possibly due to nutrient competition and/or substitution in uptake or 
metabolism, but that a radiological effect cannot be ruled out.  

Driver (1994)’s literature review states: “Growth anomalies only occur in plants 
germinated in the presence of technetium, indicating that the toxicity of this 
radionuclide is probably associated with early stages of plant growth such as 
embryonic cell division. Adverse effects on germinating wheat seedlings were first 
observed at shoot tissue concentrations of 0.68 to 2.8 Ci/g (a specific activity of 17 
mCi/g corresponds to technetium levels in tissue of 40 to 165 ppm). The threshold 
dose rate that induced depression of shoot-tissue yield occurred at 2 rad/d. This low-
dose rate suggests technetium toxicity is chemical rather than radiological. 
Technetium-treated plants display similar symptomology to plants suffering from 2,4-
Dichlorophenoxyacetic acid (2,4-D) poisoning (an artificial plant hormone, causing 
unsustainable, rapid growth, leaf withering, and eventual plant death [Landa et al. 
1977]). In lettuce, the chemical toxicity threshold (growth reduction) was observed at 
concentrations of 0.2 ng/g dry weight of soil (Masson et al. 1989). The lethal 
concentration for Swiss chard was 0.05 g/g technetium/g dry soil. Even at low 
concentrations of 0.1 g/g technetium/g dry soil, technetium has been shown to inhibit 
plant growth and development in soybeans (Cataldo et al. 1978). Toxic effects were 
largely observed in buds and young leaves rather than in mature tissues (Finch 1983).”  

The specific mechanism of toxic effects in plants is not well-established. Hattink and 
Wolterbeek (2004) concluded that Tc-99 continuously accumulates in the biomass of 
duckweed, eventually leading to toxic effects that are a result of oxidative stress rather 
than damage from radiation. Woodard-Blankenship (1995) showed that in low light 
conditions, Tc-99 significantly decreased growth and the concentration of 
chlorophylls in soybean leaves, presumably by inducing damage in chloroplasts by 
peroxication of membrane lipids. As exposure to Tc-99 increased, growth and 
development abnormalities become more evident.  It was not clear, however, whether 
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the observed effects resulted from radiological damage, chemical toxicity, or some 
combination thereof.  

Another study (Hattink and Wolterbeek 2002) suggested interference with Tc-99 
accumulation was the result of three mechanisms. These mechanisms are: 1) changes 
in the plant physiological status, 2) competitive effects with nutrient uptake, and 3) 
electrostatic cell wall interactions. This study focused on whether these mechanisms 
are relevant for aquatic plants grown under natural conditions. Tc-99 accumulation in 
five aquatic plant species correlated strongly with the calcium concentration in the 
water. Growth rate or possible competition with Cl-, NO3

-, PO4
3- or SO4

2- did not 
significantly affect, if at all, the Tc-99 accumulation in submerged aquatic plants. The 
study also suggested that water hardness and electrostatic cell wall interactions are the 
dominant factors interfering with the Tc-99 accumulation in submerged aquatic plants 
(Hattink and Wolterbeek 2002). 

Vázquez et al. (1990) treated beans with and without cotyledons with technetium, 
determining that treated plants without cotyledons displayed increased autophagic 
vacuole activity, accumulation of protein bodies in roots, and decreased starch content 
and severe ultrastructural alterations in chloroplasts. Their results support the 
hypothesis that toxicity is mainly associated with anabolic processes in developing 
tissues. 

AQUATIC INVERTEBRATES AND F ISH 

Research is limited on the toxicological effects (either chemical or radiological) of 
technetium on aquatic biota. The limited available information, including Hanford-
specific information focuses on exposures and potential risks rather than direct 
measurements of effects (e.g., Smith et al. 2001, Poston et al. 2003). Durand et al. 
(1994) investigated the biochemical affinity and metabolic behavior of technetium in 
marine invertebrates (lobster). 

MAMMALS 

Limited information exists on the chemical toxicity of technetium to mammals. In one 
study, Gerber et al. (1989) gave rats large amounts of Tc-99 in either a normal or an 
iodine-deficient diet for several months starting 2 weeks before mating. Newborns 
were continued on these diets after weaning. Administration of very high 
concentrations of technetium (>10 g/g) in food was required to produce deleterious 
effects to thyroid function, fertility, and postnatal development in mammals (rats, 
Gerber et al. 1989). Van Bruwaene et al. (1986) found similar results in sheep.  Iodine 
deficiency only slightly influenced the Tc-99 toxicity in the rats (Gerber et al. 1989). 
Gerber et al. (1989) opined that the fertility and fetal development impacts were likely 
caused by the chemical rather than radiation toxicity of technetium.  

Because effects were found only at high concentrations in this study, Schwochau 
(2000) states, “it seems unlikely that contamination levels in the environment would 
ever reach levels that could lead to serious non-stochastic effects, even in the 
developing organism.”  Consistent with this view, Driver (1994) notes, “[although] 
there are few available data on the chemical toxicity of technetium in animals… it is 
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chemically similar to rhenium, and its toxicity is probably between manganese and 
rhenium. The toxicity of common manganese compounds varies from 90 to 934 
mg/kg (Bowen 1979; NIOSH 1987). Rhenium toxicity is low. Intraperitoneal injection 
of rhenium trichloride results in an LD50 of 280 mg/kg (Lewis 1992).” 

BIRDS 

Information on technetium’s effects on birds is very limited. Driver (1994) 
summarizes that although technetium is concentrated in avian oocytes (Roche et al. 
1957, Thomas et al. 1984), no impacts to developing embryos have been noted. No 
more recent studies examining Tc-99 effects on birds were found. 

 

The literature specifically addressing the radioecological impacts of technetium-99 in 
the environment is limited. Technetium-99 decays by emitting a beta particle to 
produce the stable isotope ruthenium-99. Tc-99’s very long half-life (2.11 × 105 yr) 
and low specific activity limit its radioactive hazards.  

Radioecological damages to aquatic and terrestrial organisms due to Tc-99 in the 
environment result from ionization caused by the interaction of its beta particles with 
living tissue. In particular, upon each disintegration, Tc-99 emits a beta particle with 
an average energy of 84.6 keV and a maximum energy of 294 keV (Shleien et al. 
1998). The range of beta particles in matter is given by (Shleien et al. 1998, Formula 
2a, p 3-15): 

for (0.01≤E≤2.5 MeV):   

R = 412*E(1.265-0.0954*ln(E) 

where R = range in mg/cm2 (range in cm times the density of the absorbing 
medium in mg/cm3) 

E = energy of the beta particle in MeV  

Using this equation, the approximate range of Tc-99 beta particles in tissue is about 
0.010 cm.  Given that the typical energy required to ionize a molecule (i.e., eject an 
electron from its orbit) is about 34 to 35 eV (see page 17, Casarett 1968), the total 
number of ion pairs produced by the energy deposited in tissue from the average 
energy beta particle emitted by Tc-99 is about 2400 ion pairs (i.e., 84.6 keV/35 eV).   

The pattern of energy deposition for beta particles is described in Morgan and Turner 
(1973) as follows: 

mean linear ion density = T/Rt×W 

where: 

T = average energy of electron liberated 

Rt = range or electrons of energy T 

W = average energy to form an ion pair 

VI.   RADIOLOGICAL 

ECOTOXICITY 
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For Tc-99, the equation is 84.6 keV x 1000 eV/keV ÷ 0.010 cm x 35 eV/ion pair =  
2.39×105 ion pairs per cm or about 23.9 ion pairs per micron.  Given that a typical cell 
is on the order of tens of microns (see page 102 of Curtis and Barnes, 1989), a single 
cell might experience about 240 ion pairs produced by the passage of an average Tc-
99 beta particle.  It is this deposited energy in living tissue that results in biological 
damage. 

Sufficiently energetic beta particles can penetrate the dead layer of the skin of 
mammals (nominally 70 microns in humans) and deposit energy in underlying tissues.  
Tc-99 emits beta particles with an average energy of 86.4 keV and that have a range 
of about 9 cm in air and 0.010 cm (100 microns) in tissue (Shleien et al. 1998).  Thus, 
there is a real potential for exposure from external radiation from Tc-99, including all 
aquatic and terrestrial organisms and all stages of their life cycle, except for organisms 
that have a thick outer layer (such as bark of trees, heavy fur, scales, etc.) that can 
shield the living tissue beneath from the beta emissions. 

As discussed above, most studies have interpreted toxic effects on plants as mainly 
from chemical toxicity, possibly due to nutrient competition and/or substitution in 
uptake or metabolism. Several studies have suggested possible technetium impacts on 
cellular energetics, possibly by elevating levels of ATP (e.g., soybeans, Woodard-
Blakenship 1995; blue-green algae, Gearing et al. 1975). It is likely that the 
mechanism for these effects is chemical rather than radiological, but more research is 
needed. 

Barnaby and Boeker (1999) call for a reassessment of the radiological risks of Tc-99 
to human health, with concerns about the large discharges of Tc-99 into the ocean at 
Sellafield, in particular. Tc-99 is known to concentrate in seaweed, periwinkles, 
lobster, and mussels; these authors call on researchers to investigate the possibility of 
radiation induced genomic instability, as well as cancer risk from Tc-99.  

 
The presence of actinides has been reported to enhance technetium uptake in plants in 
some soil types (Masson et al. 1989). Technetium uptake in leaves of radish plants 
grown in calcareous soils increased 4 times in the presence of uranium and 4.5 times 
in plutonium-amended soils. Plutonium also appeared to increase technetium uptake 
1.5 times in the leaves and 3 times in roots of plants grown in acid soils. The presence 
of americium in organic soils resulted in a six-fold increase in leaf uptake of 
technetium (Roucoux and Colle 1986, Masson et al. 1989). However, because no soil 
plant concentrations or statistical information is presented, the validity of the reported 
technetium actinide relationship is unclear. Incorporation of technetium in plant tissue 
alters the absorption and retention of the radionuclide in animal tissues. 

Overall, additional studies are needed to determine the stability constants and 
potential roles of important complexing ligands, such as carbonate, phosphate, sulfide, 
and others, on the adsorption and solubility of Tc(IV) (EPA 2010). Synergistic effects 
with other toxins have not been studied extensively, and there may also be synergistic 
effects associated with technetium’s role as a chemical and radiological toxin.   

VI I .   EFFECTS IN THE 

PRESENCE OF OTHER 

CONTAMINANTS 
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Partially because of the difficulty in detecting Tc-99 as a beta-emitter, the fact that it 
will usually be present in the environment with other radionuclides (especially 
actinides), and lack of stable isotopes of this element, chemical toxicity to biota is 
difficult to determine. Overall, there is a paucity of information on Tc-99 toxicity to 
humans (Tc-99 is not addressed in the ATSDR toxicity profiles) and animals, even 
though this is the decisive criterion for assessing the consequences of the occurrence 
of Tc-99 in the environment (Schwochau 2000). Driver (1994) and this review found 
no studies on the toxicity of Tc-99 to amphibians and reptiles, potentially important 
classes of biota on which to focus in the Columbia River watershed. Similarly, 
toxicity of Tc-99 on birds has not been extensively studied; most (limited) research on 
accumulation in tissues has focused on Tc-99m in domestic fowl and has not 
investigated physiological effects. Information on radiological toxicity is limited, 
although chemical toxicity appears to be more biologically significant for a wide 
range of taxa than is radiological toxicity. Beresford (2010) and other papers within 
volume 49 of Radiation and Environmental Biophysics summarize the status of 
radiological data used in environmental assessments to date, including methods to 
model wildlife impacts when data are lacking; however, data on technetium-99 and 
effects on wildlife are particularly scarce. 
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TRITIUM 
ECOTOXICOLOGICAL PROFILE 

 

Tritium (radioactive hydrogen) is one of the hazardous substances (as defined by 
Sections 101(14) and 101(33) of CERCLA and listed in 40 CFR §302.4) to which 
natural resources have been exposed as a result of operations and cleanup efforts over 
the past 60 years at the U.S. Department of Energy (DOE) Hanford Site in the State of  
Washington. Tritium ( 3

1 H or T2, atomic mass of three), has one proton and two 
neutrons in the nucleus.  Oxidation causes tritium gas (HTO) to become the most 
common form in the environment.  Tritium at room temperature in its gaseous form 
reacts with hydrogen to form HT. Tritium is a beta emitter, decaying to helium (3He) 
by emitting a beta particle and an antineutrino from one of the neutrons in the nucleus.  
The energy of the beta particle varies from 0 to 18.6 kiloelectron-volts (keV) with an 
average energy of 5.69 keV. For scientific purposes, the generally accepted value for 
the half-life of tritium, as measured by Mound Laboratories, is 12.323 ± 0.004 years 
(4500.88 ± 1.46 days).  For DOE accountability purposes, the half-life of tritium is 
12.33 +/- 0.06 years (NCRP 1979, DOE Handbook 2008). Tritium is generally 
accepted to have relatively low radiotoxicity and no chemical toxicity (ANL 2005). 

 

NATURAL SOURCES 

Tritium is a naturally occurring isotope of hydrogen produced in the upper atmosphere 
by cosmic rays and in rocks by decay of naturally occurring radioactive elements. The 
natural steady-state global inventory of tritium is about 7.3 kg (ANL 2005). Tritium 
commonly occurs in nature as part of a water molecule (HTO), so when it is produced 
in the atmosphere, it falls to the earth as rain and enters the hydrological cycle.  

ANTHROPOGENIC SOURCES 

Tritium is a fission product in nuclear weapons tests, existing in worldwide fallout 
from historical testing. It is also produced in nuclear power reactors by ternary fission 
and by activation of light elements such as boron, which is used for reactivity control 
in pressurized water reactors, and lithium, used to control corrosion (NCRP 1979).  
Tritium has a fission yield of one atom of tritium per approximately 10,000 fissions, 
or 0.01% (ANL 2005).  In 1979 it was estimated that by 1986 emissions from the 
nuclear fuel cycle would become more important than residue from weapons testing 
(NCRP 1979).  

Tritium also has a variety of uses.  It is a key element in nuclear fusion, in which 
energy is produced by the controlled fusion of tritium with deuterium.  Tritium is also 
used as an agent in luminous paints such as those used to make building exit signs, 
airport runway lights and watch dials, and even in novelty items such as glow sticks; it 
is thought that the presence of tritium leachate in municipal and other landfills is a 
result of these commercial uses (Mutch and Mahony 2008). 

I I .   SOURCES 

I .   INTRODUCTION 
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The United States is estimated to have a current inventory (as of 2005) of 
approximately 75 kg of tritium (ANL 2005). Discharges from medical and research 
facilities contribute various forms of organically bound tritium (OBT) as well as 
tritiated water (e.g., Williams et al. 2001).  

At Hanford, the processing of zirconium alloy clad fuel released about five to nine 
percent of the dissolved tritium to the atmosphere, less than one percent to recovered 
fuel, five to 16 percent to waste storage, and 73-90 percent to ponds (NCRP 1979). 

Tritium is one of the most widespread contaminant at the Hanford site, originating 
from the central part of the site, which includes the 200 Area and the high level 
radioactive waste tanks. The 200 Area, located on Hanford’s Central Plateau, is where 
chemical processing, plutonium finishing, and defense waste management activities 
took place. The tritium plume from Hanford’s 200 Area is the largest known 
contaminant plume associated with the site, and it extends east to the Columbia River. 
The sediments in this area are highly permeable, and the plume has traveled more than 
20 km, whereas plumes originating in the less permeable aquifer of west-central 
Hanford have moved only about three km (Hartman 2003). The 200 Area plume 
extends under the 400 Area and has historically affected tritium concentrations in all 
400 Area drinking wells, though the concentrations have decreased since 1990. In 
2009 all samples from these wells were below the state and Federal drinking water 
standard of 20,000 pCi/L (Poston et al. 2010).  However a total tritium-contaminated 
groundwater plume of 126.5 km2 still exists at Hanford that exceeds the drinking 
water standard. Elevated tritium in the 300 Area of Shoreline Springs indicates that 
the groundwater plume is still evident from the 200 Area (Poston et al. 2010).  

One source of tritium to the 200 Area is the onsite disposal of tritium-containing 
wastewater at the State-Approved Land Disposal Site (SALDS) located north of the 
200 West Area.  Wastewater containing tritium has been discharged to the ground in 
this area since 1995 (Caron 2008), and in 2009, approximately 96.2 million liters 
(25.4 million gallons) was disposed of in this fashion (Poston et al. 2010).  Tritium is 
discharged to SALDS because no known economically reasonable method of removal 
has been identified (Barnett et al. 2004).  Tritium (usually in stacks and vents) has 
also been released at the permitted discharge points in the 100, 200, 300, 400 and 600 
Areas of Hanford Site (Poston et al. 2010).  

Tritium was detected at low levels in some samples from food products at locations 
near the Hanford Site, including alfalfa, apples, leaf vegetables, milk, potatoes, 
tomatoes and wine collected in the vicinity of the site in 2009 (Poston et al. 2010). 

 

Tritium is the only radioactive isotope of hydrogen. It has one proton and two 
neutrons in the nucleus, in contrast to the nucleus of an ordinary hydrogen atom 
(which consists solely of a proton) and a deuterium atom (which consists of one 
proton and one neutron). Ordinary hydrogen comprises over 99.9% of all naturally 
occurring hydrogen. Deuterium comprises about 0.02%, and tritium comprises about a 
billionth of a billionth (10-16 percent) of natural hydrogen (ANL 2005). Tritiated water 

I I I .   ENVIRONMENTAL 

CHEMISTRY 
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is generally indistinguishable from normal water and can move rapidly through the 
environment in the same way as water.  

The electronic configuration and the chemical properties of tritium are essentially the 
same as protium and deuterium. Due to the fact that the different isotopes have very 
different atomic masses, the rates of reaction for the different isotopes vary. The 
energy provided by the radioactive decay of tritium provides the activation energy 
required so that some reactions will occur with tritium that will not occur with 
deuterium or hydrogen (NCRP 1979).  

Tritium in the form of HTO may be difficult to store for long periods due to its 
corrosive properties. This corrosiveness is likely due to tritium oxide generating free 
radicals (OH−) from radiolytic decomposition of water in addition to extra energy 
from beta decay impinging on surrounding molecules (DOE 2008). 

When tritium replaces the hydrogen atoms of compounds other than water, they are 
defined as special tritium compounds (STCs). Examples of STCs are metal tritides 
and organically bound tritium (OBT). The physical properties of special tritium 
compounds may make their detection, characterization, and assessments of hazards 
and exposure effects (i.e., individual dose assessments) difficult (DOE 2008). 

FATE AND TRANSPORT 

Tritiated water will replace water when released in natural systems, and it behaves 
much like water in the environment. It is thus one of the most widely distributed 
contaminants at nuclear facilities. Tritium can transfer to and from the atmosphere 
from surface runoff, direct evaporation from the surfaces of vegetation, standing pools 
of water, and the soil surface. Tritiated water that infiltrates the soil is cycled more 
slowly, and movement in soil may occur both laterally and vertically with losses due 
to transpiration, evaporation, recharge of surface streams, and direct groundwater flow 
into oceans. Some of the water that recharges the groundwater moves so slowly that a 
portion of this tritium is effectively lost from circulation (NCRP 1979). 

Soi l s/Sediments 

Because hydrogen is a major constituent of biotic material (along with carbon, oxygen 
and nitrogen), tritium can become a component of organic molecules within cells and 
can become involved in biologic processes in the soil and sediments. Differences in 
bonding forces within organic matter mean that there are two types of organically 
bound tritium (OBT): exchangeable OBT (exchangeable with hydrogen in cell water) 
and non-exchangeable OBT (specifically, tritium bound to carbon). The exchange 
processes can be slowed or even stopped after the death of an organism, causing the 
organic molecules to remain for a certain time in the soil or sediments (ASN 2010). 
NCRP (1979) summarizes the soil parameters that affect tritiated water transport: state 
of the soil (cultivated or fallow), type of soil (clay, loam, or sand), water content, and 
organic matter. In general, the more water that is already present in the soil, the more 
slowly the tritiated water will move. Water associated with minerals in the ground will 
have different degrees of mobility and will be affected by pore size of the sediments. 
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It is generally assumed that tritium’s reactivity with ligands and solids in aquatic 
systems is limited. Recent studies have shown that the sorption of tritiated water in 
river water and seawater appears to be influenced by its affinity for organic matter, 
and that understanding the behavior of OBT is critical. Although tritium equilibrates 
quickly with dissolved organic ligands and with suspended sediment particles, a 
fraction of sorbed tritium associates with proteinaceous material that is potentially 
available to sediment-feeding organisms (Turner et al. 2009). High concentrations of 
organic tritium have been measured in the sediment of water courses affected by 
discharges from the watchmaking industry, with the organically bound tritium (OBT) 
content varying with respect to HTO content in the river water by factors of between 
1,000 and 10,000 (Jean-Baptiste et al. 2007, ASN 2010). 

Groundwater  

Tritiated groundwater behaves like water, except for a slight change in vapor pressure 
(NCRP 1979). As a contaminant, it is of most concern in the vadose zone, as it travels 
through the environment as rapidly as water. At Hanford approximately two-thirds of 
the tritium produced by fission was released into the groundwater (Haney et al. 1962 
in NCRP 1979). Studies of the hydrologic and geologic conditions at Hanford have 
aided in predictions of contaminant migration pathways based on integration of 
various parameters into three-dimensional hydrogeologic models or “hydrofacies” 
using tritium as a model because of its ubiquitous, conservative nature. Aspects of the 
hydrogeological profile such as grain size and sorting, degree of cementation, packing 
arrangement, sedimentary structures and grain shape affected movement of tritium 
through the aquifer, as water would be also affected by these parameters (Poeter and 
Gaylord 1990).  

Barnett et al. (2004) modeled and ground-truthed the behavior of the tritium plume at 
Hanford based on lithostratigraphic and hydrostratigraphic conditions. Predictions 
based on this model and updated increases in future tritium inventories suggest that 
concentration levels would not drop below the 500 pCi/L level until about the year 
2140.  

Belot et al. (2005) conducted an exercise revealing how much variation can exist in 
groundwater modeling of tritium depending on different factors. Tritium 
concentration varies dramatically over short distances and is very sensitive to many 
interactive factors including rainfall amount, evapotranspiration rate, rooting depth 
and water table position. Therefore modeling of tritium movement close to the ground 
surface generally requires rather complex models and detailed input. Others have 
identified air emissions as a pathway to groundwater contamination, which may be 
worth further exploration in environmental assessments (Lyness 2000). 

Water 

Tritium is naturally present in surface waters at about 10 to 30 pCi/L (ANL 2005). 
Tritium released from nuclear facilities ends up in the environment mainly as tritiated 
water, which, if dispersed in rivers, is rapidly taken up by biota. In many cases only a 
few minutes are required for equilibrium conditions to be reached. Most tritium ends 
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up in the aqueous environment, and cycles through the hydrosphere (Blaylock et al. 
1986). The relative net flux of HTO from pond water into air with greater than eight 
percent humidity is greater than that of H20 (NCRP 1979). 

Air  

A Tritium Unit (TU) is a metric of atmospheric tritium, representing one atom of 
tritium per 1x1018 atoms of hydrogen. The level of tritium in atmospheric hydrogen 
increased from 3,800 tritium units in 1948 and 1949 to 490,000 TU in 1959 (Katz 
2005). Extensive monitoring of atmospheric tritium concentrations have taken place in 
Japan from 1984-1999 to establish a general database on the behavior of tritium in the 
atmosphere (Okai et al. 1999). There are three main forms in the atmosphere: tritiated 
water vapor (HTO), tritiated hydrogen (HT) and tritiated hydrocarbons (primarily 
tritiated methane, CH3T). HTO concentrations have a strong correlation with the 
atmospheric humidity, typically high in the summer and low in winter. In the case of 
HT and CH3T, no seasonal variations were observed, and specific activities of the 
three forms vary, and are much lower for HTO than for the other two (Okai et al. 
1999).  

The transformation of tritium released to the atmosphere into tritiated water vapor is a 
complex process, with the rate of oxidation depending upon the presence of catalysts 
as well as on HT and HTO concentrations (NCRP 1979). In order to model tritium’s 
behavior in the global hydrologic cycle, assumptions are typically made about 
tritium’s distribution in the mixed layer of the oceans in the northern hemisphere, as 
well as food and water consumption by the world’s population. Others have put 
tritium into three (or up to seven) compartments (e.g., atmosphere, oceans, and surface 
water) in order to model its dynamic behavior (references within NCRP 1979). HTO 
essentially mimics the hydrological cycle if certain assumptions are made about 
surface runoff, evaporation, precipitation, absence of HTO releases directly to 
groundwater, and latitudinal fluxes (NCRP 1979). 

BIOACCUMULATION POTENTIAL 

Aquat ic Systems  

Tritium has high food chain mobility because it essentially replaces hydrogen in water 
and organic compounds. It is not typically thought to bioaccumulate, but recent results 
from marine studies (e.g., Hunt et al. 2010, ASN 2010) indicate that there is potential 
for bioaccumulation/biomagnification of organically bound tritium, particularly in the 
marine environment.  

Earlier studies of aquatic organisms, however, showed no evidence of 
bioaccumulation at higher trophic levels (e.g., Blaylock et al. 1986). Tritium is rapidly 
taken up by organisms, but it is also rapidly excreted, with a small fraction that can be 
bound in tissues and incorporated into proteins and DNA. It is this organically bound 
tritium (OBT) that is of biomagnification concern, and incorporation of tritium from 
HTO into the organic matter of algae, for example, occurs mainly by photosynthesis, 
which causes the splitting of the tritiated molecule (references within Blaylock et al. 
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1986). The specific activity of the total organic matter of algae depends on the 
external tritium concentration and medium. The marine algae Acetabularia attained a 
specific activity in its organic matter of about six percent of the external medium; in 
comparison the freshwater algae Chlamydomonas reached a specific activity about 
five times higher for the same concentration of tritiated water. The fate of OBT 
depends largely on the chemical form of the molecule, with certain biological 
molecules such as specific amino acids and nucleic acids showing very different 
concentration ratios (Blaylock et al. 1986). 

Aquatic plants have not been researched as extensively as aquatic algae, but Harrison 
and Koranda (1973, in Blaylock et al. 1986) found that cattails (Typha angustifolia) 
grown in a pool of tritiated water for 230 days never equilibrated with levels of tritium 
in the water. In contrast, tissue free water of the submergent pond weed (Potamogeton 
foliosus) was at equilibrium with the lake water; lack of equilibrium for cattails was 
attributed to exchange with atmospheric water by the exposed leaves, similar to 
terrestrial plants. 

In a more recent study of cattails and carp (Cyprinus carpio) in a reservoir 
contaminated by the cooling operations of a nuclear power plant, tritium levels 
fluctuated throughout the study period (Baeza et al. 2009). Incorporation of tritium to 
bulrushes and carp was fairly similar, the respective mean concentration factors being 
0.74 and 0.8. The temporal changes in tritium levels fairly closely followed that 
observed for the surface water tritium, although evapotranspiration and the seasonal 
growth of cattails produced an annual periodicity for the levels of tritium in the plant. 

Most studies reviewed by Blaylock et al. (1986) to determine trophic transfer and 
bioaccumulation were experimental manipulations. Organically bound tritium is 
accumulated slowly and does not reach concentrations as high as those in tissue free 
water , but organisms that consume tritiated food accumulate OBT at a faster rate and 
attain a higher concentration than those only exposed to tritiated water. There was no 
indication of biomagnification of tritium through food chains from these studies. 

The recent white paper from the Tritium Working Group of the French Autorité de 
Sûreté Nuclairé (ASN 2010) attempts to begin to address the potential for 
biomagnification in the marine environment, and the authors make the distinction 
between bioconcentration, bioaccumulation, and biomagnification126 

                                                            
126

 Bioconcentration is generally the presence of a substance in an organism (e.g., aquatic organism) at a higher 

concentration than is measured in the environment (e.g., water). Bioconcentration factors (ratio between the 

contaminant concentration in the organism and the surrounding environment) are usually defined in the laboratory and 

do not take into account transmission up trophic levels. Bioaccumulation is often used with the same meaning as 

bioconcentration, and includes food as a source of contaminant increase, but also takes into account accumulation of 

the contaminant from other sources in the environment (atmosphere, water, etc.). If the phenomenon of increased 

contamination occurs at each trophic level, with cumulative increase in concentration of the substance as it moves up 

the food chain, the term used is biomagnification. Another important consideration with regard to tritium is the idea 

of remnance, where an organism was exposed to higher environmental concentrations in the past than in the present, 

leading to a higher concentration of the contaminant as compared to the environment because it fixes in the organism 

at a particular concentration and remains there for a period of time. Remnance can also apply to abiotic aspects of the 
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Concentrations of tritium in seawater and marine biota have been elevated as a result 
of discharges from nuclear facilities in the UK (Cardiff, Sellafield, Hartlepool). Near 
Cardiff, concentration factors above a priori values have been attributed to discharges 
of OBT from a health care facility (e.g., Williams et al. 2001). Concentration factors 
increased to values near 7,000 in flounders and about 4,000 in mussels, but since 
2001, have been decreasing.127 The tritium concentration factors are still high near 
Cardiff, but not the other two sites; the variation between years, sites, and organisms 
could be due to changes in discharges. Differences in the organic content of effluent 
and uptake by different organisms near the different sites may be contributing (Hunt et 
al. 2010).  

For the Sellafield site (fuel reprocessing facility which discharges tritiated water), 
tritium content found as free tritium (HTO) or organically bound tritium (OBT) in 
marine fauna (fish, crustaceans and mollusks) varies by a factor of 10 with respect to 
the concentrations found as HTO in the sea water with a one to two year time lag 
between the maximum discharge values and the maximum tritium values in mollusks 
and flat fish (ASN 2010). The ASN (2010) Working Group discussed various 
hypotheses to account for these findings: “Some consider that the abnormally high 
concentrations measured in fish near Sellafield may result either from remnance in 
sediment labelling following previously large discharges or from the existence of 
tritiated organic molecules in the same water outflow. Others consider that this is a 
case of bioaccumulation which is related to the discharge of tritiated water. According 
to proponents of this view, the hypothesis of marine currents carrying tritium-labelled 
organic molecules discharged by the Cardiff radiochemical plant is refuted by the fact 
that analysis carried out near the Wylfa nuclear power plant (NPP), on the west coast 
of the UK between Cardiff and Sellafield did not find any detectable presence of 
tritium in the marine fauna.” 

Concentration ratios (CRs), or the whole organism-to-water activity concentrations, 
are typically used to estimate radionuclide concentrations in biota at particular bodies 
of water over time based on surface water measurements. An international model 
validation study has begun to address the complexities of developing and 
standardizing methods of assessing impacts of radionuclide contamination on diverse 
biota and whole ecosystems rather than just humans (e.g., Yankovich et al. 2009). 
Numerous models were tested with field measurements of tritium at Perch Lake, 
Atomic Energy of Canada Limited (AECL)’s Chalk River Laboratories site. In 
general, modeled values were 1-3-fold less than measured values based on a 
concentration ratio (CR) of one, though two models (RESRAD-BIOTA, NRPA and 

                                                                                                                                                             
environment such as sediments, when biophysical processes can cause a substance to be fixed in the environment over 

the long-term (ASN 2010). 
127 Since tritiated water is effectively chemically identical to normal water, the concentration of tritiated water in an 

organism is expected to be very close to the concentration of tritiated water in the water from which the organisms 

obtains its water.  When a large breakdown in this relationship is observed, it is likely due to a temporal change in the 

concentration of tritium in the water resource and the organisms has not had a chance to re-establish equilibrium 

between the organism and its source of water. 
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USDOE 2002, in Yankovich et al. 2009) over- and under-estimated tritium activity 
concentrations in fish by 10- and five-fold, respectively (Yankovich et al. 2009).  

Additional discussion of bioconcentration factors and accumulation within tissues of 
aquatic organisms continues below (in the section ‘Accumulation Within Tissues’). 

Terrestr ia l  Systems 

Tritium is readily incorporated into plants during photosynthesis and is distributed 
throughout the food chain by consumption of plants (e.g., Choi and Aranoff 1966, 
Kanazawa et al. 1982 in Driver 1994). Retention in terrestrial systems depends on 
rates of catabolism at various trophic levels and the forms and extent of OBT 
incorporated into organisms (Driver 1994). Neither plants nor animals are traditionally 
thought to concentrate tritium in their tissues, and hence its biomagnification potential 
is generally discounted (Driver 1994). Boyer et al. (2009) review the literature on 
tritium in plants, including the processes of uptake, incorporation and conversion of 
tritium into plants.  

Tritium concentration in plants is strongly correlated to the HTO concentration in 
water vapor and precipitation, and plants obtain tritium from both water vapor and 
soil-water. The relative humidity of the atmosphere strongly influences where plants 
get most of their tritium: if humidity is high, most tritium originates from the air, and 
if humidity is low, most tritium enters plants via the root system (Kumar et al. 2010). 
These authors also reiterate the need for additional study of OBT in plants in order to 
understand the behavior of tritium in terrestrial systems. 

Vichot et al. (2008) studied plants and lichens continuously exposed to tritium in the 
atmosphere in order to test exposure models. The concentration of organically bound 
tritium in tree rings was strongly correlated with timing of tritium releases, and 
distance from releases could explain some variation. Lichens are recognized as 
bioindicators, and for very contaminated areas, OBT activity in lichens has been 
measured at levels 1,000 times higher than background, and still 10-100 times higher 
at a distance of 20 km from the tritium release source (Daillant et al. 2004). Their 
slow metabolism makes them suitable for tracing of tritium incorporated by 
photosynthesis. Other authors argue that lichens cannot be used to determine tritium 
integration time and integration appears to be variable depending on lichen species, 
however, so their use as bioindicators may be limited (Vichot et al. 2008). 

Momoshima et al. (2000) found that tritium concentrations in organic fractions of 
dead and degraded pine needles accumulated on the forest floor was higher than the 
water fractions of tritium. The higher tritium concentration in the organic fraction was 
thought to be caused by decomposition, particularly microbial oxidation of 
atmospheric hydrogen and methane. Rain was the primary source of water fractions in 
the samples (with larger water fractions in fresh pine needles, but lower tritium 
concentrations in the fresh needles).  
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ACCUMULATION WITHIN TISSUES 

Photosynthesis readily incorporates tritium into plant tissues, but neither plants nor 
animals are thought to concentrate tritium in their tissues (Driver 1994). The 
biological half-life for plants can be thought of in three phases: the first component is 
rapidly excreted (about 90%) within 0.3 to 2.0 hours, the organically bound tritium 
(OBT) is excreted within 17 to 30 hours, and tritium in the soil water has a half-life of 
80 to 270 hours (references within Driver 1994). Plant concentration ratios are less 
than 1.0 for plants exposed to tritiated water (Diabete et al. 1990 in Driver 1994). 

Ingested HTO in animals is almost completely absorbed from the gastrointestinal tract 
and is quickly incorporated into the blood (Pinson and Langham 1957 in NCRP 
1979). Within minutes it can be found in varying concentrations in the various organs, 
fluids, and tissues of the body (references within NCRP 1979). Most mammalian 
studies on tritium ingestion and accumulation have been done on mice, rats or 
agricultural animals (references within Driver 1994). The biological half-life of 
tritium is known to vary with animal species, the age of the animal, and the tissue or 
organ under consideration (NCRP 1979). Most relevant to the effects of tritium and its 
half-life within an organism is how much of it is incorporated into DNA. In one study 
with mice and rats given tritiated water for 41-147 days, the nonexchangeable OBT 
was 25-40% of the tissue free water tritium. The mouse liver DNA non-exchangeable 
OBT was 12% of that of the tissue water. In another study (Mewissen and Rust 1975 
in NCRP 1979) incorporation of tritium into RNA was five-fold greater than in DNA.  

Calves and pigs show a 10-60-fold increase of tritium in their tissues if they ingest 
tritiated plant material vs. drinking tritiated water (Kirchmann et al. 1977 within 
Driver 1994). Rats show an increase in tritium in their tissues related to the protein 
content of the plant materials they ingest, and food with higher fat content meant 
higher tritium content in the rats’ fat tissue (Takeda and Iwakura 1992 in Driver 
1994). Rats, mice, and rabbits fed either tritiated food or tritiated water had specific 
activity ratios ranging from 0.2-1.0 after continuous ingestion of tritium (references in 
Driver 1994). Only kangaroo rats had higher concentration of tritium because of their 
unique water metabolism (1.2-1.6). Biological half-lives of the first compartment of 
tritium in body water of mice, pigs, and cows range from 1.1 hours (mouse) to over 
four hours for pigs and cows. The second OBT compartment was 33 hours for 
lactating cows and 40 hours for non-lactating cows (references within Driver 1994). 
There are differences in the residual specific activity of tritium in various organs and 
tissues, with higher specific activity typically seen in brain and body fat, but it is 
always well below (10-40%) the specific activity of the tritiated water from which it 
was derived (Thompson 1971 in NCRP 1979). 

Studies on birds are limited, with most on domestic fowl, with human ingestion as the 
focus of most investigations. Peak activity of the free water fraction of chicken eggs 
occurred one day after hens received a single dose of tritiated water, and decreased 
with an average half-life of 3.65 days (Mullen et al. 1975). Peak activity of tritium 
incorporated into the organic constituents was recorded after six days for albumen and 
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eight days for yolk with half-lives very similar to the free water fraction (Mullen et al. 
1975). 

As described above, the exchangeable form of tritium contains hydrogen molecules 
bound to elements other than carbon. About 70% of the body’s hydrogen is in this 
form, as body water, whereas non-exchangeable hydrogen makes up the remainder in 
compounds such as proteins, lipids, carbohydrates, and nucleic acids. These strong 
carbon-hydrogen bonds are stable and only broken down with enzymatic reactions, so 
once tritium is incorporated into these components of cells as organically bound 
tritium (OBT), it has a longer biological half-life (e.g., Galeriu et al. 2005). Other 
studies in birds have focused on tritiated thymidine because of its use in molecular 
tracing studies. Party et al. (1997) found that birds injected with tritiated thymidine 
eliminated 98% of the radioactivity within 28 hours, via excreta. 

The majority of marine/aquatic studies focus on the dose effects on humans (e.g., 
Hodgson et al. 2005, Harrison 2009), but some assays that have shown genotoxic 
effects on mussels (Mytilus edilus), have also shown that inorganic tritium 
accumulated differently in mussel tissues, with the gut accumulating the highest 
amount of radioactivity, followed by the gill, mantle, muscle, food and byssus thread 
(Jha et al. 2005). Differential accumulation within tissues of aquatic organisms has 
implications for biomonitoring assays. 

Numerous studies have focused on dose coefficients for humans, typically using the 
rat model, but with renewed interest in risk from seafood ingestion because of high 
tritium releases in areas like Cardiff Bay, U.K. (e.g., Hodgson et al. 2005, Harrison 
2009). For marine animals biological half-lives vary from 110-290 days (NCRP 
1979). Particular concern exists about ingestion of OBT directly, and estimates of 
incorporation into body tissues (particularly DNA) because of uncertainties in 
biokinetics and reliance on animal models. For intakes of OBT by adults it is 
generally assumed that 50% of tritium is non-exchangeably incorporated into organic 
molecules in body tissues. Substantial uncertainty is associated with this estimate 
because it is based on the behavior of selected forms of OBT in animals (Hodgson et 
al. 2005). Dose coefficients for ingestion of HTO or OBT also assume that absorption 
of tritium from the alimentary tract to blood is complete, and that tritium is then 
uniformly distributed throughout all body tissues. For intakes of HTO, the two 
components (HTO and OBT) are taken to account for 97% and 3% of tritium reaching 
blood, with half-times of retention in adults of 10 days and 40 days, respectively 
(ICRP 1993 and Harrison et al. 2002 in Hodgson et al. 2005). 

Devol and Powell (2004) investigated theoretical vs. experimentally-based dose ratios 
of OBT to free water tritium from ingestion of various foods, with theoretical values 
from grains in particular being 261% above the experimentally-derived value. The 
OBT vs. free water tritium content of different foods and the T:H ratio is a function of 
the kinetics associated with the assimilation of tritium into the tissues (Devol and 
Powell 2004). 
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As discussed in other sections of this profile, tritiated water, atmospheric tritium 
including tritiated water vapor and food products containing tritium (particularly 
organically bound tritium) are all routes of exposure for organisms including humans 
and other animals directly or indirectly. Though its beta energy is weak, tritium 
exposure through food is of concern (especially food containing OBT); if tritium is 
incorporated into DNA, genotoxicity can result (e.g., Balonov et al. 1993). Tritium 
can be absorbed either as a gas or water vapor via skin or lungs and when humans 
inhale gaseous tritium a very small fraction is converted to HTO (about 0.004%) and 
retained as free water (Pinson 1951 in NCRP 1979). A small fraction of the tritium 
atoms from HTO can be incorporated into OBT, but most is turned over from the free 
water pool quickly. The uptake of tritium via inhalation of tritiated water vapor is 
efficient, with 99% of that inhaled taken into the body water within seconds (Hutchins 
and Vaughn 1965 in NCRP 1979). Skin uptake of tritiated water is correlated with 
skin temperature and is typically about equal to intake by inhalation (Osborne 1966 in 
NCRP 1979), and the amount of HTO absorbed through the skin is dependent on 
humidity as well. Hot weather and high humidity means more absorption of HTO, as 
would occur with regular water moving through the skin (ANL 2005). 

 

Tritium, especially in the form of tritiated water, which is by far its most common 
form in the environment, is generally not considered to be chemically toxic because it 
is, for all intents and purposes, water.  However, according to NCRP (1979): “when 
radioactive decay of tritium occurs, the emission of the beta particle gives the 
resulting species a recoil momentum that is very large in chemical terms.” The so-
called "hot atoms" can be used for labeling organic compounds (e.g., thymidine) and 
the recoil momentum of the helium ion formed by beta decay is sufficient to break C-
H bonds and allow substitution of tritium at any position occupied by a hydrogen 
atom. In this respect, tritiated water can be considered to be chemically toxic, but, in 
fact, it is its radiological decay that is responsible for this particular type of 
biochemical insult. 

KNOWN BENEFICIAL OR PROTECTIVE PROPERTIES 

There are no known beneficial or protective properties of tritium, although it does 
have beneficial uses.  Tritium is used as a tracer in biological and environmental 
studies, and as an agent in luminous paints such as those used to make building exit 
signs, airport runway lights and watch dials (ANL 2005, Mutch and Mahony 2008). 
Tritium is also widely used as a tracer in molecular biology experiments in which 
tritium-labeled thymidine is typically used (Katz 2005). 

 

MECHANISM(S)  AND LOCI  OF TOXICITY 

Radioecological damages to aquatic and terrestrial organisms due to tritium in the 
environment result from ionization caused by the interaction of its beta particles with 
living tissue and to a lesser degree the recoil of the tritium atom incorporated into 
DNA and the associated changes in the base pair sequences. 

IV.   TYPICAL MAJOR 

EXPOSURE ROUTES 

V.   CHEMICAL 

ECOTOXICITY 

VI .   RADIOLOGICAL 

ECOTOXICITY 
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Upon each disintegration, tritium emits a beta particle with a maximum energy of 
0.0186 MeV and an average energy of 0.0057 MeV (Shleien et al. 1998).  In all 
organisms, tritium is metabolized as water, and distributed throughout the body as 
water, where all of its beta energy is deposited. 

In ternal  Beta Exposures 

Figure 5.8.1 of Shleien et al. 1998 indicates that beta particles of this energy have a 
range in water (which is equivalent to tissue in terms of stopping power) of about 
0.0001 cm2/g, which is about 0.0001 cm in tissue.  Given that the typical energy 
required to ionize a molecule (i.e., eject an electron from its orbit) is about 34 to 35 
eV (see Casarett 1968, page 17), the total number of ion pairs produced by the energy 
deposited in tissue from the typical energy beta particle emitted by tritium is about 
2163 ion pairs (i.e., ~0.0057 MeV/35 eV). 

The pattern of energy deposition for beta particles is described in Morgan and Turner 
(1973) as follows: 

Mean linear ion density = T/Rt × W 

Where: 

T = average energy of electron liberated 

Rt = range or electrons of energy T 

W = average energy to form an ion pair 

For tritium, the equation is 0.0057 MeV × 1,000,000 eV/MeV ÷ 0.0001 cm × 35 
eV/ion pair =  1.6 × 106 ion pairs per cm or about 160 ion pairs per micron.  Given 
that a typical cell is on the order of tens of microns (see page 102 of Curtis and Barnes 
1989), a single cell might experience about 1600 ion pairs produced by the passage of 
a typical tritium beta particle.  It is primarily this deposited energy in living tissue that 
results in biological damage. Also of concern is the replacement of hydrogen atoms 
with tritium in nucleic acids, and resulting genotoxic effects.  

Jones et al. (2010) summarizes the impact of ionizing radiation on cells: 

“Ionizing radiation is now recognized to be a significant risk for carcinogenic 
events. By its nature, radiation exposure to living system of energy sufficient to 
produce atomic ionization, can damage key cellular molecules and organelles, 
especially nuclear and mitochondrial nucleic acids. Significant exposure or high 
energy radiation produces single and double strand breaks in the nucleic acids. 
Damaged cellular molecules can result in perturbed cellular function, altered 
transcription, translation, and reproduction. These perturbations are the root for 
cellular genotypic and phenotypic changes that lead to neoplastic transformation. 
Recent studies are beginning to unfold possible mechanisms of ionizing radiation-
induced carcinogenesis… Epidemiological data has been accumulating from 
numerous sources of animal and human ionizing radiation exposure, which clearly 
links these exposures with subsequent carcinogenesis. At sub-lethal doses, 
ionizing radiation is a powerful carcinogen, even though at high doses it is lethal 
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to both normal and neoplastic cells and tissues. Since at least one of the molecular 
events seems to occur via radiation-induced reactive oxygen species (ROS) 
formation, then a possible means to reduce the risk of radiation-induced cellular 
damage may be via free radical scavengers, antioxidants, stimulators of ROS 
clearance and other radioprotectors and immune modulators.” 

FACTORS AFFECTING TOXICITY 

Because tritium in the environment and incorporated into biota is chemically identical 
to water, there are no factors that can affect its uptake or toxicity.  However, in higher 
organisms, drinking lots of  water increases the rate at which tritiated water is excreted 
from the body, thereby reducing the dose to organisms that have absorbed tritium.  As 
far as combined effects, very little is known about the combined action of other 
stressors on the adverse effects of radiation, including internal exposure to tritium, on 
biota. 

PLANTS 

Boyer et al. (2009) review the literature on tritium in plants, including the processes 
of uptake, incorporation and conversion of tritium into plants. Little work has been 
done on the effects of beta-emitters such as tritium alone on plants, as most ionizing 
radiation exposure includes gamma- and alpha-emitters. However, numerous studies 
have investigated the effects of chronic exposure to multiple radionuclides at sites 
such as Chernobyl (e.g., Grihikh and Shevchenkovv 1992, Bourbriak et al. 2008). 
Chromosomal aberrations are typically evident in root meristematic cells during the 
first mitosis metaphases of seed germination, with especially high frequency soon 
after initial radiation release (Grihikh and Shevchenkovv 1992). Both diploid cells 
(e.g., seed embryos of the evening primrose) and haploid cells (e.g., birch pollen) 
from plants in fall-out sites show DNA damage as well as improved capacity to repair 
DNA damage over time; however the ability to repair DNA damage does not seem to 
improve at sites exposed to combined alpha- and gamma/beta- emissions (Bourbriak 
et al. 2008). 

AQUATIC INVERTEBRATES AND F ISH 

According to NCRP (1979) the vertebrates with the shortest half-life for free water 
tritium probably are freshwater fish, with a two component half-life of 0.2 hours 
(96%) and 0.9 hours (4%) and for OBT a half-life of 8.7 days, except for small 
remaining residue. 

One of the largest spawning populations of fall Chinook salmon (Oncorhynchus 
tshawytscha) occurs on the Hanford Reach (Dauble and Watson 1997) and other 
nearby ‘Ecologically Significant Units’ of this species are listed as threatened or 
endangered under the federal Endangered Species Act. Steelhead trout (Oncorhynchus 
mykiss) within the Hanford Reach are considered part of the upper Columbia River 
Evolutionarily Significant Unit and are listed as endangered under the federal 
Endangered Species Act (Mueller 2009). The early life stages of these species are 
potentially exposed to radiological contaminants that enter the river via shoreline 
seeps and upwelling through the river substrate (Poston et al. 2003). Poston et al. 
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(2003) performed dose assessments for developing salmonid embryos for hypothetical 
exposure to tritium at specific sites on the Hanford Reach, and found that at the Tier I 
screening level, no site approached the dose guideline of 10 mGy/d established with 
the RAD-BCG calculator, but cumulative impacts should be monitored.  

Jha et al. (2005, 2006) investigated the genotoxic effects of tritium on adult mussel 
(Mytilus edilus) haemocytes. A dose dependent increase was seen in induction of 
micronuclei and single strand DNA breaks/alkali labile sites (Comet assay), and less 
than 500 Gy /h (0.05  rad/h) of tritium is capable of inducing genetic damage.  

MAMMALS 

Tritium ingested in organic form in food is approximately three times more radiotoxic 
than tritiated water (dose coefficient per unit of activity ingested is approximately 
three times higher) due to the biological (elimination) half-life (ASN 2010).  
Consistent with this, the frequency of dominant lethal mutations induced by OBT in 
the form of labeled lysine, thymidine, and deoxycytidine is three to 12 times higher 
than those induced by equal HTO activity (Balonov et al. 1993).   

Even tritiated water has the potential to have genotoxic effects, however. Ribas et al. 
(1994) found that low concentrations of beta-radiation administered in the form of 
tritiated water to human blood lymphocyte cultures induced a significant increase in 
the frequency of chromosome aberrations, though it did not induce sister-chromatid 
exchanges. Other studies have investigated the effects of tritiated water on DNA 
damage and repair in blood cells, mainly using mice and rats as models (e.g., Balonov 
et al. 1993). Because tritium is readily absorbed into the bloodstream from all routes 
of exposure, radiological effects are comparable to those of whole body exposure 
(Osborn 1972 in Driver 1994). Studies in mice and rats indicate that the 
radiobiological effects of tritium beta radiation in the form of HTO is two to six times 
higher than gamma radiation of Cesium-137 (Balonov et al. 1993).  This is believed to 
occur because the linear energy transfer (LET) of the betas from tritium are higher 
than the LET from other beta and gamma emitters.  Hence, the same dose in rad from 
tritium is more damaging than the dose from other beta/gamma emitters. 

Genetic consequences, especially in ovaries and testes are of primary concern (Driver 
1994). Again, the mouse model is most common in studies of tritium effects on 
oocytes. For example, a particular dose response relationship is defined for 
frequencies of chromosome aberrations in mouse eggs at the pronuclear stage exposed 
to beta-particles via tritiated water (Matsuda et al. 1986). 

Tritium has also been studied in mammals in the context of relative biological 
effectiveness (RBE) experiments (Little and Lambert 2008).  The RBE is a way to 
estimate the absorbed dose of particular radiation under consideration by using 
reference doses of other types of radiation (gamma, x-ray).  Little and Lambert (2008) 
compiled tritium RBE studies that evaluated endpoints including carcinogenesis, 
chromosomal aberration, cell death, and others; however, reference radiations vary 
widely in the published literature, and doses and dose rates studied in organisms other 
than man are frequently much higher than those normally received by humans. The 
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authors caution that the RBE values summarized in their review should not be used as 
RBEmax (the maximum relative biological effects observed experimentally) because 
of flaws and varied interpretations in many of the studies. Challenges with 
understanding risk to humans from tritium radiation are many, and ecologically 
relevant wildlife studies are few (Little and Lambert 2008).  It is important to keep in 
mind that experimentally observed RBEs are unique to the radionuclide, organism, 
biological end point, and circumstances that apply to a given experiment.  Hence, 
caution must be used when extending an RBE determined from one experiment to 
another. 

BIRDS 

Driver (1994) summarizes general effects of ionizing radiation on birds: “As a group, 
birds appear to be at greater risk of beta-gamma radiation exposure than other wild 
animals. About 33% of birds collected from a contaminated area had radiation counts 
above the background level, whereas only 7% of the mammals collected, and 5% of 
the reptiles collected had higher-than-background counts. The higher rate of 
contamination was attributed to the grit-use behavior of birds (Bellamy et al. 1949).” 

Information on tritium’s specific effects on birds is limited. Driver (1994) summarizes 
Hanson and Watson’s (1960) concentration factors for beta-emitters for birds that 
might inhabit the Columbia River area, including shorebirds, diving ducks, river 
ducks, grebes, gulls, and mergansers. They concluded that omnivorous and fish-eating 
birds have lower concentration factors than invertebrate- or larvae-feeders or 
herbivores. Driver (1994) also reviewed LD50/30s for a variety of avian species 
(passerines and waterfowl) and found that LD50/30s ranged from 400-1060 rad. 
Types of radiation were not always defined in this review, but impacts of ionizing 
radiation on a wide range of species, behavioral impacts, genotoxic effects, and 
abnormalities are summarized. For some studies of sublethal effects, no reproductive 
effects were observed, even at relatively high cumulative doses (e.g., 500 to 5316 R 
did not affect egg production, plumage coloration, or ovarian tissue structure (Greb 
1955, Greb and Morgan 1961 in Driver 1994). For those studies that focused on 
genotoxic and other cellular effects, these ranged from increased mitotic abnormalities 
and inhibition of cell division of the cornea to testicular damage- and arrested germ 
cell maturation. Driver (1994) concludes that gross congenital abnormalities induced 
by radiation are relatively uncommon in birds. 

 
There have been few studies on tritium’s synergistic effects with other contaminants. 
One would expect additive and synergistic effects of exposure to tritium with other 
environmental toxicants, such as heavy metals. Also because tritium’s effects are only 
radiological, exposure to tritium usually comes with exposure to other radionuclides 
that might be more toxic, especially cumulatively (e.g., Balonov et al. 1993). 
Concerns over the possible synergistic effects of exposure to radiation and chemical 
toxins have been extensively raised and reported in the scientific literature (Burkart et 
al. 1997, Prasad et al. 2004) but little consensus has been achieved in quantifying 
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these effects in humans, except possibly for radon and smoking (BEIR IV 1988) and 
certainly in the enhancement of the therapeutic effects of radiotherapy used to treat 
cancer (e.g., Lew et al. 2002).  UNSCEAR (2000) Annex H explores the combined 
effects of radiation and chemical agents, including heavy metals.  Only a few data are 
available from combined exposures of radiation and metals in human populations and 
no firm evidence of interactions has been observed.  

There is some literature on observed synergistic adverse effects of radiation and toxic 
chemicals on organisms other than humans (e.g., salmon, Mothersill et al. 2007).  
Examples of ionizing radiation and metals producing combined effects in other 
biological systems include synergistic effects on soil microbial activity from cadmium 
and zinc in combination with gamma radiation (summarized in UNSCEAR 2000).   

Overall, there is a clear need for additional research on synergistic effects of multiple 
stressors in radioecotoxicology (e.g., Salbu and Skipperud 2007, Mothersill and 
Seymour 2007). In particular, these authors raise the issue of pesticides, organics, and 
endocrine disruptors and synergistic effects with radioactive materials, particularly 
with long-term exposure to various biological systems. Manti and D’Arco (2010) 
summarize the in vitro and animal-model studies and epidemiological surveys with 
two or more stressors, including radionuclides (DNA-damaging agents). They also 
emphasize that most research focuses only on the short-term effects of combined 
single exposures to animal models, and more work is needed to understand chronic 
exposure to trace contaminants and radioactive elements in the environment, including 
impacts to long-term genome stability. Specific research is lacking on tritium effects 
with multiple stressors on biological systems, particularly non-human systems. 

  

The recent  Autorité de Sûreté Nuclairé (ASN) Working Group on Tritium in France 
(ASN 2010)  put out several recommendations for further study surrounding tritium in 
the environment including: 1) standardizing measurement protocols for the various 
forms of tritium (particularly exchangeable and non-exchangeable), 2) improvement 
of monitoring of discharges (particularly of OBT) and reference species for 
environmental sampling, 3) improvement of RBE estimates, 4) standardizing dose 
assessment methods according to the forms of tritium, contamination pathways and 
length of exposure, 5) focusing studies on the effects of tritium exposure on embryos 
and fetuses, and investigate potential induction of hereditary effects, and 6) assessing 
the feasibility of epidemiological studies. This group also focused on the need for 
more work on the possible biomagnifications of OBT, as some suspect may occur in 
marine systems.  

Studies of ecologically relevant doses and effects of tritium to wildlife species are 
lacking, particularly for non-laboratory, non-agricultural mammals, birds, amphibians, 
and reptiles. 
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URANIUM (U)  
ECOTOXICOLOGICAL PROFILE 

 

 

Uranium (U) is one of the hazardous substances (as defined by Sections 101(14) and 
101(33) of CERCLA and listed in 40 CFR §302.4) to which natural resources have 
been exposed as a result of operations and cleanup efforts over the past 60 years at the 
U.S. Department of Energy (DOE) Hanford Site in the State of Washington.  Uranium 
is a naturally occurring element in rocks and minerals in the earth’s crust and has the 
highest atomic weight of any naturally occurring element. Uranium is unusual in that 
it is both radiologically and chemically toxic.   

Natural uranium is made up of three isotopes128: U-238, U-234 and U-235.  U-238 is 
the most abundant of the three isotopes, making up 99.27% of the total mass of natural 
uranium. U-234 and U-235 make up only a fraction of a percent of the total mass: 
0.0005% and 0.72%, respectively. Although the U-238 isotope makes up the majority 
by mass of natural uranium, it is not particularly radioactive, with a very long half-life 
of 4.5 x 109 years (ATSDR 1999).  The radioactive properties of natural uranium are 
due partially to the presence of the other two less stable isotopes.  U-234 has a half 
life of 2.4 x 105 years, which is several orders of magnitude lower than that of U-238, 
and U-235 has a half-life of 7.0 x 108 years (ATSDR 1999).  Since U-235 is the only 
naturally occurring fissile isotope, the concentration of U-235 is often increased 
through the enrichment process in order for uranium to be used as nuclear fuel, as was 
the case at the Hanford Site.   This is typically accomplished by chemically separating 
the uranium from the ore matrix, converting the uranium to uranium oxide (U3O8), 
and then processing the oxide in various manners, including fluorination to uranium 
gas (UF6), which is passed through a diffusion process in order to produce the 
enriched uranium.  

 

NATURAL SOURCES 

Uranium is found in rocks and soil and is released into the environment by natural 
weathering of the rocks, erosion by wind, and by volcanic activity (ATSDR 1999).  
Typical concentrations of uranium in common rock types are 0.5 to 4.7 ppm 
(Eisenbud and Gesell 1997).  Exhibit 1 summarizes typical concentrations of natural 
uranium in air, drinking water, and a variety of food products. 

 

                                                            
128 A nuclide of an element having the same number of protons but a different number of neutrons.  Nuclide is a general 

term applicable to all atomic forms of an element. Nuclides are characterized by the number of protons and neutrons 

in the nucleus, as well as by the amount of energy contained within the atom 

(http://www.epa.gov/radiation/glossary/index.html).  
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EXHIBIT 1 URANIUM CONCENTRATIONS IN AIR  AND FOOD PRODUCTS (UNSCEAR 2000) 

 
URANIUM CONCENTRATION 

(PCI/M3) 

Air 2.43e-5 – 1.35e-4 

 
URANIUM CONCENTRATION 

(PCI/KG) 

Milk 0.019 
Meat 0.02 – 0.06 
Grain 0.08 – 0.6 
Leafy vegetables 0.65 
Root vegetables and Fruits 0.024 – 0.21 
Fish products 0.35 – 51.3 
Drinking water 0.008 – 2.1 

 

EXHIBIT 2   RADIOACTIVE DECAY SERIES  FOR U-238 

NUCLIDE AND RADIATION TYPE APPROXIMATE HALF-LIFE 

Uranium‐238 4.5 x 109 years


Thorium‐234 24 days


Protactinium‐234 1 minute


Uranium‐234 2.4 x 105 years


Thorium‐230 7.7 x 104 years


Radium‐226 1600 years


Radon‐222 3.8 days


Polonium‐218 3 minutes


Lead‐214 27 minutes


Bismuth‐214 20 minutes


Polonoium‐214 1.6 x 10‐4 seconds


Lead‐210 22 years


Bismuth‐210 5 days


Polonium‐210 140 days


Lead‐206 Stable
Source:  http://pubs.usgs.gov/of/2004/1050/uranium.htm 
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When present in the environment, uranium is often accompanied by the other 
members of its naturally occurring decay series129.   Exhibit 2 presents the U-238 
decay series.  When present naturally in the environment (such as uranium ore), all 
these radionuclides are also often present in radioactive equilibrium.  This means that 
each radionuclide in the series is present in the same concentration (e.g., if 1 pCi of U-
238 is present in a gram of soil, it is likely that all the other radionuclides in the decay 
chain are also present at comparable concentrations).  When uranium is chemically 
separated from its ore, the short-lived progeny of U-238 (Th-234 and Pa-234) grow in 
quickly and will also be present.  

ANTHROPOGENIC SOURCES 

The anthropogenic sources of uranium in the environment surrounding the Hanford 
Site originated from releases from the nuclear fuel cycle processes at that site.  The 
Hanford operations included plutonium (Pu) production and research reactors, 
chemical separation facilities, and fuel fabrication facilities, all of which involved 
processing and storing of various uranium compounds.    

The 100 Area at Hanford contained the nine reactors where the uranium targets were 
bombarded with neutrons produced from uranium fuel to produce plutonium. 
“Because only a fraction of the uranium in fuel and targets was converted to 
plutonium during each cycle through a reactor, workers at Hanford and Savannah 
River Site processed hundreds of thousands of tons of uranium” (DOE 1996).   

Plutonium was subsequently separated from the uranium at the Hanford 200W and 
200E Areas.  The separation facilities consisted of the B Plant, T Plant, U Plant, 
Reduction-Oxidation (REDOX), the Plutonium-Uranium Extraction (PUREX), UO3, 
and C Plant (ORAU 2010).   

Uranium was also processed and fabricated in the 300 Area.  The facilities in that area 
included the Uranium Metal Fuels Fabrication Facility, which processed and encased 
rods in aluminum, the Uranium Metal Extrusion Facility, which processed raw 
uranium billets into rods, and the 303 Facilities Fresh Metal Storage Facility, which 
consisted of 10 buildings reserved for the storage of fresh uranium, chemicals, 
uranium scrap and plutonium.  Building 303-L was an additional building built in 
1961 for the purpose of burning uranium metal scrap to uranium oxide so the leftover 
usable uranium could be recovered.  The burning resulted in elevated airborne 
uranium concentration levels that exceeded the maximum allowable levels at that 
time. The 303-L building was subsequently shut down in 1971 (ORAU 2010).  To 
varying degrees, these processes resulted in the release of uranium into the 
atmosphere and later deposition on the soil and surface water.  Some of the wastes 
from these processes leached into the groundwater and entered into the Columbia 
River (Delistraty and Yokel 1998). 

 

                                                            
129 Most naturally occurring radioactive materials and many fission products; undergo radioactive decay through a series 

of transformations rather than in a single step. Until the last step, these radionuclides emit energy or particle with 

each transformation and become another radionuclide. This decay chain, or decay series, ends in a stable nuclide 

(http://www.epa.gov/radiation/understand/chain.html). 
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As a preface to this section, it is appropriate to point out that the subject of the 
environmental chemistry of uranium is vast, and can include both the physical and 
chemical behavior of uranium in the environment as well as its transport through 
aquatic and terrestrial ecosystems.  Many compendia have been published that address 
this broad subject.  Till and Meyer (1983) is one of the earliest compilations and 
describes the environmental behavior of radionuclides, including uranium.  A recent 
addition to the literature on this subject is the International Atomic Energy Agency’s 
(IAEA) Handbook of Parameter Values for the Prediction of Radionuclide transfer in 
Terrestrial and freshwater Environments (2010).  In addition, the U.S. Department of 
Energy Richland Operations Office (DOE-RL) periodically updates the System 
Assessment Capability (SAC), which is an environmental assessment tool that can be 
used to assist in the analysis of the movement of contaminants from waste sites at the 
Hanford Site into and through the vadose zone, groundwater, atmosphere, and 
Columbia River.  These reports can serve as a convenient starting point for compiling 
generic and site-specific models and modeling parameters for assessing the behavior 
of uranium in the environment at Hanford.  

The ATSDR report on uranium describes, in general, the interaction of uranium 
compounds with the environment:  

“Uranium deposited by wet or dry precipitation will be deposited on land or in 
surface waters. If land deposition occurs, the uranium can be reincorporated 
into the soil, resuspended in the atmosphere (typically factors are around  

10-6/m), washed from the land into surface water, incorporated into 
groundwater, or deposited on or adsorbed onto plant roots (little or none 
enters the plant through leaves or roots). Conditions that increase the rate of 
formation of soluble complexes and decrease the rate of sorption of labile 
uranium in soil and sediment enhance the mobility of uranium. Significant 
reactions of uranium in soil are formation of complexes with anions and 
ligands (e.g. CO3

-2, OH-1) or humic acid, and reduction of U+6 to U+4.  Other 
factors that control the mobility of uranium in soil are the oxidation-reduction 
potential, the pH, and the sorbing characteristics of the sediments and soils” 
(p. 259 of ATSDR 1999).” 

The uranyl ion (UO2
2+) is the most stable form of uranium and therefore the most 

common form found in the environment (Sheppard 2005).  Sheppard (2005) 
summarizes the oxidation states of uranium and their interaction with the 
environment: 

“The oxidized U (+VI) (uranyl) ion complexes readily with carbonate, 
phosphate or sulfate ions. In these forms, U is soluble and readily transported. 
In contrast, under reducing conditions, such as those found in anoxic waters 
and sediment, U occurs in the tetravalent (U(+IV)) state which has a strong 
tendency to bind to organic material and to precipitate, and is therefore 
immobile. Metallic U and particles of insoluble U compounds are not very 
bioavailable.” 

I I I .   ENVIRONMENTAL 

CHEMISTRY 
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FATE AND TRANSPORT 

A comprehensive review of binding coefficients for a broad range of elements, 
including uranium, is provided by Sheppard and Thibault (1990), as shown in Exhibit 
3.   

EXHIBIT 3 URANIUM KD  VALUES (SHEPPARD AND THIBAULT 1990) 

SOIL TYPE 
GEOMETRIC MEAN OR BEST 

ESTIMATE OF Kd VALUE 
RANGE 

Sand 35 0.03 – 2,200 
Loam 15 0.2 – 4,500 
Clay 1600 46 – 395,100 
Organic 410 35 – 7,350 
Agricultural Soils & Clays, pH of 4.5 – 9  
(Baes & Sharp 1983) 

45 10.5 – 4,400 

 

Given the wide range in values, it is clear that Kd values are of limited use unless a 
great deal of information is available regarding the chemical properties and types of 
soil at the site. 

Serne et al. (2002) performed experiments to assess the leaching and sediment 
sorption of uranium in soil samples taken from the Hanford 300 Area. Their 
laboratory results show that “uranium sorption onto the uncontaminated sediment was 
highly variable and the sorption was dependent on the solution concentrations of 
inorganic carbon, pH, and to a lesser extent total dissolved solids.”  They also found 
that the “uranium adsorption Kd values ranged from 0 ml/g to >100 ml/g depending on 
which solution parameter was being adjusted.”  

The uranium Kd values may also range widely in the actual environment surrounding 
Hanford since Serne et al. (2002) describe that the natural vadose porewater and the 
groundwater composition vary according to rain and snowfall and the “fluctuations of 
the [Columbia] River which cause groundwater and river water to mix at different 
proportions at different times of the year and different times of the day.” 

BIOACCUMULATION POTENTIAL 

Bioconcentration factors for uranium vary widely among different types of organisms, 
with the highest bioaccumulation observed in low trophic organisms, such as bacteria 
and algae.  Bioconcentration factors for water bacteria range from 2,794 to 354,000 
(Driver 1994).  A bioconcentration factor of 1,576 has been measured in fresh water 
algae, and a factor of 439 has been measured in plankton (Driver 1994; ATSDR 
1999). Uranium bioaccumulation studies involving a variety of fish species showed 
that the bioconcentration factors for fish are no greater than 38.  It appears that, in the 
case of bacteria, the observed bioconcentration is a result of the adsorption of uranium 
on the cell wall and not the absorption of uranium within the cell.  A similar 
observation regarding the adsorption of uranium has been made for plants.  Studies 
show that uranium adheres to the outer layer of the roots but does not penetrate the 
inner tissue of the plant.  Therefore, root vegetables grown in soil containing elevated 
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levels of uranium are potential sources of uranium exposure to humans and animals 
(ATSDR 1999).  

A recent IAEA (2010) publication reports uranium soil-to-plant transfer factors.  
Exhibit 4 is excerpted and summarized directly from Table 17 of IAEA 2010. 

 

EXHIBIT 4 URANIUM SOIL-TO-PLANT TRANSFER FACTORS (DRY WEIGHT) FOR THE 

TEMPERATE ZONE (ALL SOIL GROUPS) ( IAEA 2010) 

PLANT GROUP  COMPARTMENT N MEAN MIN MAX 

Root crops 
Roots 
Stems & Shoots 

48 
37 

8.4e-3 
2.8e-2 

4.9e-4 
2.0e-3 

2.6e-1 
7.0e-1 

Tubers 
Tubers 
Stems & shoots 

28 
1 

5.0e-3 
1.9e-1 

1.8e-4 
- 

8.0e-2 
- 

Herbs  9 3.6e-2 8.6e-1 4.1e-1 

Other crops 
Sunflower leaves 
Sunflower grain 

39 
7.1e-2 
1.5e-2 

8.9e-3 
8.2e-3 

7.8 
2.9e-2 

Grasses Stems & shoots 2 1.7e-2 2.0e-4 5.5 
Pasture Stems & shoots 147 4.6e-2 1.3e-3 14 
Leguminous fodder Stems & shoots 53 1.5e-2 2.0e-3 1.6 
Unspecified  1 0.1 - - 
Cereals Grain 5 5.0e-4 - - 
Leafy veg Leaves 1 2.0e-3 - - 

Non-leafy vegs Fruits, beads, berries, 
buds 1 2.0e-3 - - 

Root crops Roots 1 2.0e-3 - - 
Tubers Tubers 1 1.0e-3 - - 
Pasture Stems & shoots 1 5.0e-3 - - 

 

The unabbreviated version of IAEA (2010)’s Table 17 (2010) provides more detailed 
information, where the soil-to-plant uptake factors for different types and parts of 
plants are further divided into different types of soil.  Other compendia of this type are 
provided in earlier publications, such as Table 5.17 of Till and Meyer (1983).  These 
values may be useful in predicting the concentration of uranium in plants given the 
concentration of uranium in soil.  However, it is not clear from a review of IAEA 
(2010) whether a distinction has been made between uranium adsorbed to plant 
surfaces as opposed to uranium that has been absorbed within the cells.  In addition, 
given the variability of soil-to-plant uptake factors, it is important to use site-specific 
values if at all possible. 

Regarding the trophic transfer of uranium, Driver (1994) states “Uranium enters the 
food chain via adsorption on surfaces of plants and small animals.  Because of 
membrane discrimination against uranium, little uranium is accumulated internally in 
biota.  Consequently, concentration factors for uranium decline substantially with 
trophic level.” 
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IAEA (2010) also presents information on the gastrointestinal (GI) absorption of 
uranium in cows, uranium transfer factors for beef, expressed in units of pCi/kg beef 
per pCi/day ingested by cows.  These values could be useful in predicting the uptake 
of uranium by some animals following ingestion of uranium.  However, as previously 
stated, the use of site-specific values is preferable. 

ACCUMULATION WITHIN TISSUES 

Barillet et al. (2007) observed the accumulation of uranium in the gills and liver of the 
zebrafish Danio rerio.  This study also observed that since the gills serve as the uptake 
route for pollutants, “they could also serve as an effective barrier to uranium uptake, 
particularly if uranium is trapped within the protective mucus layer, as previously 
shown for other divalent metals in fish.” 

IAEA (2010) presents fresh weight concentration ratios for freshwater invertebrates (a 
minimum of 360 and a maximum of 400) and for freshwater fish (1.5 and 3.3).  IAEA 
(2010) provides a number of transfer factors (for a variety of aquatic and terrestrial 
organisms) that might be useful in predicting the uptake of uranium by organisms 
other that man, given information on the concentration of uranium in soil, sediment, 
water and food items at Hanford.  However, though useful, site-specific values for 
these parameters are always preferred. 

Driver (1994) summarizes the accumulation of uranium in mammalian tissue 
following acute and chronic exposure. Uranium has been found to accumulate in 
mammalian kidneys, liver, bone, cardiovascular and central nervous system.  In 
particular: “Kidney and bone tissues are the main targets of both the radiation and 
chemical toxicity or uranium in vertebrate organisms. Of these two tissues, kidney 
tissue is the most sensitive and is considered to be the key target organ for hazard 
assessment.”   The lung and the skeletal systems are critical target organs for 
radiological damage from uranium carcinogenesis. 

Uranium contamination of both surface and groundwater has occurred in the vicinity 
of the Hanford Site due to discharges of wastes into the Columbia River and into the 
ground, which leached down into the groundwater (Delistraty and Yokel 1998).  
Sediment samples taken near the 300 Area were found to have elevated levels of 
uranium (Serne et al. 2002), and sediment samples taken from the river bank and river 
bank areas in the vicinity of the 100 B, N, D, and F areas, as well as the 300 Area, 
were found to have contaminants (Delistraty and Yokel 1998).  Schnug et al. (2006) 
states that uranium that has entered the environment through anthropogenic activities 
“is easily mobilized and transported into the food chain.”  

 

Aquatic invertebrates and fish could ingest uranium that was adsorbed onto sediment 
particles in the water.  Plants adsorb uranium onto their roots from contaminated soil 
(ATSDR 1999).  Terrestrial animals, including birds and mammals, can be exposed to 
uranium in the environment by inhalation, skin contact, and most commonly, through 
ingestion of contaminated water, plants, and animals (Schnug et al. 2006).  In fact, 

IV.  TYPICAL MAJOR 
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Schnug et al. (2006) states that ingestion of contaminated water “accounts for more 
than 80% of the total uranium ingestion” by animals. 

 

Exposure to uranium can cause lethal and sub-lethal effects on both aquatic and 
terrestrial organisms, although most research has focused on lethality.  Driver (1994) 
summarizes these toxic effects and LC50 values for various aquatic and terrestrial 
biota, and notes that the toxicity of uranium is due primarily to the chemical properties 
of the uranyl ion rather than its radiological properties (Driver 1994).   In all cases, the 
discussion of toxicity in this section refers to chemical and not radiological toxicity.  
For a discussion of radiological toxicity, see Section VI. 

KNOWN BENEFICIAL OR PROTECTIVE PROPERTIES 

There are no known beneficial or protective properties of uranium.  

MECHANISM(S)  AND LOCI  OF TOXICITY 

Labrot et al. (1999) describes the two types of effects that exposure to heavy metals 
can have on biota: (1) an indirect effect, which is “due to the additional metabolic cost 
of accumulating, transporting, storing, and excreting the contaminant, and (2) a direct 
[effect], on cellular membranes and/or specific biochemical pathways.” As was 
previously mentioned, uranium is not usually found in the inner tissues of plants and 
does not usually cross the cell membrane of most organisms.  The soluble uranyl ion 
can form complexes with proteins and anions (Schnug et al. 2006).  The detrimental 
effects of exposure to uranium appear to be the result of the adsorption of uranium on 
the cell membranes, which results in a disruption of normal cellular processes.  

Monleau et al. (2005), Darolles et al. (2009), and Lerebours et al. (2009) explore the 
genotoxic effects of depleted and enriched uranium.  These investigators provide 
insight into the interaction of uranium as both a radionuclide and a heavy metal at the 
molecular level.  These studies are concerned with the effects (both direct and 
indirect) of uranium on gene expression, a relatively more recent area of inquiry. 

FACTORS AFFECTING TOXICITY 

As discussed in more detail in the following sections, a variety of factors can affect 
the ecotoxicological properties of uranium.  In aquatic systems, harder water reduces 
the toxicity of uranium to aquatic organisms (Driver 1994).  Dissolved organic matter 
may also reduce uranium’s toxicity.  The toxic effects of uranium on mammals 
depend on its chemical and physical form, route of intake, and level of enrichment 
(ATSDR 1999). 

PLANTS 

Sheppard et al. (1992) comments on the conflicting information in the literature on the 
toxicity of uranium to plants. Toxicity to plants has been reported beginning at 
background levels of uranium, while others report no toxicity at 100 to 1000 times 
higher than background. Sheppard et al. (1992) attempted to resolve some of these 
discrepancies by conducting a series of experiments.  Plant seedlings, including 
lettuce, tomato, corn, pine, and Brassica rapa (commonly known as field mustard or 
turnip mustard), were grown in soil contaminated with varying levels of uranium. 
Their results show that all plants species observed showed reduced rate of germination 

V. CHEMICAL 

ECOTOXICITY 
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when grown in uranium contaminated soil. Notably, toxicological studies of terrestrial 
plants have been largely limited to human food crops (Driver 1994). 

AQUATIC INVERTEBRATES AND F ISH 

There are numerous publications addressing the toxicity of uranium to algae, daphnia, 
and other aquatic organisms (Poston et al. (1978); Parkhurst, et al. 1983; Hogan et al, 
2005).  These studies were initiated due to concern over uranium mine effluents 
entering the freshwater environment, and measuring the growth rate of a variety of 
aquatic organisms as indicators of potential ecological damage. 

In aquatic microorganisms, uranium exposure has been found to inhibit growth, cell 
division, and food intake.  For the algae Scenedesmus, cell division was inhibited by 
uranium exposure.  For the protozoan Microregma, food intake was inhibited 
following exposure to uranium.  The freshwater hydrae (Hydra viridissima) has been 
found to be particularly sensitive to uranium exposure. Elevated uranium 
concentrations were found to be lethal to hydrae after 48 hours of exposure, and 
growth was inhibited at relatively low concentrations.  Further analysis demonstrated 
that the observed growth inhibition was most likely due to the accumulation of 
uranium on the hydra nematocysts, which was disrupting the organism’s ability to 
capture prey (Driver 1994).  For various species of freshwater water fleas, LC50 
toxicity values were reported over a range of values, depending on the species and the 
water hardness level, which is indicated by the amount of CaCO3/L.  

In aquatic systems, exposure to uranium is more toxic in soft water than in hard water.  
In fact, the hardness of the water is a key factor in the toxicity of uranium, where the 
tolerance of uranium by aquatic organisms increases dramatically with the increased 
level of CaCO3 and the increased hardness of the water (Driver 1994).  Studies 
performed by Charles et al. (2002) involving the tropical freshwater alga Chlorella sp. 
showed that a “50 fold increase in water hardness resulted in a 5 fold decrease in the 
toxicity of uranium to Chlorella sp.” The authors determined that this observation was 
mostly likely due to competition between uranium and calcium and/or magnesium for 
the binding sites on the cell surface.  

As with aquatic invertebrates, the uranium LC50 values for freshwater fish vary with 
the hardness of the water.  Driver (1994) presents an extensive list of LC50 values for 
freshwater fish found in the northern hemisphere. 

The toxicity of uranium to aquatic organisms was also found to be dependent on the 
presence of dissolved organic matter.  Hogan et al. (2005) grew the alga Chlorella sp. 
in both natural water from the Magela Creek in northern Australia and synthetic 
water, which contained no organic matter.  “The toxicity of uranium to Chlorella sp. 
in NMCW [natural creek water] was approximately two to four times lower than in 
SMCW [synthetic creek water].  Based on geochemical speciation modeling, this 
difference corresponded to a four-fold decrease in the proportion of free uranyl ion in 
NMCW [natural water] compared to SMCW [synthetic water], most likely due to the 
presence of dissolved organic carbon.” 

A variety of lethal and sublethal effects have been observed in fish exposed to varying 
levels of uranium, including damage to the liver, kidneys, brain, and olfactory centers.  

Exhibit 1



  Final Hanford Natural Resource Damage Assessment Injury Assessment Plan 

 

  B11-10 

 

In studies performed by Cooley et al. (2000), lake whitefish (Coregonus 
clupeaformis) were fed a uranium contaminated diet with three concentrations of 
uranium, 100, 1000, and 10,000 g U/g.  Results showed elevated levels of serum 
lipid peroxides indicating damage to cellular membranes. Following prolonged 
exposure to uranium in their diet, the lake whitefish exhibited numerous types of renal 
and liver lesions and pathologies.  Lerebours et al. (2009) observed genotoxic effects, 
with a change of gene expression in brain, liver and muscle tissue of zebrafish 
following waterborne exposure to uranium. In the liver they observed the induction of 
genes involved in detoxification, apoptotic mechanism and immune response. In the 
skeletal muscles, genes involved in mitochondrial metabolism and production of 
reactive oxygen species were induced. Finally, the results of this study showed an 
increase of the expression of genes involved in neural transmission. Barillet et al. 
(2007) observed similar effects on brain activity with an increase in 
acetylcholinesterase activity following uranium exposure in zebrafish. In their 2010 
study, Lerebours et al. also observed damage to the olfactory bulb of the zebrafish 
following exposure to uranium and mentions previous studies suggesting that uranium 
may cross the blood-brain barrier. The sensory nerves of the olfactory bulb are nearly 
in direct contact with the surrounding water, and damage to the olfactory center in fish 
has the potential to disrupt various life functions and behavior.  For fish, olfaction 
plays a key role in detection of mates and relatives through phermones, detection of 
prey or predators, homing, and detection of changes in the surrounding environment 
(Tierney et al. 2009). 

TERRESTRIAL INVERTEBRATES 

Sheppard et al. (1992) found that earthworm growth and survival was compromised 
following exposure to uranium at concentrations of 1000 mg U/kg. There appears to 
be limited investigation of the toxicity of uranium to terrestrial invertebrates.   

MAMMALS  

The toxic effects of uranium on mammals vary with the solubility of the uranium 
compound and the route of the exposure. Effects include teratogenic effects, 
reproductive effects, genotoxic effects, and damage to various organs and tissues, 
particularly to the kidneys, liver, bone and blood. Several laboratory studies have been 
performed that examine the effects of uranium exposure on reproduction and fetal 
development in mice and rats.  Domingo et al. (2001) and Driver (1994) summarize 
these results, which include skeletal malformations and other developmental 
anomalies, decreased birth weight, and body length and smaller litter size.  
Reproductive effects of uranium exposure include damage to testes. Damage to other 
various organs and tissues, including kidneys, liver, bone and blood, was observed. 
Acute uranium exposures can result in damage to the nephron, which is the 
functioning unit of the kidney. Specifically, Driver (1994) describes the renal damage 
in mammals as “injury and necrosis of the terminal segments of the renal proximal 
tubule [of the nephron].” Driver also reports injury of the glomerulus, which is the 
group of filtering capillaries associated with the nephron.  

The extent of toxicity to mammals depends on a variety of factors, including:  
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“[its] chemical and physical form, route of intake, and level of enrichment.  
The chemical form of uranium determines its solubility and, thus, 
transportability in body fluids as well as retention in the body and various 
organs.” (ATSDR 1999). 

Driver (1994) provides LC50 values for some small mammals exposed acutely to 
airborne uranium for 10 minute periods and chronic airborne exposures over the 
course of a few months to one year.  The exposures resulted in kidney damage and 
death to guinea pigs, rabbits, and dogs.   

Monleau et al. (2005) examine the genotoxic effects of depleted uranium on rat lung 
tissue and found that rats exposed to depleted uranium by inhalation experienced 
DNA damage in the lung cells, which may be a result of inflammation and oxidative 
stress.  

Little information is available about the toxicity of uranium to wild mammalian 
species. 

BIRDS 

Little is known about the ecotoxicity of uranium to birds. However, a 2010 study of 
marine birds in the Baltic Sea (Borylo et al. 2010) found that uranium accumulates in 
the liver, rest of viscera, and on the feathers of these animals. The highest amount of 
uranium was found in plant-eating birds, while carnivorous birds accumulated a lower 
amount. A uranium toxicity study involving chicks provides LC50 values and also the 
lowest lethal dose expressed in units of mg U/kg body weight (Sheppard et al. 2005). 

 

Uranium is somewhat unique among the radionuclides with respect to its ecotoxicity 
in that it is generally accepted that its ecotoxicity is limited by is chemical toxicity, as 
opposed to its radiotoxicity.  This occurs because uranium has a very low specific 
activity (i.e., relatively large quantities of uranium, in terms of mass, have a relatively 
low decay rate).  Nevertheless, uranium can represent a radioecological stressor, 
contributing to the overall ecotoxicity of uranium due to its ability to cause damage to 
DNA, primarily from alpha radiation that is deposited within living tissue (discussed 
below).   

MECHANISM OF ACTION 

Radioecological damages to aquatic and terrestrial organisms due to uranium in the 
environment are due to ionization caused to the interaction of highly energetic alpha 
particles with living tissue.   In particular, typical alpha particles, which have an 
energy of about 5 MeV, have a range in air of only about 4 cm (see Figure 6.7 of 
Shleien et al. 1998).  In addition, a layer of tissue of 0.07 mm will stop a 7.5 MeV 
alpha particle (see Table 3-1 of Shleien et al. 1999).  Hence, unless the uranium alpha 
particle is in intimate contact with living tissue or is intracellular, it has a limited 
potential for biological damage.  However, if it is in close proximity to living tissue 
and/or inside the cytoplasm or the nucleus of a cell, it deposits its 5 MeV alpha energy 
over a relatively short distance. For example, the typical binding energy of a hydrogen 
electron is about 13.6 eV and the typical energy required to ionize a molecule (i.e., 
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eject an electron from its orbit) is about 34 to 35 eV (see Casarett 1968).  Hence, in a 
relatively short distance, a large number of ion pairs are produced by the passage of a 
5 MeV alpha particle through tissue.  For example, the total number of ion pairs 
produced by the energy deposited in tissue from a 5 MeV alpha particle is about 
140,000 ion pairs (i.e., 5 MeV/35 eV).  The pattern of energy deposition for a 5 MeV 
alpha particle is about 110 keV/micron, also referred to as the linear energy transfer 
(Casarett 1968).  Hence, about 3000 ion pairs are produced per micron.  Given that a 
typical cell is on the order of tens of microns (Curtis and Barnes 1989), a single cell 
might experience 30,000 ion pairs produced by the passage of a single 5 MeV alpha 
particle.  It is this deposited energy in living tissue that results in biological damage. 

More specifically, radiation causes damage through the production of free radicals:   

“Furthermore, uranium can enhance the production of free radicals via the 
ionization phenomenon induced by alpha particle emissions. The damage, in 
this case, would not be direct result of radiation, but rather an indirect 
consequence as a result of reactive oxygen species stemming from radiation.  
When quantity of free oxygen species generated exceeds the level that the 
cell’s protective system can control, cell proteins, nucleic acids, and lipids can 
be damaged” (Jones et al. 2003 and Jelka et al. 2005, as cited in Barillet et al. 
2007). 

RADIOECOTOXICOLOGICAL EFFECTS 

The literature on the effects of radiation on organisms other than man is extensive (see 
NCRP 1991, IAEA1992, ICRP 2008, Driver 1994), but the literature explicitly 
addressing the radiotoxicity of uranium on organisms other than man is limited. 
However, a number of review documents, primarily Till et al. (1976), Driver (1994), 
and Sheppard et al. (2005) summarize the literature. In particular, Sheppard et al. 
(2005) summarizes the literature in order to set “PNECs (predicted no-effect 
concentrations) for chemical toxicity to uranium for non-human biota.”  

Aquat ic  B iota 

Considerable research has been dedicated to studying the effect of radiation on fish 
eggs and developing fish embryos (e.g., see the literature reviewed in Till et al. 1976); 
however, data on uranium in particular are few.  Till et al. (1976) cite studies that 
found no adverse effects on egg hatching of carp at uranium concentrations of 60 
ppm.  However, other investigations involving plutonium reported by Till et al. (1976) 
did observe adverse effects.  This is important to note because, like plutonium, 
uranium is an alpha emitter, and in principle could have similar radioecological 
effects.  There are, of course, differences in the environmental chemistry and behavior 
of uranium and plutonium that make it difficult to draw firm conclusions regarding the 
radiotoxicity of uranium based on the results of plutonium investigations.   

Because uranium is an alpha emitter, and therefore has a potential to cause radioactive 
damage primarily when it absorbed within cells, Till et al. (1976) provide a qualitative 
discussion on the ability of uranium and plutonium to penetrate the chorion of fish 
eggs.  However, quantitative information was not presented, and the question remains 
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as to whether the approximate 5 MeV alpha particles emitted by uranium and some of 
its progeny could penetrate the chorion of fish eggs.  The range of a 7.5 Mev alpha 
particle in tissue is about 70 microns.  Eggs of some fish species appear to have 
chorions (or zona radiate, ZR) that are less than 70 microns thick.  Even within 
salmonids, there seems to be substantial variation in the structure of the surface of the 
eggs (see Schemehl and Graham 1987).  Some species seem to have very variable ZR 
structures, with protrusions and pores, making it difficult to judge chorion thickness. 
Baldacci et al. (2001), which addresses ice fish, states that the unfertilized egg has a 
chorion that is 50 microns thick.  

As noted previously, Driver (1994) reviews the levels of uranium in aquatic 
ecosystems observed to adversely affect aquatic plants, invertebrates, and fish.  In 
general, the observed effects have been attributed to the element’s chemical toxicity. 
However, it is difficult to judge the degree to which the radiation emitted by the 
uranium and its short-lived progeny may have contributed to the observed effects. 

Terrestr ia l  B iota 

Little information is available that explicitly addresses the radioecotoxicological 
effects of uranium on terrestrial biota.  As is the case for aquatic biota, it is difficult to 
separate the chemical from the radiological effects of exposure.  Hence, the literature 
described above addressing the chemical effects of uranium in the terrestrial 
environment has a degree of applicability to the radiotoxic effects of uranium in the 
terrestrial environment.  However, it appears that, at least for mammals, the toxicity of 
uranium is primarily related to kidney damage caused by uranium as a heavy metal 
and not the radiological exposures (HPS 2002).   

 

In theory, one would expect additive and synergistic effects of exposure to uranium 
with other environmental toxicants, similar to those observed between other heavy 
metals.  For example, Schubert et al. (1978); Tabata et.al. (2003); Traore et.al. (1999); 
and Sanchez et al. (2001) address the synergistic cytotoxic and nephrotoxic effects of 
a number of heavy metals.  In addition, there may also be synergistic effects 
associated with the combined action of exposure to uranium as a chemical and 
radiological toxin.  Concerns over the possible synergistic effects of exposure to 
radiation and chemical toxins have been extensively raised and reported in the 
scientific literature (Prasad et al. 2004; Burkart et al. 1997) but little consensus has 
been achieved in quantifying these effects in humans, except possibly for radon and 
smoking (BEIR IV, 1988) and certainly in the enhancement of the therapeutic effects 
of radiotherapy used to treat cancer (e.g., Lew et al. 2002).   There is considerable 
literature on observed synergistic adverse effects of radiation and toxic chemicals on 
organisms other than man (e.g., Mothersill et al. 2007).   

There is some literature on observed synergistic adverse effects of radiation and toxic 
chemicals on organisms other than humans (e.g., salmon, Mothersill et al. 2007).  
Examples of ionizing radiation and metals producing combined effects in other 
biological systems include synergistic effects on soil microbial activity from cadmium 
and zinc in combination with gamma radiation (summarized in UNSCEAR 2010).  
Also, combined effects of cesium-134/137 and lead found in highly contaminated 
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habitats in the Russian Federation increased the mutation rate in the plant Arabidopsis 
thaliana (summarized in UNSCEAR 2010).  However, the authors clearly indicate that 
the relative importance of different damage-inducing mechanisms of metals for 
combined exposures in human and non-human populations remains to be elucidated. 

Overall, there is a clear need for additional research on synergistic effects of multiple 
stressors in radioecotoxicology (e.g., Salbu and Skipperud 2007, Mothersill and 
Seymour 2005). In particular, these authors raise the issue of pesticides, organics, and 
endocrine disruptors and synergistic effects with radioactive materials, particularly 
with long-term exposure to various biological systems. Manti and D’Arco (2010) 
summarize the in vitro and animal-model studies and epidemiological surveys with 
two or more stressors, including radionuclides (DNA-damaging agents). They also 
emphasize that most research focuses only on the short-term effects of combined 
single exposures to animal models, and more work is needed to understand chronic 
exposure to trace contaminants and radioactive elements in the environment, including 
impacts to long-term genome stability. Specific research is lacking on uranium effects 
with multiple stressors on biological systems, particularly non-human systems.  

 

In general, a review of the literature on uranium ecotoxicity reveals that there are 
significant data gaps including the following: absence of data on wild species and 
absence of field-based studies of effects.  In addition it appears that the research focus 
in many cases (e.g., aquatic organisms) has been on acutely lethal endpoints rather 
than sublethal endpoints.  

One of the largest data gaps in understanding the chemical and radiological toxicity of 
uranium is its synergistic effects with other toxins, as briefly described above and in 
ATSDR (1999), which states “No information was located regarding the modulation 
of the toxicity of uranium by other chemicals or vice versa. It is possible that co-
exposure to other heavy metal nephrotoxicants (e.g., lead, cadmium) could have an 
additive effect on uranium toxicity.”  ATSDR (1999) indicates that animal studies 
designed to examine the combined effects on the kidney of uranium and other heavy 
metal nephrotoxicants (lead, cadmium) would be useful to determine whether effects 
are less than expected on the basis of individual toxicity, additive, or synergistic.  

Durakoviae (1999) explores the complex intracellular chemical and radiological 
toxicity of uranium when it interacts with complexing agents in body fluids, and refers 
to the need for a better understanding of the radiological and chemical toxicity of 
depleted uranium (primarily U-238). 

Driver (1994) indicates that toxicological studies of terrestrial plants were limited to 
human food crops (i.e., soybeans and Swiss chard).  Driver (1994) also indicates that 
no studies were found on the chemical or radiation toxicity of uranium in amphibians 
or reptiles, which are ecologically important species in the Columbia River watershed. 

There appears to be limited information on the toxic effects of uranium on birds, but 
Sheppard et al. (2005) indicates that birds may not be “critical vertebrates for effects 
of uranium.” 

VI I I .  DATA GAPS 
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No animal tests have been conducted to study cancer incidence following oral 
exposure to uranium, which is the most likely route of exposure to animals from 
contamination originating on the Hanford site.  Although non-neoplastic kidney 
damage has been observed in numerous feeding studies, no tumors in any organs have 
been observed during these tests.  It is noteworthy that, based on the linear no-
threshold model that forms the basis of current guidelines and regulations for 
protection from radiation induced cancer, any exposure to a radioactive substance 
involves some increase in the risk of cancer.  Thus, enriched uranium would be 
expected to present a higher risk for cancer than natural uranium (Driver 1994).  
ATSDR (1999) suggests that research investigating the radiotoxicity of uranium 
would be more beneficial for the less available, high specific activity isotopes such as 
U-233 and U-234 that are formed during energy production or associated with 
weapons-grade uranium. 
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APPENDIX C   |   SPECIES DOCUMENTED ON THE HANFORD SITE 

The following tables present information on wildlife species present on the Hanford 
Site, highlighting species of special conservation status. Note these tables are not 
exhaustive; additional information on species found on the Hanford Site is 
documented in numerous publications such as Gray and Dauble 1977, Fitzner and 
Gray 1991, Downs et al. 2004, CRICIA 1998, TNC 1999, TNC 2003, Burk et al. 
2007, USFWS 2008, and information from the Hanford Site Environmental 
Monitoring and Compliance Project (presented in Downs et al. 1993 and the annual 
Hanford Site Environmental Monitoring Reports).130 

 

EXHIBIT C-1 COMMON VASCULAR SHRUB-STEPPE PLANTS ON THE HANFORD SITE 

COMMON NAME SCIENTIFIC NAME 

Big sagebrush Artemisia tridentata 

Bitterbrush Purshia tridentata 

Gray rabbitbrush Ericameria nauseosa 

Green rabbitbrush Chrysothamnus viscidiflorus 

Snow buckwheat Eriogonum niveum 

Spiny hopsage Grayia (=Atriplex) spinosa 

Threetip sagebrush Artemisia tripartita 

Bluebunch wheatgrass Pseudoroegnaria spicata 

Bottlebrush squirreltail Elymus elymoides 

Indian ricegrass Oryzopsis (=Achnatherum) hymenoides 

Needle-and-thread grass Hesperostipa comata 

Prairie junegrass Koeleria macrantha  

Sand dropseed Sporobolus cryptandrus 

Sandberg’s bluegrass Poa secunda (sandbergii) 

Thickspike wheatgrass Elymus lanceolatus 

Buckwheat milkvetch Astragalus caricinus 

Carey’s balsamroot Balsamorhiza careyana 

Cusick’s sunflower Helianthus cusickii 

Gray’s desert parsley Lomatium grayi 

Hoary aster Machaeranthera canescens 

                                                            
130 These lists show many, but not all, species present at the Hanford Site. Note that inclusion of a species in this 

assessment plan does not imply an obligation on the part of the Trustees to evaluate it, nor does omission of a species 

preclude the Trustees from evaluating potential injury to that species. 
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COMMON NAME SCIENTIFIC NAME 

Annual Jacob’s ladder Polemonium micranthum 

Pink microsteris Microsteris gracilis 

Tarweed fiddleneck Amsinckia lycopsoides 

Threadleaf scorpion weed Phacelia lycopsoides 

Source: Burk et al. 2007. 

 

EXHIBIT C-2 THREATENED AND ENDANGERED PLANT SPECIES  AT THE HANFORD SITE 

COMMON NAME SCIENTIFIC NAME FEDERAL STATUS 

STATE 

STATUS 

Awned halfchaff 
sedge*  

Lipocarpha (= Hemicarpha) 
aristulata   Threatened  

Beaked spike-rush  Eleocharis rostellata   Sensitive  

Canadian St. John’s 
wort  Hypericum majus   Sensitive  

Chaffweed  Anagallis (= Centunculus) 
minimus   Threatened  

Columbia milkvetch  Astragalus columbianus  Species of 
concern  Sensitive  

Columbia yellowcress*  Rorippa columbiae  Species of 
concern  Endangered  

Coyote tobacco  Nicotiana attenuata   Sensitive  

Desert cryptantha  Cryptantha scoparia   Sensitive  

Desert dodder  Cuscuta denticulata   Threatened  

Desert evening-
primrose  Oenothera caespitosa   Sensitive  

Dwarf evening 
primrose  

Camissonia (= Oenothera) 
pygmaea   Sensitive  

Fuzzytongue 
penstemon  Penstemon eriantherus whitedii   Sensitive  

Geyer’s milkvetch  Astragalus geyeri   Threatened  

Grand redstem*  Ammannia robusta   Threatened  

Gray cryptantha  Cryptantha leucophaea  
Species of 
concern  Sensitive  

Great Basin gilia  Aliciella (= Gilia) leptomeria   Threatened  

Hoover’s desert 
parsley  Lomatium tuberosum  Species of 

concern  Sensitive  

Loeflingia  Loeflingia squarrosa var. 
squarrosa  

 Threatened  

Lowland toothcup*  Rotala ramosior   Threatened  

Piper’s daisy  Erigeron piperianus   Sensitive  

Rosy pussypaws  
Cistanthe (= Calyptridium) 
roseum   Threatened  

Small-flowered 
evening-primrose  

Camissonia (= Oenothera) minor   Sensitive  
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COMMON NAME SCIENTIFIC NAME FEDERAL STATUS 

STATE 

STATUS 

Snake River 
cryptantha  

Cryptantha spiculifera (= C. 
interrupta)   Sensitive  

Suksdorf’s monkey 
flower  Mimulus suksdorfii   Sensitive  

Umtanum desert 
buckwheat  Eriogonum codium  Candidate  Endangered  

White Bluffs 
bladderpod  

Physaria (= Lesquerella) 
tuplashensis  Candidate  Threatened  

White eatonella  Eatonella nivea   Threatened  

Notes: 
1. * indicates that species is aquatically-linked. 
2. Endangered - Species in danger of extinction within all or a significant portion of its 

range. 
3. Threatened - Species likely to become endangered in the foreseeable future.  
4. Candidate - Species that are believed to qualify for threatened or endangered species 

status, but for which listing proposals have not been prepared.  
5. Sensitive - Taxa that are vulnerable or declining and could become endangered or 

threatened without active management or removal of threats.  
6. Species of concern - Species that are not currently listed or candidates under the 

Endangered Species Act of 1973, but are of conservation concern within specific U.S. 
Fish and Wildlife Service regions.   

  
Source:  Poston, Duncan and Dirkes, eds.  2010. 

 

EXHIBIT C-3 REPTILE AND AMPHIBIAN SPECIES  DOCUMENTED AT THE HANFORD SITE 

COMMON NAME SCIENTIFIC NAME STATUS 

FEDERAL/STATE 

STATUS HABITAT 

Reptiles 

Painted turtle Chrysemys picta C  P 

Short-horned Lizard  Phrynosoma douglassi  UC  E 

Sagebrush Lizard  Sceloporous graciosus  R State 
Candidate 

S, LE 

Side-blotched Lizard  Uta stansburiana  A  LE 

Western Rattlesnake  Crotalus viridis  C  E, BS 

Gopher Snake  Pituophis melanoleucus  A  E 

Night Snake  Hypsiglena torquata  UC  BS, E 

Striped Whipsnake  Masticophis taeniatus  R State 
Candidate 

LE 

Racer  Coluber constrictor  A  E 

Amphibians* 

Great Basin spadefoot Scaphiopus 
intermontana 

C  R 

Woodhouse’s toad Bufo woodhousei C  R 

Western toad Bufo boreas R Species of  
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COMMON NAME SCIENTIFIC NAME STATUS 

FEDERAL/STATE 

STATUS HABITAT 

concern /State 
Candidate 

Notes: 
R = Rare 
C = Common  
UC = Uncommon  
A = Abundant  
R = Riparian  

  
S = Sandy Areas  
P = Pond  
LE = Low Elevation  
E = Entire Site  
BS = Basalt Outcroppings 

 
1. * indicates that species is aquatically-linked. 
2. Candidate - Species that are believed to qualify for threatened or endangered species 

status, but for which listing proposals have not been prepared.  
3. Species of concern - Species that are not currently listed or candidates under the 

Endangered Species Act of 1973, but are of conservation concern within specific U.S. 
Fish and Wildlife Service regions. 

 
Source:  Fitzner and Gray 1991 and Poston, Duncan, and Dirkes, eds. 2010. 

 

EXHIBIT C-4 INSECTS IDENTIFIED AT THE HANFORD SITE 

ORDER 

NUMBER OF 

SPECIES 

IDENTIFIED 

APPROXIMATE NUMBER OF SPECIES 

REMAINING TO BE IDENTIFIED AT TIME 

OF PUBLICATION 

Aranae (spiders)  0 50-100 
Chilopoda (centipedes)  2 0 
Coleoptera (beetles)  242 50-70 
Dermaptera (earwigs)  1 0 
Diptera (flies)  322 100-150 
Hemiptera (bugs)  86 20-40 
Homoptera (leafhoppers and 
relatives)  112 25-40 

Hymenoptera (bees, wasps, and 
ants)*  364 75-150 

Lepidoptera (butterflies)  50 0 
Lepidoptera (moths)  320 50-100 
Mantodea (mantids)  1 2 
Neuroptera (lacewings)  26 0 
Odonata (dragonflies and damselflies)  8 0 
Orthoptera (grasshoppers and 
relatives)  1 10-20 

Scorpiones (scorpions)  1 0 
Siphonaptera (fleas)  0 1-2 
Total  1,536 383-672 
*  Combines figures from Ensor 1997 and Zack undated (1998 field season) 
 
Source: TNC 1999 
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EXHIBIT C-5 THREATENED AND ENDANGERED INSECT SPECIES AT THE HANFORD SITE 

COMMON NAME SCIENTIFIC NAME 

FEDERAL 

STATUS(A) 

STATE 

STATUS(A) 

Columbia River tiger 
beetle* Cicindela columbica   Candidate  

Silver-bordered 
fritillary butterfly  Boloria selene atrocostalis   Candidate  

Notes: 
1. *Species is likely present, but has not been observed on site. 
2. Candidate - Species that are believed to qualify for threatened or endangered species 

status, but for which listing proposals have not been prepared.  
 
Source:  Poston, Duncan and Dirkes, eds.  2010. 

 

EXHIBIT C-6 THREATENED AND ENDANGERED MOLLUSK SPECIES  AT THE HANFORD SITE 

COMMON NAME SCIENTIFIC NAME FEDERAL STATUS STATE STATUS 

California floater  Anodonta californiensis  Species of Concern  Candidate 
Giant Columbia River 
spire snail  

Fluminicola (= Lithoglyphus) 
columbiana  Species of Concern  Candidate 

Shortfaced lanx Fisherola nuttalli  Candidate 
Notes: 

1. Candidate - Species that are believed to qualify for threatened or endangered species 
status, but for which listing proposals have not been prepared.  

2. Species of concern - Species that are not currently listed or candidates under the 
Endangered Species Act of 1973, but are of conservation concern within specific U.S. 
Fish and Wildlife Service regions.   

  
Source:  Poston, Duncan and Dirkes, eds.  2010. 
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EXHIBIT C-7 FISH SPECIES IN THE HANFORD REACH 

COMMON NAME SCIENTIFIC NAME 

Paddlefishes, spoonfishes, sturgeons (family Acipenseridae) 

White sturgeon Acipenser transmontanus 

Anchovies, herrings (family Clupeidae) 

American shad Alosa sapidissima 

Suckers (family Catostomidae) 

Bridgelip sucker Catostomus columbianus 

Largescale sucker Catostomus macrocheilus 

Mountain sucker Catostomus platyrhynchus 

Carps, minnows (family Cyprinidae) 

Chiselmouth Acrocheilus alutaceus 

Common carp Cyprinus carpio 

Peamouth Mylocheilus caurinus 

Northern pikeminnow Ptychocheilus oregonensis 

Longnose dace Rhinichthys cataractae 

Leopard dace Rhinichthys falcatus 

Redside shiner Richardsonius balteatus 

Speckled dace Rhinichthys osculus 

Tench Tinca tinca 

Livebearers (family Poeciliidae) 

Western mosquitofish Gambusia affinis 

Cods (family Gadidae) 

Burbot Lota lota 

Pipefishes, sticklebacks (family Gasterosteidae) 

Threespine stickleback Gasterosteus aculeatus 

Perch-like fishes (family Centrarchidae) 

Pumpkinseed Lepomis gibbosus 

Bluegill Lepomis macrochirus 

Smallmouth bass Micropterus dolomieui 

Largemouth bass Micropterus salmoides 

Yellow perch Perca flavenscens 

White crappie Pomoxis annularis 

Black crappie Pomoxis nigromaculatus 

Walleye Sander vitreus 

Trout perches (family Perocpsidae) 

Sand roller Percopsis transmontana 

Lampreys (family Petromyzontidae) 
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COMMON NAME SCIENTIFIC NAME 

River lamprey Lampetra ayresii 

Pacific lamprey Lampetra tridentata 

Salmonids, salmons, trouts (family Salmonidae) 

Lake whitefish Coregonus clupeaformis 

Bull trout Salvelinus confluentus 

Cutthroat trout Oncorhynchus clarkii 

Coho salmon Oncorhynchus kisutch 

Rainbow trout (steelhead) Oncorhynchus mykiss 

Sockeye salmon Oncorhynchus nerka 

Chinook salmon Oncorhynchus tshawytscha 

Mountain whitefish Prosopium williamsoni 

Chabots, sculpins (family Cottidae) 

Prickly sculpin Cottus asper 

Mottled sculpin Cottus bairdii 

Piute sculpin Cottus beldingii 

Reticulate sculpin Cottus perplexus 

Torrent sculpin Cottus rhotheus 

Bullhead catfishes, North American freshwater catfishes (family Ictaluridae) 

Yellow bullhead Ameiurus natalis 

Brown bullhead Ameiurus nebulosus 

Black bullhead Ameiurus melas 

Channel catfish Ictalurus punctatus 

Source: Gray and Dauble (1977) as cited in Duncan (2007). 
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EXHIBIT C-8 THREATENED AND ENDANGERED FISH SPECIES AT THE HANFORD SITE 

COMMON NAME SCIENTIFIC NAME FEDERAL STATUS STATE STATUS 

Bull trout*  Salvelinus confluentus  Threatened Candidate  
Leopard dace* Rhinichthys flacatus  Candidate 
Mountain sucker* Catastomus platyrhynchus  Candidate 
River lamprey*  Lampetra ayresi  Species of Concern  Candidate  
Spring-run Chinook  Oncorhynchus tshawytscha Endangered  Candidate  
Steelhead  Oncorhynchus mykiss Threatened  Candidate  
Notes: 

1. * indicates the species has been reported, but is seldom observed on the Hanford 
Site. 

2. Endangered - Species in danger of extinction within all or a significant portion of its 
range. 

3. Threatened - Species likely to become endangered in the foreseeable future.  
4. Candidate - Species that are believed to qualify for threatened or endangered species 

status, but for which listing proposals have not been prepared.  
5. Species of concern - Species that are not currently listed or candidates under the 

Endangered Species Act of 1973, but are of conservation concern within specific U.S. 
Fish and Wildlife Service regions.   

  
Source:  Poston, Duncan and Dirkes, eds.  2010. 

 

EXHIBIT C-9 COMMON AVIAN SPECIES AT THE HANFORD SITE 

COMMON NAME SCIENTIFIC NAME 

SEASON OF HIGHEST 

ABUNDANCE 

Eared grebe Podiceps nigricollis Winter 

Horned grebe Podiceps auritus Winter 

Pied-billed grebe Podilymbus podiceps Winter 

Double-crested cormorant Phalacrocorax auritus All year 

American green-winged teal Anas crecca All year 

American wigeon Anas americana Winter 

Barrow’s goldeneye Bucephala islandica Winter 

Blue-winged teal Anas discors Breeding 

Common goldeneye Bucephala clangula Winter 

Common merganser Mergus merganser All year 

Northern pintail Anas acuta All year 

American coot Fulica Americana All year 

California gull Larus californicus All year 

Black-crowned night heron Nycticorax nycticorax Breeding 

Greater yellowlegs Tringa flavipes Migration 

Spotted sandpiper Actitis macularia Breeding 
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COMMON NAME SCIENTIFIC NAME 

SEASON OF HIGHEST 

ABUNDANCE 

Ring-necked pheasant Phasianus colchicus All year 

American kestrel Falco sparverius All year 

Merlin Falco columbarius Migration 

Prairie falcon Falco mexicanus All year 

Red-tailed hawk Buteo jamaicensis All year 

Common barn owl Tyto alba All year 

Great horned owl Bubo virginianus All year 

Bank swallow Riparia riparia Breeding 

Blue-headed vireo Vireo solitarius Migration 

Bullock’s oriole Icterus galbula Breeding 

Common raven Corvus corax All year 

Dark-eyed junco Junco hyemalis All year 

Eastern kingbird Tyrannus tyrannus Breeding 

Golden-crowned kinglet Regulus satrapa Migration 

House finch Haemorhous mexicanus All year 

Rufous-sided towhee Pipilo erythrophthalmus Breeding 

White-crowned sparrow Zonotrichia leucophrys Winter 

Source: Burk et al. 2007. 

 

EXHIBIT C-10 THREATENED AND ENDANGERED AVIAN SPECIES AT THE HANFORD SITE 

COMMON NAME SCIENTIFIC NAME 

FEDERAL 

STATUS(A) 

STATE 

STATUS(A) 

American white 
pelican 

Pelecanus erythrorhynchos  Endangered 

Bald eagle  Haliaeetus leucocephalus  Species of 
concern  Sensitive 

Burrowing owl  Athene cunicularia  
Species of 
concern  Candidate  

Clark’s grebe Aechmophorus clarkii  Candidate 

Common loon  Gavia immer   Sensitive  

 
Ferruginous hawk  Buteo regalis  

Species of 
concern  Threatened  

Flamulated owl*  Otus flammeolus   Candidate  

Golden eagle  Aquila chrysaetos   Candidate  

Greater sage grouse  Centrocercus urophasianus  Candidate  Threatened  

Lewis’s woodpecker*  Melanerpes lewis   Candidate  

Loggerhead shrike  Lanius ludovicianus  Species of 
concern  

Candidate  

Northern goshawk*  Accipter gentilis  Species of Candidate  
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COMMON NAME SCIENTIFIC NAME 

FEDERAL 

STATUS(A) 

STATE 

STATUS(A) 

concern  

Olive-sided flycatcher  Contopus cooperi  Species of 
concern   

Peregrine falcon  Falco peregrinus  Species of 
concern  Sensitive  

Sage sparrow  Amphispiza belli   Candidate  

Sage thrasher  Oreoscoptes montanus   Candidate  

Sandhill crane  Grus canadensis   Endangered  

Western grebe  Aechmophorus occidentalis   Candidate  

Notes: 
1. * Indicates that species has been reported, but is seldom observed on the Hanford site. 
2. Endangered - Species in danger of extinction within all or a significant portion of its 

range. 
3. Threatened - Species likely to become endangered in the foreseeable future.  
4. Candidate - Species that are believed to qualify for threatened or endangered species 

status, but for which listing proposals have not been prepared.  
5. Sensitive - Taxa that are vulnerable or declining and could become endangered or 

threatened without active management or removal of threats.  
6. Species of concern - Species that are not currently listed or candidates under the 

Endangered Species Act of 1973, but are of conservation concern within specific U.S. 
Fish and Wildlife Service regions.   

  
Source:  Poston, Duncan and Dirkes, eds.  2010. 

 

EXHIBIT C-11 MAMMALIAN SPECIES DOCUMENTED AT THE HANFORD SITE 

FAMILY SCIENTIFIC NAME COMMON NAME STATUS DISTRIBUTION 

Soricidae 
Sorex vagrans Vagrant shrew UC Ri 

S. merriami  Merriam's shrew  UC UE, ALE 

Vespertilionidae  

Lasionycteris noctivagans  Silver-haired bat  C Ri, ALE 

Lasiurus cinereus  Hoary bat  C Ri, ALE 

Antrozous pallidus  Pallid bat  C BC 

Myotis lucifugus  Little brown 
myotis  C BC 

M. yumanensis  Yuma myotis  C BC 

M. californicus  California myotis  C BS, ALE 

Leporidae  

Lepus townsendii  
White-tailed jack 
rabbit  UC UE, ALE 

L. californicus  Black-tailed jack 
rabbit  C 

E 

Sylvilagus nuttallii  Nuttall's cottontail  C E 

S. idahoensis  Pygmy rabbit  EX  
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FAMILY SCIENTIFIC NAME COMMON NAME STATUS DISTRIBUTION 

Sciuridae  

Spermophilustownsendii  Townsend ground 
squirrel  C E 

Marmotaflaviventris  Yellow-bellied 
marmot  R UE, ALE 

Eutamias minimus  Least chipmunk  R UE, ALE 

Geomyidae  Thomomys talpoides  Northern pocket 
gopher  A E 

Heteromyidae  Perognathus parvus  Great Basin pocket 
mouse  A 

E, LE 

Castoridae  Castor canadensis  Beaver  C CR 

Cricetidae  

Reithrodontomys 
megalotis  

Western harvest 
mouse  R 

E 

Peromyscus maniculatus  Deer mouse  A E 

Onychomys leucogaster  Northern 
grasshopper mouse  C 

ALE 

Neotoma cinerea  Bushy-tailed 
woodrat  C E 

Lagurus curtatus  Sagebrush vole  UC UE, Ri 

Microtus montanus  Montane meadow 
mouse  R Ri 

Ondatra zibethica  Muskrat  R CR 

Muridae  
Rattus norvegicus  Norway rat  C B 

Mus musculus  House mouse  C B 

Erethizontidae  Erithizon dorsatum  Porcupine  C E 

Canidae  Canis latrans  Coyote  UC E 

Procyonidae  Procyon lotor  Raccoon  UC Ri, CR 

Mustelidae  

Mustela vison  Mink  UC Ri, CR 

M. frenata  Long-tailed weasel  UC Ri, CR 

M. erminea  Short-tail weasel  R Ri 

Lutra canadensis  Otter  R CR 

Taxidea taxus  Badger  C E 

Mephitis mephitis  Striped skunk  C R 

Felidae  Lynx rufus  Bobcat  UC E 

Cervidae  

Odocoileus hemionus  Mule deer  C E 

O. virginianus  White-tailed deer  R CR 

Cervus elaphus  Elk  C E 

Antilocapridae  Antilocapra americana  Pronghorn  EX  

Notes: 
R = Rare 
UC = Uncommon  
C = Common 
A = Abundant  
EX = Extirpated  
Ri = Riparian  
BC = Buildings and Caves  
 

 
 
BS = Basalt Outcropping and Cliffs  
E = Entire site  
CR = Columbia River  
ALE        = ALE Reserve  
UE = Upper elevations  
B = Buildings 

Source:  Fitzner and Gray (1991). 
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EXHIBIT C-12 THREATENED AND ENDANGERED MAMMALIAN SPECIES  AT THE HANFORD SITE 

COMMON NAME SCIENTIFIC NAME 

FEDERAL 

STATUS(A) 

STATE 

STATUS(A) 

Black-tailed jackrabbit  Lepus californicus   Candidate  

Merriam’s shrew  Sorex merriami   Candidate  

Townsend’s ground squirrel  Spermophilus townsendii  Species of 
concern  Candidate  

Washington ground squirrel* Spermophilus washingtoni  Candidate  Candidate  

White-tailed jackrabbit  Lepus townsendii   Candidate  

Notes: 
1. * indicates that species has been reported, but is seldom observed on the Hanford site. 
2. Candidate - Species that are believed to qualify for threatened or endangered species 

status, but for which listing proposals have not been prepared.  
3. Species of concern - Species that are not currently listed or candidates under the 

Endangered Species Act of 1973, but are of conservation concern within specific U.S. 
Fish and Wildlife Service regions.   

  
Source:  Poston, Duncan and Dirkes, eds.  2010. 
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Protecting Oregon's Environment About DEQ  | Contact DEQ  | Sitemap | Feedback | DEQ Search

Oregon Department of Environmental Quality

Projects and Programs   Publications and Forms   Laws and Regulations   Public Notices   Permits and Licenses   Databases/GIS

Water Quality

Water Quality Assessment

DEQ Home > Water Quality > Monitoring/Assessment > Assessment > 2010 Integrated Report 

Sign up for
Water Quality
Assessment
Reporting
Information
(305b/303d)

Assessment
Home
305(b) Reports

Integrated Reports
and 303(d) Lists:

2010
2004/2006
2002
1998

 WQ Info Guides:
by alphabet
by category

Oregon's 2010 Integrated Report

DEQ assessed water quality in Oregon to meet the federal Clean Water Act
Section 305(b) and Section 303(d) requirements to provide an Integrated
Report on Oregon’s surface waters. DEQ prepared Oregon’s 2010 Integrated
Report in phases and submitted a final 2010 Integrated Report to EPA in May
2011.

EPA approved the submitted 303(d) listings and de-listings on March 15, 2012
but also disapproved DEQ’s submittal for not including other waters. EPA
proposed additions to Oregon’s 2010 303(d) list and took public comment on
the additional listings. EPA completed its process and took final action on
Oregon’s 2010 303(d) list on December 14, 2012 by adding 870 listed
segments.

With EPA’s action, the listings/de-listings approved in March 2012 and listings
added in December 2012 complete Oregon’s 303(d) list and the list can be
used for Clean Water Act purposes.

See below for links to database reports and documents for the 2010 Integrated
Report. For additional information, contact Karla Urbanowicz at DEQ at
503-229-6099 (toll free in Oregon at 800-452-4011, ext. 6099) or by email.

2010 Integrated Report

Assessment information available for the 2010 Integrated Report includes:

EPA final additions to Oregon's 2010 303(d) list letter, Dec. 2012 (this
link redirects to the EPA website)

EPA action letter, Dec. 2012

EPA's final list of additional 303(d) listings

DEQ’s comments on EPA’s proposed 303(d) additions, April 2012

DEQ's comment letter

Attachment 1: Segments not to add to 303(d) list

Attachment 2: Segments with errors

DEQ Home | Divisions  | Regions  | Commission

Oregon DEQ: Water Quality - Water Quality Assessment - Oregon's 2010... http://www.deq.state.or.us/wq/assessment/2010Report.htm

1 of 3 4/11/2014 2:35 PM
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EPA approval/disapproval action, March 2012 (this link redirects to the
EPA website)

EPA decision letter, March 2012

Enclosure 1: Review of Oregon's 2010 Integrated Report

Enclosure 2: EPA 303(d) Listing Methodology

Enclosure 3: EPA Proposed Additions to Oregon's 2010 303(d) List

 

Oregon's 2010 Integrated Report – Assessment Database and 303(d) List

A searchable database report with data for each water body, pollutant
and location that have been assessed, and the conclusion about water
quality in each water body.

Search options to display data including:
All waters in the state for all pollutants and conditions
Waters that are Water Quality Limited (Category 4 and Category 5)
Waters where pollutant Total Maximum Daily Loads (TMDLs) need
to be developed (Category 5 303(d) list)
Waters that have been de-listed and removed from Category 5
(303(d) list) in the 2010 assessment

Methodology for Oregon’s 2010 Water Quality Report and List of Water Quality
Limited Waters May 2011

The methodology contains the protocols and decision rules DEQ used to
evaluate data and assign an assessment status category to each water
body where data were reviewed.

Oregon’s TMDL Priorities and Schedule (May 2011)

Response to Comments on Oregon’s Draft 2010 Integrated Report (Jan. 2011)

Response to Comments on Final Supplement to Oregon’s 2010 Integrated
Report (May 2011)

Call for Data - Closed June 2009

[print version]

For more information about DEQ's Integrated Report and 303(d) list contact Karla Urbanowicz
by phone at (503) 229-6099 or by e-mail.

Oregon Department of Environmental Quality
Headquarters: 811 SW Sixth Ave., Portland, OR 97204-1390
Phone: 503-229-5696 or toll free in Oregon 1-800-452-4011

Oregon Telecommunications Relay Service: 1-800-735-2900  FAX: 503-229-6124

The Oregon Department of Environmental Quality is a regulatory agency authorized to protect Oregon's environment by
the State of Oregon and the Environmental Protection Agency.

DEQ Web site privacy notice

Projects and Programs   Publications and Forms   Laws and Regulations   Public Notices   Permits and Licenses   Databases/GIS

Oregon DEQ: Water Quality - Water Quality Assessment - Oregon's 2010... http://www.deq.state.or.us/wq/assessment/2010Report.htm

2 of 3 4/11/2014 2:35 PM
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Protecting Oregon's Environment About DEQ  | Contact DEQ  | Sitemap | Feedback | DEQ Search

Oregon Department of Environmental Quality

Projects and Programs   Publications and Forms   Laws and Regulations   Public Notices   Permits and Licenses   Databases/GIS

Water Quality
Water Quality Assessment
DEQ Home > Water Quality > Monitoring/Assessment > Assessment > 2010 Report > Call for
Data  

Assessment
Home
305(b) Reports

Integrated Reports
and 303(d) Lists:

2010
2004/2006
2002
1998

 WQ Info Guides:
by alphabet
by category

Oregon's 2010 Integrated Report - Call for Data - CLOSED

Call for Data: May 11, 2009 through midnight, June 11, 2009

The following information, procedures, templates, and forms were
provided with the 2010 Integrated Report Call for Data:

Approach

DEQ intends to submit Oregon's 2010 Integrated Report and updated 303(d)
list of water quality limited waters needing TMDLs to EPA in 2010. To achieve
this, DEQ has established priorities for developing the report and list. DEQ staff
and resource constraints will likely limit the tasks that can be completed in this
time frame. While DEQ will strive to develop a robust report and list, DEQ will
align its resources and efforts according to the priorities described below. After
reviewing the assembled data, DEQ will establish a hierarchy considering the
environmental and programmatic importance, and prioritize the data evaluation
and assessment efforts to focus on the most important and environmentally
meaningful data.

Priorities

One of DEQs priorities is to protect Oregonians from toxic pollutants.  In
addition to the work being conducted to develop the Integrated Report, DEQ is
engaged in several other efforts aimed at protecting people from toxic pollutant
levels in fish and drinking water.

The top priority for the 2010 Integrated Report is to update the
assessment of toxic chemicals in Oregons waters, and update the list of
waters that do not meet water quality standards for toxic substances.  With the
Call for Data, DEQ was especially interested in obtaining data on toxic
pollutant levels in surface waters throughout the state.

In prior years, data collection and assessment of stream temperature was a
priority as DEQ focused on concerns about endangered fish species. With
assessments completed in 1998, 2002, and 2004/2006, streams in all basins in
the state were placed on the 303(d) list for temperature impairments. Work is
currently underway or is scheduled to develop TMDLs for temperature to
restore waters in all areas of Oregon. In several basins, TMDLs for temperature
have already been completed. Therefore, DEQ does not intend to evaluate new
temperature data for the 2010 Integrated Report. Although not needed to list

DEQ Home | Divisions  | Regions  | Commission

Oregon DEQ: Water Quality - Water Quality Assessment - Data Reporti... http://www.deq.state.or.us/wq/assessment/2010DataInfo.htm

1 of 3 4/11/2014 2:33 PM
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additional basins and a low priority for the 2010 Integrated Report, DEQ will
continue to use these data for TMDL development, and to determine the
effectiveness of TMDLs and restoration efforts in future years.

Find Information About:

Data Submittal – Procedure: Data and required files must be submitted to a
DEQ server over the Internet using a network File Transfer Protocol (FTP).
Note: Organizations that are on-going participants in DEQ’s Volunteer
Monitoring Program can continue to use data reporting procedures established
for that program.

Data Submittal – Templates and Forms: Forms and templates for data
submittal with required information and formats. Data in EXCEL files or comma
delimited text files (CSV) are acceptable.

Questions about Call for Data or Data Submittal - See Frequently Asked
Questions or contact DEQ via e-mail.

Other Topics and Tools

Draft 2010 Assessment Methodology PDF
Contains the protocols and "decision rules" DEQ uses to evaluate data
and information.
DEQ Data Quality Procedures and Policies
Analytical laboratory data is assessed against current Quality Control
(QC) limits established by the referenced analytical method and/or the
QC limits established by the laboratory that performed the testing for
data submitted to DEQ. DEQ also utilizes EPA National Functional
Guidelines for Data Review as guidance when assessing laboratory data.
DEQ Data Quality Matrix PDF
Provides data validation criteria for water quality parameters measured in
the field (March 2009).
LASARWeb
DEQ web application to retrieve monitoring data from DEQ's Laboratory
Analytical Storage and Retrieval (LASAR) database.
Longitude and Latitude Identification (LLID) Application
DEQ on-line map tool that can be used for Oregon to obtain geographic
information such as Longitude, Latitude, LLID, stream Name, and River
Mile.
Voluntary Monitoring Program
Information and resources for volunteer groups participating in DEQ's
Volunteer Monitoring Program to identify and solve Oregon water quality
problems.

 

[print version]

For more information about DEQ's Integrated Report and 303(d) list contact Karla Urbanowicz
by phone at (503) 229-6099 or by e-mail.

Oregon Department of Environmental Quality
Headquarters: 811 SW Sixth Ave., Portland, OR 97204-1390
Phone: 503-229-5696 or toll free in Oregon 1-800-452-4011

Oregon Telecommunications Relay Service: 1-800-735-2900  FAX: 503-229-6124

Oregon DEQ: Water Quality - Water Quality Assessment - Data Reporti... http://www.deq.state.or.us/wq/assessment/2010DataInfo.htm

2 of 3 4/11/2014 2:33 PM
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The Oregon Department of Environmental Quality is a regulatory agency authorized to protect Oregon's environment by
the State of Oregon and the Environmental Protection Agency.

DEQ Web site privacy notice

Projects and Programs   Publications and Forms   Laws and Regulations   Public Notices   Permits and Licenses   Databases/GIS

About DEQ  | Contact DEQ  | Sitemap | Feedback
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February 24, 2014

Karla Urbanowicz
Water Quality Division
Oregon Department of Environmental Quality
811 S.W. 6th Ave.
Portland, OR 97204 via email only: IntegratedReport2012@deq.state.or.us

Re: Oregon’s Draft 2012 Integrated Report and Section 303(d)(1) List of
Impaired Waters

Dear Ms. Urbanowicz:

The following comments on Oregon’s proposed 2012 Clean Water Act Section 303(d)(1) list
(hereinafter “303(d) list”) are submitted by Northwest Environmental Advocates (NWEA),
Columbia Riverkeeper, and the Northwest Environmental Defense Center (NEDC).  For many
years, DEQ has sought to limit the contributions of the public to its 303(d) list by first severely
limiting submissions concerning readily available data and information to its short and
infrequent “calls for data,” that by their terms preclude submissions of “information,” and then
dismissing all public comments on proposed lists that suggest there are other sources of readily
available data and information.  DEQ then further limits the public to commenting on the narrow
issue of whether DEQ has accurately applied its listing methodology guidance to the data and
information it has arbitrarily deemed acceptable.  Any critiques of the way in which DEQ has
analyzed the data and information are written off as comments on the listing methodology and
deemed irrelevant.  In this way, DEQ has persistently avoided using all the existing and readily
available data and information for its 303(d) assessments, as required by federal law, and even
avoided responding to the vast majority of public comments on its proposed lists.

I. OREGON FAILS TO USE ALL READILY AVAILABLE DATA AND INFORMATION IN
ASSESSING ITS WATERS AND DEVELOPING ITS 303(D) LIST

Oregon DEQ has, for many years, failed to meet the requirements set out in federal regulations
to “assemble and evaluate all existing and readily available water quality related data and
information to develop the list[.]”   40 C.F.R. § 130.7(b)(5).  EPA regulations specify that the
meaning of that phrase includes but is not limited to four broad categories of waters, including
waters identified as “threatened” in the state’s 305(b) report.  Specifically called out is a
requirement that states review data and information on “[w]aters for which water quality
problems have been reported by local, state, or federal agencies; members of the public; or
academic institutions.”   40 C.F.R. § 130.7(b)(5)(iii).  The regulations instruct states that these
groups should be “actively solicited for research they may be conducting or reporting.”  40
C.F.R. § 130.7(b)(5)(iv) (emphasis added).
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Karla Urbanowicz (2012 303(d) List Comments)
February 24, 2014
Page 2

A. DEQ’s Reliance on its “Call for Data” Violates EPA Regulations

For the proposed 2012 list, DEQ used data from only three sources: (1) data submitted by the
City of Gresham in response to DEQ’s “call for data,” (2) DEQ’s own database, and (3) limited
data from the U.S. Geological Survey (USGS) Oregon Water Sciences Center.  See DEQ,
Methodology for Oregon’s 2012 Water Quality Report and List of Water Quality Limited Waters
(Pursuant to Clean Water Act Sections 303(d) and 305(b) and OAR 340-041-0046) (Dec. 20,
2013) (hereinafter “2012 Methodology”) at 9.1  DEQ limited the data it retrieved or solicited
from the latter two sources to surface water data on some toxic substances, mercury tissue
residue analyses, and dissolved oxygen in the Willamette and Umatilla basins.  Id.  By severely
restricting its own retrieval of data and information, DEQ incorrectly relied upon its “call for
data” to meet the requirements for listing impaired waters.

1. EPA’s Regulations and Guidance

EPA has explained the meaning of its regulation in its primary guidance document on the
development of state’s 303(d) lists with regard to the state’s obligation to “solicit” data and
information:

States should solicit data and information including, but not limited to, the types
listed below:

C observed effects (see glossary)
C closures, restrictions and/or advisories applicable to swimming, fish

consumption, and
C drinking water
C violations of Safe Drinking Water Act (SDWA) standards
C segment-specific ambient monitoring-chemical, physical, and/or

biological
C large-scale probabilistic monitoring designs
C simple dilution calculations
C predictive (simulation) modeling,
C landscape analysis
C remote sensing
C complaints and comments from the public

EPA, Guidance for 2006 Assessment, Listing and Reporting Requirements Pursuant to Sections
303(d), 305(b) and 314 of the Clean Water Act 30 (July 29, 2005) (hereinafter “2006
Guidance”).  EPA lists the types of organizations and individuals who should be solicited for
data and information.  Id. at 31.  It explains that “data and information should be drawn from
existing compilations of information regarding water quality[.]”  Id. at 30.  And it notes that
“EPA regulations provide that states should actively solicit organizations and individuals[.]”  Id.
at 31.   The guidance explains that “EPA considers active solicitation as notifying local, state,
and federal agencies, members of the public, and academic institutions that the state is seeking
water quality related data and information . . . [and that] EPA recommends that states also

1 Available at http://www.oregon.gov/deq/WQ/Documents/Assessment/Assessment
MethodologyRep.pdf
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Karla Urbanowicz (2012 303(d) List Comments)
February 24, 2014
Page 3

request such data and information via letters sent to other state agencies, federal agencies and
academic institutions that may have data/information.”  Id.

EPA’s guidance notes that the state’s obligation to review data and information extends beyond
the data and information provided by the solicited public:

The state should make reasonable efforts to obtain and consider sources of data
and information not provided by commenters.  If particular data/information
referenced in the public comments are not provided, EPA expects states to make a
reasonable effort to secure the data.  Solicitation requests should note that at a
minimum commenters should provide as much information as possible in order
for the state to be able to obtain the data or information, and again emphasize any
state criteria for considering and prioritizing data sets.

Id. at 32.

EPA also discusses the limitations of a state’s use of a “call for data” by ensuring greater public
input into the development of a state’s 303(d) list.  The guidance states that 

If state institutes a cutoff date for data submission, effective prior to establishing a
draft list, there could also be a separate data solicitation step prior to compilation
of a final 303(d) list.  Under this scenario, the state would compile the preliminary
list using all information it has at hand based on identified data sources. 
Additional data submissions during the public comment period would then be
evaluated, appropriate changes to the draft list would be made based on these new
data or information.

Id. at 31.  If, on the other hand, a state declines to provide more than a 30-day period in which
the public and agencies can submit data and information and declines to use the public comment
period on the list itself as an opportunity to submit additional data and information, EPA says
that states should both make that clear and that “data submitted after that cutoff date would be
considered during the next listing cycle.”  Id.  However,

States should provide a mechanism for an exception to the limit for the
submission of data if the submitter can demonstrate that the data were readily
available prior to the data cutoff date and should have been included in any
reasonably diligent state review of data.  EPA will generally limit its review of a
state listing submission to the data and information assembled by the state
prior to the data cutoff date if the state was reasonably diligent in assembling
available data and information and soliciting data and information from the
public.  

Id. 

Finally, EPA holds states responsible for obtaining reasonably available data and information
regardless of the failure of commenters to bring the data and information to the state’s attention:

The state should make reasonable efforts to obtain and consider sources of data
and information not provided by commenters.  If particular data/information
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referenced in the public comments are not provided, EPA expects states to make a
reasonable effort to secure the data.  Solicitation requests should note that at a
minimum commenters should provide as much information as possible in order
for the state to be able to obtain the data or information, and again emphasize any
state criteria for considering and prioritizing data sets.

Id. at 32.  EPA’s subsequent 303(d) listing guidance documents, for the lists to be produced by
states in 2008, 2010, 2012, and 2014 have not retracted any of EPA’s long-standing
interpretations of its regulations at 40 C.F.R. § 130.7(b)(5) that are set out in its 2006 guidance.

2. Oregon’s Failure to Follow EPA Regulations and Guidance

To support its 2010 303(d) list, DEQ held a 30-day “call for data” between May 11 and June 11,
2009.  DEQ, Methodology for Oregon’s 2010 Water Quality Report And List of Water Quality
Limited Waters (May 12, 2011) (hereinafter “2010 Methodology”) at 5.2  This call for data was
the first time that DEQ had solicited data from any outside source since May 2003, a period of 7
years and 7 months.  That single 30-day period was followed, more recently, by a “call for data”
that started on December 16, 2011 through January 31, 2012, in what might be termed the height
of the “holiday season.”  See DEQ, Oregon's 2012 Integrated Report - Call for Data - CLOSED
(hereinafter “2012 Call for Data”).3  Put another way, DEQ has offered the public, including
public agencies, an opportunity to submit data during approximately 75 days over a slightly less
than nine year period.  In this most recent call for data, DEQ stated that it would accept data
“from other watersheds around the state” but that its intent was to focus and prioritize data from
two basins, the Willamette and Umatilla, and further to limit its interest to data on dissolved
oxygen and toxic pollutants.  Id.  DEQ has never issued a “call for data” seeking “information.” 
Oregon’s approach is blatantly inconsistent with EPA regulations and guidance.

First, DEQ has not sought from the public or evaluated on its own any “information on water
quality.”  EPA’s regulations and guidance are consistently clear that states must consider
information on water quality as well as data.  EPA regulations that instruct states to review data
and information for which “water quality problems have been reported” clearly indicates the use
of information, not just data.  See 40 C.F.R. § 130.7(b)(5)(iii).  EPA’s 2006 guidance specifically
defines “Existing and Readily Available Water Quality-Related Data and Information” to
include, inter alia, “information found in watershed plans,” “information contained in reports,”
“restrictions and advisories,” “any observed effect,” and results of surveys.  EPA 2006 Guidance
at 67-68 (emphasis in original).  The glossary defines “observed effects” as:

Direct manifestations of an undesirable effect on waterbody conditions.  For
example, fish kills, fish lesions, depressed populations of certain aquatic species,
and bioassessment scores are observed effects indicating changes in aquatic
communities.  Major algal blooms, undesirable taste and odor in raw and finished
drinking water, and increased incidences of gastroenteritis and other waterborne

2 Available at http://www.deq.state.or.us/wq/assessment/docs/2010Assessment
Methodology.pdf

3 Available at http://www.oregon.gov/deq/WQ/Pages/Assessment/Callfor
Data2012.aspx
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diseases among swimmers are also observed effects.  Depending on a state’s
water quality standards and specific waterbody conditions, observed effects may
form the basis of an impairment decision.  For example, depending on the
magnitude and cause of a fish kill, this observed effect may or may not result in
an assessment of “impaired.”  Generally speaking, pollutants and pollution are not
considered observed effects (e.g., lead, pesticides, phosphorus); rather, they are
causes of observed effects.

Id. at 68.  EPA’s guidance is consistent with its intent in adopting the current regulations.  In
explaining its consolidation of an original proposal to set out 16 categories, EPA described its
consolidated four categories as including “[w]aters identified . . . as having impaired or
threatened designated uses,” and “[w]aters impaired or threatened by nonpoint sources.”  54 Fed.
Reg. 23667-8 (July 24, 1992).  The focus on uses and threats is consistent with a requirement to
use information in addition to data.

In contrast, in its “call for data,” DEQ specifically and consistently omitted any reference
whatsoever to gathering information of the type required by EPA regulations and guidance. 
Instead, DEQ “requests that stakeholders including local, state and federal agencies, tribal
nations, local interest groups and watershed councils submit water quality data to be considered
for inclusion in the Oregon 2012 Integrated Report[.]”   2012 Call for Data (emphasis added). 
Throughout the 2012 “call for data,” DEQ consistently omits references to information.  Id.
(“DEQ will . . . identify high quality data,” “[o]f  particular interest is water quality data,” “DEQ
is interested in statewide data,” “[f]orms and templates for data submittal”).   DEQ’s 2010 “call
for data” is similar, see DEQ, Oregon's 2010 Integrated Report - Call for Data - CLOSED,4 as is
its 2004 “call for data,” see DEQ, Data Reporting Forms and Instructions for the 2004 303(d)
List.5

There is no indication DEQ has sought any information from anybody with the exception of the
Oregon Department of Human Services.   DEQ’s methodology makes clear that its interpretation
of the word “information” in the regulations is limited to information associated with data, e.g.,
location or geospatial information.  See, e.g., 2012 Methodology at 14, 20.  Otherwise, DEQ uses
the phrase “data and information” to reflect the federal regulations without giving any
consideration to the requirement to assemble and evaluate all existing and readily available water
quality-related information.  DEQ’s only reliance on “information” not associated with specific
data, is related primarily to reasons upon which the agency bases not listing waters as impaired
where data suggest they are.  See, e.g., algal growth, id. at 25 (“information indicates that the
algae or weed growth is not due to pollutants or is a natural condition (Category 4C).”);
turbidity, id. at 74 (placement in Category 3 if “[o]ne or more turbidity shutdowns are
documented . . . but there are not data to show whether shutdown is normal after a large storm
event, or indicates a problem and impaired beneficial use.”); enterrocci bacteria, id. at 29
(“precautionary advisories based on heavy rainfall, flooding, or sewage spills . . . . are not
included in the data summarized in the assessment.”).  According to its 2012 methodology, DEQ
has in the past used limited information with which to assess violations of the criteria for aquatic
weeds and algae including: documented reports of invasive aquatic plants that dominate the

4 Available at http://www.deq.state.or.us/wq/assessment/2010DataInfo.htm
5 Available at http://www.deq.state.or.us/wq/assessment/forms0406.htm
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assemblage and have a harmful effect and health advisories issued by the Oregon Department of
Human Services.  See 2012 Methodology at 24.  In fact, this parameter is the only one that under
the section “data requirements” lists “information” as a category of “data” that DEQ accepts. 
Likewise, DEQ has used and continues to use fish consumption health advisories issued by the
Oregon Department of Human Services as the basis for 303(d) listing.  Id. at 58.  But these are
the only two instances in which DEQ uses information alone.

Second, contrary to EPA’s guidance, Oregon neither accepted new data and information
submitted by the public in response to the proposed 2010 list nor considered those new data and
information submissions in completing its 2012 list.  When NWEA submitted comments on
Oregon’s so-called Phase I 303(d) list for 2010, we stated that “[o]ur comments on the listing
methodology should be construed as comments . . . on the proposed § 303(d)(1) list.”  NWEA,
Letter to DEQ Re: Phase I – Oregon 2010 Integrated Report; CWA 303(d) List (Dec. 15, 2010)
(hereinafter “NWEA 2010 Comments”) at 1.  In response, DEQ wrote that it “did not solicit
comments on the methodology during the public comment period.  Some comments received
during the public comment period pertain to the Methodology.”  DEQ, Response to Comments
on Oregon’s Draft 2010 Integrated Report (Jan. 2011) at 2 (hereinafter “2010 Response to
Comments”).6  As a result, DEQ ignored many submissions of data or information submitted in
the NWEA comments.  For example, NWEA stated that DEQ was required to use data and
information for listing waters impaired by temperature and dissolved oxygen, id. at 4; invasive
animal species, id. at 13-14; growth of reed canarygrass, id. at 15-16; the decline of the Oregon
spotted frog as an existing use protected by Oregon’s antidegradation policy, id. at 16-17;
invasions of the New Zealand mudsnail in Oregon rivers, id. at 17-18; NPDES discharge permit
information on the use of chemicals for removal of weeds, id. at 18; information from the
Oregon Beach monitoring program, id. at 19; sewage spill information, id. at 19; data and
information pertaining to sedimentation including “aquatic community status, biomonitoring
reference sites, or fishery data,” “cobble imbeddedness or percent fines,” and “impairment of
spawning areas that would otherwise be available and suitable for spawning,” id. at 20; “wildlife
studies that demonstrate that levels of toxics are causing adverse effects to health and
reproductivity of species such as mink, otter, eagles, falcons, and other piscivorus birds and
mammals,” id at 23; various named studies on toxic residue and effects on the uses of eagles,
mink and otter and contaminated sediment in the Lower Columbia River, id at 23; data from the
Superfund site in the Portland Harbor, id at 23-24; “studies [in the possession of DEQ] that
include data reported as tissue residue, sediment contamination, reproductive failure and other
adverse effects on fish and wildlife . . . [including] the Bi-State Lower Columbia River Water
Quality Program, U.S. Fish & Wildlife Service, the National Marine Fisheries Service, the US
Geological Survey, and academic institutions, among others,” id at 24; information on
impairments caused by excess turbidity without turbidity data, id at 25; data and information
regarding candidate species, as evidence of beneficial use impairment, id. at 28; NMFS
Comprehensive Status Reviews, recovery plans, and monitoring of plan implementation, id. at
28; USF&WS data on “toxic contaminants present in sediments and tissue of invertebrates, fish,
and wildlife and evidence of beneficial use non-support” as well as information on the ESA-
listing status of aquatic species and wildlife, id. at 28; data and information from the Rare,
Threatened and Endangered Species of Oregon by the Oregon Biodiversity Information Center at
the Institute for Natural Resources, Portland State University as evidence of aquatic and aquatic-

6 Available at http://www.deq.state.or.us/wq/assessment/docs/2010Response
ToComments.pdf
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dependent species on the verge of extirpation in locations in Oregon, id.; and sources of
information on impairment of beneficial uses including, 

closures of recreational and commercial shellfish harvesting beds; the threatened
and endangered status of species under the federal Endangered Species Act,
populations listed based on the Oregon Endangered Species Act (ORS
496.171-496.192), populations of aquatic species that have been locally
extirpated, impaired populations such as populations with reproductive organ
deformities and evidence of reproductive impairment, including aquatic-
dependent mammals, reptiles, amphibians, fish, and birds,

id. at 11.  DEQ dismissed all of these references to specific and general sources of data and
information, much of which are in the possession of DEQ or readily available on agency and
academic websites, terming them “comments on its methodology” which it then could – and
subsequently did – ignore in their entirety.  DEQ did not proceed to consider these comments in
preparing its proposed 2012 list, as required by EPA guidance as a method of meeting the
regulations, but, rather, continued to ignore them as irrelevant.   EPA 2006 Guidance at 32.

Since DEQ did not accept non-data submissions, i.e., information submissions, in its “call for
data” and did not accept data and information submissions in requesting comments on its public
review of its proposed 2010 303(d) list, and, moreover, has failed to consider previous comments
on the 2004 proposed list regarding readily available data and information it is required to use
that was provided to it in 2010, and since it did not prepare a list in 2008, DEQ has not
considered any information provided from outside the agency since at least its 2004 list, for
which comments closed November 7, 2005, with the exception of the Oregon Health Authority. 
See DEQ, Response to Comments on Oregon’s Draft 2004/2006 Integrated Report at 1.7

Third, regardless of whether NWEA or others had or had not provided a list of sources of data
and information on water quality, designated and existing use impairment, DEQ was obligated to
obtain the readily available data and information itself.  See EPA 2006 Guidance at 32.  For
example, it begs credulity for DEQ to ignore data such as that from the Portland Harbor
Superfund project and the information from that project in which risks to designated uses, such
as fish, wildlife and human health, were evaluated.  See discussion infra.

Fourth, DEQ did not “actively solicit” agencies and academic institutions for data and
information.  An email soliciting submission of data is not an active solicitation in the meaning
of the EPA regulations.  There are several reasons for this.  The “call for data” has been too
infrequent, of too short a duration, and makes clear that DEQ does not accept data or information
on designated use support, or information of any kind.  DEQ’s failure to use readily available
data and information that is easily accessed on agencies’ websites makes it abundantly clear that
DEQ had no intention of using any additional information of the same kind had agencies taken
the time to provide it.  Additionally, DEQ’s rejection of data submitted from the City of Salem,
2012 Methodology at 10, concerning parameters on which its “call for data” did not focus,
demonstrates that had agencies provided data or information outside the geographic and
parameter focus areas, DEQ would not have used it.  There is no reason why an agency that
collects data and information on fish and wildlife, for example, would provide that data and

7 Available at http://www.deq.state.or.us/wq/assessment/docs/rtc0406.pdf
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information to DEQ when it is clear that DEQ will not consider it.  DEQ’s own “call for data”
and its narrow interpretation of its obligations to develop an adequate 303(d) list severely
undermine the likelihood that outside parties would take the considerable time to compile data
and information that was, without a doubt, going to be rejected.  Further, there is no evidence
that DEQ solicited agencies and research institutions by letter or telephone call with the
exception of the USGS.

Last, DEQ’s methodology contains no reference to listing of waters because they have been
identified as “threatened” contrary to EPA regulations.  40 C.F.R. § 130.7(b)(5)(i).  DEQ’s
database of waters does not include any method for the public to assess whether DEQ has used
waters identified as “threatened” as the basis for 303(d) listing.  See DEQ, Water Quality, Water
Quality Assessment - Oregon's Draft 2012 Integrated Report Assessment Database and 303(d)
List (hereinafter “DEQ Database”).8  Therefore it can be deduced that Oregon has listed
precisely zero waters that have been listed as threatened.

B. Oregon’s Purported Rotating Basin Approach is an Incomplete Assessment
of State Waters

1. EPA Regulations and Guidance Pertaining to the Rotating Basin
Approach 

EPA’s 2006 Guidance states that:

EPA is aware that many states have turned to the rotating basin strategy as a
technically sound approach for making assessment determinations of the state’s
waters.  In this approach, the available monitoring resources are concentrated or
targeted in one portion of the state for a specified period of time, thus allowing for
data to be collected and assessed in a spatially and temporally focused manner. 
Over time, every portion of the state is targeted for this higher resolution
monitoring and assessment effort (often over a five-year period), however the
state must consider all existing and readily available data and information during
the development of its 2006 Integrated Report, regardless of where in the state the
data and information were generated.

Id. at 32 (emphasis added).  Thus, in 2006 EPA made clear that the use of the so-called rotating
basin approach was intended to focus monitoring resources in a concentrated fashion, with
assessment tied to that monitoring, and in addition that states that chose to use this approach
were not relieved of their obligation to conduct a complete statewide assessment.  In its 2010
guidance, EPA discussed the rotating basin approach with more specificity.  Again, EPA
emphasized monitoring, stating that this approach would “allow[] for data to be collected and
assessed in a spatially and temporally ‘focused’ manner.  Over time, every portion of the state is
targeted for monitoring and assessment (often over a four or five year period).”  2010 Guidance
at 4.  

EPA also explained that if states sought to use the rotating basin approach they should describe
the approach, including “how the approach is incorporated into the State’s monitoring and

8 Available at http://www.deq.state.or.us/wq/assessment/rpt2012/search.asp.  
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assessment methodology” including such concerns as the schedule for each basin and the type of
data and information being solicited in the targeted basin.  Id.   EPA also reiterated that “States
will, consistent with their assessment and listing methodologies, continue to consider all existing
and readily available data and information in making water quality attainment determinations,”
and that “States using a rotating basin approach will continue to submit a 303(d) list/IR on a
biennial basis that reports on the water quality status of all waters in the State.”  Id.   Likewise
EPA stated in later guidance that “EPA expects that States will continue to submit their IR data
to EPA in a manner that provides a full refresh of the water quality attainment status of all
assessed waters and documents the availability of data and information for each water.”  2012
Guidance at 3 (emphasis added).

2. Oregon’s Purported Rotating Basin is Inconsistent with EPA
Regulations and Guidance

Oregon’s use of its own take on the so-called rotating basin approach should be viewed in the
context of its past lists.   DEQ produced an extremely limited assessment for its 2010 list which
EPA had to amend, produced no list whatsoever in 2008 and 2006, leaving the last purportedly
complete list for 2004.  For its 2012 list, DEQ states that it “prioritized the call for data to focus
on two areas in Oregon – the Willamette Basin and the Umatilla Basin.  DEQ also focused on
receiving data for toxic substances in order to apply updated human health water quality
standards to assess water quality.”  DEQ, Oregon's 2012 Integrated Report.9   DEQ states further
that its 2012 303(d) list was further narrowed to encompass only:

C Assessments for dissolved oxygen and toxic pollutants in the Willamette
Basin and Umatilla Basin

C Assessment of toxic pollutant data from throughout the state using revised
human health criteria and other revised criteria

Id.  Thus, in fact, DEQ has not used a “rotating basin” approach as described by EPA but instead
has produced an admittedly inadequate list to add to a long history of inadequate lists.

Contrary to the EPA guidance that allows states to use a rotating basin approach, DEQ has not
explained its rotating basin approach other than to claim, without description, that it is using one:
“DEQ is piloting the rotating basin approach described in EPA’s 2009 memorandum. . . . to
evaluate the viability of synchronizing the 303(d) assessment with a watershed approach.”  2012
Methodology at 2.  DEQ claims that it is “focusing on three basins per year (with the objective
of evaluating the state’s 15 basins over a five year period.”  Id.  Its further description has a
generic and wholly unsubstantiated claim that Oregon’s rotating basin approach “follows the
principles of adaptive management and the watershed approach.”  Id. at 7.  Hinting at the use of
adaptive management is a suggestion that Oregon’s purported rotating basin approach includes
monitoring to drive that adaptation yet there is nothing in DEQ’s monitoring program, NPDES
permitting program (which is nearly moribund), TMDL development program (also nearly
moribund), or nonpoint source control program (nearly nonexistent) that uses adaptive
management to control point or nonpoint sources based on information that is gathered to, as
DEQ states, “improve practices over time.”  Nor is there any indication here or elsewhere, e.g.
the basin reports discussed infra, to suggest that Oregon is conducting its monitoring in any

9 Available at http://www.oregon.gov/deq/WQ/Pages/Assessment/2012report.aspx

Exhibit 4



Karla Urbanowicz (2012 303(d) List Comments)
February 24, 2014
Page 10

different way than it has otherwise.  But perhaps this discussion of adaptive management is
intended as a smokescreen for the fact that DEQ has simply failed to meet EPA’s expectations of
describing its rotating basin approach.  

In fact, DEQ has not set out a schedule for the more targeted monitoring and assessment of
future basins, nor has it even explained that its monitoring program has been, is, or will be
focused on specified basins.  It is clear that EPA’s intention for the rotating basin approach is to
allow states to focus monitoring resources, not to limit their assessment to only certain basins. 
And EPA further clarifies that intent by pointing out that it expects state to do a “full refresh” of
their assessment at the statewide level.  See 2012 Guidance at 3.  DEQ does not get a pass on
issuing a complete 303(d) list based on its claim to be using a rotating basin approach.

DEQ further claims that its rotating basin approach is tied to its “basin reports,” stating that it
has “conducted two rounds of Basin Reports addressing three basins each; and is working toward
finalizing the third round of Basin Reports covering the Willamette Basin and the Umatilla
Basin.”  2012 Methodology at 2.10  This is a vague reference to basin reports it has completed for
four basins in Oregon: the North Coast Basin,11 completed March 2011, the Deschutes Basin,12

completed September 2011, the Rogue Basin,13 completed September 2011, and the Powder
Basin,14 completed November 2013.   See DEQ, Assessing Oregon’s Basins.15   Not only does
DEQ’s website demonstrate that it has completed four basin reports, not the six16 that it claims to
have completed, but DEQ has not used any of the four or the six recently completed basin
reports for a more focused 303(d) assessment in either its 2010 or its proposed 2012 303(d) lists
as one would expect if a state were both using a rotating basin approach and linking the use of
that approach to its basin reports.  In fact, other than an assertion that DEQ is currently working
on the two basins it focused on its 2012 303(d) list, it is quite clear that DEQ has not made this
linkage and that its rotating basin focus is merely a convenient excuse for proposing an
extremely truncated 2012 list.  Not only has DEQ done no specific assessment pertaining to the
North Coast, Deschutes, Rogue, Powder, and two unknown additional basins with its 303(d) list

10 DEQ excuses itself from even meetings its asserted goal in 2012 for the number
of basins it will assess “because the Willamette basin is very large, DEQ is conducting basin
assessments for two basins, the Willamette and the Umatilla.”  2012 Methodology at 2.  While
the Willamette may be very large, it is equally true that DEQ has limited its so-called focused
assessment in the Willamette to only data on dissolved oxygen and some toxic pollutants.

11 Available at http://www.deq.state.or.us/wq/watershed/Docs/NorthCoastPlan.pdf
12 Available at http://www.deq.state.or.us/wq/watershed/Docs/DeschutesPlan.pdf
13 Available at http://www.deq.state.or.us/wq/watershed/Docs/RoguePlan.pdf
14 Available at http://www.deq.state.or.us/wq/watershed/Docs/powderSRAP.pdf
15 Available at http://www.deq.state.or.us/wq/watershed/watershed.htm.  
16 DEQ’s most recent nonpoint source assessment report states that it will complete

“Basin Reports for three basins per year: South Coast, Clackamas/Sandy, Powder/Burnt Basins
by 6/30/2013.”  DEQ, Oregon Nonpoint Source Pollution Program 2012 Annual Report (June
2013) at 18.  It also states that DEQ has “begun working” on plans for the “Umatilla Basin,
Tualatin Subbasin, and Upper Willamette Area,” id. at 59, which is not consistent with assertions
made by DEQ related to this proposed 303(d) list.
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for which it has completed basin reports, but there is nothing in the four completed reports that
indicates that DEQ did any additional monitoring to support the completion of those reports. 
Instead, DEQ is simply attempting to limit the geographic scope of its 2012 303(d) list in
violation of the regulations and contrary to explicit EPA guidance.

A review of DEQ’s 2012 methodology for the current proposed list demonstrates that DEQ has
not completed a “complete refresh” of its already limited list.  

Parameter Included in 2012 report? Last evaluated?

Aquatic Weeds or Algae No 2010

E. coli bacteria No EPA 2010

Enterococci bacteria No 2010

fecal coliform bacteria No EPA 2010

biocriteria No 2010

Chlorophyll a No EPA 2010

dissolved oxygen Yes, limited geographically NA

pH No EPA 2010

sedimentation No EPA 2010

temperature No EPA 2010

total dissolved gas No 2004

toxic substances Some, limited geographically NA

turbidity No 2010

See 2012 Methodology.  Moreover, its rejection of the City of Salem’s submitted data on the
basis that the data covered parameters not included in its limited focus further demonstrates that
the proposed 2012 list is incomplete.

C. Oregon Uses an Arbitrary Temporal Limit on “Available Data”

1. EPA Guidance on Temporal Limits to Data and Information

EPA’s 2006 guidance provides the most in-depth discussion of the allowed temporal and spatial
limits to data and information.  EPA points out that states and EPA must rely on extrapolation
from individual data points because even in the best of circumstances “the percentage of all
possible locations in time and space from which data has been collected is very, very small.” 
2006 Guidance at 33.  For this reason, all data and information should be used for assessments
“unless a specific technical rationale is provided to support a determination that such data and
information should not be used (see 40 CFR 130.7(b)(6)(iii-iv)).”  Id.  Because the burden rests
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on states to demonstrate that data and information should not be used and because of a general
paucity of research information, EPA urges states to evaluate “contextual information [that]
might indicate that levels of a pollutant under study are likely to have remained fairly constant
over a certain period.”  Id. at 34.  EPA elaborates that,

data should not automatically be treated as unrepresentative of relevant segment
conditions solely on the basis of its age without supporting information indicating
that the data are not a good indicator of current conditions.  However, older data
should be evaluated with care.  For example if the most recent data for a
particular assessment unit is 10 years old, and that data indicated that average
and/or peak conditions in a segment at that time were worse than those specified
by an applicable WQC; and, since that time, all the sources of the pollutant in
question had been required to dramatically lower the levels of the pollutant in
their effluent, and few changes that would lead to increased loadings of the
pollutant had taken place in the watershed, it could be reasonable to assume that
the segment was now meeting the WQC for that pollutant.  By contrast, if 15 year
old data indicated that a segment was then just barely meeting WQS for several
pollutants associated with urban runoff, and the watershed of that segment had
since that time undergone considerable urbanization, a conclusion that the
segment was no longer meeting WQC for some or all of those pollutants could be
warranted.

Id. at 35.

2. Oregon Fails to Justify its Arbitrary Temporal Limits

In its 2012 proposed list, DEQ limits the data it uses to data collected since 2000.  See, e.g., 2012
Methodology at 50 (toxics), 39 (dissolved oxygen).  This approach is arbitrary for several
reasons.  First, as explained infra, it is inconsistent with an evaluation of Tier I protections of the
antidegradation policy, a required evaluation that dates to November 28, 1975.  40 C.F.R. §
130.7(b)(3).  Second, there is no difference between data that DEQ obtained and evaluated
previously which was used as the basis for a 303(d) listing and data that it received later in time
but which would have been used as the basis for a listing had it been properly and timely
obtained.  In other words, DEQ’s failure to obtain all readily available data and information for
past listings cannot be used today as a rationale for not using the data and information because
now it is, ostensibly, too old.  Third, the fact that DEQ has used entirely arbitrary temporal limits
in the past is not a rational basis for continuing to use such arbitrary temporal limits.  This is
even more important for a state that entirely missed its 2006 and 2008 lists, evaluated only some
data and information in its 2010 list, and is for its proposed 2012 list evaluating only some
parameters for a very limited portion of the state.   For example, after having failed to issue a
2008 list, for its 2010 list DEQ stated that “[d]ata from continuous sampling data loggers, which
is primarily data for stream temperature, were not retrieved for the 2010 evaluation.”  2010
Methodology at 5-6.  That meant the last retrieval was done in 2004.  For 2012 DEQ is
proposing to, once again, forgo looking at any temperature data. Thus, by the 2014 list, DEQ
will have failed or refused to evaluate temperature data since its 2004 list and could continue to
invoke the temporal limit on data it set out in its current methodology of “[c]ontinuous
temperature data collected since 2001,” 2012 Methodology at 54, or another similar 10-year
period without providing a rationale.
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Contrary to the requirements set out in 40 C.F.R. § 130.7(b)(3), DEQ has not provided a
“rationale for any decision to not use any existing and readily available data and information.” 
Specifically with regard to the only data DEQ evaluated for its proposed 2012 list, DEQ did not
provide a rationale for not using dissolved oxygen and toxic substances data that predate the year
2000. 

D. DEQ Fails to Use Data Submitted to the Agency as Part of the Volunteer
Monitoring Program

According to DEQ, its volunteer program “supports organizations in Oregon interested in
generating water quality data of known quality.  In return, organizations provide the data they
generate to DEQ so it can be made available for public use.”  DEQ, Laboratory Environmental
Assessment Division, 2011-2012 Volunteer Water Quality Data Status Report (Feb. 2013) at 1.17 
For example, by “the end of calendar year 2012, DEQ received a total of 422 datasets as part of
this program.”  Id.  DEQ provides various nonprofit organizations with equipment, id. at 2, and
the data that result are loaded into DEQ’s LASAR database, id. at 3.  The problem is that DEQ is
chronically behind in uploading these data to the database upon which it relies to issue its
proposed 303(d) list.  See, e.g., id. at 6-7 (discussing backlog), 18-26 (status of individual data
sets).  This problem is compounded when DEQ narrows the scope of the 303(d) list to only
certain basins and only certain parameters because it postpones DEQ’s use of readily available
data for its assessments including but not limited to the proposed 2012 303(d) list.

Data in the possession of DEQ are clearly existing and readily available data, however we
hereby submit to DEQ all data submitted by partners in its volunteer monitoring program that are
readily available to DEQ although we have no access to them and they are not in the LASAR
database.  Specifically, in addition, we re-submit data from Columbia Riverkeeper for the years
2009, 2010, 2011, 2012, and 2013.  See Columbia Riverkeeper, DEQ 2009 DATA final
submitted 12.10.10; DEQ cont. temp. log data 2009 final submitted 1_8_10;
DEQ_2010_DATA_6_21_11 Submitted; DEQ cont. temp log data 2010 ready to submit; DEQ
2011 data submitted 1_27_12; 2011 Continuous temperature submitted 1.27.11; DEQ 2012 data
6 26 13; and DEQ 2013 data 9.18.13.

E. Commenters’ Submission of Readily Available Data and Information

As explained above, EPA regulations require the Department to obtain and use "all existing and
readily available water quality-related data and information" by “actively solicit[ing]” local, state
and federal agencies, the public, and academic institutions for research they are conducting or
reporting, among other sources.  40 C.F.R. § 130.7(b)(5).  DEQ has failed to demonstrate that it
has, in fact, actively solicited all sources of existing and readily available information and data.  
Nonetheless, it has failed to use all available data and information that exist on impacts to water
quality and beneficial uses including some information DEQ has in its possession or could have
readily obtained.  Moreover, as past proposed lists have not included DEQ sources of data and
information that the public and EPA could review, contrary to 40 C.F.R. § 130.7(b)(6)(ii), we
can only guess at what sources the Department has not used based on what appears to be missing
from its listings.  For the 2012 proposed list, DEQ has made it simple by clarifying that it used
only dissolved oxygen and water column data for some toxic contaminants from its own and the

17 Available at http://www.deq.state.or.us/lab/wqm/docs/08-LAB-011.pdf
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USGS database for the Willamette and Umatilla basins, statewide mercury tissue samples, 2012
Methodology at 9, and data on 17 toxic substances submitted by the City of Gresham, id. at 10. 
We also know that DEQ rejected data submitted by the City of Salem that apparently it found
otherwise acceptable because the data involved “[g]eneral parameters – Parameters not evaluated
in 2012 IR.”  Id.  

We hereby submit the following data and information, much of which was submitted by public
comments on December 15, 2010, as discussed supra.  See NWEA 2010 Comments.

C Oregon Invasive Species Council, Viral Hemorrhagic Septicemia Virus (VHSV) Risk
Assessment for Oregon 2010;18 

C Oregon Invasive Species Council, 100 Most Dangerous Invaders to Keep Out;19

C Oregon Invasive Species Council, Pest Risk Assessment for Asian kelp in Oregon;20

C Oregon Invasive Species Council, Pest Risk Assessment for Spartina spp. in Oregon;21

C Oregon Invasive Species Council,  Pest Risk Assessment for Rock Snot (Didymo) in
Oregon;22

C Oregon Department of Agriculture, Plant Pest Risk Assessment for  Yellow Floating
Heart,

C Nymphoides peltata 2005 (Rev. 2011);23 
C Oregon Department of Agriculture, Oregon Weedmaper, Oregon Noxious Weed

Distribution; 24 
C Oregon Department of Agriculture, ODA Plant Programs, Noxious Weed Control, yellow

floating heart (Nymphoides peltata);25 
C Oregon Invasive Species Council, Pest Risk Assessment for Mitten Crabs in Oregon;26

C U.S.G.S., Woods Hole Coastal and Marine Science Center, Didemnum vexillum -

18 Available at http://www.oregon.gov/oisc/docs/pdf/vhs_ra.pdf
19 Available at http://www.oregon.gov/OISC/Pages/most_dangerous.aspx
20 Available at http://www.oregon.gov/oisc/docs/pdf/ra_asiankelp.pdf
21 Available at http://www.oregon.gov/oisc/docs/pdf/calendar_october_

assement09.pdf
22 Available at

http://www.oregon.gov/oisc/docs/pdf/calendar_feb09_assessment.pdf
23 Available at http://www.oregon.gov/ODA/PLANT/WEEDS/docs/pdf/ra_

yellowflaotingheart2013.pdf
24 Available at http://www.oregon.gov/ODA/PLANT/WEEDS/WEEDMAPPER/

pages/maps.aspx
25 Available at http://www.oregon.gov/ODA/PLANT/WEEDS/pages/profile_

yfloatingheart.aspx
26 Available at http://www.oregon.gov/oisc/docs/pdf/calendar_january_

assesment.pdf
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Oregon Coast Occurrences and Images;27 
C U.S.G.S., Woods Hole Coastal and Marine Science Center, Didemnum vexillum,

Triangle, Umpqua River mouth, Oregon, Images;28 
C Oregon Invasive Species Council, 100 Most Dangerous Invaders to Keep Out of Oregon

in 2013;29 
C Oregon Invasive Species Council, Risk Assessment for Chinese Water Spinach (Ipomoea

aquatica) in Oregon;30

C Oregon Invasive Species Council, Oregon Invasive Species Council Reports;31

C Oregon Invasive Species Online Hotline;32

C Oregon Department of Fish and Wildlife, Oregon Conservation Strategy, Key
Conservation Issues that Affect Species and Habitats Statewide, Issue 7: Global Climate
Change33

C Portland State University, Oregon Biodiversity Information Center, Heritage Ranking
Form - State Rank, Aneides flavipunctatus;34

C Portland State University, Oregon Biodiversity Information Center, Heritage Ranking
Form - State Rank, Entosphenus minimus;35 

C Portland State University, Oregon Biodiversity Information Center, Heritage Ranking
Form - State Rank, Entosphenus ridenatus;36

C Portland State University, Oregon Biodiversity Information Center, Heritage Ranking
Form - State Rank, Oregonichthys crameri;37

C Portland State University, Oregon Biodiversity Information Center, Heritage Ranking

27 Available at http://woodshole.er.usgs.gov/project-pages/stellwagen/didemnum/
htm/oregon.htm 

28 Available at http://woodshole.er.usgs.gov/project-pages/stellwagen/didemnum/
htm/oregon_triangle.htm

29 Available at http://www.oregon.gov/oisc/docs/pdf/oisc_100worst.pdf
30 Available at http://www.oregon.gov/oisc/docs/pdf/ipaq_ra.pdf
31 Available at http://www.oregon.gov/oisc/Pages/reports.aspx
32 Available at http://oregoninvasiveshotline.org
33 Available at http://www.dfw.state.or.us/conservationstrategy/docs/document_pdf/

Conservation_Issues_Doc.pdf
34 Available at http://orbic.pdx.edu/documents/rank-forms/vertebrate/Aneides_

flavipunctatus_state.pdf 
35 Available at http://orbic.pdx.edu/documents/rank-forms/vertebrate/Entosphenus_

minimus_state.pdf 
36 Available at http://orbic.pdx.edu/documents/rank-forms/vertebrate/Entosphenus_

tridenatus_state.pdf 
37 Available at http://orbic.pdx.edu/documents/rank-forms/vertebrate/

Oregonichthys_crameri_state.pdf 

Exhibit 4



Karla Urbanowicz (2012 303(d) List Comments)
February 24, 2014
Page 16

Form - State Rank, Rana cascadae; 38

C Portland State University, Oregon Biodiversity Information Center, Heritage Ranking
Form - State Rank, Dumontia oregonensis;39

C Portland State University, Oregon Biodiversity Information Center, Heritage Ranking
Form - State Rank, Farula constricta;40

C Portland State University, Oregon Biodiversity Information Center, Heritage Ranking
Form - State Rank, Fluminicola;41

C Portland State University, Oregon Biodiversity Information Center, Heritage Ranking
Form - State Rank, Fluminicola; 42

C Portland State University, Oregon Biodiversity Information Center, Heritage Ranking
Form - State Rank, Fluminicola; 43

C Portland State University, Oregon Biodiversity Information Center, Heritage Ranking
Form - State Rank, Juga;44

C Portland State University, Oregon Biodiversity Information Center, Heritage Ranking
Form - State Rank, Megomphix lutarius;45

C Portland State University, Oregon Biodiversity Information Center, Heritage Ranking
Form - State Rank, Physella virginea;46 

C Portland State University, Oregon Biodiversity Information Center, Rare, Threatened,
and Endangered Species of Oregon;47

C Portland State University, Oregon Biodiversity Information Center, Rare Species
Ranking Documentation;48

C Portland State University, Oregon Biodiversity Information Center, Species Lists in PDF

38 Available at
http://orbic.pdx.edu/documents/rank-forms/vertebrate/Rana_cascadae _state.pdf 

39 Available at http://orbic.pdx.edu/documents/rank-forms/invertebrate/Dumontia_
oregonensis_state.pdf 

40 Available at http://orbic.pdx.edu/documents/rank-forms/invertebrate/Farula_
constricta_state.pdf 

41 Available at http://orbic.pdx.edu/documents/rank-forms/invertebrate/Fluminicola
_sp_3_srank.pdf 

42 Available at http://orbic.pdx.edu/documents/rank-forms/invertebrate/Fluminicola
_sp_11_srank.pdf 

43 Available at http://orbic.pdx.edu/documents/rank-forms/invertebrate/Fluminicola
_sp_14_srank.pdf 

44 Available at http://orbic.pdx.edu/documents/rank-forms/invertebrate/Juga_sp_1
_srank.pdf 

45 Available at http://orbic.pdx.edu/documents/rank-forms/invertebrate/Megomphix
_lutarius_state.pdf 

46 Available at http://orbic.pdx.edu/documents/rank-forms/invertebrate/Physella
_virginea_state.pdf 

47 Available at http://orbic.pdx.edu/rte-species.html 
48 Available at http://orbic.pdx.edu/rare-info.html 
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and Spreadsheet Format;49 
C Oregon Natural Heritage Program, Native Wetland Plant Communicaites and Associated

Sensitive, Threatened or Endangered Plant and Animal Species in Oregon, John A.
Christy and Jonathan H. Titus (March 1997);50

C Oregon Natural Heritage Program, The Nature Conservancy, Native Wetland, Ripairan,
and Upland Plant Communicites and Their Biota in the Willamette Valley, Oregon,
Phase I Project: Inventory and Assessment, Jonathan H. Titus, John A. Christy, Dick
VanderSchaaf, James S. Kagan, and Edward R. Alverson (Nov. 1996);51

C Oregon Department of Fish and Wildlife, Oregon Conservation Strategy, Habitat:
Conservation Summaries for Strategy Habitats, Strategy Habitat: Wetlands;52 

C Oregon Department of Fish and Wildlife, Oregon Conservation Strategy, Habitat:
Conservation Summaries for Strategy Habitats, Strategy Habitat: Riparian Habitats;53 

C Oregon Department of Fish and Wildlife, Oregon Conservation Strategy, Habitat:
Conservation Summaries for Strategy Habitats, Strategy Habitat: Estuaries;54

C Oregon Department of Fish and Wildlife, Oregon Conservation Strategy, Habitat:
Conservation Summaries for Strategy Habitats, Strategy Habitat: Freshwater Aquatic
Habitats;55 

C U.S.G.S., NAS - Nonindigenous Aquatic Species, Species Lists by State, Oregon
Query;56

C Benson, A. J. New Zealand mudsnail sightings distribution (2014);57  
C Oregon Coastal Atlas Website (searchable Water Quality Monitoring data for each

sampling station on each Oregon beach);58

C Oregon DEQ, Response to Columbia Riverkeeper and NEDC Comments on the Proposed
NPDES Permit for the City of The Dalles, Permit No. 101728, 3 (2014) (describing
discharge of 210,000 gallons to Columbia River in Aug. 2013);

49 Available at http://orbic.pdx.edu/rte-species.html 
50 Available at http://orbic.pdx.edu/documents/DSLWETSPEC.pdf
51 Available at http://orbic.pdx.edu/documents/wvepa_orig.pdf
52 Available at http://www.dfw.state.or.us/conservationstrategy/docs/document_

pdf/b-habitat_13.pdf 
53 Available at http://www.dfw.state.or.us/conservationstrategy/docs/document_

pdf/b-habitat_10.pdf
54 Available at http://www.dfw.state.or.us/conservationstrategy/docs/document_

pdf/b-habitat_4.pdf
55 Available at http://www.dfw.state.or.us/conservationstrategy/docs/document_

pdf/b-habitat_5.pdf
56 Available at http://nas.er.usgs.gov/queries/SpeciesList.aspx?Group=&Sortby=

1&state=OR
57 Available at http://nas.er.usgs.gov/taxgroup/mollusks/newzealandmudsnail

distribution.aspx
58 Available at http://www.coastalatlas.net/?option=com_jumi&view=application&

fileid=14&Itemid=132
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C Gregory J. Fuhrer, Dwight Q. Tanner, Jennifer L. Morace, Stuart W. McKenzie, and
Kenneth A. Skach, USGS Water-Resources Investigations Report 95-4294: Water
Quality of the Lower Columbia River Basin: Analysis of Current and Historical
Water-Quality Data through 1994 (1996);59

C U.S.G.S. NASQAN National Stream Quality Accounting Network, Monitoring the Water
Quality of the Nation's Large Rivers, Columbia River NASQAN Program, Fact Sheet
FS-004-98 (regarding contamination in tissues of mink and river otter, and eggs of the
bald eagle);60 

C Lower Columbia River Bi-State Program, Contaminant Ecology of Fish and Wildlife of
the Lower Columbia River, Summary and Integration (April 1996);61

C Columbia Basin Fish and Wildlife Authority, Contamination Ecology of Selected Fish
and Wildlife of the Lower Columbia River, A Report to the Bi-State Water Quality
Program (April 23, 1996);62

C Columbia River Estuary Study Taskforce, Historic Habitats of the Lower Columbia River
(Oct. 1995); 63

C Lower Columbia River Bi-State Program, Reconnaissance Survey of the Lower
Columbia River; Task 2 Summary Report: Inventory and Characterization of Pollutants
(June 26, 1992);64

C Washington State Department of Health, Health Analysis of Chemical Contaminants in
Lower Columbia River Fish (May 1996);65

C Lower Columbia River Bi-State Program, Reconnaissance Survey of the Lower
Columbia River, Task 6: Reconnaissance Report (Mary 17, 2992);66 

C Lower Columbia River Bi-State Program, Assessing Human Risks from Chemically
Contaminated Fish in the Lower Columbia River: Risk Assessment (May 1, 1996);67

C Lower Columbia River Bi-State Program, Assessing Health of Fish Species and Fish

59 Available at http://or.water.usgs.gov/pubs_dir/Pdf/columbia_bistate.pdf
60 Available at http://water.usgs.gov/nasqan/docs/clmbfact/clmbfactsheet.html 
61 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/

Sec_3_3_1b.pdf
62 Available at http://www.estuarypartnership.org/sites/default/files/resource_files

/LCRBiStateFWS3.3.1a_CBFWA_WILD_ContamEcolSelectedFish%26WildinLCR96.pdf
63 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/

LCRBiStateFWS3.5.5b_Graves_HistoricHabitatsofTheLCR95.PDF
64 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/

TC8526_02_reconsurvey1_2_task2c.pdf
65Available at http://www.estuarypartnership.org/sites/default/files/resource_files/

Additions_A_health_analysis.pdf
66 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/

TC8526_06_reconsurvey2_1e_vol_1.pdf
67 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/

TC9968_05_sec4_1d.pdf
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Communities in the Lower Columbia River (Jan. 29, 1996);68

C U.S. Fish and Wildlife Service, Best Management Practices to Minimize Adverse Effects
to Pacific Lamprey (Entosphenus tridentatus) (2010);69

C Graham and Brun, Determining Lamprey Species Composition, Larval Distribution, and
Adult Abundance in the Deschutes River, Oregon, Subbasin (2007);

C NMFS, Draft Recovery Plan for SONCC ESU of Coho Salmon (2012);70 
C NMFS, Columbia River Estuary Recovery Plan Module for Salmon and Steelhead

(2011);71 
C NMFS, Lower Columbia River Conservation and Recovery Plan for Oregon Populations

of Salmon and Steelhead (2010);72 
C NMFS, Conservation and Recovery Plan for Oregon Steelhead Populations in the Middle

Columbia River Steelhead Distinct Population Segment (2009);73 (). 
C NMFS, Upper Willamette River Conservation and Recovery Plan for Chinook Salmon

and Steelhead (2011);74 
C NMFS, 5-Year Review: Summary & Evaluation of Lower Columbia River Chinook,

Columbia River Chum, Lower Columbia River Coho, and Lower Columbia River
Steelhead (2011);75 

C NMFS, 5-Year Review: Summary & Evaluation of Upper Willamette River Steelhead
and Upper Willamette River Chinook (2011);76  

C NMFS, 5-Year Review: Summary & Evaluation of Middle Columbia River Steelhead

68 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/
Sec_3_3_2b.pdf

69 Available at http://www.fws.gov/pacific/Fisheries/sphabcon/Lamprey/pdf/
Best%20Management%20Practices%20for%20Pacific%20Lamprey%20April%202010%20Vers
ion.pdf

70 Available at http://www.westcoast.fisheries.noaa.gov/publications/recovery_
planning/salmon_steelhead/domains/southern_oregon_northern_california/soncc_plan_draft_201
2_entire.pdf

71 Available at http://www.westcoast.fisheries.noaa.gov/publications/recovery_
planning/salmon_steelhead/domains/willamette_lowercol/lower_columbia/final_plan_document
s/final_lcr_plan_june_2013_-corrected.pdf

72 Available at http://www.dfw.state.or.us/fish/CRP/docs/lower-columbia/OR_LCR
_Plan%20-%20Aug_6_2010_Final.pdf

73 Available at http://www.westcoast.fisheries.noaa.gov/publications/recovery_
planning/salmon_steelhead/domains/interior_columbia/middle_columbia/mid-c-oregon.pdf

74 Available at http://www.westcoast.fisheries.noaa.gov/publications/recovery_
planning/salmon_steelhead/domains/willamette_lowercol/willamette/will-final-plan.pdf

75 Available at http://www.westcoast.fisheries.noaa.gov/publications/status_reviews/
salmon_steelhead/multiple_species/5-yr-lcr.pdf

76 Available at http://www.westcoast.fisheries.noaa.gov/publications/status_reviews/
salmon_steelhead/multiple_species/5-yr-uwr.pdf
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(2011);77 
C NMFS, 5-Year Review: Summary and Evaluation of Southern Oregon/Northern

California Coast Coho Salmon ESU (2011);78

C Tanner, D.Q., Bragg, H.M., and Johnston, M.W., U.S. Geological Survey Open-File
Report 2012-1256: Total dissolved gas and water temperature in the lower Columbia
River, Oregon and Washington, water year 2012-Quality-assurance data and comparison
to water-quality standards (2013);79

C Tom Rosetta and David Borys, Oregon DEQ, Identification of Sources of Pollutants to
the Lower Columbia River Basin (June 1996);80

C Lower Columbia River Bi-State Program, Reconnaissance Survey of the Lower
Columbia River, Task 1: Final Summary Report (April 29, 1992);81

C Charles Henny, Robert Grove, Olaf R Hedstrom, National Biological Service, Forest and
Rangeland Ecosystem Science Center, Northwest Research Station, A Field Evaluation
of Mink and River Otter on the Lower Columbia River and the Influence of
Environmental Contaminants (Feb. 12, 1996);82

C Lower Columbia River Bi-State Program, Reconnaissance Survey of the Lower
Columbia River, Laboratory Data Report, Vol. 2: Sediment Inorganic Data, Sediment
Conventional Data (Jan. 1992);83

C Lower Columbia River Bi-State Program, Reconnaissance Survey of the Lower
Columbia River, Laboratory Data Report, Vol. 4: Tissue Data, Excluding Dioxins and
Furans (1992);84

C Lower Columbia River Bi-State Program, Reconnaissance Survey of the Lower
Columbia River, Section 2.1 Reconnaissance Survey. Task 6 Vol. 3 (1992);85 

C Lower Columbia River Bi-State Program, Reconnaissance Survey of the Lower

77 Available at http://www.westcoast.fisheries.noaa.gov/publications/status_reviews/
salmon_steelhead/steelhead/5-yr-mcr.pdf

78 Available at http://www.westcoast.fisheries.noaa.gov/publications/status_reviews/
salmon_steelhead/coho/2011_status_review_southern_oregon_northern_california_coast_coho.p
df

79 Available at http://pubs.usgs.gov/of/2012/1256/pdf/ofr20121256.pdf
80 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/

Additions_C_id_of_pollutant_sources.pdf
81 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/

TC8526_01_reconsurvey1_1_task1d.pdf
82 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/

Sec_3_3_3a.pdf
83 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/

TC8526_06_reconsurvey2_1d_vol_2.pdf
84 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/

TC8526_06_reconsurvey2_1d_vol_4.pdf
85 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/

TC8526_06_reconsurvey2_1e_vol_3.pdf
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Columbia River, Section 2.1 Reconnaissance Survey. Lab Data Report Vol. 3;86 
C Lower Columbia River Bi-State Program, Reconnaissance Survey of the Lower

Columbia River, Section 2.1 Reconnaissance Survey. Lab Data Report Vol. 6;87 
C Lower Columbia River Bi-State Program, Reconnaissance Survey of the Lower

Columbia River, Section 2.1 Reconnaissance Survey. Lab Data Report Vol. 5;88

C Lower Columbia River Bi-State Program, Reconnaissance Survey of the Lower
Columbia River, Section 2.1 Reconnaissance Survey. Lab Data Report Vol. 7;89

C U.S. Fish and Wildlife Service, Interim report: Environmental contaminants in bald
eagles nesting along the lower Columbia River (Feb. 9, 1996);90

C EPA, Ecological Condition of the Columbia River Estuary EPA 910-R-07-004 (Dec.
2007);91

C NOAA Fisheries Northwest Fisheries Science Center, Habitat Quality, Toxics, and
Salmon in the Lower Columbia Estuary: Multi-Year Coordinated Fish, Fish Prey, Habitat
and Water Quality Data Collection under the Ecosystem Monitoring Project (Oct. 23,
2012);92

C Curtis Roegner, NOAA Fisheries, Oxygen-depleted water in the Columbia River estuary;
Observations and consequences (April 23, 2013);93

C  Lyndal Johnson et al., (2013): Persistent Organic Pollutants in Juvenile Chinook Salmon
in the Columbia River Basin: Implications for Stock Recovery, Transactions of the
American Fisheries Society, 142:1, 21-40;94

C Lower Columbia Estuary Partnership, Lower Columbia River and Estuary Ecosystem
Monitoring; Water Quality and Salmon Sampling Report (2007);95

86 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/
TC8526_06_reconsurvey2_1d_vol_3.pdf

87 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/
TC8526_06_reconsurvey2_1d_vol_6.pdf

88 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/
TC8526_06_reconsurvey2_1d_vol_5.pdf

89 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/
TC8526_06_reconsurvey2_1d_vol_7.pdf

90 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/
Sec_3_3_4a.pdf

91 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/
Final_Columbia%20EMAP.pdf

92 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/
Johnson%20EMPSWG_2012_Oct28.pdf

93 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/
Roegner%20LCREP%202013%20DO.pdf

94 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/
JohnsonEtAl2013.pdf

95 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/
WaterSalmonReport.pdf
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C Lower Columbia Estuary Partnership, Juvenile Salmon Ecology in Tidal Freshwater
Wetlands of the Lower Columbia River Estuary: Synthesis of the Ecosystem Monitoring
Program, 2005–2010 (2013);96

C Lower Columbia Estuary Partnership, Lower Columbia River Ecosystem Monitoring
Project Annual Report for Year 6 (September 2009 to November 2010) (2011);97 

C Lower Columbia Estuary Partnership, Lower Columbia River Ecosystem Monitoring
Project Annual Report for Year 5 (September 2008 to November 2009) (2010);98

C Lower Columbia Estuary Partnership, Lower Columbia River Ecosystem Monitoring
Project Annual Report for Year 4 (September 1, 2007 to August 31, 2008) (2009);99

C Lower Columbia Estuary Partnership, Lower Columbia River Ecosystem Monitoring
Project Annual Report for Year 3B (September 1, 2006 to August 31, 2007) (2008);100

C Lower Columbia Estuary Partnership, Lower Columbia River Ecosystem Monitoring
Project Annual Report for Year 3 (September 1, 2005 to August 31, 2006) (2007);101

C Lower Columbia Estuary Partnership, Lower Columbia River Ecosystem Monitoring
Project Annual Report for Year 2 (September 1, 2004 to August 31, 2005) (2006);102

C Lower Columbia Estuary Partnership, Historical Habitat Change in the Lower Columbia
River, 1870 - 2010 (2012);103

C Lower Columbia Estuary Partnership, Lower Columbia River Ecosystem Monitoring
Project Annual Report for Year 7 (September 1, 2010 to December 31, 2011) (2012);104

C Lower Columbia Estuary Partnership, Lower Columbia River Ecosystem Monitoring
Project Annual Report for Year 8 (October 1, 2011 to September 30, 2012) (2013);105

96 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/
EMP%20Synthesis%20Final_050913.pdf 

97 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/
Year%206%20Report_EMP_Final_reduced.pdf

98 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/
LCREP%20EMP%20%232003-007-00%20Year%205%20Report_reduced.pdf

99 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/
LCREP%20EMP%20%232003-007-00%20Year%204%20Report_reduced.pdf

100 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/
LCREP%20EMP%20%232003-007-00%20Year%203b%20Report.pdf

101 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/
Year%203%20Ecosystem%20Monitoring%20Project%20Annual%20Report.pdf

102 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/
Year%202%20Ecosystem%20Monitoring%20Annual%20Report%20_Final_reduced.pdf

103 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/
Lower%20Columbia%20Estuary%20Historical%20Landcover%20Change%20final_2013_small
.pdf

104 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/
Year%207%20Report_EMP_Final_reduced.pdf

105 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/
EMP%20FY11%20Report_2012_final_051513.pdf
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C Lower Columbia River Bi-State Program, The Health of the River 1990-1996, Integrated
Technical Report (May 20, 1996);106

C USGS, NASQAN National Stream Quality Accounting Network - Data Portal107

C DEQ, Email from Steve Hanson to Lorri Epstein, Re: LASAR Database (Aug. 13, 2013);
C Columbia Riverkeeper, DEQ 2009 DATA final submitted 12.10.10; 
C Columbia Riverkeeper, DEQ cont. temp. log data 2009 final submitted 1_8_10; 
C Columbia Riverkeeper, DEQ_2010_DATA_6_21_11 Submitted; 
C Columbia Riverkeeper, DEQ cont. temp log data 2010 ready to submit; 
C Columbia Riverkeeper, DEQ 2011 data submitted 1_27_12; 
C Columbia Riverkeeper, 2011 Continuous temperature submitted 1.27.11; 
C Columbia Riverkeeper, DEQ 2012 data 6 26 13; 
C Columbia Riverkeeper, DEQ 2013 data 9.18.13;
C Oregon Health Authority, Fish Consumption Advisory Standard Operating Guidance

(SOG) For the Oregon Health Authority (OHA) Fish Advisory Program (May 2, 2011);
C Oregon Health Authority, FISH MONITORING STANDARD OPERATING

GUIDANCE (SOG) Guidance for the Oregon Health Authority (OHA) and its partners
(Oct. 11, 2010);

C Oregon Health Authority, Standard Operating Guidance Target Analytes for Oregon’s
Fish Advisory Program (May 2, 2011);

C DEQ, Stormwater Data 12Z and 12COLS Copy;
C U.S. Fish and Wildlife Service, Environmental Conservation Online System, Listing and

Occurences for Oregon;108

C U.S. Fish and Wildlife Service, Environmental Conservation Online System, Species ad
hoc Search [Species proposed for listing];109

C U.S. Fish and Wildlife Service, Environmental Conservation Online System, Candidate
Species Report110

C U.S. Fish and Wildlife Service, Environmental Conservation Online System, Species
Profile, Oregon spotted frog;111 and

C U.S. Fish and Wildlife Service, Species Assessment and Listing Priority Assignment
Form: Rana pretiosa (May 9, 2011).112

106 Available at http://www.estuarypartnership.org/sites/default/files/resource_files/
Additions_D_1996_health_of_the_river_integrated_report.pdf

107 Available at http://infotrek.er.usgs.gov/nasqan_query/
108 Available at http://ecos.fws.gov/tess_public/pub/stateListingAndOccurrence

Individual.jsp?state=OR&s8fid=112761032792&s8fid=112762573902
109 Available at http://ecos.fws.gov/tess_public/pub/SpeciesReport.do?listingType=P
110 Available at http://ecos.fws.gov/tess_public/pub/candidateSpecies.jsp
111 Available at http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?

spcode=D02A
112 Available at http://ecos.fws.gov/tess_public/candidateReport!streamPublishedPdf

ForYear.action?candidateId=51&year=2011
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II. OREGON FAILS TO USE THE LEGAL DEFINITION OF WATER QUALITY STANDARDS IN
ASSESSING ITS WATERS

DEQ has failed to make 303(d) listings based on waters’ noncompliance with narrative criteria,
beneficial use support, and antidegradation policies and requirements – all of which are essential
and required components of water quality standards.  As a result, DEQ has failed to list waters of
the state that are suffering from problems due to high levels of toxics, turbidity, temperature,
habitat impairment, cumulative and synergistic impacts of multiple pollutants, pollutants without
criteria, impairments by pollutants lower than existing numeric criteria, and impaired uses not
yet associated with pollutants, to name a few.  These water quality problems are directly
responsible for impairment of the state's most sensitive beneficial uses which the state's water
quality standards and the application of section 303(d) are intended to protect. 

In some cases, the methodology correctly states the law concerning aspects of the 303(d) listing
process and then fails to address the law.  This is not an uncommon DEQ tactic.  For example,
nearly every TMDL issued by DEQ does the same thing.  Specifically, the Methodology states
that water quality standards consist of key elements, namely designated uses, narrative and
numeric criteria, and antidegradation requirements.  See, e.g., 2012 Methodology at 1.  DEQ
correctly acknowledges that it must apply the policy of independent applicability to be consistent
with EPA policy and the Clean Water Act.  Id. at 11.  However, independent applicability means
more than making a bald statement; it requires a methodology to do so.  Nowhere does the
methodology explain how, if at all, DEQ makes assessments and 303(d) listings on the basis of
data and information that demonstrate Oregon’s waters provide less than full support of
designated uses.  For example, DEQ’s methodology fails to demonstrate how, with the exception
of the numeric criteria, these key elements are addressed by Oregon in its listing and assessment
process.  In fact, they are not.  DEQ cites a description of Category 5 of EPA’s listing approach
which includes “[d]ata indicate a designated use is not supported[.]”  Id.  In order to evaluate
whether designated uses are not supported, the Department must have a methodology for
evaluating the data and information.  It does not.  Instead, the Department uses narrative criteria
and, on rare occasion, designated use support as methods of supporting its listing process for
certain parameters.  Generally speaking these are not incorrect interpretations of why certain
waters must be listed for certain parameters.  The problem comes in that DEQ does not
understand that it must list on the basis of the key elements of water quality standards as well.  In
other words, DEQ must list on the basis of whether toxics are present in toxic amounts and/or
causing less than full support of designated uses, and/or failing to protect existing uses, not just
cite to the narrative criteria for toxics as a basis for using fish consumption advisories.

A. The Legal Definition of Water Quality Standards and Listing Requirements
for the 303(d)(1) List

Water quality standards are defined as the designated beneficial uses in combination with the
numeric and narrative criteria to protect those uses and an antidegradation policy.  40 C.F.R. §
131.6.  Numeric criteria adopted in water quality standards are required to be promulgated to
protect the "most sensitive use."  40 C.F.R. § 131.11(a)(1).  However, since this is not always
possible, the task of evaluating whether standards have been met also requires an assessment of
the impacts to beneficial uses.  The U.S. Supreme Court decision in PUD No. 1 of Jefferson
County v. Washington Department of Ecology, 114 S.Ct. 1900 (1994) underscored the
importance of protecting beneficial uses as a "complementary requirement" that "enables the
States to ensure that each activity – even if not foreseen by the criteria – will be consistent with
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the specific uses and attributes of a particular body of water."  Id. at 1912.  The Court explained
that numeric criteria "cannot reasonably be expected to anticipate all the water quality issues
arising from every activity which can affect the State's hundreds of individual water bodies."  Id.

This legal definition is mirrored in EPA’s implementing regulations for section 303(d) of the
Clean Water Act.  Specifically, these regulations require that 

For the purposes of listing waters under §130.7(b), the term “water quality
standard applicable to such waters” and “applicable water quality standards” refer
to those water quality standards established under section 303 of the Act,
including numeric criteria, narrative criteria, waterbody uses, and antidegradation
requirements.

40 C.F.R. § 130.7(b)(3).  When EPA adopted these regulations, it made clear its expectations of
states:

[I]n today's final action the term "applicable standard" for the purposes of listing
waters under section 303(d) is defined in § 130.7(b)(3) as those water quality
standards established under section 303 of the Act, including numeric criteria,
narrative criteria, waterbody uses and antidegradation requirements.  In the case
of a pollutant for which a numeric criterion has not been developed, a State
should interpret its narrative criteria by applying a proposed state numeric
criterion, an explicit State policy or regulation (such as applying a translator
procedure developed pursuant to section 303(c)(2)(B) to derive numeric criteria
for priority toxic pollutants), EPA national water quality criteria guidance
developed under section 304(a) of the Act and supplemented with other relevant
information, or by otherwise calculating on a case-by-case basis the ambient
concentration of the pollutant that corresponds to attainment of the narrative
criterion.  Today's definition is consistent with EPA's Water Quality Standards
regulation at 40 CFR part 131.  EPA may disapprove a list that is based on a State
interpretation of a narrative criterion that EPA finds unacceptable.

EPA, Final Rule: Surface Water Toxics Control Program and Water Quality Planning and
Management Program, 57 Fed. Reg. 33040, 33045 (July 24, 1992).  EPA’s listing guidance is
consistent with both its regulation and the intent expressed by EPA at its adoption of the
regulation in 1992.  

1. Oregon Fails to List Waters for Not Supporting Designated Uses 

a. Oregon Implies That it Considers Designated Use Support

Notwithstanding the clarity of the law, the Department has proposed to make very few listings
on the basis of impairment of designated uses.  But DEQ does go out of its way to create the
appearance of compliance.  In its 2012 methodology, DEQ states that it will place waters in
Category 3B when there is “[p]otential concern when data are insufficient to determine use
support but some data indicate non-attainment of a criterion, in Category 4 when “[d]ata indicate
that at least one designated use is not support (sic) but a TMDL is not needed,” and Category 5
when “[d]ata indicate a designated use is not supported or a water quality standard is not attained
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and a TMDL is needed.”  Methodology at 11.  In a footnote, DEQ claims it “uses the policy of
independent applicability to assess attainment of water quality standards[.]”  Id.  DEQ further
claimed that it considers the “factor” of “designated beneficial uses of a water body, particularly
sensitive fish uses.”  Id. at 13.  Likewise, it provided a table “Defining Assessment Units and
Status – Beneficial Uses Designated in Water Quality Standards” that suggests it evaluates
designated use support, although the accompanying note indicates it likely only pertains to
determining which temperature and dissolved oxygen criteria apply.  Finally, DEQ states that it
“assign[s] an assessment category to a water body . . . for specific parameters/pollutants,
narrative and numeric criteria, and designated uses.”  Id. at 23.  

Yet, the DEQ methodology does not contain any section that describes how the state assesses the
status of designated use support, particularly using data and information that are not water
column data.  It does list, under each pollutant or parameter the “beneficial uses affected.”  See,
e.g., id. at 24 (aquatic weeds affect the following uses: “Domestic and Industrial Water Supply,
Irrigation, Livestock Watering, Fish and Aquatic Life, Fishing, Boating, Water Contact
Recreation, Aesthetic Quality”).  But there is no search parameter in its on-line assessment
database for designated use impairment of any kind.  And, there is no mention of evaluating
designated use impairment in the methodology other than to support findings under individual
criteria for pollutants or parameters, generally parameters with numeric criteria. 

The methodology does in some limited instances indicate Oregon evaluates designated use
support, albeit for limited purposes, i.e., only to determine exceedances of specified individual
pollutants or parameters.  Specifically, DEQ’s methodology indicates that it evaluates
compliance with its turbidity standard on the following basis: 

For impairments to beneficial use as drinking water supply, Public Water System
operator indicates that high turbidity days (days with turbidity .5 NTU) are
causing operational difficulty and source water data validate this impairment. 
The data are considered to validate an impairment if more than 45 high turbidity
days per year occur for any year for which data are available.

Id. at 74.  Likewise, DEQ will find a violation where there is a “fish consumption advisory
issued for a specific water body based on pollutants in fish tissue issued by the Oregon
Department of Human Services.”  Id. at 58.  DEQ suggests that in the past it has assessed
designated use support for the effects of sedimentation including “aquatic community status,
biomonitoring reference sites, or fishery data” but the current methodology makes clear that
Oregon no longer does this.  Id. at 51.  Similarly, DEQ has evaluated designated use support of
some aquatic life – namely freshwater macroinvertebrates such as insects, crustaceans, snails,
clams, worms, and mites – in evaluating compliance with its biocriteria standard.  Id. at 32.  And
the Methodology indicates that the agency uses “health advisories” to assess compliance with its
aquatic weeds or algae narrative criterion.  Id. at 24.  Finally, DEQ makes clear that it does not
evaluate designated use support for some indicator bacteria by stating that “[t]he Oregon Beach
Monitoring Program may issue precautionary advisories based on heavy rainfall, flooding, or
sewage spills. These advisories are not included in the data summarized in the assessment.”  Id.
at 29.

Put another way, DEQ does not assess designated support status for the following designated
uses: water contact recreation, shellfish growing, domestic water supply, fish and wildlife,
fishing, boating, aesthetic quality, aquatic life, salmon and steelhead spawning, resident trout
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spawning, cold-water aquatic life (salmon, trout, steelhead, mountain whitefish, char, cold-water
invertebrates, and other native cold-water species), cool-water aquatic life (e.g., native sturgeon,
Pacific lamphrey, suckers, chub, sculpins, and some minnows), warm-water aquatic life (Borax
Lake chub), core cold-water habitat, bull trout spawning and juvenile rearing, redband or
Lahontan cutthroat trout, salmon and steelhead migration, human health – water and fish
ingestion, and fish consumption.  There is literally no reference in the methodology to the
requirement to protect wildlife as a designated use; the word “wildlife” does not appear in the
methodology apart from references to agency names and citations to the law.  The failure of
DEQ to include listings based on support of beneficial uses is contrary to the statutory
requirement that waters be listed on the 303(d)(1) list when effluent limits are not stringent
enough to “implement any water quality standard applicable to such waters.”  Id. (emphasis
added). 

b. Commenters Submit Data and Information on Failure to Fully
Support Oregon’s Designated Uses

There are ample readily available data and information concerning the failure of Oregon’s waters
to support its designated uses.  These sources include but are not limited to: 

C closures of recreational and commercial shellfish harvesting beds; 
C threatened and endangered status of species under the federal Endangered Species Act;
C populations listed based on the Oregon Endangered Species Act (ORS 496.171-496.192);
C populations of aquatic species that have been locally extirpated;
C impaired populations such as populations with reproductive organ deformities and

evidence of reproductive impairment, including aquatic-dependent mammals, reptiles,
amphibians, fish, and birds; and

C low flows causing use impairment;113

Sources of this information include but are not limited to the National Marine Fisheries Service,
U.S. Fish and Wildlife Service, the U.S. Geological Survey, Oregon Department of Fish and
Wildlife, Oregon Biodiversity Information Center at Portland State University, institutions of
higher learning, and DEQ itself.   

We hereby submit as readily available data and information on lack of full support of designated
uses, the data and information in Section I.E. of these comments, supra.

2. Oregon Fails to List Waters for Violations of Narrative Criteria

Just as designated uses are part of the water quality standards against which DEQ is obligated to
compare data and information in developing its 303(d) list of impaired waters, so too are the
state’s narrative criteria.  While the 2012 methodology mentions narrative criteria, very little of
DEQ’s assessment addresses these criteria.  The narrative criteria quoted in the methodology

113 The failure to give independent meaning to the beneficial use component of the
water quality standards, as required by Jefferson County, also incorrectly restricts 303(d)(1)
listings for flow modification and habitat alteration.  DEQ takes the position that waterbodies are
properly placed under Category 4C, and therefore excluded from the 303(d) list, when the water
body suffers from low flows, which themselves can be a demonstration of use impairment. 
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include “[t]he development of fungi or other growths having a deleterious effect on stream
bottoms, fish or other aquatic life, or that are injurious to health, recreation, or industry may not
be allowed.”  OAR 340-041-0007(9).  Here DEQ notes that absent an indication of a
“deleterious or injurious effect[] on beneficial uses,” the agency will not find a violation of the
criterion.  2012 Methodology at 24.  Accordingly, DEQ will find impairments based on 

[d]ocumented reports of excessive growths of invasive, non-native aquatic plants
that dominate the assemblage in a water body and have a harmful effect on fish or
aquatic life or are injurious to health, recreation, or industry. Plants include
aquatic species on the Oregon Department of Agriculture Noxious Weed Policy
and Classification System designated as “A”, “B”, or “T” weeds or those covered
by a quarantine in OAR 603-052-1200.

Id.  Likewise, health advisories issued by the Oregon Public Health Division Harmful Algae
Bloom Surveillance (HABS) program are a basis for finding the designated use non support
necessary to find a violation of this narrative.  Id.  And, finally, DEQ will use 

[d]ocumented evidence that algae, including periphyton (attached algae) or
phytoplankton (floating algae), are causing other standards to be exceeded (e.g.
pH, chlorophyll a, or dissolved oxygen) or impairing a beneficial use.

Id.  A requirements that both a criterion and a designated use support be violated in order to
place a segment on the 303(d) list is the opposite of the principle of independent applicability.  In
addition, these examples demonstrate that DEQ does not fully implement its narrative criteria in
violation of federal law.

In contrast to the aquatic weeds and algae narrative, DEQ’s citing of the narrative criteria OAR
340-041-0009(4) (“Bacterial pollution or other conditions deleterious to waters used for
domestic purposes, livestock watering, irrigation, bathing, or shellfish propagation, or otherwise
injurious to public health may not be allowed”) and OAR 340-041-0007(10) (“The creation of
tastes or odors or toxic or other conditions that are deleterious to fish or other aquatic life or
affect the potability of drinking water or the palatability of fish or shellfish may not be allowed”)
for indicator bacteria are citations without any methodology by which it will assess compliance
with these narrative criteria.   See 2012 Methodology at 26, 30.  Similarly, while sedimentation is
exclusively a narrative criterion, OAR 340-041-0007(11) (“The formation of appreciable bottom
or sludge deposits or the formation of any organic or inorganic deposits deleterious to fish or
other aquatic life or injurious to public health, recreation, or industry may not be allowed”), DEQ
has no method by which it applies this criterion, stating that while in the past it has used
“documentation that showed excessive sedimentation was a significant limitation to fish or other
aquatic life,” including “information indicating beneficial uses impairment (aquatic community
status, biomonitoring reference sites, or fishery data) and measurement data for benchmarks such
as cobble embeddedness or percent fines,” it no longer has any method.  Id. at 51 (“DEQ is
considering approaches to apply a numeric benchmark based on measurements of stream
conditions to implement the narrative criteria.”).  Total dissolved gas is similar, with a reference
to the narrative OAR 340-041-0031(1) (“Waters will be free from dissolved gases, such as
carbon dioxide hydrogen sulfide, or other gases, in sufficient quantities to cause objectionable
odors or to be deleterious to fish or other aquatic life, navigation, recreation, or other reasonable
uses made of such water.”) but no reference to how DEQ applies the narrative.  Id. at 55.  Where
DEQ has no methodology one can be sure it has made no assessment of data and information to
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evaluate compliance with narrative criteria.

Similarly, with regard to toxics, DEQ cites two narrative criteria for the protection of uses from
toxic contaminants:

Toxic substances may not be introduced above natural background levels in
waters of the state in amounts, concentrations, or combinations that may be
harmful, may chemically change to harmful forms in the environment, or may
accumulate in sediments or bioaccumulate in aquatic life or wildlife to levels that
adversely affect public health, safety, or welfare or aquatic life, wildlife, or other
designated beneficial uses.

OAR 340-041-0033(2).   And the general narrative:

To establish permit or other regulatory limits for toxic substances for which
criteria are not included in Tables 20, 33A, or 33B, the department may use the
guidance values in Table 33C, public health advisories, and other published
scientific literature.  The department may also require or conduct bio-assessment
studies to monitor the toxicity to aquatic life of complex effluents, other
suspected discharges, or chemical substances without numeric criteria.

OAR 340-041-0033(5).  DEQ explains that the two exclusive methods it uses to assess waters
based on these narrative criteria are determinations by DEQ that waters are impaired because
either

pollutants with Safe Drinking Water Act Maximum Contaminant Levels (MCLs)
that do not have corresponding human health or aquatic life toxic substance
criteria and where a water body is the source water for a Community Water
System, two (2) or more valid surface water results not meeting the MCL AND
water system finished water also exceeds the MCL for that pollutant

or “[a] fish consumption advisory issued for a specific water body based on pollutants in fish
tissue [is] issued by the Oregon Department of Human Services.”  Id. at 58.  DEQ does not
discuss any of the prohibitions in OAR 340-041-0033(2) regarding, inter alia, wildlife tissue
residue levels or sediment nor does it refer to the information that it has gathered on toxic
substances for which it has no numeric criteria, with the exception of those with Safe Drinking
Water Act MCLs.

In some instances, DEQ’s reference to narrative criteria are simply interpreted in such a narrow 
fashion as to render them more meaningless than not.  For example, while DEQ cites to the
narrative criterion OAR 340–41-0007(10) about growths with a deleterious effect, the agency
restricts its interpretation to only some invasive plant species, see e.g., 2010 Response to
Comments at 11 (“DEQ does not have a methodology to determine when and if other animal
species result in impairments based on using the same narrative criteria”), and fails to recognize
there are readily available data and information on invasive animal species and invasive plants
other than those evaluated in the 2010 assessment.  Invasive animal species are a pollutant that
has migrated into Oregon waters or has been discharged into Oregon’s waters carried in, for
example, ships’ ballast water discharges and recreational boats.  A similar example is provided
by the narrative criterion OAR 340–41-0007(11) regarding “tastes or odors.”  DEQ applies this
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criterion, correctly, to support listings of waters affected by toxic blue-green algae which can
create a toxic condition referenced in the criterion.  However, DEQ’s use of the criterion to
support listings for the pollutant “aquatic weeds and algae” is not the same as reading the
criterion fully.  As a result, DEQ does not, for example, list any waters based on the fact that
they create a “taste or odor . . . [that] affect the potability of drinking water.”  DEQ simply
ignores this aspect of the narrative criterion.  

Overall, DEQ’s narrow reading of its narrative criteria, its refusal to accept or seek data and
information that pertain to the prohibitions set out in the narrative criteria, and its failure to
actually apply the principle of independent applicability render Oregon’s 303(d) list inconsistent
with federal law.

a. Narrative Criteria for Aquatic Weeds or Algae

The sheer lack of 303(d) listings, when compared to well-known attributes of Oregon’s waters
demonstrates that DEQ has failed to obtain all readily available data and information on aquatic
weeds and algae.  The pollutant “aquatic weeds” is stated to include “excessive growths of
invasive, non-native aquatic plants that dominate the assemblage in a water body” yet a query of
the database for all waters on the 303(d) list, categories 4 and 5, yields very little: 

(1) health advisories issued by the Oregon Harmful Algal Bloom Surveillance program and
the U.S. Forest Service for cyanobacteria; and

(2) a very short list of waters adversely affected by invasive plants including:
• One data set for “Cabomba carolina, a non-native macrophyte;” 
• Two data sets for “Myriophyllum aquaticum, commonly called parrotfeather;”
• Seven data sets for “extensive growth of Elodea densa, a non-native aquatic plant

and a "B" designated weed (ODA);” and
• Two data sets for “Eurasian milfoil, a non native species.”

DEQ Database.  In contrast, attached and cited above, are numerous examples of readily
available data and information that meet Oregon’s listing methodology for aquatic weeds.  This
includes health advisories issued in 2013 not included in the proposed list.  See Oregon Health
Authority, Algae Bloom Advisories.114

Just to take one obvious example of DEQ’s failure to evaluate readily available data and
information, the Department apparently has zero data or information on the deleterious growth of 
reed canarygrass (Phalaris arundinacea) which is well known to present a serious threat as an
invasive monoculture adversely affecting wetlands which are waters of the state and therefore
subject to Oregon’s water quality standards.  See, e.g., Biology and Management of Reed
Canarygrass and Ecological Restoration, Clayton J. Antieau, Washington State Department of
Transportation at 2 (“From an ecological perspective, reed canarygrass competitively excludes
other native plant species and limits the biological and habitat diversity of host wetland and
riparian habitats. These changes likely precipitate effects on other wetland and riparian functions
such as wildlife habitat. Reed canarygrass also evapotranspirates large quantities of soil moisture
and potentially affects shallow groundwater hydrologic characteristics. This species’ aggressive

114 Available at http://public.health.oregon.gov/HealthyEnvironments/Recreation/
HarmfulAlgaeBlooms/Pages/Blue-GreenAlgaeAdvisories.aspx
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growth and significant biomass production affects hydraulic characteristics or surface waters by
clogging ditches and stream courses with thick thatch and wrack.”).

Reed canarygrass has direct impacts on beneficial uses, including existing uses that have not
been specifically designated, such as the Oregon spotted frog, Rana pretiosa, a candidate species
under the federal Endangered Species Act.  See US Fish & Wildlife Service, Species Fact Sheet
Oregon spotted frog.115  As such, Oregon spotted frogs are an “existing use” protected by Tier of
the antidegradation policy.  Specifically,

The Oregon spotted frog has been lost from at least 78 percent of its former range.
Precise historic data is lacking, but this species has been documented in British
Columbia, Washington, Oregon, and California.  It is believed to have been
extirpated (locally extinct but exists elsewhere) from California.  It is currently
known to occur from extreme southwestern British Columbia, south through the
eastern side of the Puget/Willamette Valley Trough and the Columbia River
Gorge in south-central Washington, to the Cascades Range, to at least the
Klamath Valley in Oregon.

In Oregon, Oregon spotted frogs historically were found in Multnomah,
Clackamas, Marion, Linn, Benton, Jackson, Lane, Wasco, and Klamath counties.
Currently, this species is only known to occur in Deschutes, Klamath, and Lane
counties.

Id.  Within the regions where the Oregon spotted frogs has and continues to live, the species
requires specific habitat:

Large concentrations of Oregon spotted frogs have been found in areas with the
following characteristics: (1) the presence of good breeding and overwintering
sites connected by year-round water; (2) reliable water levels that maintain depth
throughout the period between oviposition and metamorphosis; and (3) the
absence of introduced predators, especially warm-water game fish and bullfrogs.

Id.   Invasive plant species, as well as invasive animal species, are a direct reason for the decline
of Oregon spotted frogs.  According to the US Fish& Wildlife Service, this includes extensive
alteration of habitat by reed canarygrass, for which Oregon DEQ apparently has no readily
available data or information:

Many factors are believed to have caused Oregon spotted frogs to decline and
continue to threaten this species, including loss of habitat, non-native plant
invasions, and the introduction of exotic predators such as bullfrogs.  Over 95
percent of historic marsh habitat, and consequently Oregon spotted frog habitat,
has been lost in the Willamette and Klamath basins.  Changes in hydrology (due
to construction of ditches and dams) and water quality, development, and
livestock overgrazing continue to result in habitat loss, alteration, and/or
fragmentation. Non-native plant invasions by such aggressive species as reed
canarygrass (Phalaris arundinacea), and succession of plant communities from

115 Available at http://www.fws.gov/oregonfwo/Species/Data/OregonSpottedFrog/
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marsh to meadow also threaten this species' existence. Introductions of bullfrogs
and non-native fishes have affected this species both directly, by eating them, and
indirectly, by outcompeting or displacing them from their habitat.

Id.

The reed canarygrass example, and its effects on the Oregon spotted frog, demonstrates several
points.  First, DEQ has failed to obtain all reasonably available data and information because it
has no data on reed canarygrass despite its abundance and its adverse impacts on Oregon’s
waters.  Second, DEQ’s failure to include animal invasive species as a pollutant eliminates
consideration of such predators affecting native species as introduced bullfrogs that are
threatening the existence of the candidate species Oregon spotted frog, a species that already has
been entirely extirpated in California.  Third, Oregon spotted frogs are required to be protected
as existing uses under Tier I of the antidegradation policy because they are no longer present
where they were found in November 1975 and they may be locally extirpated or completely
extirpated in Oregon if they are not recognized as existing uses that require protection.  In order
to effect this result, the Department must identify to the best of its ability where Oregon spotted
frogs lived on or after November 28, 1975 and to protect the water quality necessary to support
Oregon spotted frogs as required by Tier I.  Last, Oregon’s narrow interpretations of its water
quality standards results in a wholly inadequate database.  One result of this will likely be the
continued degradation of Oregon’s already decimated and impaired wetlands.  

Another example was set out in NWEA’s comments on Oregon’s proposed 2004 list.  We stated
than, and repeat: Compliance with the existing biocriterion should also be based on the degree to
which the resident biological community has been disrupted by invasive species.  While some
invasive species are addressed through the Department’s aquatic weeds standard, others are not. 
For example, the New Zealand mudsnail can be so prolific that they carpet the bottoms of
streams, competing with native invertebrates for both food and space and/or can literally form a
living streambed which does not provide for fish.   Invasions of this species are known to be
present at the Deschutes River, Snake River, Rogue, Umpqua and New rivers, and portions of
the Columbia River estuary, and areas of the coast including coastal lakes such as Coffenbury
Lake at Fort Stevens State Park near Astoria, Devil's Lake in Lincoln City, Garrison Lake in Port
Orford and Floras Lake in Langlois south of Bandon.  See “Small critter, big problem,” Henry
Miller, Statesman Journal, October 26, 2005;.116 “Tiny snail poses a big threat to waterways,”
Richard Hill, November 2, 2005.117  It is not clear whether the Department has sought readily
available data and information on aquatic species invasions such as but not limited to the New
Zealand mudsnail from institutions such as the US Fish & Wildlife Service and the Portland
State University.  It certainly appears that it has not.  The combined failure to obtain data and
information and to accurately interpret and apply narrative criteria for aquatic weeds and algae
renders Oregon’s 303(d) list in violation of federal law.

116 Available at http://www.statesmanjournal.com/apps/pbcs.dll/article?AID=/
20051026/OUTDOORS/510260312/1034

117 Available at  http://www.oregonlive.com/science/oregonian/index.ssf?/base/
science/113089473970050.xml&coll=7#continue
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b. Narrative Biocriteria

We agree with DEQ that it may use “numeric benchmarks to evaluate the integrity of aquatic
biological communities.”  2012 Methodology at 32.  However, by its terms, the biocriterion also
applies more broadly to any waters identified as having “detrimental changes in the resident
biological communities.”  As a narrative criterion, DEQ may not limit its application to numeric
evaluations of data.  Please see the discussion under Aquatic Weeds and Algae above concerning
invasive plants and animals even where there are no data to compare to a numeric benchmark. 
In addition, the database reveals that, once again, the Department has used a small set of data in
lieu of all readily available data and information and a narrow interpretation of its narrative
criterion.  The database for biocriteria violations includes almost no consideration of data and
information outside the numeric benchmarks with the exception of some entries for several
segments based on a “research paper by Oregon State University (Villeneuve, D.L., Curtis, L.R.,
et al, (2004) Environmental Stresses and Skeletal Deformities in Fish from the Willamette River,
Oregon, USA.”  DEQ Database.  In other words, DEQ has limited its application of the
biocriterion to data and not used it with regard to “information” (see discussion supra).  It has
limited its application of the biocriterion to only those measures of biological health that have
scores, even in the face of extensive information demonstrating noncompliance with the
biocriterion.  

c. Narrative Criteria for Sedimentation

DEQ states that it did not evaluate any data or information for sedimentation for the 2012
assessment and, further, that “is considering approaches to apply a numeric benchmark based on
measurements of stream conditions to implement the narrative criteria.”  2012 Methodology at
51; see also 2010 Methodology at 45 (A reference to the 1998 303(d) list as the last time DEQ
interpreted and applied its sediment criterion; “DEQ is currently reviewing approaches to apply a
numeric benchmark based on measurements of stream conditions to implement the narrative
criteria.”).   DEQ does not have the discretion to ignore all data and information on
sedimentation that it may have or could have obtained readily simply because it has not
developed a numeric implementation methodology for the criterion.  Instead, it must at a
minimum use the same methods it used in past listing and assessments: indications of beneficial
use impairment, described by DEQ has indicated by “aquatic community status, biomonitoring
reference sites, or fishery data” and “measurement data for benchmarks such as cobble
imbeddedness or percent fines.”  Id.  Where fisheries data indicate impairment of spawning areas
that would otherwise be available and suitable for spawning, the Department must find an
impairment of this criterion.

d. Narrative Criteria for Toxics

DEQ’s limitation on using data on toxics, considering only water column values and not tissue
residue or sediment values, is inconsistent with providing the protection allegedly established by
the numeric criteria, as discussed infra.  It is also inconsistent with the requirement to fully
support designated uses, protect existing uses under Tier I of the antidegradation policy, and
fully implement Oregon’s narrative criterion that protects uses from toxic substances, discussed
supra.  Particularly where the detection and quantitation levels  are higher than the numeric
criteria, which is roughly half of the human health criteria, the Department should have and use
protocols to evaluate tissue and sediment levels in a way that is consistent with the ambient
water column criteria.  The need to evaluate tissue and sediment levels also exists with regard to
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toxics that are not likely to be found in the water column, at least not at levels that can be
detected, such as dioxin.  An example of how to address this problem is the Columbia Basin
Dioxin TMDL established by EPA.  See EPA, Total Maximum Daily Loading (TMDL) to Limit
Discharges of 2,3,7,8-TCDD (Dioxin) to the Columbia River Basin (Feb. 25, 1991).118   In that
TMDL, EPA translated Oregon's .013 ppq numeric criterion into a .07 ppt fish tissue level and
applied it to fish tissue levels.  Id. at A-2.  It is not sufficient for the Department to rely upon fish
consumption advisories issued by the Oregon Department of Human Services which uses
different fish consumption levels to assess the safety of fish consumption under DEQ’s Clean
Water Act standards.  Likewise, the Department’s methodology needs to discuss how it treats
wildlife studies that demonstrate that levels of toxics are causing adverse effects to health and
reproductivity of species such as mink, otter, eagles, falcons, and other piscivorus birds and
mammals.

Oregon’s current 303(d) listing methodology fails to realistically account for toxics in fish.
DEQ’s recent study comparing toxicity in fish tissue and water column samples demonstrates the
problem with Oregon’s 303(d) listing methodology.  In 2012, DEQ found that while water
column samples from the mid-Columbia River were generally within acceptable levels for
toxics, toxics were present in fish tissue at well above the acceptable levels to protect human
health.  See DEQ, Regional Environmental Monitoring and Assessment Program: 2009 Lower
mid-Columbia river Ecological Assessment Final Report (2012).119  Essentially, the study found
that water column samples from a waterbody might have an acceptable level of toxics, but the
fish in that same waterbody could contain so much toxic pollution that they are dangerous for
human consumption.  Id.  As the DEQ website so clearly puts the contrast, 

while the [Columbia] river’s fish and bank habitat is degraded, its water quality is
generally good, with low levels of metals and organic compounds known as
polyacromatic hyrdrocarbons.  Unfortunately, bass and largescale sucker fish
fillets sampled from the river as part of this study show accumulation of
potentially harmful levels of mercury, chlorinated pesticides and other toxic or
cancer-causing chemicals, including dioxins, furans, and PCBs.

DEQ, Water Quality Monitoring, Lower Mid-Columbia River Ecological Assessment.120 See
also EPA, Columbia River Basin: State of the River for Toxics – January 2009 at 1(2009).121

In contrast to the DEQ water quality criteria which are the basis for 303(d) listings, the Oregon
Health Authority uses an assumed fish consumption rate of 32 grams per day of fish, which is
substantially lower than the fish consumption rate of 175 grams per day that underlies the
numeric criteria.  See Oregon Health Authority, Fish Consumption Advisory Standard Operating
Guidance For the Oregon Health Authority Fish Advisory Program (2011).  Fish advisories are

118 Available at https://fortress.wa.gov/ecy/publications/publications/0910058.pdf
119 Available at http://www.deq.state.or.us/lab/wqm/docs/2009%20columbia%

20REMAP%20final%20report_DEQ_Complete.pdf
120 Available at http://www.deq.state.or.us/lab/wqm/middlecolumbia.htm
121 Available at http://www2.epa.gov/sites/production/files/documents/columbia_

state_of_the_river_report_jan2009.pdf 
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meant to be a warning to the public about how much fish is safe to consume from a given
waterbody.  In contrast, water quality standards are based on how much fish people actually eat
and are not intended to curtail fish consumption but, rather, to protect people at the level at
which they consume fish.  In addition, while the Oregon Health Authority limits “advisories to
non-cancer health effects as cancer risk models are more likely to over-estimate risk, causing
consumers to unnecessarily forgo the health benefits of eating fish,” id., EPA explicitly relies on
cancer risk assessments in order to determine water quality standards for human health, and
analyzes cancer risk at length in the methodology for determining water quality standards, see
e.g., EPA, Methodology for Deriving Ambient Water Quality Criteria for the Protection of
Human Health 3-1 (2000).122   Likewise, EPA’s recommended methodology for issuing fish
advisories also relies on cancer risk assessment: “For carcinogens, EPA recommends basing
screening values on chemical-specific cancer slope factors.”  EPA, Guidance for Assessing
Chemical Contaminant Data for Use in Fish Advisories; Volume 2 2-52 (2000).123  Therefore,
DEQ’s reliance on state fish consumption advisories to determine compliance with its narrative
criterion to protect human health from toxic substances is inconsistent with the criterion and the
assumptions used by DEQ in adopting its numeric criteria and is, therefore, entirely arbitrary.

As a result of the Department’s limited interpretation of its own water quality standards, it has
also failed to evaluate data on use impairment related to levels of toxic contaminants to
piscivorus wildlife such as eagles, mink and otter.  For example, despite a report on the
Columbia River that concludes “that river otter in the vicinity of RM 119.5 are in a critical or
almost critical category based on reference level comparisons, abnormalities noted during
necropsy, and histopathological observations of individuals,” DEQ has not used this data as the
basis of listing.  See The Health of the River 1990-1996, Integrated Technical Report, Tetra
Tech, May 20, 1996, Figure 14, at 53.124  This data and information about the effects of
pollutants on designated uses is tied to toxic contaminants: “Concentrations of organochlorine
insecticides, PCBs, and to a lesser extent PCDDs and PCDFs in the liver of river otters were
highly correlated with each other and many were significantly related to baculum [penis bone]
and testes size or weight.”  Id. at 52.  And this same study noted that “[h]istorically, some
individual mink contained PCB concentrations known to make adult female mink in laboratory
studies incapable of producing young.”  Id. at 52.  Yet DEQ ignores this data and information. 
Similarly, DEQ ignores the results of the Lower Columbia Water Quality Study where it found
sediment contamination exceeds values believed to be protective of benthic organisms and
wildlife.  Id. at 37, Figure 14.  This is just one example of DEQ’s ignoring sediment and tissue
data and evidence of impacts of toxic substances on designated uses contrary to the explicit
language of Oregon’s toxic narrative criterion.  

Another source of data and information on beneficial use impacts of toxics and violations of
narrative criteria in sediment and tissue are the CERCLA data from the Portland Harbor.  See

122 Available at http://water.epa.gov/scitech/swguidance/standards/criteria/health/
methodology/upload/2008_07_01_criteria_humanhealth_method_tsdvol3.pdf

123 Available at http://water.epa.gov/scitech/swguidance/fishshellfish/techguidance/
risk/upload/2009_04_23_fish_advice_volume2_v2cover.pdf

124 Available at http://www.estuarypartnership.org/resource/bi-state-program-
additional-reports-health-river-1990-1996-integrated-technical-report
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e.g.,  EPA, Region 10, Technical Documents, Cleanup Investigation.125   In fact, a search of the
DEQ database yields no records at all from this vast source of data and information, not even
given DEQ’s purported focus on toxics in the Willamette Basin.  And it is not reasonable for us
to be obligated to copy all of these files and submit them to DEQ.  Yet clearly these documents
contain data and information that DEQ can use to determine if toxic substances have been
introduced above natural background levels in waters of the state in amounts, concentrations, or
combinations that may be harmful, may chemically change to harmful forms in the environment,
or may accumulate in sediments or bioaccumulate in aquatic life or wildlife to levels that
adversely affect public health, safety, or welfare or aquatic life, wildlife, or other designated
beneficial uses.  For example, one report found that 

Twelve contaminants (copper, lead, mercury, benzo[a]pyrene, dibutyl phthalate,
 total PCBs, PCB TEQ, total dioxin/furan TEQ, total TEQ, aldrin, 4,4 Œ-DDE,

and total Ddx) were identified as posing potentially unacceptable risk for at least
one bird receptor.  Six contaminants (aluminum, lead, total PCBs, PCB TEQ, total
dioxin/furan TEQ, and total TEQ) were identified as posing potentially
unacceptable risk to mink or river otter.

Windward Environmental LLC, Portland Harbor RI/FS, Appendix G, Baseline Ecological Risk
Assessment (July 1, 2011) at ES-11.126  Likewise, “[f]ifty-nine contaminants were identified as
posing potentially unacceptable risk to at least one fish receptor,” and 38 chemicals “pose
potentially unacceptable risk to Pacific lamprey ammocoetes in localized areas associated with
contaminated groundwater discharges to the river.   Id. at ES-10.  Fifty-five contaminants were
“identified as posing potentially unacceptable risk to benthic invertebrates.”  Id. at ES-8.  And
“[t]hirty-three contaminants were identified as posing potentially unacceptable risk to
amphibians and aquatic plants.”  Id. at ES-12.

Likewise, the RI/FS found that for human health, “[r]isks from fish and shellfish consumption
exceed the EPA point of departure for cancer risk of 1 x 10-6, as well as the target cancer
risk range of 1 x 10-6 to 1 x 10-4 and target HI of 1.”  Kennedy/Jenks Consultants, Portland
Harbor RI/FS, Appendix F, Baseline Human Health Risk Assessment (May 2, 2011) at 16.127 
This study found that 22 “[o]ther contaminants potentially pos[e] unacceptable risks at a Study
Area-wide or localized scale for at least one fish consumption exposure scenario[.]” Id.   It also
found that “[r]isks from PCBs based on consumption of fish within the Study Area exceed
the EPA target risk range of 1 x 10-6 to 1 x 10-4, with a maximum estimated risk of 7 x 10-2

(combined adult and child receptor).”  Id. at 17.  DEQ’s failure to use this source of readily
available data and information is a violation of federal law.

In some instances, there is simply no way of knowing what DEQ is doing.  For example, in its
2010 list, DEQ used an exceedance of the SDWA MCL for atrazine as a violation of its narrative

125 Available at http://yosemite.epa.gov/R10/CLEANUP.NSF/ph/Technical+
Documents!OpenDocument&ExpandSection=1#_Section1

126 Available at http://www.epa.gov/region10/pdf/ph/sitewide/bera_draft_
final_7-1-2011.pdf

127 Available at http://www.epa.gov/region10/pdf/ph/sitewide/bhhra_draft_
final_5-2-2011.pdf
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criterion to place waters on the Category 3: Insufficient data list.  2010 Methodology at 57.  In
the 2012 methodology, DEQ is silent as to its treatment of atrazine.  Similarly, DEQ uses 50
µg/L of phosphate phosphorus to interpret its narrative criterion, relying upon EPA’s
recommended values, but then treats this approach as not sufficient to find violations of narrative
criteria by limited exceedances to Category 3B: Insufficient data.  2012 Methodology at 62. 
DEQ’s arbitrary conclusion that interpretations of its narrative criteria cannot be used as the
basis for 303(d) listings is inconsistent with federal law and guidance. 

e. Narrative Criteria for Turbidity

DEQ failed to include violations of the narrative turbidity criterion based on impairment to uses.
For example, the database demonstrates the City of Clatskanie reports that in Roaring Creek
there are “frequent high turbidity events causing temporary shutdowns” but because there are no
turbidity monitoring data available, this water is listed as Category 3B: Potential concern instead
of Category 5.  See DEQ Database, record ID 23137.   There are others treated in this same
fashion, e.g., South Fork Necanicum River, id. at 23143, Coquille River, id. at 23139, North
Fork Coquille River, id. at 23122, South Fork Coquille River, id. at 23141, Floras Creek, id. at
23140, and North Fork Hubbard Creek, id. at 23123.  This failure to list on the basis of a clearly
impaired water is due to the severe limitations of the DEQ methodology.  First, there is no
reason why an impairment must exist at least one eight of the year (45 days) to be considered
sufficient for listing.  That is a very high bar.  Second, many small public drinking water systems
do not have the resources to monitor source water data day after day when they are experiencing
the impairment and it is causing operational difficulties.  The lack of data undermines the
information that should be sufficient basis for listing.  Third, the policy of independent
applicability means that an impairment based on lack of full support of designated uses is
sufficient without also using any numeric criteria that may apply to the water quality problem. 
Last, by not listing waters where use impairment is demonstrated but data are not available, the
Department is withholding the regulatory actions that could and should restore water quality to
natural turbidity levels.  In doing so, it is putting the cost of drinking water treatment on small
municipal systems that can ill afford it and allowing the sources of disturbance to externalize
their pollution impacts.  This is poor public policy. 

f. Commenters Submission of Data and Information Pertaining to
Violations of Oregon’s Narrative Criteria

There are ample readily available data and information concerning the failure of Oregon’s waters
to meet its narrative criteria.  These sources include but are not limited to data and information
concerning: 

C animal invasive species;
C plant invasive species;
C toxic substances that have accumulated in sediments;
C toxic substances that are found in Oregon’s waters in combinations that are harmful;
C toxic substances that are bioaccumulated in aquatic life to levels that adversely affect

public health, safety, or welfare;
C toxic substances that have bioaccumulated in aquatic life or wildlife to levels that

adversely affect aquatic life, wildlife;
C toxics substances that have bioacucmulated in amounts, concentrations, that may be

harmful;
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C bio-assessment studies to monitor the toxicity to aquatic life of complex effluents, other
suspected discharges, or chemical substances without numeric criteria;

C growths having a deleterious effect on stream bottoms, fish or other aquatic life, or that
are injurious to health, recreation, or industry;

C of sufficient quality to support aquatic species without detrimental changes in the resident
biological communities;

C bacterial pollution or other conditions deleterious to waters used for domestic purposes, ,
bathing, or shellfish propagation; and

C creation of tastes or odors or toxic or other conditions that are deleterious to fish or other
aquatic life or affect the potability of drinking water or the palatability of fish or shellfish
may not be allowed.

Sources of this information include but are not limited to the National Marine Fisheries Service,
U.S. Fish and Wildlife Service, the U.S. Geological Survey, Oregon Department of Fish and
Wildlife, Oregon Biodiversity Information Center at Portland State University, institutions of
higher learning, and DEQ itself.  

We hereby submit as readily available data and information pertaining to violations of narrative
criteria, the data and information in Section I.E. of these comments, supra.

3. Numeric Criteria

The 2012 listing methodology is focused primarily on how the Department applies the numeric
criteria in its water quality standards to the data and information that it has available.  The
drawback to this almost exclusive reliance on numeric criteria can be illustrated by the 2010
methodology’s treatment of toxic contaminants.  Then, DEQ stated that “[n]umeric criteria in
Table 20 for toxic substances remain the effective criteria for CWA 305(b) and 303(d)
assessment purposes.”  2010 Methodology at 4, 50.  This narrow view of what it means to apply
its water quality standards resulted in DEQ’s using 30-year old numeric criteria that are based on
a level of fish consumption that is half the level currently used in EPA’s recommended national
criteria and considerably less than its newly adopted human health criteria.  Instead, DEQ could
have used its narrative criteria in addition to the applicable numeric criteria.  DEQ has a legal
obligation to use its narrative criterion to supplement and fill the gaps left by inadequacies in its
numeric criteria.  These problems associated with the 2010 list linger wherever DEQ has failed
to evaluate data and information as compared to its 2004 aquatic life criteria, which it refuses to
use, and wherever DEQ has failed to evaluate data and information for certain toxic substances,
see infra, or toxic substances in basins other than the Willamette.  As a result, DEQ’s proposed
2012 303(d) list is both a hodgepodge and an inadequate reflection of its currently applicable
water quality standards.

a. Numeric Criteria for Aquatic Weeds or Algae

Oregon DEQ has only one listing for use of a chemical – in this instance copper sulphate – for
the removal of algal blooms when DEQ is well aware of the broad use of chemicals to eradicate
aquatic weeds and algae in the state’s irrigation systems.  See e.g., DEQ, Water Quality Permit
Program, Pesticide Applications into Surface Waters, Update on the Pesticide General Permit
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(2300-A) and Irrigation System General Permit (2000-J) as of November 2013.128  See also
DEQ, Pesticide General Permit (2300A) Pesticide Applications Covered Under the Permit.129 
The levels of chemicals in these waters of the state are intended to poison some forms of aquatic
life.  Therefore, DEQ must evaluate their presence in its assessment of water quality.  One
category covered by the permit described by DEQ is use of pesticides for  “Weed and Algae
Control for the control of invasive or other nuisance weeds and algae in water and at the water’s
edge.  Waters includes streams, rivers, ponds, lakes and drainage ditches. Irrigation systems will
require coverage under a general permit as well.”  Id.  Previously DEQ had prepared a general
permit for this purpose.  Therefore, the Department knows that it must list all the waters in the
nearly 265,000 acres of irrigation district land included in the following irrigation districts:
Klamath, Hermiston, North Unit, Ochoco, Owyhee, Stanfield, Vale, West Extension, and
Westland along with the Owyhee Ditch Company as being subject to use of pesticides for
removal of algae and aquatic weeds.  We cannot append any data and information associated
with the discharges of chemicals and pesticides with these permits because they are in DEQ’s
possession, not available to the public.  We hereby submit this category of data and information
to DEQ for its 2012 list.

We disagree that Oregon has in place a water quality standard that allows DEQ to place waters
impaired by algae or weed growth into Category 4 based on “[a]dequate information indicates
that the algae or weed growth is not due to pollutants or is a natural condition (Category 4C).” 
2012 Methodology at 25.  Oregon does not have a natural conditions provision and DEQ has not
provided sufficient information as to what constitutes “adequate information” that growth is not
due to pollutants.  In addition, DEQ’s failure to use its numeric criteria for assessment of aquatic
weeds or algae in its 2012 assessment is a violation of federal law. 

b. Numeric Criteria for Bacteria

i. E. coli

DEQ’s requirement for a minimum of two exceedances of the 406 E. coli organism criterion to
find a violation of water quality standards sufficient to support a 303(d) listing, 2012
Methodology at 26, is inconsistent with the standard’s specific reference to a “single sample,” 
OAR 340-041-0009(1)(a)(B).  Having been explicit in the standard, DEQ no longer retains the
discretion to alter its meaning.  Likewise, the standard includes restrictions on the quality of
effluent, regardless of whether ambient water quality has been assessed.  The methodology
leaves unclear whether the Department applies OAR 340-041-0009(5) to effluent data although
it notes that the E. coli criteria are applicable to such data sources.  See 2010 Methodology at 21. 
A quick look at the data base seems to indicate that there are no data sets for these effluent
criteria however.  This is either because DEQ has failed to obtain this readily available data from
permittees or because it has chosen not to evaluate the data that it has.  As numeric criteria in the
water quality standard, DEQ does not retain the discretion to ignore them.

DEQ’s failure to evaluate data for E. coli bacteria for the 2012 assessment is a violation of

128 Available at http://www.deq.state.or.us/wq/wqpermit/pesticides.htm
129 Available at http://www.deq.state.or.us/wq/wqpermit/docs/general/npdes2300a/

2300aPermitOverview.pdf
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federal law.  Additionally, DEQ fails to explain its rationale, as required by by 40 C.F.R. §
130.7(b)(6)(iii), as to why it does not use data collected before 2001.

ii. Enterococci

Similarly, DEQ’s requirement for multiple samples to evaluate compliance with the EPA-
promulgated Enterococci criteria is incorrect where there is a single sample criterion.  2012
Methodology at 28-29.   Additionally, it is extremely unclear why even an extraordinary number
of beach advisories issued by the Oregon Beach Monitoring Program would only merit a
Category 3B: Insufficient Data – Potential Concern” assessment.  See 2012 Methodology at 29. 
DEQ concedes that 40 C.F.R. Part 131.41 applies, explains that the “single sample maximum
criterion for moderate use coastal recreation waters is currently used by the Oregon Public
Health Division’s Beach Monitoring Program to trigger a water contact advisory,” and then
rejects the advisories as inconsistent with the numeric criteria.  DEQ does not have the discretion
to ignore such advisories if they are based on sound information, such as a “sewage spill,” one
example noted by DEQ as not an adequate basis for a violation.  Likewise, where the
Department has information that “heavy rainfall” or “flooding” will, in fact, result in violations,
it does not have the discretion to ignore the advisories.  Again, this is based on the fact that
beneficial use support is as much a part of the legal definition of a water quality standard as the
numeric criteria.

DEQ’s failure to evaluate data for Enterococci bacteria for the 2012 assessment is a violation of
federal law.  Additionally, DEQ fails to explain its rationale, as required by by 40 C.F.R. §
130.7(b)(6)(iii), as to why it does not use data collected before 2001.  Last, DEQ violates federal
law in failing to use the Beach Advisories issued by the Oregon Health Authority as a basis for
303(d) listing.

iii. Fecal Coliform Bacteria

DEQ’s failure to evaluate data for fecal coliform bacteria for the 2012 assessment is a violation
of federal law.  Additionally, DEQ fails to explain its rationale, as required by by 40 C.F.R. §
130.7(b)(6)(iii), as to why it does not use data collected before 2001.  

 c. Numeric Biocriteria

DEQ’s failure to evaluate data for biocriteria for the 2012 assessment is a violation of federal
law.  In addition, DEQ has failed to evaluate a scientific report submitted to the agency regarding
violations of biocriteria in the Rogue River.  See Rick Hafele, Medford Regional Water
Reclamation Facility Outfall Assessment Study for the Rogue Fly Fishers & Federation of Fly
Fishers (Jan. 2013).

d. Numeric Criteria for Dissolved Oxygen

DEQ's failure to evaluate data for dissolved oxygen outside the Willamette and Umatilla basins
for the 2012 assessment is a violation of federal law.  Additionally, DEQ fails to explain its
rationale, as required by by 40 C.F.R. § 130.7(b)(6)(iii), as to why it does not use data collected
before 2000.  

Exhibit 4



Karla Urbanowicz (2012 303(d) List Comments)
February 24, 2014
Page 41

e. Numeric Criteria for pH

DEQ's failure to evaluate data for pH for the 2012 assessment is a violation of federal law. 
Additionally, DEQ fails to explain its rationale, as required by by 40 C.F.R. § 130.7(b)(6)(iii), as
to why it does not use data collected before 2001.  Likewise, DEQ fails to explain its rationale
for excluding consideration of data on pH that are outside a prescribed “a time period of interest”
and how that exclusion is consistent with the water quality standard for pH. 

f. Numeric Criteria for Temperature

DEQ did not evaluate temperature data for the proposed 303(d) list.  See 2012 Methodology at
54.  That DEQ issues its watershed or basin scale TMDLs for temperature so as to apply to all
waters within those watersheds or basins does not relieve the agency of the burden of meeting
the requirements of 303(d)(1).  Failure to evaluate temperature data is a violation of federal law.

The discussion of the temperature standard listing protocols is incomplete.  Attaching a variety
of outdated and still applicable clarification letters is useful but not sufficient to explain how the
Department intends to apply its temperature standards to Oregon waters.  The temperature
methodology fails to address the large number of exemptions and exceptions present in the
temperature standard, such as the air temperature exclusion, and explain how DEQ plans to
apply them and how it will do so.  The 2012 methodology makes no reference to how the
Department’s natural conditions determinations made in EPA-approved TMDLs with natural
thermal potential can be read as having, or not having, changed the water quality standards that
apply to temperature data.  This needs to be explained.  The same is true for a large variety of
other narrative conditions, such as the coldwater refugia requirement.  This must be remedied
and the Department must continue to assess compliance of waters with temperature standards. 

g. Numeric Criteria for Toxic Substances

DEQ fails to use the correct numeric criteria where, as it states, “EPA took action on Oregon’s
aquatic life criteria in January 2013 to both approve and disapprove numeric criteria” and that
such criteria are “effective for Clean Water Act purposes.”  2012 Methodology at 57.  It is
incorrect for Oregon to apply its pre-2004 criteria, most of which date to the 1980s.  A year in
advance of the proposed list’s going out to public comment is not, as DEQ states, “late in the
process of data evaluation.”  At a minimum, DEQ could have used an interpretation of its
narrative criterion for the protection of aquatic species to override the inadequately protective
pre-2004 numeric criteria.  To do otherwise is inconsistent with the law and common sense.  In
addition, when the last call for data was over seven and a half years ago and the last 303(d) list
was over four years ago, and the Department has created an arbitrary cut-off date of data
collected since 2000, it does not make sense to take an overly narrow view towards evaluating
that data.  Likewise, DEQ is obligated to use its narrative criterion where it is aware that the
National Marine Fisheries Service has found, as for example with ammonia, that the 2004
criteria pose a jeopardy to threatened and endangered species.  See, e.g., National Marine
Fisheries Service, Jeopardy and Adverse Modification of Critical Habitat Biological Opinion for
the Environmental Protection Agency's Proposed Approval of Certain Oregon Administrative
Rules Related to Revised Water Quality Criteria for Toxic Pollutants (Aug. 14, 2012)
(hereinafter “Toxics BiOp”).

DEQ states that "[f]or Integrated Report evaluations, analytical data indicating alkalinity less
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than the criterion is flagged as a Category 3B Insufficient Data – Potential Concern. 
Professional judgment should be used during TMDL development or on a case-by-case basis[.]"
2012 Methodology at 61 (emphasis in original).  This, however, is not consistent with the
criterion.  Moreover, DEQ’s failure to evaluate alkalinity for this proposed list is inconsistent
with federal law.  See id.  

DEQ’s failure to obtain and review readily available data on toxic substances from the U.S.
Geological Service from all Oregon basins is contrary to federal law.  See 2012 Methodology at
59.  DEQ’s failure to obtain and review readily available data and information on chlorine, id. at
65, cyanide, id. at 66, Demeton, id. at 67, dichlorobenzenes, id., dichloroethylenes, id.,
dichloropropene 1,3, id., dinitrophenols, id., dioxin, id. at 68, 1,2 diphenylhydrazine, id.,
Halomethanes, id., hexachlorocyclohexane (Lindane) or BHC, id. at 69, nitrosamines, id. at 72,
pentachlorophenol, id., and phosphorus or phosphate phosphorus, id. at 73, is contrary to federal
law.  

DEQ’s listing methodology should include the quantitation limits the agency uses in its
assessment of data.  Currently there is not even a link to the quantitation limits where DEQ does
publish them.  Additionally, DEQ fails to explain its rationale, as required by by 40 C.F.R. §
130.7(b)(6)(iii), as to why it does not use data collected before 2000.  DEQ violated federal law
in failing to evaluate data or information for toxic substances in marine waters for this proposed
list.  See id. at 60. 

h. Numeric Criteria for Turbidity

DEQ’s requirements for finding an impairment of public drinking water systems is arbitrary. 
The methodology requires not only that the system experience operational difficulties but that
there also are data that validate the impairment in the source water.  See 2012 Methodology at
74.  In addition, the source water data must demonstrate an impairment for more than 45 days
out of any year for which data are available.  Id.  These restrictive requirements for Category 5
listing are intended to limit the number of listings for turbidity even when impairment is
experienced and it is significant.  For example, the City of Astoria reports greater than 45 days of
high turbidity but DEQ concludes the “[d]ata are insufficient to determine if this was related to
unusual or infrequent weather events in that year” and declines to list the Bear Creek as
impaired.  DEQ Database, record ID 23129 .  There is no exception in the numeric criterion,
OAR 340-041-0036, that allows DEQ to not list waters based on inadequate information about
weather events.  The same is true of the City of Warrenton and Lewis and Clark River, South
Fork Lewis and Clark River, and an unnamed stream where DEQ finds that “[d]ata not sufficient
to determine if shutdowns are more frequent than normal operation patterns.”   See DEQ
Database, record ID 23148, 23147, 23146, 23145.  The rationale is provided for the City of
Waldport and Eckman Creek, South Fork Weist Creek, Weist Creek.  See DEQ Database, record
ID 23154, 23152, 23153.  And for Jetty Creek and the Timber Water Association, id. at 23121,
the Nehalem River, id. at 23149, Miller Creek and the Alderwood Water Development, id. at
23155, Breitenbush River, id. at 23150, and Mackey Creek, id. at 23151.  There is no rationale
set out in the water quality standard for not listing waters where turbidity does not cause
problems because the public water system “can switch readily among numerous sources.”  See
id., record ID 23128, 23126, 23127.  
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i. Commenters Submission of Data and Information

We hereby submit as readily available data and information pertaining to violations of numeric
criteria, the data and information in Section I.E. of these comments, supra.

4. Oregon Fails to List Waters for Violations of Antidegradation Policies
and Requirements

a. EPA’s Requirements to List on the Basis of Antidegradation
Policies

As set out above, the statute and EPA’s implementing regulations require that 303(d) listings be
based on all components of applicable water quality standards, including the antidegradation
policy.  EPA reiterates this position in its 2012 Guidance, reminding states that

Antidegradation is an integral component of a State water quality standard (i.e.,
designated uses; criteria to meet those uses; and antidegradation policies) that
focuses on maintaining and protecting the chemical, physical, and biological
integrity of the nation’s waters, consistent with the CWA and its implementing
regulations.  CWA Section 303(d) and EPA’s implementing regulations require
States to identify waters not meeting any applicable water quality standard (CWA
§303(d)(1)(A), 40 C.F.R. 130.7(b)(3)). EPA’s listing regulations specify that
“applicable water quality standards” refer to criteria, designated uses, and
antidegradation requirements (40 CFR 130.7(b)(3)).

2012 Guidance at 7 (emphasis in original).  EPA points out that “[b]y assessing waters in this
manner, there is a greater opportunity to protect human health and wildlife values, achieve
healthy watersheds, and fulfill in a more cost-effective manner the CWA’s primary objective to
restore and maintain the nation’s waters.”  Id.   EPA’s 2014 guidance reiterates EPA’s position
and provides states with an example of how data and information could indicate a waterbody is
not meeting a State’s antidegradation requirements for Tier III.  EPA, Information Concerning
2014 Clean Water Act Sections 303(d), 305(b), and 314 Integrated Reporting and Listing
Decisions (Sept. 3, 2013) at 16.

b. Oregon’s Failure to Comply with EPA Policies to List on the
Basis of Violations of the Antidegradation Policy

In its 2012 methodology, DEQ acknowledges that antidegradation policies and requirements are
key elements of water quality standards and asserts its methodology is consistent with them.
2012 Methodology at 1.  DEQ cites its statewide antidegradation policy at OAR 340-041-0004. 
Id. at 5.  After making this assertion, DEQ never mentions antidegradation again.  The
assessment database provides no ability to sort the database to determine if DEQ has made
303(d) listings based on violations of Tier I of the antidegradation policy that requires protection
of existing uses.  Oregon has no Tier III waters.  Therefore, it can be deduced that DEQ has not
assessed or listed any waters on the basis of the antidegradation policy, contrary to its assertion.

Oregon’s Tier I antidegradation policy requires the state to “protect, maintain, and enhance
existing surface water quality to ensure the full protection of all existing beneficial uses.”  OAR
340-041-0004(1); see also 40 C.F.R. § 131.12(a)(1) ("[e]xisting instream water uses and the
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level of water quality necessary to protect the existing uses shall be maintained and protected.) 
“Existing uses” are defined as “those uses actually attained in the water body on or after
November 28, 1975, whether or not they are included in the water quality standards.”   40 C.F.R.
§ 131.3(e).  According to EPA, “[Tier I is] the absolute floor of water quality” providing “a
minimum level of protection” to all waters.  EPA, Questions and Answers on: Antidegradation 4
(August 1985)130 

As NWEA pointed out in its 2010 comments, there are ample readily available data and
information on violations of Tier I of the antidegradation policy in Oregon.  For example, the
Oregon Department of Fish and Wildlife (ODFW) maintains information on causes of fish
population declines and evaluates habitat conditions.  There is no indication that DEQ has sought
or assessed this information and data.  Nor does the proposed list demonstrate that DEQ has used
the data and information that are published and are the basis for the regular publication of the
document Rare, Threatened and Endangered Species of Oregon by the Oregon Biodiversity
Information Center at the Institute for Natural Resources, Portland State University.131   DEQ’s
failure to use this evidence of aquatic and aquatic-dependent species on the verge of extirpation
in locations in Oregon, is a failure to assess compliance with Tier I of the state’s antidegradation
policy, contrary to the assertions in its methodology and requirements of federal law.

DEQ could readily obtain data and information on the species known to have been locally
extirpated since November 28, 1975.  For example, the USF&WS website for Oregon species
notes that 

In 1993, the U.S. Fish and Wildlife Service determined that the Oregon spotted
frog warranted listing under the Endangered Species Act, but doing so was
precluded by higher priority listing actions.  The frog then became a candidate for
listing in the future. On August 29, 2013, the USFWS proposed to list the frog as
a threatened species and to designate critical habitat.

USF&WS, Oregon Fish & Wildlife Office, Species Fact Sheet: Oregon spotted frog Rana
pretiosa.132  The Service states that “[i]n Oregon, Oregon spotted frogs historically were found in
Multnomah, Clackamas, Marion, Linn, Benton, Jackson, Lane, Wasco, Deschutes and Klamath
counties.  Currently, this species is only known to occur in Wasco, Deschutes, Klamath, Jackson
and Lane counties.”  Id.  It points out that “[o]ver 95 percent of historic marsh habitat, and
consequently Oregon spotted frog habitat, has been lost in the Willamette and Klamath basins.” 
Id.  The website cites scientific reports readily obtained by DEQ from the Service and includes a
map that demonstrates the loss of Oregon spotted frogs prior to 1990.  The local extirpations of
the Oregon spotted frog are a perfect example of data and information readily available to DEQ
that demonstrate a violation of Oregon’s requirement to fully protect all existing beneficial uses.  
See OAR 340-041-0004(1).  

130 Available at http://water.epa.gov/scitech/swguidance/standards/upload/2002
_06_11_standards_handbook_handbookappxG.pdf  

131 Available at http://orbic.pdx.edu/rte-species.html
132 Available at http://www.fws.gov/oregonfwo/Species/Data/OregonSpottedFrog/  
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In addition, DEQ cannot adequately assess compliance with Tier I protection because it limits
the data and information it reviews to 2000 or later.  To evaluate protection of existing uses
requires the consideration of all data and information going back to 1975.  A policy that limits its
evaluation of data and information to the last ten years by definition cannot assure that existing
uses and the water needed to support them has been correctly identified and assessed, in
violation of federal law.

c. Commenters Submission of Data and Information that
Demonstrate Violations of Tier I of the Antidegradation Policy

We hereby submit as readily available data and information pertaining to violations of Tier I of
the antidegradation policy, the data and information in Section I.E. of these comments, supra.

B. Oregon Fails to Use Legally Applicable Water Quality Standards in its 2012
Assessment

DEQ’s proposed list is based on a methodology that includes the following false statement:
“[n]arrative criteria include provisions for . . . [l]ess stringent natural conditions to supersede
numeric criteria (OAR 340-041-0007(2).”  2012 Methodology at 5.  DEQ issued a so-called “call
for data” from December 16, 2011 through January 31, 2012.  On this basis, DEQ claims that it
can use the water quality standards in place “at the time the 2012 data evaluation was initiated.” 
DEQ, Summary of New 303(d) Listings, Delistings, and Other Significant Assessments
Proposed With Oregon’s 2012 Integrated Report 2 (Dec. 20, 2013) (emphasis added).133  In other
words, DEQ believes that it can use standards that are now two years out-of-date in producing its
late and extraordinarily inadequate 303(d) report.  There is no basis for this conclusion.  While
there may be a rationale for drawing a line somewhere, that line cannot be drawn two years ago
when DEQ had barely completed any analysis if indeed it had even started its analysis.  Given
the extremely narrow scope of the effort embodied in the proposed listings – primarily a review
of new data on just two parameters in just two of Oregon’s basins – it simply is not plausible that
DEQ needed to draw the line where it did.  

Since January 31, 2012 when the “call for data” was completed, two sets of actions have taken
place.  First, on February 28, 2012 the federal district court in Northwest Environmental
Advocates v. EPA, No. 3:05-cv-01876-AC, granted summary judgment to plaintiff with regard to
Oregon’s natural conditions provisions in its water quality standards.  On April 10, 2013 the
court “set aside and remanded to EPA” EPA’s previous approval of Oregon’s Natural Conditions
Criterion, OAR 340-041-0028(8) and the Oregon Statewide Narrative Criterion, OAR 340-041-
0007(2).  Subsequently, and consistent with the summary judgment and court vacatur, EPA also
disapproved these two provisions.  See Letter from Dan Opalski, EPA, to Greg Aldrich, DEQ
(Aug. 8, 2013).  Therefore, at the time DEQ completed its Summary of the list prior to putting it
out for public comment nearly two years had passed since it had been made aware that its NCC
was illegal and seven months had passed since the court vacated the same provisions.  That
period of time was certainly long enough for Oregon to identify the waterbodies to which it had
previously applied the NCC as a method of removing them from the 303(d) list – either directly
or through the completion of TMDLs that rely upon the NCC – and to include them on the

133 Available at http://www.oregon.gov/deq/WQ/Documents/Assessment/
Summary2012Assessment.pdf
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proposed 2012 list.  There is no basis for Oregon’s having decided to ignore the court vacatur
and EPA disapproval of the two natural conditions provisions.  As EPA has said,

[i]n the absence of a natural background provision in a State’s water quality
standards regulation, or site-specific criteria based on natural background, the
otherwise applicable criteria would be the basis for determining whether a
waterbody is impaired.  In such circumstances, when a criterion is not achieved in
a waterbody, EPA would generally expect the State to include that waterbody on
its 303(d) list.

EPA, Information Concerning 2008 Clean Water Act Sections 303(d), 305(b), and 314
Integrated Reporting and Listing Decisions (Oct. 12, 2006)(hereinafter “2008 Guidance”) at 10. 
Oregon no longer has a natural background provision, therefore, the proposed list should contain
all waterbody segments that have been placed in a category other than the 303(d)(1) list on the
basis of those now-deleted provisions.

Second, DEQ’s use of its natural conditions provisions is inconsistent with EPA guidance.  EPA
addressed the issue in its 2008 guidance answering the question: How should States make 303(d)
listing decisions when naturally occurring pollutants are present in a waterbody?  2008 Guidance
at 10.  Specifically, EPA addresses the question of “303(d) decision making for waters impaired
totally or in part by a naturally occurring pollutant, id. (emphasis in original), concluding that
where a waterbody that “receives pollutant loadings from both natural background and
anthropogenic sources . . . the waterbody is considered impaired and belongs the 303(d) list or
Category 5,” id. at 11.  Only where the exceedance of the applicable numeric criterion is “all
natural” may the state not list the waterbody if it has a natural conditions provision in its
standards.  See id. at 11 (Figure 1).  Therefore, EPA’s guidance has never allowed the removal of
waters from the list based solely on some natural contribution to exceedances of numeric criteria.

EPA’s 2014 Guidance continues to makes the agency’s position clear: “applicable water quality
standards are the basis for determining whether a waterbody must be included on a State’s
Section 303(d) list. . . . In the absence of an EPA-approved natural conditions provision . . . the
otherwise applicable criterion is the basis for determining whether a waterbody belongs on the
State’s Section 303(d) list.”  2014 Guidance at 5.  To the extent that DEQ might have been
confused as to which standards could be used for its 303(d) list, EPA spelled it out: “EPA’s
guidance on the appropriate use of natural conditions provisions for making 303(d) listing
decisions remains unchanged for the 2014 reporting cycle. . . . If the pollutant concentrations do
not meet the EPA-approved water quality standards, and anthropogenic sources of the pollutant
are present, the water is considered impaired and should be included on the State’s Section
303(d) list even if natural sources of the pollutant are present.”  Id.  Only if a water fails to meet
standards based “solely due to naturally occurring levels of a pollutant, and it has an approved
applicable natural conditions provision, the State should include in its IR submission for the
2014 and future reporting cycles a rationale for either removing or not including the
water/pollutant combination on the State’s Section 303(d) list.”  Id. (emphasis added).  The
guidance goes on to establish that the State must explain the rationale for concluding the natural
condition is the sole cause of the exceedance.  Id. at 5-6.

DEQ has used the development of Total Maximum Daily Loads (TMDLs) for temperature-
impaired waterbodies as the basis for removing them to Category 4A.  These temperature
TMDLs were developed using the now-vacated natural conditions criterion.  While a TMDL can
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be used to move temperature impaired waters to Category 4A where the TMDL pertains to the
valid numeric criteria, it cannot be used as a basis for delisting a segment where the underlying
standards have been changed.  Therefore, DEQ cannot rely on those temperature TMDLs that
interpreted and applied the natural conditions criterion as the basis for not including those
waterbodies on the Category 5 list.

Likewise, DEQ cannot rely on TMDLs developed to meet the now superseded mercury criteria
for human health protection as a basis for not listing waters that fail to meet the new, more
stringent human health mercury criterion.  Yet a search of waterbody segments assessment for
mercury in the Willamette Basin demonstrates that DEQ continues to include those waters in
Category 4A on the basis that EPA approved a TMDL for mercury in the Willamette Basin on
September 29, 2006.  Despite an alleged “focus” on both the Willamette Basin and statewide
tissue samples for mercury, DEQ has not identified or apparently assessed any new tissue
samples for mercury in the Willamette Basin waters, let alone listed them on the 303(d) list.  Yet
the approved TMDL is to meet a numeric criterion based on a fish consumption level far smaller
than currently underlies the EPA approved criterion.

Similarly, DEQ has used the incorrect and not currently applicable water quality standards for
aquatic life toxic criteria.  DEQ states that because EPA acted on Oregon’s 2004 revisions to
toxic aquatic life criteria in January 2013, this “approval from EPA occurred late in the process
of data evaluation for the 2012 Integrated Report” and therefore “[f]or the 2012 Integrated
Report, the pre-revision aquatic life numeric criteria on OAR 340-041 Table 20 were used.” 
2012 Methodology at 56-57.  In fact, a full year transpired after that action and before Oregon
issued its proposed list for public review and comment, an action that was not “late in the
process.”  DEQ is incorrect that it may use outdated and superceded numeric aquatic life criteria
for its 2012 303(d) list. 

Moreover, at the time of EPA’s action, DEQ was already aware that its aquatic life criteria for
cadmium, copper, aluminum, and ammonia were not protective of threatened and endangered
salmonids in Oregon.  These findings were set out by the National Marine Fisheries Service in
its biological opinion in August of 2012, six and a half months after the close of its “call for
data” and well in time for Oregon to have taken them into consideration.  See Toxics BiOp. 
Specifically, in light of information from NMFS that the freshwater criteria for these pollutants
did not protect Oregon’s designated uses, DEQ was required to apply the gap-filling measure of
its narrative criterion in order to prevent the introduction of toxic substances “in amounts,
concentrations, or combinations that may be harmful.”   OAR 340-041-0033(2).  NMFS
provided evidence of harm that Oregon’s numeric criteria do not guard against.  Moreover,
NMFS’s biological opinion set out Reasonable and Prudent Alternatives that provide some
guidance to DEQ on appropriate ways of interpreting and applying its narrative criterion to data
and information on these pollutants.   

In addition, DEQ’s methodology makes no reference whatsoever to basin-specific water quality
standards that are set out in OAR 340-041-0101 through OAR 340-041-0350. 

C. Oregon Fails to Use the Definition of Water Quality Limited Waters in its
Standards

DEQ ignores its own water quality standards in establishing its assessments and lists.  For
example, the methodology makes no reference whatsoever to Oregon’s definition of “water
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quality limited” waters:

"Water Quality Limited" means one of the following:

(a) A receiving stream that does not meet narrative or numeric water quality
criteria during the entire year or defined season even after the
implementation of standard technology;

(b) A receiving stream that achieves and is expected to continue to achieve
narrative or numeric water quality criteria but uses higher than standard
technology to protect beneficial uses;

(c) A receiving stream for which there is insufficient information to determine
whether water quality criteria are being met with higher-than-standard
treatment technology or a receiving stream that would not be expected to
meet water quality criteria during the entire year or defined season without
higher than standard technology.

OAR 340-041-0002(70).  Not only does subsection (a) make clear that Oregon must apply its
narrative criteria, but subsection (b) makes clear that waters for which data demonstrate
compliance but for which compliance is achieved through higher than standard technology are
deemed water quality limited.  And, where there is no information about the use of higher than
standard technology, the policy at subsection (c)  weighs in favor of a finding that a waterbody is
water quality limited.  Moreover, DEQ should identify water quality limited waters by the state
categories because of their regulatory significance.  For example, the Water Quality Limited
Waters Policy applies to waters listed under subsection (a) differently than to waters identified
under other subsections.  OAR 340-041-0004(7).  Likewise, the requirements of OAR
340-041-0046 (Water Quality Limited Waters) need this information.  If this information is not
made clear, it will be equally unclear to DEQ staff, permittees, and the general public how the
Department intends to apply its antidegradation policies to various waters and parameters.

Likewise, the Department’s failure to evaluate data and information related to designated and
existing use support, discussed supra, results in its inability to evaluate how to apply its
regulations.  DEQ’s failure to acknowledge the inclusion of existing use protection in its water
quality standards prevents the Department from applying its Tier I antidegradation protections
through the 303(d) listing process, an essential mechanism for providing protection and
restoration actions.  The same is true with regard to designated uses.  For example, the
antidegradation policy requires DEQ to make findings with regard to providing full support for
designated uses in allowing increased loads:

The new or increased discharged load will not unacceptably threaten or impair
any recognized beneficial uses or adversely affect threatened or endangered
species. In making this determination, the Commission or Department may rely
upon the presumption that if the numeric criteria established to protect specific
uses are met the beneficial uses they were designed to protect are protected. In
making this determination the Commission or Department may also evaluate
other State and federal agency data that would provide information on potential
impacts to beneficial uses for which the numeric criteria have not been set;
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OAR 340-041-0004(9)(a)(C) (emphasis added).  DEQ’s refusal to use one of the key elements of
its water quality standards – designated uses – precludes the agency from being able to fully
implement its standards and regulations. 

III. THE SCOPE OF OREGON’S LIST IS INCONSISTENT WITH FEDERAL REQUIREMENTS

A. Oregon Fails to Evaluate and List Waters Determined to be “Threatened”

The definition of “water quality limited segment” in EPA regulations includes waters not
expected to meet applicable water quality standards, which EPA refers to as “threatened” waters.
40 C.F.R. § 130.2(j).  EPA Guidance indicates that a water should be placed in Category 5 of the
303(d) list when “[a]vailable data and/or information indicate that at least one designated use is
not being supported or is threatened, and a TMDL is needed.”  2006 Guidance at 47.  EPA
recommends that states consider segments as threatened “those segments that are currently
attaining WQS, but are projected as the result of applying a valid statistical methodology to
exceed WQS by the next listing cycle (every two years).  For example, segments should
be listed if the analysis of existing data and information demonstrates a . . . projected trend will
result in a failure to meet that standard by the date of the next list[.]”  Id. at 59.  EPA directs that
“[t]he state assessment and listing methodology should describe how the state identifies
threatened segments.  Id.

In contrast, DEQ has not discussed how it identifies threatened waters in its 2012 methodology. 
The word does not show up except to describe species listed under the Endangered Species Act. 
There is no way to search for threatened waters on the DEQ Database.  Therefore, one can
conclude that Oregon does not include threatened waters in its 303(d) list.

DEQ does, however, engage in some trend analysis using the Oregon Water Quality Index.  For
example, the DEQ website contains some examples of upward and downward trends.  See DEQ,
Laboratory and Environmental Assessment, Specific Examples of Trend Analysis Using the
Oregon Water Quality Index.134  While the specific examples here, demonstrating upward
pollution from nonpoint sources and downward pollution from point sources, involve waters that
have been or are currently impaired, the implication of this website is that Oregon conducts trend
analyses beyond those presented but which DEQ does not use for its 303(d) list evaluation. 
Additionally, the website includes a map that shows improving and declining trends at various
locations in Oregon including some waters determined to be “excellent,” “good,” and “fair” that
are “declining” in water quality as a “significant trend.”  See Oregon Water Quality Index Water
Years 2003-2012.135  For example, 2012 Water Quality Index Results for Winchuck R. u/s HWY
101 Station 10537 is an “excellent” site that is declining, the Illinois R. d/s Kerby, Station 11482
is a “good” site that is declining.  Id.  DEQ produces annual reports that discuss trends.  Id.  For
example, in its most recent report DEQ reported that 

130 sites in 2011 and all 131 sites in 2012 had sufficient data to analyze for
trends.  In 2011, 15 sites (12%) had significant increases in overall water quality
and 26 (20%) had significant decreases in water quality.  In 2012, 24 sites (18%)
had significant increases in overall water quality and 19 (14%) had significant

134 Available at http://www.deq.state.or.us/lab/wqm/trendex.htm
135 Available at http://www.deq.state.or.us/lab/wqm/wqimain.htm
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decreases in water quality.

DEQ, Oregon Water Quality Index Summary Report Water Years 2002-2011 and 2003-2012
(Feb.  2013) at 12.136  While this program does not “measure toxic contaminant concentrations,
habitat conditions or biological community health,” id. at 5, it does represent a source of existing
and readily available data and information on threatened waters that DEQ is required to use in
compiling its 303(d) list.  It is, as well, an opportunity for DEQ to use data and analysis from its
laboratory for regulatory purposes to achieve the overall goals of the Clean Water Act. 
Commenters hereby submit all available Oregon Water Quality Index Summary Reports as
existing and readily available data and information DEQ is required to use in compiling its
303(d) list.

B. Oregon Fails to Use Nonpoint Source Assessments, Basin Plans, and
Numerous Other Sources of Data and Information in Listing 303(d) Waters

As discussed supra, Oregon has four published Basin Plans.  DEQ has not, apparently, used the
data and information contained within these plans.  While the basin plans to a large degree
discuss the 303(d) listings themselves and are not, therefore, a source of data and information for
the listings, it appears that all the data and information that are contained within the basin plans
or that DEQ evaluated to support the writing of the basin plans may not have been used to
develop the proposed 303(d) list.  There is no way to tell, even searching the DEQ Database,
which data and information DEQ and EPA have used and which they have not.  The following
discussion pertains to the statements DEQ made in the Rogue Basin Plan as examples of how
DEQ may have failed to consider all existing and readily available data and information and
applied all aspects of its water quality standards when deriving its proposed 303(d) list.  See
DEQ, Water Quality Status and Action Plan: Rogue Basin (Sept. 2011).  The conclusions apply
to all basins in the state, including but not limited to the other basins for which DEQ has
prepared basin plans.

1. The Rogue Basin Plan Demonstrates the Breadth of Data and
Information Not Used by DEQ in its 303(d) Listings

Regarding compliance with the biocriterion, the Rogue Basin Plan states that: “Sampling by
DEQ showed 30% of the sites tested in the Rogue to be in poor condition for
macroinvertebrates.”  Id. at 1.  We cannot confirm that DEQ or EPA used all of these results of
these samples in the Rogue River Basin or elsewhere.

The Rogue Basin Plan states that, “[p]ublic water systems periodically exceed drinking water
standards for a number of parameters including: selected toxics, nitrates, bacteria and turbidity.” 
Id. at 1.  It further states that:

two public water systems served by surface water (City of Rogue River and
Jackson County Parks at Emigrant Lake) have had detections of compounds
(nickel and antimony) above the action level in finished water.  In addition, two
systems (Galice Resort and Latgawa Methodist Church Camp) had coliform
bacteria in their finished water.

136 Available at http://www.deq.state.or.us/lab/wqm/docs/OWQISummary12.pdf
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 Id. at 17.  And DEQ also reports that:

Eight public water systems using surface water in the Rogue Basin reported E.
coli counts over 100 per 100mL during the two-year period.  In addition, low
levels of pharmaceuticals (sulfamethoxazole, carbamazepine, and
diphenhydramine), steroids and hormones (coprostanol and cholesterol), and
pesticides (DEET, atrazine, diuron, fluometuron, and carbaryl) were found in
Gold Hill’s drinking water as part of DEQ’s Drinking Water Source Monitoring
Project.

Id. at 17-18.  Finally, DEQ found that Gold Hill monitoring “confirmed the presence of low
levels of pharmaceuticals, steroids and hormones, and pesticides in the drinking water source.” 
Id. at 18.   Based on our review of DEQ’s methodology we strongly suspect that these data and
findings were not evaluated for use in the 303(d) list.  Because DEQ does not provide a list of
data sources it uses, it is difficult to ascertain if these data were used or not.

The Rogue Basin Plan discusses algal growths and the toxins they produce, stating that: 

Health advisories have been posted since the HABs program began in 2004
(Table 7).  Note that Fish Lake had a notice posted in 2002 but an advisory was
not issued.  The posting criterion used in 2004 was 15,000 cells/ml. Selmac Lake
was posted that year, but it exceeded 100,000 cells/ml and had toxins present that
forced the closing of a public drinking water system for the campground.

Id. at 20.  Although these waters for which notices were posted but advisories were not issued
are currently on Oregon’s 303(d) list, DEQ’s methodology is linked to the advisories, not
notices, and leads to the conclusion that DEQ may be ignoring some readily available data and
information that algal growths should be the basis for 303(d) listings that are not currently on the
list or would be precluded due to DEQ’s narrow methodology of assessment.  Likewise, we
cannot determine if the following sources have been used for 303(d) listings or if similar sources
have been used for listings in other basins: 

Lakes with potential HABs issues include Agate and Emigrant Lakes based on
information in Johnson et al, 1985 and Sweet, 1985 that shows that blue-green
algae have been a dominant species.  Spectral analysis based on LandSat satellite
data indicates that blooms have been occurring in Horseshoe Lake and Indian
Lake Reservoir (Turner, 2010).  Additional data is needed to determine the status
of these lakes. 

Id. at 21.

The Rogue Basin Plan observes that “Spring Chinook Salmon have been identified as being
potentially at risk by the Oregon Department of Fish and Wildlife.”  Id. at 1.  The identification
of an entire species in a basin as “potentially at risk” indicates that some waters in which the
species live or have lived, and potentially have been extirpated or near extirpated, in this basin
fail to fully support a designated use.  This is an example of the types of readily available data
and information that link explicitly to Oregon’s water quality standards that DEQ must evaluate
and use for its 303(d) listings in the Rogue Basin and across the state.
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The Rogue Basin Plan states that: “[s]edimentation is a concern throughout the Rogue Basin:
42% of wadeable streams surveyed were in good condition for fine sediment stress, 29% in fair
condition, 29% in poor condition.”   Id. at 2.  DEQ also observed that “[t]his was 10% higher
than was observed for temperature stress (Figure 2).”  Id. at 22.  We are unable to correlate the at
least 29 percent of streams in the Rogue basin to any old 303(d) listings for sedimentation in
order to understand the degree to which DEQ has used these data.  However, searching the
database for subbasins in the Rogue yields precisely one Category 4A listing for sedimentation
in Beaver Creek.  These results do not square with DEQ’s analysis in the basin plan.  On this
basis we conclude that DEQ has failed to use its existing and readily available data and
information on sedimentation throughout the state for its 303(d) list.

The Rogue Basin Plan provides background information on the state’s toxics monitoring
program:

In 2008, DEQ initiated the Toxics Monitoring Program (TMP).  The goal of the
TMP is to measure and assess the state’s surface waters and aquatic resources for
the presence of toxic pollutants, and where possible, identify the sources of the
pollutants.  The TMP focuses on measuring chemicals produced intentionally or
unintentionally as the result of industrial, municipal, or agricultural processes
whose physical and chemical characteristics have been demonstrated to impair the
normal functioning of biological systems at low exposure levels.  The TMP
measures more than 270 pollutants of interest in water and/or fish, including;
volatile and semi volatile organics, poly-aromatic hydrocarbons, poly-chlorinated
biphenyls, poly-brominated flame retardants, dioxins and furans, select metals,
select current-use/legacy pesticides and emerging contaminants (i.e.,
pharmaceuticals, personal care products, and plasticizers (“P3 List”)).
Approximately 1/3 of the SB 737 priority pollutants will be measured in fish,
water or both as part of the TMP.  The ultimate scope of the TMP is to measure
the concentrations of toxic pollutants in surface water and aquatic resources in all
13 major basins of the State. 

Id. at 59.  The plan further states that, for the Rogue Basin, [t]he DEQ Toxics program plans to
collect fish tissue and water column samples in spring of 2011.  Sediments and fish tissues were
sampled for toxics in 2010 and results are expected in 2011.”  Id. at 1.  It goes on to say that 

DEQ's Toxics Monitoring Program collected resident fresh water fish from 4 sites
in the basin including two sites on the Rogue River (behind Gold Ray Dam, and
downstream of Robertson Bridge) along with Applegate Reservoir and Emigrant
Lake.  Bass were collected from behind Gold Ray dam in conjunction with
Oregon Department of Fish and Wildlife's fish salvage efforts just prior to the
scheduled removal of the dam.  Fillets (the edible portion of the fish) will be
analyzed for over one hundred toxic pollutants (including mercury) that tend to
accumulate in living organisms (bio-concentrate).  Results for those samples are
pending as of December 2010.  In 2011, DEQ's Toxics Monitoring Program plans
. . . select up to 8 locations throughout the basin in the spring and fall of 2011 and
analyze them for over 270 organic chemicals.  

Id. at 16.  Similarly, DEQ reported that
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Shiner surf perch (Cymatogaster aggregata) were caught in 2001 and Pacific
staghorn sculpin (Leptocottus armatus) in 2004.  Aluminum, arsenic, chromium,
copper, iron, nickel, zinc, silver, selenium, mercury and the pesticide 4,4'-DDE
were detected in the surf perch.  Pacific staghorn sculpin contained the metals
aluminum, chromium, copper, nickel, iron, silver, zinc, lead, selenium, and
mercury.  Several poly-brominated-diphenyl-ether flame retardants were added to
the organic compound analytical suite in 2004.  The PBDEs
,2',4,4',5-pentabromo-diphenyl-ether; 2,2',4,4',6-pentabromo-diphenyl-ether;
2,2',4,4'-tetrabromo-diphenyl-ether were detected, as were the pesticides
hexachlorobenzene and trans-nonachlor. There was no sediment toxicity with the
test organism ampelisca abdita, but a sediment porewater test of sea urchin
fertilization and development showed some impairment.

Id. at 28-29.  This description of DEQ’s toxics monitoring program demonstrates the agency is
collecting and analyzing fish tissue for a wide variety of toxic chemicals including those without
numeric criteria that are covered by Oregon’s narrative criterion for toxic substances.  It further
reveals that this source of existing and readily available data and information that pertains
explicitly to Oregon’s water quality standards is not being evaluated for use developing the
303(d) list, contrary to federal law.  This is true both of the Rogue basin and throughout the state. 
Commenters do not have access to the data collected by DEQ in its Toxics Monitoring Program. 
See DEQ, Statewide Toxics Monitoring Program.137

The Rogue plan states that “[i]n 2010, effluent samples were collected twice from the three
major waste water treatment facilities in the Rogue Basin (Grants Pass, Medford, Ashland) and
are being analyzed for 119 persistent priority pollutants pursuant to Senate Bill 737.”  Rogue
Basin Plan at 16.  There is no indication from the methodology that DEQ has used any effluent
samples collected for the SB 737 analysis were evaluated for use in developing the 303(d) list. 
To the extent that DEQ came to certain conclusions within the context of SB 737, those
conclusions are not necessarily valid within the meaning of Oregon’s water quality standards. 
Similarly there is no indication that DEQ has used any effluent monitoring data from elsewhere
in the state.  See, e.g., DEQ Stormwater Data 12Z and 12COLS Copy.xlsx (stormwater
monitoring data from 2006 to 2009) (attached); DEQ Response to Comments from Columbia
Riverkeeper Re: Proposed NPDES Permit for the City of The Dalles, Permit No. 101728 (Feb. 7,
2014)(attached).  DEQ is required to use effluent data where it is relevant to evaluating
compliance with water quality standards in the Rogue and throughout the state. 

The Rogue Basin Plan states that “[b]oth DEQ and ODFW have applied for in-stream water
rights in some basins.”   Id. at 27.  DEQ does not make clear in the methodology whether it
includes all information based on its applications for in-stream water rights in developing its
303(d) list in the Rogue and other basins across the state.

The Rogue Basin Plan states that “[t]he US Army Corps of Engineer dams at Lost Creek Lake
and Applegate have submitted Temperature TMDL Water Quality Plans to DEQ.  The USACE
employs reservoir release strategies[.]”  Id. at 27.  DEQ does not indicate whether it has obtained
any data and information from government and private dam owner/operators regarding the
temperature and other quality of their discharges, modeling of their reservoir and discharge

137 Available at http://www.deq.state.or.us/lab/wqm/toxics.htm
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operations, or other types of data that pertain to assessing compliance with Oregon’s water
quality standards in the Rogue and throughout the state.

The Rogue plan also makes clear that DEQ collects data on contaminated sediment, none of
which DEQ uses in its 303(d) listings: 

The metals aluminum, antimony, arsenic, cadmium, chromium, copper, iron, lead,
manganese, mercury, nickel, selenium, silver and zinc were detected in estuary
sediments.  Tin was the only metal not detected.  There are published Effects
Range Low (ERL) and Effects Range Median (ERM) concentrations for 9 of the
15 metals detected (Long, MacDonald, Smith and Calder 1995).  Arsenic, copper,
and chromium exceeded the ERL in every sample.  Mercury narrowly exceeded
the ERL in one sample.  Median nickel concentrations were five times the ERM.
EPA’s Mid-Atlantic Integrated Assessment ranked sediments exceeding one or
more metal ERL as intermediate, and those exceeding any ERM as poor.  For
polycyclic aromatic compounds the acenaphthene concentration marginally
exceeded the ERL in one sample, and anthracene met its ERL in another.  PCBs 8
and 52, and the pesticides Heptachlor and Lindane (gamma-BHC) were detected
in one sediment sample; Heptachlor, Lindane, and Endosulfan Sulfate were
detected in another.”

Id. at 28.  DEQ demonstrates in this basin plan not only that it collects sediment data but that it is
capable of evaluating the data in terms of the risk presented by the contamination by toxics
substances.  This is the very same evaluation that DEQ is required to perform in applying its
narrative criterion on toxic substances but which, as described supra, it fails to do.  DEQ has
failed to use its data and information on contamination of sediments to assess compliance with
its water quality standards and develop its 303(d) lists as required by federal law.

The Rogue Basin Plan observes that 

Benthic infauna were collected on each survey. The New Zealand Mud Snail
(Potamopyrgus antipodarum) was found in 1999 and 2001.  The 2004 sample
didn’t contain New Zealand Mud Snail but three other exotic species were
identified. 1999: Potamopyrgus antipodarum (5 individuals), 2001: Potamopyrgus
antipodarum (3,797 individuals), 2004: Heteromastus filiformis (exotic species),
Pseudopolydora kempi (exotic species), and Mya arenaria.

Id. at 29.  This demonstrates that DEQ not only has access to data and information on invasive
aquatic species from other sources but from its own surveys.  DEQ is required, as described
supra, to use these data in developing its 303(d) list for the Rogue and all other basins.

In the Rogue Basin Plan DEQ states that:

There are currently 22 active CAFO permits in the Rogue Basin.  Thirteen are in
compliance with all of the permit requirements.  Each permitted CAFO receives a
routine inspection from the area Livestock Water Quality Inspector once a year,
on average. . . . When a discharge occurs or where there is a potential for a
discharge to occur, ODA may take samples of the effluent to determine bacterial
concentrations.  Surface water quality samples are taken when visual or anecdotal
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evidence of discharge is present.  Some of the NONs issued in the Rogue Basin
have recorded the release of high levels of bacteria establishing the potential for
CAFOs to impact bacteria levels in the Rogue River. . . . Over 100 NONs have
been issued in the Rogue Basin since 1999.

Id. at 53.  DEQ does not indicate in its methodology whether it uses the data and information
obtained through its permitting program, including its CAFO permitting program, to ascertain
compliance with water quality standards.  The absence of discussion in the methodology likely
indicates that DEQ does not.  But the Rogue Basin Plan demonstrates that DEQ has access to
these data and information that DEQ is obligated to assess in compiling its 303(d) list of
impaired and threatened waters in this basin and across the state.

2. DEQ Fails to Use Nonpoint Source Assessments As a Basis for 303(d)
Listings

The Rogue Basin Plan also provides insight into DEQ’s treatment of its nonpoint source
assessments in developing its 303(d) lists:

“Insufficient data” is a category of the Water Quality Assessment database
identifying segments where more data is needed in order to make a determination
of water quality impairment.  In the Rogue Basin, all the sedimentation segments
categorized as “Insufficient data” were based on DEQ’s 1988 Nonpoint Source
Assessment.  The NPS Assessment established that there were moderate or severe
observed impairments, but the supporting data needed to be collected or obtained
from partners.

Id. at 25 (emphasis added).  DEQ abuses its discretion when it concludes that its assessments
established that there were “moderate or severe observed impairments” but concludes that none
of these assessments support a finding that a water is impaired and should be placed on the
303(d) list.  As discussed supra, EPA guidance requires the use of “observed effects” as the basis
for 303(d) listings.  2006 Guidance at 67-68.

A review of more recent nonpoint source assessments reveals yet additional sources of data and
information that it appears DEQ has not used.  See DEQ, Water Quality, Nonpoint Source
Pollution.138  For example, the most recent report discusses monitoring programs that include the
Pesticide Stewardship Partnership obtains “[d]ata identifying current use pesticides found in
surface water [that] is shared with growers to help them target management practices that reduce
pesticides in water.”  DEQ, Oregon Nonpoint Source Pollution Program 2012 Annual Report
(June 2013) at 13.139  The report also states that “In 2009, DEQ expanded the number of
pesticides included in its laboratory analytical suite from 12 to approximately 100. . . . Although
many of these newly monitored pesticides do not have in-stream water quality criteria, the EPA
Office of Pesticides has established aquatic life benchmarks that can assist DEQ and others in
assessing the potential effects of pesticides detected.”  Id. at 27.  Likewise, DEQ participates in
an interagency team called the Water Quality Pesticide Management team, which “reviewed

138 Available at http://www.deq.state.or.us/wq/nonpoint/reports.htm
139 Available at http://www.deq.state.or.us/wq/nonpoint/docs/annualrpts/

OregonNPSprog2012.pdf
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pesticide monitoring data in the context of EPA OPP Aquatic Life Benchmarks, which are used
as a screening tool to evaluate monitoring data for pesticides of interest and pesticides of concern
when numerical Water Quality Standards are unavailable.”  Id. at 29.  Despite this effort it does
not appear the data were used on the proposed 303(d) list.  Of course, as previously discussed,
the nonpoint source assessment also notes that DEQ also collects and analyzes data that it fails to
use in 303(d) listing through the following programs: volunteer monitoring, coastal beach
monitoring, toxics monitoring in sediment and tissue, and trend monitoring.  It also describes

New sampling was performed as part of Phase III of the Drinking Water Source
Monitoring project in early 2012.  The locations of the source water sampling
were selected based on detections of nitrates and other contaminants of concern in
SDWIS monitoring. The samples were taken above the surface water intakes and
at wells for analysis of a list of over 250 Oregon-specific herbicides, insecticides,
pharmaceuticals, VOCs (including cleaners), fire retardants, PAHs, personal care
products, and plasticizers.

Id. at 36.  It is not clear that these data from Phases I, II, or III  were used in the proposed 303(d)
list.

C. Commenters Submission of Siuslaw River Mussel Study

The Siuslaw Watershed Council, with a grant from EPA, completed a freshwater river mussel
study and related water quality for the Siuslaw River.  Siuslaw Watershed Council, Siuslaw
River Mussel Study.140  This study investigated the rapid decline of the Margaritifera falcata
(Western Pearlshell) mussel, focused in particular on the dissolution of calcium from shells.  The
study evaluated fluctuations in water hardness in low-calcium carbonate waters of Oregon’s
Mid-Coast Basin.  While dips in pH are relevant to the survival of freshwater mussels and other
aquatic species, the water quality also has ramifications for the availability of metals which
dissolve faster as pH decreases.  Specifically, this report posits that “[l]low calcium watersheds
in the Coast Range are at increased risk of toxic effects from many contaminants, even though
the contaminant levels overall may be less than those found in other regions[.]”  Id. at 6.  The
report states further that “[e]levated levels can readily be demonstrated in the Siuslaw and
similar geographic areas on the mid coast.  Water and tissues of stream organisms have
measurable levels of lead, cadmium, and methylmercury.”  Id.  Moreover, DEQ’s use of only its
numeric criteria fails to detect the problem because “[t]he current ODEQ practice of assuming
that the hardness-dependent metals should only be evaluated down to a hardness level of 25 mg/l
CaCO3 is harming adequate water quality assessments in waters that are commonly 6 to 24 mg/l
[and which] may dip lower yet under acidification event pressures.”  Id. at 8.  We hereby submit
this report to support 303(d) listings in coastal watersheds.

IV. OREGON’S SUBMISSION TO EPA VIOLATES FEDERAL LAW

When a state submits its proposed 303(d) list to EPA for review and action, it is required to
provide documentation to support its determinations to list or not list waters.  40 C.F.R. §
130.7(b)(6).  This documentation must, at a minimum, include a description of the methodology,
a description of the data and information used to identify the waters, and a rationale for any

140 Attached.
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decision to not use any existing and readily available data and information[.]  Id. at (i)-(iii).  In
addition to this documentation and the list, the state is required to include a priority ranking for
all listed segments still requiring TMDLs and specifically include the identification of waters
targeted for TMDL development in the next two years.  40 C.F.R. § 130.7(b)(4).

A. Oregon Fails to Describe the Data and Information Used to Identify Waters
as Impaired

The Department has access to many studies.  However, the public cannot evaluate whether the
Department has in its possession all of the studies that it should have because it has not chosen to
make that information available, as required.  The only way in which the public can ascertain
whether DEQ is using data or information is to tediously look up pollutants on individual
waterbodies.  It is difficult to review the data base to evaluate what data DEQ has, what data it is
using, and how it is treating the data.  This is in part because the only way to look up data on
toxic contaminants is to conduct a search on each individual toxic constituent.  And this does not
answer the question of whether DEQ has the data or information but is choosing not to use it
because, for example, it has decided not to use tissue residue data or information on suppression
of wildlife reproduction.  DEQ’s comments in the database are frequently not clear in describing
why the data or information are inadequate.  Therefore, the reviewer must rely exclusively on the
methodology to interpret the database.  When a public reviewer then comments on the
methodology, DEQ dismisses the comments as not applicable to the proposed list.  In 2010, for
example, it was not clear if DEQ was continuing to use the limitations it established previously
that toxicity can only be demonstrated if there are also beneficial use impairments based on
bioassays.  The result of this protocol was to effectively remove most sediment contamination
from the 303(d) list.  In both the 2010 and 2012 methodologies, DEQ has been silent and there is
no evidence that DEQ uses any sediment data.   

B. Oregon’s Response to Public Comments Fails to Meet Federal Requirements
to Provide a Rationale for Not Using Any Existing and Readily Available
Data and Information

DEQ’s response to public comments on its proposed 2010 list, held in two phases, was not
adequate.  See DEQ, Response to Comments on Oregon’s Draft 2010 Integrated Report (Jan.
2011) (hereinafter “2010 Response”);141 DEQ, Response to Comments on Final Supplement to
Oregon’s 2010 Integrated Report (May 2011).142  As a consequence, DEQ has failed to meet
EPA regulations that require the state to provide a rationale for any decision to not use any
existing and readily available information and data.  For example, NWEA’s comments in 2010
stated that DEQ 30-day “call for data” between May 11 and June 11, 2009, see 2010
Methodology at 5, “was the first time that DEQ had accepted data from any source since May
2003, a period of 7 years and 7 months.”  NWEA 2010 Comments at 26.  In contrast to the
specificity and implications of this comment to the question of whether Oregon has used all
existing and readily available data and information as required by EPA regulations, DEQ
provided EPA with the following summary: “Commenter (4) suggested DEQ’s call for data in

141 Available at http://www.deq.state.or.us/wq/assessment/docs/2010Response
ToComments.pdf

142 Available at http://www.deq.state.or.us/wq/assessment/docs/2011ResponseTo
Comments.pdf
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2009 was not adequate.”  2010 Response at 9.  Likewise, NWEA’s extensive comments on
readily available data and information were dismissed without including them or responding to
them in the response to comments.  See id.  Again, DEQ failed to provide EPA with the required
rationale for not using any existing and readily available data and information required by
federal regulations and as discussed supra, by simply ignoring the public comments that
pertained to this fundamental concern.

C. Oregon Has Failed to Include a Priority Ranking for All Listed Water
Quality Limited Segments Still Requiring TMDLs

DEQ’s proposed list does not include a priority ranking for all listed water quality limited
segments requiring TMDLs nor the identification of waters the state intends to develop TMDLs
for in the next two years, and is therefore inconsistent with federal regulations.

Conclusion

We look forward to Oregon’s completing a thorough evaluation of all available data and
information for state waters as compared to its applicable water quality standards.  Such an
accurate 303(d) list will support the regulatory programs of the Clean Water Act to ensure
protection of the state’s designated and existing uses.

Sincerely,

Nina Bell
Executive Director

cc: David Croxton, EPA

Attachment: CD (via courier)
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I. Introduction 
The federal Clean Water Act (CWA) Section 305(b) requires that states submit a biennial water quality 
inventory report in April of even numbered years. The report provides information on the water quality of all 
navigable state waters; the extent to which state waters provide for the protection and propagation of a 
balanced indigenous population of shellfish, fish, and wildlife, and allow recreational activities in and on the 
water; and how pollution control measures are leading to water quality standards being met. 
 
The CWA Section 303(d) additionally requires that each state identify waters where existing pollution 
controls are not stringent enough to achieve state water quality standards, and establish a priority ranking of 
these waters. Section 303(d) requires states to develop Total Maximum Daily Loads (TMDLs) for the 
identified waters. TMDLs describe the amount of each pollutant a water body can receive and not violate 
water quality standards. States submit the list of waters needing TMDLs (303(d) list) to EPA and EPA either 
approves or disapproves the list within thirty days after the submission. 
 
EPA regulations (40 CFR 130.7 and 40 CFR 130.8) specify the process for developing the 303(d) list and the 
content of the biennial water quality report. EPA guidance recommends that States submit an integrated 
report to satisfy 305(b) and 303(d) requirements.1 The integrated report presents the results of assessing 
available data to determine where water quality standards are met or not met, and identifies the pollutants 
causing water quality limitations or impairments. 
 
EPA regulations require States describe the methodology, data, and information used to identify and list water 
quality limited segments requiring TMDLs. The assessment methodology contains the "decision rules" used 
to evaluate data and information. Oregon Administrative Rules (OAR 340-041-0046) also require the specific 
evaluation process be identified. 
 
This document, Methodology for Oregon’s 2012 Water Quality Report and List of Water Quality 
Limited Waters, describes how DEQ developed Oregon’s 2012 Integrated Report for 305(b) and 303(d). The 
methodology is consistent with key elements of Oregon’s water quality standards, including designated uses, 
narrative and numeric criteria, antidegradation requirements, and standards application procedures, and is the 
framework DEQ used to assess water quality conditions. The methodology builds on DEQ’s protocols from 
previous 305(b)/303(d) assessments. The 303(d) list produced from the 2012 Integrated Report incorporates, 
updates, and supplements 303(d) lists from previous assessment years and after approval by EPA will become 
Oregon’s effective 303(d) list. 
 
Oregon’s 2012 Integrated Report focused on a statewide evaluation of toxic pollutant data and an analysis of 
dissolved oxygen data for the Willamette and Umatilla River Basins. DEQ focused on these areas for the 
following reasons: 

• EPA finalized additions to Oregon’s 2010 303(d) list on December 14, 2012. EPA based the additions 
on a review of water quality data collected from January 1, 2000 through December 28, 2010. Due to 
the length of time it took EPA to publish a final 303(d) list, DEQ approached the 2012 Integrated 

1 October 12, 2006, Memorandum from Diane Regas, EPA Office of Wetlands, Oceans and 
Watershed Re: Information Concerning 2008 Clean Water Act Sections 303(d), 305(b), and 314 
Integrated Reporting and Listing Decisions 
http://www.epa.gov/owow/tmdl/2008_ir_memorandum.html  
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Report with the objective of focusing on data that EPA had not evaluated or where data evaluations 
would provide the most benefit to DEQ programs. 

• DEQ completed a major revision of Oregon’s toxic substance water quality criteria protecting human 
health that were approved by EPA and effective for Clean Water Act purposes in October 2011. 
While EPA added new 303(d) listings of impaired waters based on these revised criteria, EPA did not 
review the entire 2010 Integrated Report to determine whether other updates were needed to reflect 
the revised criteria. The 2012 Integrated Report more fully reviewed previous 303(d) listings and 
updated those to be consistent with the revised and withdrawn human health criteria. 

• DEQ is piloting the rotating basin approach described in EPA’s 2009 memorandum.2 DEQ’s 
objective with piloting this approach for the 2012 Integrated Report is to evaluate the viability of 
synchronizing the 303(d) assessment with a watershed approach. These complimentary efforts should 
help enable DEQ to evaluate and prioritize water quality issues and actions in each of the state’s 
major river basins, focusing on three basins per year (with the objective of evaluating the state’s 15 
basins over a five year period). This approach, described in more detail in Section III, allows for more 
in-depth evaluation of the current status of water quality and beneficial use support in each basin, in 
addition to the prioritization of TMDLs. This year, because the Willamette basin is very large, DEQ is 
conducting basin assessments for two basins, the Willamette and the Umatilla. 

 
The 2012 Integrated Report methodology is consistent with the following state and federal rules, guidance, 
and policy: 

• Water Quality Standards, Beneficial Uses, Policies, and Criteria for Oregon: Oregon Administrative 
Rules Chapter 340 Division 41 
http://arcweb.sos.state.or.us/pages/rules/oars_300/oar_340/340_041.html  

• June 22,1998 DEQ Letter to EPA Region 10, Policy Clarification of Oregon Water Quality Standards 
Revisions http://www.deq.state.or.us/wq/standards/docs/EPALetter06-22-1998.pdf  

• February 4, 2004 DEQ Letter to EPA Region 10, Oregon Responses to EPA Questions on State’s 
Water Quality Temperature Standards 
http://www.deq.state.or.us/wq/standards/docs/temperature/clarificationltr.pdf  

• March 21, 2011, Memorandum from Denise Keehner, Office of Wetlands, Oceans, and Watersheds 
Re:  Information Concerning 2012 Clean Water Act Sections 303(d), 305(b), and 314 Integrated 
Reporting and Listing Decisions 
http://water.epa.gov/lawsregs/lawsguidance/cwa/tmdl/upload/final_2012_memo_document.pdf 

• May 5, 2009, Memorandum from Suzanne Schwartz, EPA Office of Wetlands, Oceans, and 
Watersheds Re: Information Concerning 2010 Clean Water Act Sections 303(d), 305(b), and 314 
Integrated Reporting and Listing Decisions 
http://water.epa.gov/lawsregs/lawsguidance/cwa/tmdl/final52009.cfm  

• October 12, 2006, Memorandum from Diane Regas, EPA Office of Wetlands, Oceans and Watershed 
Re: Information Concerning 2008 Clean Water Act Sections 303(d), 305(b), and 314 Integrated 
Reporting and Listing Decisions http://www.epa.gov/owow/tmdl/2008_ir_memorandum.html 

2 May 5, 2009, Memorandum from Suzanne Schwartz, EPA Office of Wetlands, Oceans, and Watersheds Re: 
Information Concerning 2010 Clean Water Act Sections 303(d), 305(b), and 314 Integrated Reporting and Listing 
Decisions http://water.epa.gov/lawsregs/lawsguidance/cwa/tmdl/final52009.cfm 
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• Guidance for 2006 Assessment, Listing and Reporting Requirements Pursuant to Sections 303(d), 
305(b), and 314 of the Clean Water Act: United States Environmental Protection Agency, (July 29, 
2005) http://www.epa.gov/owow/tmdl/2006IRG/ 

• Guidance for 2004 Assessment, Listing and Reporting Requirements Pursuant to Sections 303(d) and 
305(b) of the Clean Water Act: United States Environmental Protection Agency, (July 21, 2003) 
http://www.epa.gov/owow/tmdl/tmdl0103/index.html 

• Federal Water Pollution Control Act Chapter 26 Water Pollution Prevention and Control  
• 40 CFR Part 130.7 (Code of Federal Regulations) 
• 40 CFR Part 130.8 (Code of Federal Regulations) 
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II. Oregon’s Water Quality 
Standards 
The objective of the Clean Water Act is to restore and maintain the physical, chemical and biological integrity 
of the Nation’s waters (CWA Section 101(a)). To achieve this objective, States develop and adopt water 
quality standards. Water quality standards include beneficial uses, narrative and numeric criteria, and anti-
degradation and implementation policies. Oregon’s water quality standards are adopted in Oregon 
Administrative Rules (OAR) Chapter 340 Division 41 (http://www.deq.state.or.us/regulations/rules.htm). 
These rules include policies and criteria that are applicable throughout the state. 
 
Beneficial uses for Oregon waters are designated by the Oregon Environmental Quality Commission. General 
beneficial uses are designated by water basin or water body in OAR 340-041-0101 through OAR 340-041-
0340, Figure 1, and Tables 101A through 340A. Specific fish uses are further designated in Tables 101B 
through 250B and Figures 130A through 340B. Beneficial fish use designations include explicit water body 
segment locations and time periods throughout the state for sensitive salmonid species and life stages that 
were added to Oregon’s water quality standards in 2003. For example, the general beneficial uses in the Hood 
Basin designated in OAR 340-041-0160 and Table 160A as follows, and the fish use designations and salmon 
and steelhead spawning use designations throughout the Hood Basin are shown in Figures 160A and 160B 
http://www.deq.state.or.us/wq/rules/div041tblsfigs.htm#t1: 
 

Basin-Specific Criteria (Hood) 
340-041-0160  
Beneficial Uses to Be Protected in the Hood Basin 
(1) Water quality in the Hood Basin (see Figure 1) must be managed to protect the designated 
beneficial uses shown in Table 160A (November 2003). 
(2) Designated fish uses to be protected in the Hood Basin are shown in Figures 160A and 160B 
(November 2003). 
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Table 160A 
Designated Beneficial Uses 

Hood Basin 
(340-41-0160) 

Beneficial Uses Hood River Basin Streams 

Public Domestic Water Supply¹ X 
Private Domestic Water Supply¹ X 
Industrial Water Supply X 
Irrigation X 
Livestock Watering X 
Fish & Aquatic Life² X 
Wildlife & Hunting X 
Fishing X 
Boating X 
Water Contact Recreation X 
Aesthetic Quality X 
Hydro Power X 
Commercial Navigation & Transportation  
¹ With adequate pretreatment (filtration & disinfection) and natural quality to 
meet drinking water standards. 
² See also Figures 160A and 160B for fish use designations for this basin. 

Table produced November, 2003 
http://www.deq.state.or.us/wq/rules/div041/dbutables/table160a.pdf 
 

Oregon water quality standards include statewide narrative criteria established in OAR 340-041-0007. 
Narrative criteria include provisions for: 

• Less stringent natural conditions to supersede numeric criteria (OAR 340-041-0007(2) 
• Prohibitions on fungi or other growths that negatively impact beneficial uses (OAR 340-041-0007(9) 
• Prohibitions on tastes, odors, or toxic conditions that negatively impact beneficial uses (OAR 340-

041-0007(10) 
• Prohibitions on bottom deposits that negatively impact beneficial uses (OAR 340-041-0007(11) 

 
A statewide antidegradation policy is established in OAR 340-041-0004 to guide decisions that affect water 
quality. Additional policies for applying water quality standards to determine water quality limited waters are 
contained in OAR 340-041-0046 and in standards for specific pollutants. 
 
Oregon water quality standards for specific pollutants are established in OAR 340-041-0009 (Bacteria) 
through OAR 340-041-0036 (Turbidity). These standards contain both narrative and numeric criteria for 
specific pollutants. Some pollutant criteria are applicable in waters with specified beneficial use designations, 
such as numeric criteria for temperature and dissolved oxygen that apply where and when certain fish uses are 
designated. For the Integrated Report, each pollutant is assessed independently. The methodology for 

 
December 20, 2013 5 

Exhibit 5

http://www.deq.state.or.us/wq/rules/div041/dbutables/table160a.pdf


assessing each pollutant is discussed in Section IV. Assessment Protocols by Pollutant or Parameter in this 
document. 
 
Oregon’s criteria for toxic substances (OAR 340-041-0033) were revised in 2004 (aquatic life criteria) and 
2011 (human health criteria). The human health criteria for toxic substances (Table 40) were approved by 
EPA in October 2011 and are currently effective criteria for 303(d) Clean Water Act purposes and were 
applied for the 2012 Integrated Report. EPA acted on the revised aquatic life criteria in January, 2013 to 
approve and disapprove select criteria. EPA’s action occurred well after Oregon’s 2012 Integrated Report 
assessment was underway and DEQ was not able to incorporate the criteria approved in that action. DEQ 
applied the aquatic life criteria in Table 20 referenced in OAR 340-041-0033 that were effective prior to 
EPA’s action in 2013. See Attachment 4 for the combined aquatic life and human health criteria that were 
applied for purposes of the 2012 Integrated Report. 
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III. 2012 Integrated Report Process 
DEQ prepared the 2012 Integrated Report by assembling data and information about surface waters in 
Oregon, comparing data and information to appropriate Oregon water quality standards, determining the 
condition and status of waters where data and information were available, updating assessments from 
previous reporting, and identifying the waters that do not meet water quality standards and support beneficial 
uses. The steps are described more fully in the following sections. The 2012 Integrated Report process will be 
complete when DEQ receives approval from EPA on the final 2012 list of water quality limited waters 
needing a TMDL (Category 5: 303(d) list). 

A. Rotating Basin Approach 

Beginning in 2011, DEQ has been conducting in-depth assessments of the state’s basins. These assessments 
take the form of local water quality status and action plans which describe water quality conditions and 
include recommendations for actions that DEQ and others who are interested in these basins can take to 
improve water quality. The rotating basin approach follows the principles of adaptive management and the 
watershed approach. This approach uses the best information available to take action on immediate problems. 
It also involves using new information to improve practices over time. This “continuous improvement” 
process allows DEQ to focus its resources in three basins or watersheds a year and regularly assess the 
situation in each basin by using an outcome-based approach to determine what actions are working or not 
working. 
 
The rotating basin approach allows Oregon DEQ to: 

• Share its findings with affected stakeholders and residents of the basins so all parties learn how to 
better manage our watersheds.  

• Prioritize immediate and long-term actions that can be taken in a particular basin or watershed 
through DEQ’s Water Quality Status and Acton Plan documents.  

• These actions will emphasize working closer with all affected parties to identify goals and measure 
success.  

• Encourage all involved to be flexible and open to new ways of solving problems (including voluntary 
collaboration where possible) and avoiding duplication of efforts.  
 

To date, DEQ has conducted two rounds of Basin Reports addressing three basins each; and is working 
toward finalizing the third round of Basin Reports covering the Willamette Basin and the Umatilla Basin. 
 
With the 2012 Integrated Report, DEQ sought as a first step to evaluate how the basin assessment approach 
could be aligned with efforts to develop the Integrated Report. To that end, DEQ focused on updating the 
Integrated Report for the Willamette and Umatilla Basins for dissolved oxygen and toxic pollutants, 
consistent with DEQ’s concurrent efforts to evaluate water quality conditions in its development of Basin 
Reports for those basins.  

B. Tribal Waters 

Only those waters that are under the State of Oregon’s jurisdiction are subject to the State’s 303(d) and 305(b) 
activities. DEQ did not intentionally include tribal waters when assessing water quality or developing the 
303(d) list for the 2012 Integrated Report. DEQ does not develop TMDLs for tribal waters. When a water 
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body lies partially within Tribal Reservation boundaries, DEQ only assesses the segments that are within 
Oregon’s jurisdiction to prepare Oregon’s 303(d) list.  
 
DEQ used available geographic information to determine boundaries of the Burns Paiute Reservation, Fort 
McDermitt Reservation, Grand Ronde Reservation, Siletz Reservation, Umatilla Reservation, and Warm 
Springs Reservation in order to exclude those waters from the Integrated Report. 

C. Assembling Data and Information 

To gather information on water quality for Oregon’s 2012 Integrated Report, DEQ issued a public call for 
data, solicited data from other agencies, and retrieved data results from DEQ’s monitoring activities. The 
assembled data and information included analytical data for surface water and fish tissue sampling, and public 
health fish consumption advisory information. The assembled data and information were reviewed by DEQ to 
determine if the data included all required metadata elements, met the data quality requirements, and were 
acceptable to use for the 2012 Integrated Report. The process of assembling data and information for the 2012 
Integrated Report is described in more detail in the following sections. 

1. Call for Data 
DEQ issued a public call for data for the 2012 Integrated Report by posting information on DEQ’s on-line 
website at http://www.deq.state.or.us/wq/assessment/2012DataInfo.htm and notifying interested parties using 
an electronic e-mail subscription list. The subscription list includes federal agencies, state agencies, tribes, 
local governments, watershed councils, private and public organizations, and individuals from the general 
public. DEQ accepted data submittals from December 15, 2011 through January 31, 2012. DEQ identified 
priority interests with the call for data to:  

• Focus on two basins, the Willamette Basin and the Umatilla Basin, in order to use a Watershed 
Approach.  

• Obtain data to evaluate revised human health criteria for toxic pollutants (Table 40). 
• Obtain data to evaluate listings for toxic pollutant criteria that were revised or withdrawn, particularly 

iron and arsenic. 
 

The call for data included a description of the requirements for data type, quality assurance/quality control 
(QA/QC), and data formats. Information on data submittal procedures, forms, and templates were available 
on-line at http://www.deq.state.or.us/wq/assessment/2012DataInfo.htm . 
 
DEQ received response submittals from the following entities:  

• Center for Biological Diversity 
• City of Canby 
• City of Gresham 
• City of Salem 
• City of Wilsonville 
• Clackamas County Soil and Water Conservation District 
• Tualatin Joint Water Commission 

 
Most of the submitted data were for the time period January 1, 2000 through December 31, 2011. 
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2. Data Retrievals 
For the 2012 Integrated Report, DEQ assembled data from two sources:  

• Oregon DEQ’s Laboratory Analytical and Storage Retrieval (LASAR) database – Surface water 
sampling data were retrieved as follows: 

o October 18, 2012 – Monitoring results from approximately 275 stations throughout the state 
when available for 12 toxic substances (arsenic, beryllium, cadmium, chromium, copper, 
iron, lead, manganese, nickel selenium, silver, and zinc when available) from samples 
collected for the period January 1, 2000 through December 31, 2011 

o April 17, 2013 – Fish tissue sampling results from throughout the state for mercury analyses 
o March 26, 2013 – Monitoring results for dissolved oxygen from continuous sampling and 

grab sampling for the period January 1, 2000 through December 31, 2011 from 772 sampling 
locations in the Willamette Basin and the Umatilla Basin 

Data retrieval from LASAR was limited to results with data quality level A or B. Data from 
continuous sampling temperature data loggers were not retrieved for the 2012 evaluation. 

• USGS Oregon Water Sciences Center (http:/or.water.usgs.gov/) – Solicited and received from 
Leonard Orzol (Database Manager, llorzol@usgs.gov): 

o April 23, 2012 – Monitoring results from approximately 138 stations in the Willamette Basin 
when available for 37 toxic pollutants from samples collected for the period January 1, 2000 
through December 31, 2011. No data were available in this time period in the Umatilla Basin 

o April 23, 2012 – Monitoring results for dissolved oxygen for the period January 1, 2000 
through December 31, 2011 from 563 sampling locations in the Willamette Basin and the 
Umatilla Basin 

Results from USGS with data quality level A were used for the 2012 data evaluation. 

3. Metadata Requirements 
To be able to evaluate data for the Integrated Report, DEQ required that metadata accompany the sampling 
results submitted in response to the call for data, and be available for data retrieved from agency sources. 
Required metadata included site descriptions and geographic information for each sampling location 
including monitoring station latitude, longitude, LLID, and river mile, as described below. Missing or 
incomplete metadata often made data not usable for the Integrated Report. DEQ’s georeferencing system is 
described in more detail in Section III. D. 3 (a) Assessment Unit Location. 

4. QA/QC Requirements 
DEQ only used high quality data meeting data quality level A or B requirements for the 305(b)/303(d) 
assessment. Analytical laboratory data were reviewed against current Quality Control (QC) limits established 
for the analytical method and/or the QC limits established by the laboratory that performed the testing and 
supplied the data to DEQ. DEQ also utilized EPA National Functional Guidelines for Data Review as 
guidance when reviewing laboratory data. http://www.epa.gov/superfund/programs/clp/guidance.htm 

DEQ used DEQ’s Data Quality Matrix (March 2009) to review data quality for water quality parameters 
measured in the field. http://www.deq.state.or.us/lab/techrpts/docs/DEQ04-LAB-0003-QAG.pdf  

5. Data Quality Review and Usability of Submitted Data 
DEQ reviewed the completeness of site metadata and QA/QC level of data results that were received through 
the call for data. A summary of data acceptance and usability of data submitted for the 2012 Integrated Report 
is shown in the following table: 
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Table 1: 2012 Oregon Integrated Report Data Quality Review Summary 

Data source Stations 
with 

metadata 

Analytical 
Results 
QA/QC 

Grab, Field, or 
Continuous sample 

results 

Data or 
information 

usable for 2012 
IR 

Center for 
Biological 
Diversity 

No information from Oregon state waters No 
 

City of Canby Incomplete Incomplete Incomplete No 

City of Gresham 10 
2168 results for 

17 toxic 
substances 

__ Yes 

City of Salem 
Drinking Water 

Sources 
Incomplete 182 results Acceptable No 

City of Salem  11 __ 
General parameters - 

Parameters not 
evaluated in 2012 IR 

No 

City of Wilsonville Incomplete Incomplete Incomplete No 
Clackamas County 

Soil and Water 
Conservation 

District 

10 Incomplete Not acceptable No 

Tualatin Joint 
Water 

Commission 
Incomplete Incomplete Incomplete No 

D. Determining Water Quality Status 

The goal of the 2012 Integrated Report is to provide information about the condition and quality of Oregon’s 
surface waters. Using available data, information, and water quality standards, DEQ reaches conclusions 
about whether conditions support the beneficial uses designated for the water body and meet water quality 
standards applicable in the water. The conclusions are communicated by using a set of assessment status 
categories described in EPA guidance and commonly used by states completing 303(d) and 305(b) Integrated 
Reports. 

1. Assessment Categories 
EPA continues to recommend using five reporting categories as shown in Table 2 to classify water quality 
status.3 The categories represent varying levels of water quality standards attainment and beneficial use 
support, ranging from Category 1, where all designated uses for a water body are supported, to Category 5, 
where a water body is impaired and a TMDL is required to return the water to a condition where the water 
quality standards are met. 

3 Guidance for 2006 Assessment, Listing and Reporting Requirements Pursuant to Sections 303(d) and 305(b) of the 
Clean Water Act: United States Environmental Protection Agency, (July 29, 2005) 
http://www.epa.gov/owow/tmdl/2006IRG/  
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Table 2: Assessment Categories 

Category Description 
Category 1 All designated uses are supported. (Oregon does not use this category.) 
Category 2 Available data and information indicate that some designated uses are supported 

and the water quality standard is attained. 
Category 3 Insufficient data to determine whether a designated use is supported. 
 Oregon further sub-classifies waters if warranted as: 

3B: Potential concern when data are insufficient to determine use support but 
some data indicate non-attainment of a criterion.4 

Category 4 Data indicate that at least one designated use is not support but a TMDL is not 
needed. This includes: 

 4A: TMDLs that will result in attainment of water quality standards have been 
approved. 

 4B: Other pollution control requirements are expected to address pollutants and 
will result in attainment of water quality standards. 

 4C: Impairment is not caused by a pollutant (e.g., flow or lack of flow are not 
considered pollutants). 

Category 5 Data indicate a designated use is not supported or a water quality standard is not 
attained and a TMDL is needed. This category constitutes the Section 303(d) list 
that EPA will approve or disapprove under the Clean Water Act. 

 
DEQ uses the policy of independent applicability to assess attainment of water quality standards, as 
recommended by EPA.5  Each water quality standard is evaluated independently and a category is assigned 
for a water body for each standard where sufficient data are available. Since no water body has sufficient data 
or information to assess all designated uses and water quality standards, DEQ does not classify waters as 
Category 1. Figure 1 summarizes DEQ’s general process for assigning assessment categories to describe the 
status of Oregon waters. 
  

4 EPA disapproved Oregon’s use of subcategory Category 3C: Impairing pollutant unknown on March 15, 2012. This 
subcategory was removed from Oregon’s 2012 Integrated Report.  
5 Guidance for 2006 Assessment, Listing and Reporting Requirements Pursuant to Sections 303(d) and 305(b) of the 
Clean Water Act: United States Environmental Protection Agency, (July 29, 2005) 
http://www.epa.gov/owow/tmdl/2006IRG/  
 

 
December 20, 2013 11 

                                                 

Exhibit 5

http://www.epa.gov/owow/tmdl/2006IRG/


Figure 1: Assigning Assessment Categories 
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2. Evaluating Data and Information 
To characterize conditions in Oregon waters, DEQ assembled the water quality data and information available 
from monitoring sites or sampling points on a water body. Samples may have been collected from one or 
more sampling locations and analyzed for a variety of pollutants or other chemical or physical characteristics. 
Monitoring may have occurred once or multiple times at a single location. The site monitoring data are the 
basis for characterizing the overall water quality status in a water body. The requirements and protocols for 
evaluating monitoring data for specific pollutants and water quality standards are discussed in detail in 
Section IV Assessment Protocols by Pollutant. 
 
The initial step in DEQ’s data evaluation process was to evaluate the data available at each monitoring site by 
comparing sampling results to water quality standards. Data at individual sampling sites were evaluated 
independently using the assessment protocols for each specific pollutant or standard and assigning an 
assessment status category for the site for each pollutant or standard (e.g. Station X: Pollutant parameter Y - 
Category 2: Attaining based on 0 out of Z results at the site exceeding criteria). Results for the individual 
monitoring sites were then aggregated or grouped to determine the appropriate assessment unit for the water 
body or segment of the water body, and the water quality status assessment category for the assessment unit.  
 
As part of the site data review, DEQ confirmed that site location information and analytical data results were 
complete, accurate, and appropriate for evaluation. Correct site location information was critical in order to 
determine what water quality standards were applicable to the available data, and to choose the appropriate 
numeric criteria to apply for pollutants that have several possible criteria. Accurate and complete information 
about sample and analytical results was critical to determine if site data were comparable to the water quality 
standard and met the assessment protocol for the specific pollutant. 
 
In order to report on conditions in the water body, DEQ considered several factors to aggregate site data into 
water body assessment units and assign a water quality status for the assessment unit. DEQ defined water 
body assessment units for specific pollutants and in some cases for multiple seasons for the same pollutant. 
Factors considered were: 

• The distribution of monitoring sites on a water body 
• The pollutant or water quality standard 
• The designated beneficial uses of a water body, particularly sensitive fish uses  
• The water quality status for specific pollutants at individual sites 
• Previous assessment information for the water body 

 
Using the conclusions from the 2012 water body assessments, DEQ added new assessments to the Integrated 
Report and updated previous water body assessments if warranted. If no data or information for a pollutant or 
water body were reviewed for 2012, the water body assessments from previous Integrated Report cycles 
remain part of the 2012 Integrated Report and Category 5: 303(d) list. 

3. Determining Assessment Units and Status 
The 2012 Integrated Report reports information about water quality for unique combinations of water body 
assessment unit, pollutant, and season. The assessment unit identifies the water body or segment of the water 
body being assessed, the pollutant identifies the chemical or parameter associated with the applicable water 
quality standard, and the season specifies the date or time period when the standard is being applied. DEQ’s 
process for defining assessment units and assigning status assessment categories the Integrated Report is 
described in the following sections. 
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a) Assessment Unit Location 
DEQ identifies assessment units using location information from the hydrographic network for Oregon water 
bodies and the starting and ending river miles for segments on that network. DEQ uses a 1:100,000 geo-
referenced river reach system compiled for the Pacific Northwest. The river reach system is the hydrography 
component in a regional rivers and fisheries information system known as StreamNet. Information about this 
system is available at http://www.streamnet.org/pnwr/PNWNAR.html . A stream based identifier called the 
LLID (Longitude/Latitude ID) is used to uniquely identify streams and lakes and is linked to georeferencing 
location information. All reaches that make up a given stream are assigned this unique LLID. The LLID is 
derived from the longitude and latitude of the mouth of the stream or the center of a lake. Longitude precedes 
latitude to conform to standard x, y ordering. The code is 13 characters long, with 7 characters for decimal 
degrees of longitude followed by 6 characters for decimal degrees of latitude, with implied decimal points. 
(Example: Columbia River LLID 1240483462464, mouth located at longitude -124.0483 latitude 46.2464) 
 
One LLID uniquely identifies a stream or river, with river mile 0 assigned at the mouth of the stream where it 
intersects with the next order stream and river mile maximum corresponding to the headwater location. Lakes, 
reservoirs, and ponds are identified by the LLID derived from the longitude and latitude at the center point of 
the water body. If there is a through flowing stream, the lake or reservoir may also be identified as a segment 
on a stream LLID with the stream river mile minimum at the lake outlet and river mile maximum at the lake 
inlet. (Example: Fish Lake LLID 1223333423868 North Fork Little Butte Creek RM 15.6 to 17.8)  
 
Some water bodies are not large enough to be included on the StreamNet 1:100,000 river reach system and do 
not have an assigned LLID. In those cases, DEQ used other geospatial base layers such as the Pacific 
Northwest Hydrography 1:24,000 layer or National Hydrography Dataset to obtain geospatial information for 
the hydrographic feature and derive an equivalent LLID identifier using the general guidelines described 
above. In a few cases where the feature was apparent on satellite imagery but not identified on available 
geospatial base layers, DEQ digitized the feature to create geospatial information and assigned an LLID using 
the protocols described above. In earlier assessment cycles, water bodies that did not have a georeferenced 
location and LLID were given a placeholder LLID (such as 1111111111111) so that information could be 
retained in the assessment database even though not available for geospatial applications. Where possible, 
these streams were identified using the most current geospatial information available in 2012 and updated in 
the Integrated Report. 
 
DEQ uses the water body name associated with the stream or lake LLID in the geospatial information system, 
and gives preference to the water body name assigned in the USGS Geographic Name Information System if 
there are multiple names. Many water bodies in Oregon are not named, and are identified as Unknown in the 
geospatial information and the Integrated Report. DEQ many include informal names in these cases. 

b) Assessment Unit – General Segmentation Rules 
DEQ considered several factors and followed these general rules and decision hierarchy to determine water 
body assessment unit segments for various pollutants and time periods or seasons: 

• For a new assessment of a water body/pollutant/season combination: 
o With only one monitoring site, the assessment unit segment was defined from the mouth to 

headwaters of the water body, or 
o For a water body with multiple monitoring sites, the assessment unit segment was defined 

based on the location and status of monitoring stations on the water body. See Table 4. 
• Where updating a previously assessed water body/pollutant/season combination, the previous 

assessment unit was usually retained. 
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• For an assessment using a water quality standard applicable at locations specifically designated for 
certain beneficial uses, the assessment unit correlated to the locations designated in water quality 
standards: 

o Examples are temperature and dissolved oxygen criteria applicable for specific fish uses or 
during certain sensitive time periods or seasons. 

o Segments were defined for contiguous sections of a water body with the same designated fish 
use or designated time period for that use.  

o A single water body may be represented by multiple assessment units with different criteria 
for temperature or dissolved oxygen applicable at different times. 

o The spawning criteria apply to an assessment unit during the designated spawning time, and 
the non-spawning criteria apply at all other times. 

 
The Sandy River (LLID 1224071455697) provides an example in Table 3 of how assessment units are 
correlated to segments with designated fish uses. The Sandy River is designated for salmon and trout rearing 
and migration fish use from river mile 0 to 26 (Segment “A”) and for core cold water habitat from river mile 
26 to 55.5 (Segment “B”). These fish uses have numeric temperature criteria specific to those fish uses. The 
Sandy River also has four reaches designated for salmonid spawning use during different time periods 
(Segments “C” through “F”) and one with no spawning use, as shown in the following table. The spawning 
criterion is applicable in those assessment units, but only during the time period designated for spawning use. 
Based on the water quality standards, the Sandy River would have 6 assessment units correlated to segments 
with designated fish use or time periods where different numeric temperature criteria apply.  
 
Table 3: Example Fish Beneficial Use Segments – Sandy River 

Assessment 
Unit 

River Mile 
Start 

River Mile 
End 

Use Time Period 

Numeric 
Temperature 

Criteria 
(o Celsius) 

A 0 26 
Salmon and 
trout rearing 

and migration 

Year round non-
spawning 18.0 

B 26 55.5 Core cold water 
habitat 

Year round non-
spawning 16.0 

C 0 26 Spawning October 15 – 
May 15 13.0 

D 26 48 Spawning August 15 – June 
15 13.0 

E 48 49.1 Spawning October 15 – 
June 15 13.0 

F 49 54 Spawning January 1 – June 
15 13.0 

 54 55.4 No spawning   

c) Assessment Unit – General Rules to Assign Status 
A status category was assigned to an assessment unit based on the status at monitoring sites within the 
assessment unit. The process generally followed this decision hierarchy: 

• For a new assessment of a water body/pollutant/season combination: 
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o With only one monitoring site, the status at the monitoring site was assigned to the 
assessment unit. 

o With multiple monitoring sites, the status was assigned based on the locations of monitoring 
stations with sufficient information to indicate Category 5: 303(d) or Category 2: Attaining 
status. If none of the stations had sufficient data to determine whether water quality standards 
were met or exceeded, the assessment unit was assigned Category 3: Insufficient data status. 
See Table 4. 

• Where updating a previously assessed water body/pollutant/season combination, a previous Category 
5: 303(d) assessment status was generally carried forward until a preponderance of data showed a 
Category 2: Attaining or Category 4 status was supported by site data, and a previous Category 2: 
Attaining status was carried forward unless new data show water quality standards are not met. See 
Table 5. 

• For assessment units correlated to water quality standard designations, if any site in a segment did not 
meet the applicable water quality criterion, the segment was assigned Category 5: 303(d) status. If 
one or more sites in a segment met the water quality criterion, and no stations exceeded the criterion, 
the segment was assigned Category 2: Attaining status. If all of the stations on a segment had 
insufficient data, the segment was assigned Category 3: Insufficient data status. 

d) Combined Assessment Unit Segment and Status Determination 
The following Tables 4 through 6 illustrate application of the decision hierarchy to define assessment units 
and assign a water quality status category to water bodies based on evaluating monitoring site data and 
information. 
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Table 4: Defining Assessment Units and Status - New Assessments 

If: Then: 
2012 stations 2012 Assessment Unit 2012 Assessment Unit Status 
One or more stations 
Category 5: 303(d) Mouth to headwaters of water body Category 5: 303(d) 

One or more stations 
Category 5: 303(d) with 
upstream Category 2: 
Attaining station 

Segment from mouth to upstream 
Category 2: Attaining station Category 5: 303(d) 

One station Category 5: 
303(d) with downstream 
Category 2: Attaining 
station 

Segment begins at halfway point 
between Category 5: 303(d) station and 
downstream Category 2: Attaining 
station, and ends at headwaters or next 
upstream Category 2: Attaining station 

Category 5: 303(d)  

One or more stations 
Category 5: 303(d) with 
other stations Category 3: 
Insufficient data 

Mouth to headwaters Cat 5: 303(d) list 

One or more stations 
Category 2: Attaining Mouth to headwaters Category 2: Attaining 

One or more stations 
Category 2: Attaining with 
other stations Category 3: 
Insufficient data 

Mouth to headwaters Category 2: Attaining 

One or more stations 
Category 3: Insufficient 
data 

Mouth to headwaters Category 3: Insufficient data 
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Table 5: Defining Assessment Units and Status – Previously Assessed Waters* 

If And  Then 

2012 Station status 
Previous Assessment 
Unit Status 

2012 
Assessment 
Unit 

2012 Assessment Unit Status 

One or more stations 
Category 5: 303(d) 

Category 5: 303(d) Same Category 5: 303(d) list 
Category 4A: WQ limited, 
TMDL approved Same Cat 4A: WQ limited, TMDL approved 

Category 2: Attaining Same Category 5: 303(d) list 

One or more stations 
Category 2: Attaining  Category 5: 303(d) Same 

Category 5: 303(d) list 
(Check for data and station equivalency 
to delist to Category 2: Attaining). 

One or more stations 
Category 3B: Potential 
Concern 

Category 5: 303(d) Same Category 5: 303(d) list 
Category 3B: Potential 
Concern or Category 3: 
Insufficient data 

Same Category 3B: Potential Concern 

Category 2: Attaining Same Category 3B: Potential Concern 
Combination Category 5: 
303(d), Category 2: 
Attaining, and Category 3: 
Insufficient data 

Category 5: 303(d) Same Category 5: 303(d) list 

Combination Category 5: 
303(d), Category 2: 
Attaining, and Category 3: 
Insufficient data 

Category 2: Attaining Same Category 5: 303(d) list 

One or more stations 
Category 3: Insufficient data Category 5: 303(d) Same Category 5: 303(d) list 

One or more stations 
Category 2: Attaining Category 2: Attaining Same Category 2: Attaining 

One or more stations 
Category 2: Attaining 

Category 4A: WQ limited, 
TMDL approved Same Category 2: Attaining 

One or more stations 
Category 2: Attaining and/or 
Category 3: Insufficient data 

Category 2: Attaining Same Category 2: Attaining 

One or more stations 
Category 3: Insufficient data 

Category 2: Attaining Same Category 2: Attaining 
Category 3B: Potential 
Concern Same Category 3B: Potential Concern 

One or more stations 
Category 3: Insufficient data 

Category 3: Insufficient 
data  Category 3: Insufficient data 

*See specific assessment protocols for bacteria (E. coli and fecal coliform) for details on updating assessment 
segments and status assignment. 
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Table 6: Defining Assessment Units and Status – Beneficial Uses Designated in Water Quality 
Standards** 

** Temperature and dissolved oxygen water quality standards apply at locations and times that are specified 
in Oregon Administrative Rules (OAR) Chapter 340 Division 41 for designated fish beneficial uses and 
designated spawning time periods. 

4. Delisting Water Bodies 
Once a water body is found to be water quality limited and is assigned to Category 5: 303(d) status, the water 
remains on Oregon’s 303(d) list until DEQ delists or removes it from Category 5: 303(d) and EPA approves 
delisting those waters. This section describes the rationale DEQ used to justify delisting water bodies from 
Category 5: 303(d) and assigning another status category. 

a) Current information shows water quality standards are attained 
 A water body was delisted and assigned to Category 2: Attaining if there was sufficient information from 
the current assessment to evaluate the pollutant or parameter and the information demonstrated that currently 
applicable water quality standards were being met. Data used for delisting must meet data quality 
requirements and minimum sample requirements for Category 2: Attaining as described in the “Data 

If: And: Then: 
2012 Station 
status 

 2012 
Assessment 
Unit 

2012 Assessment Unit Status 

One or more stations 
Category 5: 303(d) 

 Start and end 
of river miles 
for contiguous 
segments with 
same 
designated use 

Category 5: 303(d) 

One or more stations 
Category 5: 303(d) 

Previous assessment 
unit status Category 2: 
Attaining or Category 3 

Start and end 
river mile for 
designated use 

Category 5: 303(d) 

One or more stations 
Category 5: 303(d) 

TMDL approved for 
temperature or dissolved 
oxygen for stream or 
watershed 

Start and end 
river mile for 
designated use 

Category 4A: WQ limited, TMDL 
approved 

One or more stations 
Category 5: 303(d) status, 
others Category 3: 
Insufficient data 

 Start and end 
river mile for 
designated use 

Category 5: 303(d) list 

One or more stations 
Category 2: Attaining; 
others Category 3: 
Insufficient data 

 Start and end 
river mile for 
designated use 

Category 2: Attaining 

One or more stations 
Category 3: Insufficient 
data 

 Start and end 
river mile for 
designated use 

Category 3: Insufficient data 

No data evaluated Pollutant and time 
period previously 
assessed 

Retain 
previous 
segment start 
and end 

Retain previous status 
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Requirements” section for the pollutant. Generally, similar data were required to delist a water body as 
initially used to place the water body on the 303(d) list. For example, if the listing was based on two 
successive years of a standard not being met, DEQ looked for at least two successive years of data indicating 
that the standard is being met. The rationale for the delisting action was noted as Delisted – Data show 
criteria met. 

b) Current information shows an error in the Category 5: 303(d) listing 
A water body was delisted if there was information to show that the Category 5: 303(d) status was assigned in 
error. New data or review in the current assessment evaluation may show errors in previous listings due to site 
location errors, incorrect inclusion of inappropriate data or site data not meeting data quality requirements, 
data evaluations not consistent with the assessment protocols, a flaw in the original assessment rationale, 
listing of water bodies that already have TMDLs in place, or duplicate listings for the same water body and 
pollutant. The delisting was supported with a description and documentation of the error and the information 
used to correctly assign a status category to the water body or indicate the assessment record is Inactive. The 
delisting action was noted as Delisted – Listing error. 

c) Water quality standards have changed or no longer apply in certain water 
bodies 

If water quality standards have been revised since a water body was listed in Category 5: 303(d), the data and 
information available for the current assessment were evaluated using the currently applicable criteria and the 
current assessment methodology.6 If water quality standards have changed or the beneficial use designations 
for a water body have been refined since it was first listed in Category 5: 303(d), the numeric or narrative 
water quality criteria appropriate to the currently designated beneficial use were applied to evaluate data and 
information. See Section IV. Assessment Protocols by Pollutant or Parameter for more detailed protocols for 
the pollutants with recent Oregon water quality standards changes including: 

• Toxic pollutant criteria which were revised and became effective for Clean Water Act purposes in 
2011 and 2012, 

• Fish beneficial use designations where specific temperature and dissolved oxygen criteria apply, 
which were clarified and became effective for Clean Water Act purposes in 2003, and 

• Bacteria criteria in freshwater currently measured as e. coli. 
 
If available information showed that the currently effective criteria were being met, the water body was 
delisted and placed in Category 2: Attaining. The delisting action was noted as Delisted – Criteria change 
or use clarification. When no data were available to evaluate against currently applicable criteria, or data 
were insufficient to demonstrate attainment of the current criteria, the water body remains in Category 5: 
303(d). 
 
If the beneficial use designation is no longer appropriate in a water body, and specific pollutant criteria do not 
apply, the previously listed water body was delisted. No status category was assigned in this case, but a note 
was added saying Criteria change or use clarification. The delisting action was noted as Delisted – 
Criteria change or use clarification. This may be the case for waters previously listed for temperature or 
dissolved oxygen based on spawning criteria, where the current designated use of the water body does not 
include salmonid or resident trout spawning use. Once delisted, the assessment for the outdated criteria or 
beneficial use will no longer be reported in subsequent Integrated Reports. 
 
If there are no currently applicable criteria because the pollutant criteria were withdrawn, the previously listed 
water body was delisted. No status category was assigned, but a note was added saying No criteria. The 

6 See Toxic Substances section for discussion of the applicable criteria used for the 2012 Integrated Report. 
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delisting action is noted as Delisted – Criteria change or use clarification. This was the case for waters 
previously listed for manganese which currently does not have criteria in Oregon water quality standards. 

d) Water quality standard pollutant changed 
 With recent water quality standard changes, several toxic substance criteria for a family or group of 
chemicals were replaced by criteria for individual chemicals. Examples are criteria for chemical groups such 
as dichlorobenzenes, dichloroethylenes, halomethanes, and polynuclear aromatic hydrocarbons that are 
replaced with individual criteria. Data and information available for the current assessment were evaluated 
using the currently applicable criteria for the individual pollutants which are discussed in more detail in 
Section IV Assessment Protocols by Pollutant. 
 
If available information showed that the currently effective criteria were being met for individual pollutants in 
the group, the water body listing for the chemical group was delisted with the delisting action noted as 
Delisted – Criteria change or use clarification and the status noted No criteria. The water body was 
reported as Category 2: Attaining based on data for individual pollutants in the water body. When no data 
were available to evaluate against currently applicable criteria for individual pollutants, or data were 
insufficient to demonstrate attainment of the current criteria for individual pollutants, the water body remains 
in Category 5: 303(d). 

e) TMDLs approved for water body and pollutant 
After TMDLs for a water body and pollutant are completed by DEQ and approved by EPA, the water body 
can be delisted from Category 5: 303(d) and placed in Category 4A: Water Quality Limited TMDL 
Approved with the delisting action noted as Delisted – TMDL approved. The water body retains the water 
quality limited status (per OAR 340-41-0002(70)) until information shows that water quality standards are 
attained. If a TMDL is developed for a pollutant on a watershed scale, all water body segments listed for that 
pollutant criteria within the watershed are delisted and placed in Category 4A. When the EPA approval of the 
TMDL states that the allocations will lead to attainment of the water quality criteria and that other water 
bodies identified as impaired for those pollutants do not need to be added to the Category 5: 303(d) list, 
waters identified as impaired in subsequent assessments are given the status of Category 4A: Water Quality 
Limited TMDL approved. 

f) Other pollution control requirements in place  
When pollution controls or practices required by local, State, or Federal authorities are in place, and will 
result in the attainment of water quality standards in a reasonable period of time, these other requirements 
may be satisfactory alternatives to TMDLs that address impaired water and achieve restoration. Examples 
other requirements are point source National Pollutant Discharge Elimination (NPDES) permits or CWA 
Section 401 certification conditions for hydroelectric projects that address all the significant pollutant sources 
on a water body. The measures and conditions are expected to result in attainment of water quality standards. 
When these control measures are in place, the water bodies will be delisted from Category 5: 303(d) and 
placed in Category 4B: Water Quality Limited Other Control Measures in Place with the delisting action 
noted as Delisted – Other control measures in place. 

g) Pollutant does not cause impairment 
When data or information indicates that a pollutant does not cause the water body impairment, the water can 
be delisted from Category 5: 303(d) and placed in Category 4C: Water Quality Limited but a pollutant 
does not cause the impairment. The delisting action was noted as Delisted – Water quality limited, not a 
pollutant. EPA defines a pollutant according to Section 502(6) of the Clean Water Act. In Oregon’s 1998 
assessment, DEQ placed water bodies on the Category 5: 303(d) list based on observations that habitat 
modification and flow modification caused impairments of beneficial uses in those waters. Habitat 
modification listings were based on information indicating inadequate pool frequency and lack of large 
woody debris. Flow modification listings were based on inadequate flow to maintain in-stream water rights 
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purchased by Oregon Department of Fish and Wildlife. However, EPA subsequently clarified that flow and 
habitat modification are not pollutants under the Clean Water Act. In 2002, ODEQ removed these water 
bodies from the 303(d) list.  
 
Another case for delisting may be demonstrated in water bodies listed in Category 5: 303(d) for biocriteria or 
for other use impairments based on a harmful algae bloom (HAB) advisories or excess chlorophyll-a levels. 
When sufficient data analysis or information is available to conclude that the impairment is not due to a 
pollutant, the water will be delisted from Category 5: 303(d) and placed in Category 4C: Water Quality 
Limited but a pollutant does not cause the impairment. The delisting action is noted as Delisted – Water 
quality limited, not a pollutant. 

E. Public Review 

 A draft 2012 Integrated Report and a draft 2012 list of water quality limited waters are available for public 
review and comment from Month day, 2013 through 5:00 PM PST Month day, 2013. After reviewing data 
and information that were assembled through a public call for data and retrieved from available databases of 
information, DEQ has drafted updates to the list of impaired waters that includes additions to the list and 
delistings from the previous list. A public hearing to take comment on the draft list will be held on Month 
day, 2013. After closing of the public comment period, DEQ will review all the submitted comments and if 
appropriate, make changes to the 2012 Integrated Report. DEQ will prepare a document summarizing public 
comments and DEQ’s response to comments. 

F. Submittal of Oregon’s 2012 Integrated Report 

DEQ will submit Oregon’s 2012 Section 303(d) list of Category 5: Water quality limited waters needing a 
TMDL to US EPA Region 10 for review and approval. Along with the Section 303(d) list, DEQ will also 
submit to EPA the 2012 Integrated Report, response to comments, the Assessment Methodology for Oregon's 
2012 Integrated Report on Water Quality Status, and a prioritization and TMDL schedule. Only water bodies 
in the Category 5: Water quality limited waters needing a TMDL (Section 303(d) list) are subject to EPA’s 
approval. 
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IV. Assessment Protocols by 
Pollutant or Parameter 
 
For the 2012 Integrated Report, DEQ evaluated water quality data and information to determine if the water 
quality standards set out in Oregon Administrative Rules Chapter 340 Division 41 (OAR 340-041) are being 
met in Oregon. In the following sections, the assessment protocols used to determine the water quality status 
and assign an assessment category to a water body are discussed for specific parameters/pollutants, narrative 
and numeric criteria, and designated uses. The water quality standard citation from Oregon Administrative 
Rules is given for each parameter.7 Each parameter and criterion is evaluated independently. Data are 
evaluated for each monitoring site, and an overall status was assigned to the water body assessment unit 
segment based on the available site monitoring data and information. Data are not available for all parameters 
in each water body. Therefore, Category 1 indicating all designated uses are supported and all criteria are met 
is not used for Oregon’s assessment. 
 
The protocols for the 2012 Integrated Report evaluation build on and update protocols and methodologies 
used in past water quality assessments for 303(d) and 305(b) reporting. Results from previous assessments 
remain valid if not updated with new data or information and are incorporated in the 2012 Integrated Report. 
All protocols for pollutants or parameters that have been evaluated in past assessments as well as the 
protocols updated and applied for the 2012 Integrated Report are described in the following sections. 
  

7 OAR numbering changes periodically as rules are revised. Every attempt has been made to update the corresponding 
rule citation in this document to reflect the numbering current at the date of this document. 
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PARAMETER: Aquatic Weeds or Algae 
 
BENEFICIAL USES AFFECTED: Domestic and Industrial Water Supply, Irrigation, Livestock 

Watering, Fish and Aquatic Life, Fishing, Boating, Water 
Contact Recreation, Aesthetic Quality 

 
NARRATIVE CRITERIA:   OAR 340-41-0007 
 
NUMERIC CRITERION:   OAR 340-041-0019 
 

340-041-0007 
Statewide Narrative Criteria 
(9) The development of fungi or other growths having a deleterious effect on stream bottoms, fish or 
other aquatic life, or that are injurious to health, recreation, or industry may not be allowed; 

 
 340-041-0019 

Nuisance Phytoplankton Growth 
See: Chlorophyll-a 
  

ASSESSMENT PROTOCOL: 
This protocol will be used to implement the statewide narrative criterion that prohibits deleterious or injurious 
effects on aquatic and human beneficial uses from biological growths, and will be applied specifically to 
aquatic weeds or algae. The growth of aquatic weeds or algae does not in itself indicate deleterious or 
injurious effects on beneficial uses. Nor does it identify whether a pollutant or which pollutant is causing the 
impairment and should be addressed by point source or other controls through a Total Maximum Daily Load. 
This assessment protocol identifies the indicators that will be used to determine that beneficial uses have been 
negatively affected by the presence of excess algal or weed growth. 
 
ASSIGNMENT OF ASSESSMENT CATEGORY: 
Category 5: Water Quality Limited, TMDL Needed (303(d) List) 

• Aquatic Weeds: Documented reports of excessive growths of invasive, non-native aquatic plants that 
dominate the assemblage in a water body and have a harmful effect on fish or aquatic life or are 
injurious to health, recreation, or industry. Plants include aquatic species on the Oregon Department 
of Agriculture Noxious Weed Policy and Classification System designated as “A”, “B”, or “T” weeds 
or those covered by a quarantine in OAR 603-052-1200. 

• Algae: Health advisories issued by the Oregon Department of Human Services, in conjunction with 
other federal, state, county, city or local agencies, warning that potentially harmful levels of toxins 
produced by blue-green algae (cyanobacteria) are present in a water body. Health advisories related to 
recreational water contact are posted by the Oregon Public Health Division Harmful Algae Bloom 
Surveillance (HABS) program at: 
http://public.health.oregon.gov/HealthyEnvironments/Recreation/HarmfulAlgaeBlooms/Pages/Blue-
GreenAlgaeAdvisories.aspx. 

• Algae: Documented evidence that algae, including periphyton (attached algae) or phytoplankton 
(floating algae), are causing other standards to be exceeded (e.g. pH, chlorophyll a, or dissolved 
oxygen) or impairing a beneficial use. 
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Category 4: Water Quality Limited, TMDL Not Needed 

• TMDLs for specific pollutants have been completed and approved to address the excessive or harmful 
aquatic weed or algae growth in a water body (Category 4A); 

• Another control mechanism such as an aquatic vegetation management plan is in place and is being 
implemented to control plant growth (Category 4B); or 

• Adequate information indicates that the algae or weed growth is not due to pollutants or is a natural 
condition (Category 4C). 

 
Category 3: Insufficient Data 
Available data or information for the water body are not sufficient to determine if the narrative criterion is 
exceeded. (See NOTE on Phosphate Phosphorus Benchmark under Toxic Substances.) 
 
Category 2: Attaining 
Not applicable. 
 
TIME PERIOD: 
Year Round  
 
DATA REQUIREMENTS: 
Information, data or health advisories. 
 
DATA REVIEWED: 
2012 Integrated Report 
DEQ did not evaluate data or information for aquatic weeds or algae for the 2012 Integrated Report. 
 
Last Data Review 
DEQ evaluated data and information for aquatic weeds or algae for the 2010 Integrated Report. 
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PARAMETER: Bacteria - E. coli (Escherichia coli) 
(Freshwaters and Estuarine Waters Other than Shellfish 
Growing Waters) 
 

BENEFICIAL USES AFFECTED:  Water Contact Recreation 
 
NARRATIVE CRITERION:   OAR 340-041-0009(4) 
 
NUMERIC CRITERION:   OAR 340-041-0009(1) (a)  
 

340-041-0009 
Bacteria 
(1) Numeric Criteria: Organisms of the coliform group commonly associated with fecal sources 
(MPN or equivalent membrane filtration using a representative number of samples) may not exceed 
the criteria described in paragraphs (a) and (b) of this paragraph: 

(a) Freshwaters and Estuarine Waters Other than Shellfish Growing Waters:  
(A) A 30-day log mean of 126 E. coli organisms per 100 milliliters, based on a minimum of 
five (5) samples;  
(B) No single sample may exceed 406 E. coli organisms per 100 milliliters. 

(4) Bacterial pollution or other conditions deleterious to waters used for domestic purposes, livestock 
watering, irrigation, bathing, or shellfish propagation, or otherwise injurious to public health may not 
be allowed; 

 
ASSIGNMENT OF ASSESSMENT CATEGORY: 
Category 5: Water Quality Limited, TMDL Needed (303(d) List) 
A 30-day log mean greater than 126 E. coli organisms per 100 ml based on a minimum of five (5) samples, or 
more than 10% of the samples exceed 406 E. coli organisms per 100 ml, with a minimum of at least two 
exceedances. 
 
Category 4: Water Quality Limited, TMDL Not Needed 
TMDLs needed to attain applicable water quality standards have been approved (Category 4A), other 
pollution control requirements are expected to address pollutant and will attain water quality standards 
(Category 4B), or impairment is not caused by a pollutant (Category 4C). 
 
Category 3: Insufficient Data 
Less than 5 samples are available to evaluate for the season of interest, or 5 to 9 samples for the season of 
interest with 1 sample exceeding 406 E. coli organisms per 100 milliliters. 
 
Category 3B: Insufficient Data – Potential Concern 
Less than 5 samples are available to evaluate for the season of interest, with 2 or more samples exceeding 406 
E. coli organisms per 100 milliliters. 
 
Category 2: Attaining 
The 30-day log mean is equal to or less than 126 E. coli organisms per 100 ml based on a minimum of five (5) 
samples, and, if data from 10 or more samples are available, 90% of the samples are below 406 E. coli 
organisms per 100 ml. If data from 5 to 9 samples are available, no exceedances of 406 E. coli organisms per 
100 ml. 
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If data are insufficient to calculate a 30-day log mean, then, for 10 or more samples, 90% of the samples are 
below 406 E. coli organisms per 100 ml; or for 5 to 9 samples, no samples greater than 406 E. coli organisms 
per 100 ml. 
 
TIME PERIOD: 
Summer: June 1 through September 30 (period of highest use for water contact recreation). (A summer 30-
day log mean is calculated for sampling dates beginning on May 17 through September 16.) 
 
Fall-Winter-Spring (FWS): October 1 through May 31. (A FWS 30-day log mean is calculated for sampling 
dates beginning September 17 through May 16.) 
 
DATA REQUIREMENTS: 
Data collected since 2001. A minimum of 5 representative data points available per site collected on separate 
days for each time period of interest. The numeric value of results reported as the Minimum Reporting Level 
(MRL) was used to calculate the 30-day log mean. 
 
DATA REVIEWED: 
2012 Integrated Report 
DEQ did not evaluate data for E. coli bacteria for the 2012 Integrated Report. 
 
DEQ reviewed EPA action on Oregon’s 2010 303(d) list. Where EPA found impairments from E. coli 
bacteria but did not add new 303(d) listings because TMDLs were already approved, DEQ added these 
assessments as new Category 4A records for the 2012 Integrated Report based on EPA’s analysis of data. 
 
Last Data Review 
EPA reviewed E. coli bacteria data to propose additions to Oregon’s 2010 303(d) list. EPA took final action 
on the 303(d) additions in December, 2012. 
 
NOTES: 
The E. coli numeric criteria protect water contact recreational uses in freshwaters and estuarine waters. 
Estuarine waters are defined in OAR 340-041-0002(22) to mean all mixed fresh and oceanic water in 
estuaries or bays from the point of oceanic water intrusion inland to a line connecting the outermost points of 
the headlands or protective jetties. For the review of water quality data, the inland extent of estuarine waters 
was identified where recorded specific conductivity measurements were above 200 uS/cm. 
 
The E. coli numeric criteria are not applied in marine waters.  
 
The bacteria standard was changed in 1996 to use E. coli as the indicator organism for water contact 
recreation protection, replacing the previous standard based on fecal coliform. Only the current E. coli 
standard is applied in freshwaters and estuarine non-shellfish growing waters in reviewing data for the 
assessment. Listings in previous years may have identified freshwater water bodies as water quality limited 
using fecal coliform as the indicator. If data evaluated for the assessment show the current E. coli criteria for 
freshwater are met, the water body will be delisted for older fecal coliform listings. The listings are retained if 
no data for E. coli are available for the evaluation, or if E. coli is also listed. 
 
Estuarine waters are also considered coastal recreation water subject to the federal water quality criteria based 
on Enterococci, and are additionally presumed to be potential shellfish growing waters, subject to the fecal 
coliform criteria to protect that beneficial use. The assessment methods for these standards are discussed in 
the next sections. 
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PARAMETER:  Bacteria - Enterococci 
(Coastal Recreation Waters including Marine Coastal Waters 
and Coastal Estuaries)8 

 
BENEFICIAL USES AFFECTED:  Water Contact Recreation 
 
NUMERIC CRITERION:   40 CFR Part 131.41 

(Water quality criteria for Oregon marine coastal recreation 
waters promulgated by EPA effective 12/16/2004) 

 
40 CFR Part 131.41 
(c) EPA’s section 304(a) ambient water quality criteria for bacteria. 
(2) Marine waters: 

A 
Indicator 

B 
Geometric 

mean 

C 
Single sample maximum 

(per 100 ml) 
C2 

Moderate use coastal recreation waters 
(82% confidence level) 

Enterococcic 35/100 mla 158b 
Footnotes to table in paragraph (c)(2): 
a. This value is for use with analytical methods 1106.1 or 1600 or any equivalent method that 
measures viable bacteria. 
b. Calculated using the following: single sample maximum = geometric mean*10^ (confidence level 
factor*log standard deviation), where the confidence level factor is: 75%: 0.68; 82%: 0.94; 90%: 
1.28; 95%: 1.65. The log standard deviation from EPA’s epidemiological studies is 0.7. 
c. These values apply to enterococci regardless of origin unless a sanitary survey shows that sources 
of the indicator bacteria are non-human and an epidemiological study shows that the indicator 
densities are not indicative of a human health risk. 

 
ASSIGNMENT OF ASSESSMENT CATEGORY: 
EPA recommends using the geometric mean as the relevant criteria for 303(d) listing purposes.9 The single 
sample maximum is a statistical construct to allow decisions for beach advisories based on small data sets. 
Marine waters in coastal Oregon have not been designated for a specific level of recreational use. The single 
sample maximum criterion for moderate use coastal recreation waters is currently used by the Oregon Public 
Health Division’s Beach Monitoring Program to trigger a water contact advisory. See 
http://public.health.oregon.gov/HealthyEnvironments/Recreation/BeachWaterQuality/Pages/index.aspx . 
 
 
 

8 40 CFR Part 131.41 (b) Definitions. (1) Coastal Recreation Waters are the Great Lakes and marine coastal waters 
(including coastal estuaries) that are designated under section 303(c) of the Clean Water Act for use for swimming, 
bathing, surfing, or similar water contact activities. Coastal recreation waters do not include inland waters or waters 
upstream from the mouth of a river or stream having an unimpaired natural connection with the open sea. 

9 US EPA Office of Water, EPA-823-F-06-013, August 2006, Water Quality Standards for Coastal Recreation Waters: 
Using Single Sample Maximum Values in State Water Quality Standards 
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Category 5: Water Quality Limited, TMDL Needed (303(d) List) 
A geometric mean for samples collected over a seasonal sampling period greater than 35 Enterococci per 100 
ml based on a sample set of 5 or more samples. 
 
Category 4: Water Quality Limited, TMDL Not Needed 
TMDLs needed to attain applicable water quality standards have been approved (Category 4A), other 
pollution control requirements are expected to address pollutant and will attain water quality standards 
(Category 4B), or impairment is not caused by a pollutant (Category 4C). 
 
Category 3: Insufficient Data 
Less than 5 samples are available for evaluation for a seasonal sampling period. 
 
Category 3B: Insufficient Data – Potential Concern 
Less than 5 samples are available for a seasonal sampling period, and one or more samples exceeds the single 
sample maximum of 158 Enterococci per 100 ml, or the Oregon Beach Monitoring Program has issued one or 
more advisories based on monitoring results for Enterococci in a seasonal sampling period (not including 
precautionary advisories). 
 
Category 2: Attaining 
The geometric mean for samples collected over a seasonal sampling period is equal or less than 35 
Enterococci per 100 ml. 
 
TIME PERIOD: 
Summer: May 1 through September 30 (period of highest use for water contact recreation) 
Winter: October 1 through April 30 
 
DATA REQUIREMENTS: 
Data collected since 2001. A minimum of 5 representative data points available per site collected on separate 
days for each seasonal time period in a given year. For results reported at or below the Minimum Reporting 
Level (<MRL), the numeric value of the MRL was used to calculate the geometric mean.  
 
DATA REVIEWED: 
2012 Integrated Report 
DEQ did not evaluate data or information for Enterococci bacteria for the 2012 Integrated Report. 
 
Last Data Review 
DEQ evaluated data and information for Enterococci bacteria for the 2010 Integrated Report. 
 
NOTES: 
Coastal recreation waters for the assessment are identified as all marine waters and coastal estuaries. Coastal 
recreation waters do not include inland waters or waters upstream from the mouth of a river or stream having 
an unimpaired natural connection with the open sea. 
 
The Oregon Beach Monitoring Program has identified 92 coastal beaches in Oregon. Each of these beaches is 
assigned a beach name and beach identification number that are used in reporting to EPA. For the Integrated 
Report, the identified coastal beaches were used as the assessment units and defined as segments along the 
Pacific Ocean or an estuarine river location. 
 
The Oregon Beach Monitoring Program may issue precautionary advisories based on heavy rainfall, flooding, 
or sewage spills. These advisories are not included in the data summarized in the assessment. 
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PARAMETER: Bacteria – Fecal coliform 
 (Marine Waters and Estuarine Shellfish Growing Waters) 
 
BENEFICIAL USES AFFECTED: Shellfish Growing (fishing/shellfish consumption) 
 
NARRATIVE CRITERION: OAR 340-041-0007(10) 

OAR 340-041-0009(4) 
 
NUMERIC CRITERION: OAR 340-041-0009(1) (b) 

 
340-041-0007 
Statewide Narrative Criteria 
(10) The creation of tastes or odors or toxic or other conditions that are deleterious to fish or other 
aquatic life or affect the potability of drinking water or the palatability of fish or shellfish may not be 
allowed; 
 
340-041-0009 
Bacteria 
(1) Numeric Criteria: Organisms of the coliform group commonly associated with fecal sources 
(MPN or equivalent membrane filtration using a representative number of samples) may not exceed 
the criteria described in paragraphs (a) and (b) of this paragraph:  

(b) Marine Waters and Estuarine Shellfish Growing Waters: A fecal coliform median 
concentration of 14 organisms per 100 milliliters, with not more than ten percent of the 
samples exceeding 43 organisms per 100 ml.  

(4) Bacterial pollution or other conditions deleterious to waters used for domestic purposes, livestock 
watering, irrigation, bathing, or shellfish propagation, or otherwise injurious to public health may not 
be allowed; 

 
ASSIGNMENT OF ASSESSMENT CATEGORY: 
Category 5: Water Quality Limited, TMDL Needed (303(d) List) 
For a datasets of less than 30 samples, a minimum of 2 exceedances of 43 organisms/100 ml. For datasets 
with greater than 30 samples, 10% of the samples must exceed 43 organisms/100mL. 
OR, for datasets with a minimum of 5 samples, the median value is greater than 14 organisms/100 ml. 
 
Category 4: Water Quality Limited, TMDL Not Needed 
TMDLs needed to attain applicable water quality standards have been approved (Category 4A), other 
pollution control requirements are expected to address pollutant and will attain water quality standards 
(Category 4B), or impairment is not caused by a pollutant (Category 4C). 
 
Category 3: Insufficient Data 
Less than 5 samples available for analysis, or 5 to 9 samples with 1 exceedance and the median is 14 
organisms/100 ml or less. 
 
Category 3B: Insufficient Data – Potential Concern 
Less than 5 samples available to evaluate, with 2 or more samples exceeding 43 organisms per 100 milliliters. 
 
Category 2: Attaining 
A minimum number of 5 samples per site, with 90% of the samples less than 43 organisms/100 ml and the 
median value of 14 organisms/100 ml or less. 
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TIME PERIOD: 
Year Round 
 
DATA REQUIREMENTS: 
Data collected since 2001. A minimum of 5 representative samples per site collected on separate days. The 
numeric values of results reported at or above the Minimum Reporting Level (MRL) were used to calculate 
the median concentration. Data were evaluated for marine and estuarine waters. 
 
DATA REVIEWED: 
2012 Integrated Report 
DEQ did not evaluate data for fecal coliform bacteria for the 2012 Integrated Report. 
 
DEQ reviewed EPA action on Oregon’s 2010 303(d) list. Where EPA found impairments from fecal coliform 
bacteria but did not add new 303(d) listings because TMDLs were already approved, DEQ added these 
assessments as new Category 4A records for the 2012 Integrated Report based on EPA’s analysis of data. 
 
Last Data Review 
EPA reviewed fecal coliform bacteria data to propose additions to Oregon’s 2010 303(d) list. EPA took final 
action on the 303(d) additions in December, 2012. 
 
NOTES: 
DEQ has determined that fecal coliform water quality criteria should be applied to marine and estuarine 
waters that support recreational shellfish harvesting as well as commercial shellfish harvesting (Minutes from 
the Estuary Workgroup Meeting, DEQ, Newport, Oregon, July 13, 2001). 
 
Marine waters are defined in OAR 340-041-0002(34) as all oceanic, offshore water outside of estuaries or 
bays and within the territorial limits of Oregon. Estuarine waters are defined in OAR 340-041-0002(22) as 
mixed fresh and oceanic water in estuaries or bays from the point of oceanic water intrusion inland to a line 
connecting the outermost points of the headlands or protective jetties. For the review of water quality data, the 
inland extent of estuarine waters was identified where recorded specific conductivity measurements were 
above 200 uS/cm. However, coastal lakes were not included as estuarine shellfish growing waters for this 
assessment. 
 
The fecal coliform criteria protect the beneficial use of shellfish growing in marine and estuarine waters. Prior 
to 1996, fecal coliform were also the indicator organisms to protect water contact recreation in freshwater and 
estuarine waters. The bacteria standard was changed in 1996 to use E. coli as the indicator organism. 
However, assessments in previous years may have identified freshwater water bodies as water quality limited 
for water contact recreation using fecal coliform data. These listings are retained unless data for E. coli are 
available for evaluation for the current assessment. If data show the current E. coli criteria are met, the water 
body will be delisted for water contact recreation impairments. 
 
Marine and estuarine waters are also subject to the federal water quality criteria protecting water contact 
recreation use in coastal waters based on Enterococci as the indicator organism. The assessment of this use in 
coastal recreation waters is discussed in the previous section on Enterococci. 
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PARAMETER: Biocriteria 
 
BENEFICIAL USES AFFECTED: Aquatic Life 
 
NARRATIVE CRITERION: OAR 340-041-0011 
 

340-041-0011 
Biocriteria  
Waters of the State must be of sufficient quality to support aquatic species without detrimental 
changes in the resident biological communities. 

 
NARRATIVE ASSESSMENT PROTOCOL: 
Detrimental changes in resident biological communities are a form of pollution.10,11 EPA guidance 
recommends using biological community assessments as an indicator for aquatic life beneficial use support.12 
This protocol is used to implement Oregon’s narrative standard for Biocriteria. The protocol applies numeric 
benchmarks to evaluate the integrity of aquatic biological communities. Biological assessments look at 
conditions in the biological communities, but do not by themselves indicate if changes are related to 
pollutants, or identify which pollutant should be addressed by point source or other controls through a Total 
Maximum Daily Load. EPA guidance recommends listing waters with aquatic use impairments as Category 
5: 303(d) even if the pollutant is not known.13 This protocol outlines the process and assessment category 
assignment that Oregon used for the Integrated Report to apply the narrative criterion. 
 
This protocol is based on biological assemblage information for freshwater macroinvertebrates collected by 
DEQ at reference sites throughout Oregon. Freshwater macroinvertebrates include insects, crustaceans, snails, 
clams, worms, mites, etc. DEQ identifies sites in a given region that are least disturbed by anthropogenic 
activities and uses these as reference sites.14 Biological assessment tools use information from these reference 
sites to predict the variety and number of aquatic life species expected in Oregon streams and to make 
inferences about the biological condition of the waters.15 
 
Assessing Macroinvertebrate Communities 
To assess the biological integrity of macroinvertebrate communities, DEQ used a statistical method called a 
multivariate predictive model.16 Using data from reference sites, the model describes the number and types of 
macroinvertebrates that are expected to be in a water body when the water is in least disturbed conditions. 
Reference sites are grouped by predictor variable factors that are not affected by human activities (e.g., 
sampling date, ecoregion, longitude, elevation, precipitation, or air temperature). DEQ developed a model 
specifically for Oregon, but similar model approaches are used for bioassessments in the United Kingdom 
(RIVPACS), Australia (AusRIVas), Canada (BEAST), and in broad areas in the United States (typically 
called RIVPACS models, though different from the U. K. models). 

10 Federal Water Pollution Act Section 502(19) (33 U.S.C 1362) (Clean Water Act) 
11 Oregon Administrative Rules 340-041-0002(39) 
12 US EPA, July 29, 205, Guidance for 2006 Assessment, Listing and Reporting Requirements Pursuant to Sections 
303(d), 305(b) and 314 of the Clean Water Act, page 41. 
13 US EPA, July 29, 205, Guidance for 2006 Assessment, Listing and Reporting Requirements Pursuant to Sections 
303(d), 305(b) and 314 of the Clean Water Act, page 60. 
14 Drake, D., April 2004, Selecting Reference Condition Sites - An Approach for Biological Criteria and Watershed 
Assessment, ODEQ Technical Report WSA04-002. http://www.deq.state.or.us/lab/techrpts/docs/WSA04002.pdf  
15 Stoddard,J.L., et.al., 2006. Setting Expectations for the Ecological Condition of Streams: The Concept of Reference 
Condition. Ecological Applications. 16(4): 1267-1276 
16 Hubler, S., July 2008, PREDATOR: Development and Use of RIVPACS-type Macroinvertebrate Models to Assess the 
Biotic Condition of Wadeable Oregon Streams, Technical Report DEQ08-LAB-0048-TR  
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DEQ developed the PREDictive Assessment Tool for ORegon, or PREDATOR, to assess the 
macroinvertebrate communities in Oregon’s perennial, wadeable streams. PREDATOR analyzes data from 
reference sites grouped into three regions in Oregon and models the expected assemblage. Information from a 
sampling site can be compared to the macroinvertebrate assemblage predicted by the model and an 
assessment made about how different the observed assemblage is from the expected or reference assemblage. 
Data collected at a sampling site is used to generate a number for the observed versus expected (O/E) 
macroinvertebrate taxa. This number represents the “missing” taxa at a site, and can be expressed as “% taxa 
loss”. 
 
For the assessment, DEQ selected values of % taxa loss to use to assign a status category to a water body. The 
benchmark values are indicators of differences from reference conditions that may indicate detrimental 
changes to biological communities and an impairment in aquatic life use support that violates the narrative 
standard. A discussion of the scientific basis for the model development, statistical analysis of reference site 
data, and basis for selecting benchmark values in terms of the reference site distributions in different regions 
in Oregon is given in a separate technical paper.16 
 
ASSIGNMENT OF ASSESSMENT CATEGORY: 
Benchmark values are expressed in terms of the percent of taxa not found in a site assemblage compared to 
the expected assemblage predicted by the PREDATOR model. The benchmark values are summarized in 
Table 7. 
 
Category 5: Water Quality Limited, TMDL Needed (303(d) List) 
Macroinvertebrate sampling data from perennial, wadeable streams evaluated by DEQ using the PREDATOR 
model showing: 

• ≥ 15% taxa loss in the Marine Western Coastal Forest (MWCF) region,  
• ≥ 22% taxa loss in the Western Cordillera and Columbia Plateau (WCCP) region, or  
• ≥ 50% taxa loss in the Northern Basin and Range (NBR) region. 

 
Category 4: Water Quality Limited, TMDL Not Needed 
In some water bodies, DEQ has information relating specific pollutants to the condition of the biological 
communities in the water body. Where data are available identifying a specific pollutant as the cause of 
detrimental changes to biological communities, and a TMDL has been approved with load allocations for the 
pollutant, the water body will be placed in Category 4 if no additional TMDLs are needed. Water bodies will 
also be placed in Category 4 for biological criteria if adequate information is available to indicate that 
detrimental changes to biological communities are not due to a pollutant. 
 
Category 3B: Insufficient Data – Potential Concern 
Some macroinvertebrate sampling data from perennial, wadeable streams evaluated using the PREDATOR 
model are inconclusive and are insufficient to assign a status category until additional information is 
collected. 
 
Macroinvertebrate sampling data from perennial, wadeable streams evaluated by DEQ using the PREDATOR 
model showing: 

• 8% to 14% taxa loss or > 24% taxa gain in the Marine Western Coastal Forest (MWCF) region,  
• 8% to 21% taxa loss or > 23% taxa gain in the Western Cordillera and Columbia Plateau (WCCP) 

region, or  
• 25% to 49% taxa loss in the Northern Basin and Range (NBR) region. 
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Results showing taxa loss in these ranges could be due to sampling error or modeling error and may be over 
or under-estimating taxa loss. A large gain of observed taxa over expected may indicate more natural 
diversity, or may indicate disturbance that has enhanced diversity.17 Additional samples are necessary to 
better assess biological conditions. A minimum of 5 replicate samples should be collected to provide 
sufficient data for status classification. The stream is a potential concern until more information is evaluated. 
 
Category 2: Attaining 
Macroinvertebrate sampling data from perennial, wadeable streams evaluated by DEQ using the PREDATOR 
model showing: 

• 0% to 8% taxa loss or 0% to 24% taxa gain in the Marine Western Coastal Forest (MWCF) region,  
• 0% to 7% taxa loss or 0% to 23% taxa gain in the Western Cordillera and Columbia Plateau (WCCP) 

region, or  
• < 25% taxa loss in the Northern Basin and Range (NBR) region. 

 
TIME PERIOD: 
Year Round 
 
DATA REQUIREMENTS: 
Site sample data must be collected during or after 1998 to be comparable to the reference site data (1998 to 
2004) that is used in the PREDATOR model. Site samples must be collected within the model season of June 
1 through October 15. Field duplicates and seasonal replicate samples are averaged to account for sampling 
and seasonal variability. 
 
Site sample data must be collected using standard field methods and identified to appropriate taxonomic 
levels, as described in the DEQ Mode of Operations Manual, or equivalent protocols used throughout the 
Pacific Northwest.18 The standard method for macroinvertebrate sampling requires collecting organisms from 
specific habitats within a specified size reach of a stream. The data are evaluated to generate one sample result 
in the PREDATOR model. 
 
One sample result is sufficient to evaluate for the assessment using the benchmarks developed from the 
PREDATOR model. If samples from multiple years are available, the most recent sample result in either 
Category 2: Attaining or Category 5: 303(d) will determine the site status. If the most recent sample result is 
Category 2: Attaining and a previous sample is Category 5: 303(d), the site status will be Category 3B. Recent 
Category 2: Attaining sample results must outnumber earlier Category 5: 303(d) sample results for the site 
status to be considered Category 2. 
 
When results for replicate site samples are collected to clarify inconclusive results (Category 3B), a minimum 
of 5 samples is required to achieve the target statistical confidence. The site will be assigned a status category 
if 3 out of 5 replicate samples show results in the Category 2: Attaining or Category 5: 303(d) ranges. 
Replicate samples must be collected in the same sampling season, in the same reach, or in adjacent and 
comparable reaches. 
 
DATA REVIEWED: 
2012 Integrated Report 
DEQ did not evaluate data or information for biocriteria for the 2012 Integrated Report. 

17 Ward, J.W, and Stanford, J.A., 1983, Intermediate-Disturbance Hypothesis: An Explanation for Biotic Diversity 
Patterns in Lotic Ecosystems. In Dynamics of Lotic Systems, Ann Arbor Science, Ann Arbor, MI, pages 347-356. 
18 ODEQ, 2009, Mode of Operations Manual, Version 3.2, DEQ03-LAB-0036-SOP, 
http://www.deq.state.or.us/lab/techrpts/docs/DEQ03LAB0036SOP.pdf  
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DEQ reviewed EPA’s action on Oregon’s 2010 303(d) list. Based on EPA’s determination that waters with 
impaired biological conditions should be placed on the 303(d) list, DEQ re-assigned several waters to 
Category 5: Water Quality Limited, TMDL Needed (303(d) List). 
 
Last Data Review 
DEQ evaluated data and information for biocriteria for the 2010 Integrated Report. EPA reviewed DEQ’s 
analysis and determined that waters with impaired biological conditions should be added to Oregon’s 2010 
303(d) list. EPA took final action to add these waters to the 303(d) list in December, 2012.  
 
DELISTING: 
Once TMDLs are approved for pollutants that will also improve biological conditions, water bodies may be 
delisted for biocriteria. These waters will be placed in Category 4: Water Quality Limited, TMDL Not 
Needed if no additional TMDLs are needed. 
 
Water bodies may be delisted for biocriteria based on multiple site sampling events showing results that are 
attaining benchmarks. A minimum of 5 samples must be collected in the same sampling season and in the 
same or adjacent and comparable reaches, with 3 out of 5 samples showing results that attain appropriate 
benchmarks. These waters will be placed in Category 2: Attaining. 
 
SEGMENTATION: 
General segmentation protocols will be followed (Appendix 1). The status category from one sampling site 
will apply to the sampling reach and upstream portions of the wadeable, perennial stream. A minimum 
segment length of 0.6 miles will be imposed when multiple sample sites are closely located within a small 
stream reach. Given the sampling design and field protocols, assessment segments less than 0.6 miles are 
likely to impose artificial divisions that are not true representations of stream conditions. 
 
Table 7: Biocriteria Assessment Benchmarks 

PREDATOR 
Model Region 

Assessment Category 

Category 5: Water Quality 
Limited 

Category 3B: 
Insufficient Data Potential 

Concern 

Category 2: 
Attaining 

Marine Western 
Coastal Forest 

≥ 15% taxa loss 9% - 14% taxa loss or 
> 24% taxa gain 

0% - 8% taxa loss or 
0% - 24% taxa gain 

PREDATOR score ≤ 0.85 PREDATOR score 
0.86 to 0.91 or > 1.24 

PREDATOR score 
0.92 to 1.24 

Western 
Cordillera and 

Columbia 
Plateau 

≥ 22% taxa loss 8% - 21% taxa loss or 
> 23% taxa gain 

0% - 7% taxa loss or 
0% - 23% taxa gain 

PREDATOR score ≤ 0.78 PREDATOR score 
0.79 to 0.92 or > 1.23 

PREDATOR score 
0.93 to 1.23 

Northern Basin 
and Range 

≥ 50% taxa loss 25% - 49% taxa loss < 25% taxa loss 

PREDATOR score ≤ 0.50 PREDATOR score 
0.49 to 0.75 PREDATOR score > 0.75 
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PARAMETER: Chlorophyll a  
(Nuisance Phytoplankton Growth) 

 
BENEFICIAL USES AFFECTED: Water Contact Recreation  
 Aesthetics 
 Fishing 
 Water Supply 
  Livestock Watering 
 
NUMERIC CRITERION: OAR 340-041-0019 
 

340-041-0019 
Nuisance Phytoplankton Growth 
(1) (a) The following values and implementation program must be applied to lakes, reservoirs, 
estuaries and streams, except for ponds and reservoirs less than ten acres in surface area, marshes and 
saline lakes:  

(b) The following average Chlorophyll a values must be used to identify water bodies where 
phytoplankton may impair the recognized beneficial uses: 

(A) Natural lakes that thermally stratify: 0.01 mg/1; 
(B) Natural lakes that do not thermally stratify, reservoirs, rivers and estuaries: 0.015 
mg/1;  
(C) Average Chlorophyll a values may be based on the following methodology (or 
other methods approved by the Department): A minimum of three samples collected 
over any three consecutive months at a minimum of one representative location (e.g., 
above the deepest point of a lake or reservoir or at a point mid-flow of a river) from 
samples integrated from the surface to a depth equal to twice the secchi depth or the 
bottom (the lesser of the two depths); analytical and quality assurance methods must 
be in accordance with the most recent edition of Standard Methods for the 
Examination of Water and Wastewater. 

 
ASSIGNMENT OF ASSESSMENT CATEGORY: 
Category 5: Water Quality Limited, TMDL Needed (303(d) List) 
The average Chlorophyll a value over three consecutive months exceeds the value referenced in the rule. The 
average must be calculated with at least one sample in each month. 
 
Category 4: Water Quality Limited, TMDL Not Needed 

• TMDLs for specific pollutants have been completed and approved to address nuisance phytoplankton 
growth and exceedance of chlorophyll a values in a water body (Category 4A); 

• Another control mechanism such as a control strategy develop and adopted according to OAR 340-
041-0019(2) is being implemented to control phytoplankton growth (Category 4B); or 

• Adequate information indicates that phytoplankton proliferation is not due to pollutants or is a natural 
condition (Category 4C). 

 
Category 3: Insufficient Data 
Less than 3 samples available in three consecutive months to calculate an average, or less than one sample 
available in any month of the three consecutive month period. 
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Category 2: Attaining 
The average Chlorophyll a value over three consecutive months is less than the value referenced in the rule. 
 
TIME PERIOD: 
Summer: June 1 through September 30 or three month periods beginning May through August 
Fall-Winter-Spring (FWS): October 1 through May 31 or three month periods beginning September through 
April 
 
DATA REQUIREMENTS: 
Data collected since 2001. A minimum of three samples collected over any three consecutive months (at least 
one per month) at a minimum of one representative location (e.g., above the deepest point of a lake or 
reservoir or at a point mid flow of a river). 
 
DATA REVIEWED: 
2012 Integrated Report 
DEQ did not evaluate data or information for Chlorophyll a for the 2012 Integrated Report. 
 
DEQ reviewed EPA action on Oregon’s 2010 303(d) list. Where EPA found impairments from Chlorophyll a 
but did not add new 303(d) listings because TMDLs were already approved, DEQ added these assessments as 
new Category 4A records for the 2012 Integrated Report based on EPA’s analysis of data. 
 
Last Data Review 
EPA reviewed Chlorophyll a data to propose additions to Oregon’s 2010 303(d) list. EPA took final action on 
the 303(d) additions in December, 2012. 
 
NOTES: 
Information on thermally stratified lakes was obtained from the Atlas of Oregon Lakes19. 
 
Lakes are identified by an LLID assigned to a point at the center of the water body. They may also be 
identified with an LLID for a stream which flows into or out of the lake, and river miles are assigned at those 
points on the stream line. 
 
Saline lakes were identified in coastal areas and Oregon Closed Basins where recorded specific conductivity 
measurements were generally above 200 uS/cm.  
  

19 Johnson, D.M., Petersen, R.R., Lycan, D.R., Sweet, J.W., Neuhaus, M.E., Schaedel, A.L., 1985, Atlas of Oregon 
Lakes: Corvallis, OR, Oregon State University Press, 317 p. 
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PARAMETER: Dissolved Oxygen 
 
BENEFICIAL USES AFFECTED: Fish and Aquatic Life 
 Salmon and Steelhead Spawning 
 Resident Trout Spawning 
 Cold-Water Aquatic Life 
 Cool-Water Aquatic Life 
 Warm-Water Aquatic Life 
 Estuarine Water 
 
NUMERIC CRITERION: OAR 340-041-0016 
 

340-041-0016 
Dissolved Oxygen 
Dissolved oxygen (DO): No wastes may be discharged and no activities may be conducted that either 
alone or in combination with other wastes or activities will cause violation of the following standards: 
The changes adopted by the Commission on January 11, 1996, become effective July 1, 1996. Until 
that time, the requirements of this rule that were in effect on January 10, 1996, apply: 
(1) For water bodies identified as active spawning areas in the places and times indicated on the 
following Tables and Figures set out in OAR 340-041-0101 to 340-041-0340: Tables 101B, 121B, 
and 190B, and Figures 130B, 151B, 160B, 170B, 180A, 201A, 220B, 230B, 260A, 271B, 286B, 
300B, 310B, 320B, and 340B, (as well as any active spawning area used by resident trout species), 
the following criteria apply during the applicable spawning through fry emergence periods set forth in 
the tables and figures and, where resident trout spawning occurs, during the time trout spawning 
through fry emergence occurs: 

(a) The dissolved oxygen may not be less than 11.0 mg/l. However, if the minimum 
intergravel dissolved oxygen, measured as a spatial median, is 8.0 mg/l or greater, then the 
DO criterion is 9.0 mg/l; 
(b) Where conditions of barometric pressure, altitude, and temperature preclude attainment of 
the 11.0 mg/l or 9.0 mg/l criteria, dissolved oxygen levels must not be less than 95 percent of 
saturation; 
(c) The spatial median intergravel dissolved oxygen concentration must not fall below 8.0 
mg/l. 

(2) For water bodies identified by the Department as providing cold-water aquatic life, the dissolved 
oxygen may not be less than 8.0 mg/l as an absolute minimum. Where conditions of barometric 
pressure, altitude, and temperature preclude attainment of the 8.0 mg/l, dissolved oxygen may not be 
less than 90 percent of saturation. At the discretion of the Department, when the Department 
determines that adequate information exists, the dissolved oxygen may not fall below 8.0 mg/l as a 
30-day mean minimum, 6.5 mg/l as a seven-day minimum mean, and may not fall below 6.0 mg/l as 
an absolute minimum (Table 21); 
(3) For water bodies identified by the Department as providing cool-water aquatic life, the dissolved 
oxygen may not be less than 6.5 mg/l as an absolute minimum. At the discretion of the Department, 
when the Department determines that adequate information exists, the dissolved oxygen may not fall 
below 6.5 mg/l as a 30-day mean minimum, 5.0 mg/l as a seven-day minimum mean, and may not fall 
below 4.0 mg/l as an absolute minimum (Table 21); 
(4) For water bodies identified by the Department as providing warm-water aquatic life, the dissolved 
oxygen may not be less than 5.5 mg/l as an absolute minimum. At the discretion of the Department, 
when the Department determines that adequate information exists, the dissolved oxygen may not fall 
below 5.5 mg/l as a 30-day mean minimum, and may not fall below 4.0 mg/l as an absolute minimum 
(Table 21); 
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(5) For estuarine water, the dissolved oxygen concentrations may not be less than 6.5 mg/l (for 
coastal water bodies); 
(6) For ocean waters, no measurable reduction in dissolved oxygen concentration may be allowed. 

 
ASSIGNMENT OF ASSESSMENT CATEGORY: 
Category 5: Water Quality Limited, TMDL Needed (303(d) List) 
For the time period of interest (spawning or non-spawning), greater than 10% of the samples do not meet the 
appropriate criteria, and at least 2 samples do not meet the criteria. 
 
Category 4: Water Quality Limited, TMDL Not Needed 
TMDLs needed to attain applicable water quality standards have been approved (Category 4A), other 
pollution control requirements are expected to address the pollutant and result in the attainment of water 
quality standards (Category 4B), or impairment is not caused by a pollutant (Category 4C). 
 
Category 3: Insufficient Data 
Fewer than 5 samples collected on separate days for the time period of interest, or 5 to 9 samples for the time 
period of interest with 1 sample that does not meet the appropriate criterion. 
 
Category 2: Attaining 
For 10 or more samples in the time period of interest, greater than 90% of samples meet the appropriate 
criteria. For 5 to 9 samples in the time period of interest, all samples meet the appropriate criteria. 
 
TIME PERIOD: 
Spawning Time Period: During places and times indicated in tables and figures referenced in OAR 340-041-
0016(1) as active spawning areas and any active spawning area used by resident trout species. 
Non-Spawning Time Period: Year round or during periods outside the identified spawning time period. 
 
DATA REQUIREMENTS: 
Data collected since 2000. A minimum of 5 samples collected on separate days per site per applicable criteria 
time period (spawning or non-spawning) are required. A sample can be one “grab sample” or a single 
measurement in a set of continuous monitoring data results (i.e. multiple measurements collected over an 
extended time period). For the 2012 Integrated Report, all samples including grab samples and single 
measurements in continuous data sets were counted as discreet samples. 
 
For the 2012 Integrated Report, DEQ calculated a “percent saturation” in order to fully apply the spawning 
and cold water dissolved oxygen criteria using a known and consistent methodology. DEQ used sample 
temperature data and derived station elevations from 30 meter Digital Elevation Model data to calculate a 
percent saturation value using the following equation:20 
 
𝐷𝑂𝑇ℎ𝑒𝑜 =  𝑒^(139.34411 +  157570.1/T –  66423080/T^2 +  12438000000/T^3 –  862194900000/T^4) ∗  (1 

−  0.0001148 ∗  SIte_elvm) 

𝑃𝑆 = 100 ∗
𝐷𝑂𝑀𝑒𝑎𝑠
 𝐷𝑂𝑇ℎ𝑒𝑜

 

 
 
 
 

20 Pelletier and Chapra. 2008. Qual2Kw theory and documentation (version 5.1), Washington Department of Ecology, 
Olympia, WA. 
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Where PS = Percent saturation dissolved oxygen,  
           DOTheo = Theoretical Dissolved Oxygen in mg/L, 
           DOMeas = Measured Dissolved Oxygen in mg/L, 
           T = Temperature in Kelvin, and 
           Site_elvm = Site elevation in meters 
 
DATA REVIEWED: 
2012 Integrated Report 
DEQ evaluated the following data for dissolved oxygen for the 2012 Integrated Report: 
 

USGS data - Monitoring results for dissolved oxygen for the period January 1, 2000 through 
December 31, 2011 from 563 sampling locations in the Willamette Basin and the Umatilla Basin. 

 
DEQ LASAR data - Monitoring results for dissolved oxygen from continuous sampling and grab 
sampling for the period January 1, 2000 through December 31, 2011 from 772 sampling locations in 
the Willamette Basin and the Umatilla Basin. 

 
DETERMINING APPLICABLE CRITERIA: 
Oregon’s water quality standards for dissolved oxygen include different criteria for freshwaters supporting 
several types of aquatic life including sensitive fish species and life stages, as well as criteria for estuarine and 
ocean waters. The criteria apply to various waters throughout the state and at different time periods 
throughout a calendar year. Determining the applicable criteria to use to assess dissolved oxygen data is the 
first step in the data evaluation process. The water quality standards have been clarified through several policy 
letters and memorandum that are incorporated into the assessment protocols in order to provide a method to 
determine what criteria apply to specific water bodies, and when to apply the criteria. (See Appendices) 
 
The dissolved oxygen criteria in OAR 340-041-0016 applicable to freshwater aquatic life and fish uses are 
summarized in the following table: 
Table 8: Dissolved Oxygen Criteria to Protect Aquatic Life* 

Dissolved Oxygen 
Standard Spawning Cold Cool Warm 

Aquatic Life Use 
Active 

spawning 
areas 

Cold-water 
aquatic life 

Cool-water 
aquatic life 

Warm-water 
aquatic life 

Dissolved Oxygen 
Criteria (mg/l) 

11.0 8.0 6.5 5.0 

Dissolved Oxygen % 
Saturation 

Not less than 
95 % 

saturation 

Not less 
than 90 % 
saturation 

__ __ 

* DEQ determined that information for the 2012 Integrated Report was not adequate to apply the additional 
criteria in OAR-340-041-0016(2), OAR-340-041-0016(3), OAR-340-041-0016(4), and Table 21. 
 
The aquatic life categories are defined in water quality rules (OAR 304-041). In 1998, DEQ determined that 
maps with ecoregion information would be used as a guideline to identify waters supporting cold-water and 
cool-water aquatic life, and specific waters without salmonid designated uses would identify warm-water 
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uses.21, 22 Water quality standards adopted in 2003 further refined beneficial designations for sub-categories 
of fish uses and also identified the places and times that support active spawning for salmon and steelhead 
species. DEQ updated guidelines in 2004 in order to provide guidelines to identify locations and time periods 
for resident trout and bull trout (char) spawning to supplement the salmon and steelhead spawning 
designations.23 In 2010, DEQ updated the 1998 memo to incorporate references to updated maps and 
ecoregion information to use to identify the applicable cold or cool-water criteria to apply where “salmon and 
trout rearing and migration” or “redband or Lahontan cutthroat trout” were the designated fish use.24 Based on 
the water quality standards, current beneficial use designations, and referenced implementation memos 
developed to clarify the standards, DEQ used the following strategy to determine the applicable criteria to use 
to evaluate dissolved oxygen data for the Integrated Report. 
 
Cold Water Criteria: 
Cold-water aquatic life is defined in OAR 340-041-0002 (9) to mean: 

"... aquatic organisms that are physiologically restricted to cold water, including but not limited to 
native salmon, steelhead, mountain whitefish, char (including bull trout), and trout.” 

 
As indicated in OAR 340-041 Table 21, the uses and level of protection achieved by the numeric criteria are: 

“Principally cold-water aquatic life. Salmon, trout, cold-water invertebrates, and other native cold-
water species exist throughout all or most of the year. Juvenile anadromous salmonids may rear 
throughout the year. No measurable risk level for these communities.” 

 
As implemented for the Integrated Report, during non-spawning time periods the cold water criteria for 
dissolved oxygen were applied to waters with the following designated uses referenced in basin-specific 
beneficial uses in OAR 340-041-0101 through OAR 340-041-0340 and in rule Tables 101A to 340A, Tables 
101B to 250B, and Figures 130A to 340B: 

• Core cold-water habitat 
• Bull trout spawning and juvenile rearing 
• Salmon and trout rearing and migration depending on ecoregion 
• Redband or Lahontan cutthroat trout depending on ecoregion 

 
Cool Water Criterion: 
Cool-water aquatic life is defined in OAR 340-041-0002 (12) to mean: 

"... aquatic organisms that are physiologically restricted to cool waters, including but not limited to 
native sturgeon, Pacific lamprey, suckers, chub, sculpins, and certain species of cyprinids 
(minnows)..” 

 
As indicated in OAR 340-041 Table 21, the uses and level of protection achieved by the numeric criterion are: 

“Mixed native cool-water aquatic life, such as sculpins, smelt, and lampreys. Waterbodies includes 
estuaries. Salmonids and other cold-water biota may be present during part or all of the year but do 
not form a dominant component of the community structure. No measurable risk to cool-water 
species, slight risk to cold-water species present.” 

 

21 Letter from DEQ to EPA, Region 10, Policy clarifications for Oregon’s water quality standards interpretation, June 22, 
1998  http://www.deq.state.or.us/wq/standards/docs/EPALetter06-22-1998.pdf 
22 Omernik, J. and Gallant, A., 1986, Ecoregions of the Pacific Northwest, EPA/600/3-86/033 
23 Letter from DEQ to EPA Region 10, Oregon responses to EPA questions re: the State’s water quality temperature 
standards, February 4, 2004 http://www.deq.state.or.us/wq/standards/docs/temperature/clarificationltr.pdf  
24 DEQ Memorandum, June 8, 2010, Application of DO criteria, 
http://www.deq.state.or.us/wq/standards/docs/MemoDOCriteria20100608.pdf  

 
December 20, 2013 41 

                                                 

Exhibit 5

http://www.deq.state.or.us/wq/standards/docs/EPALetter06-22-1998.pdf
http://www.deq.state.or.us/wq/standards/docs/temperature/clarificationltr.pdf
http://www.deq.state.or.us/wq/standards/docs/MemoDOCriteria20100608.pdf


As implemented for the Integrated Report, during non-spawning time periods, the cool water criterion for 
dissolved oxygen was applied to waters with the following designated uses referenced in basin-specific 
beneficial uses in OAR 340-041-0101 through OAR 340-041-0340 and designated in rule Tables 101A to 
340A, Tables 101B to 250B, and Figures 130A to 340B: 

• Salmon and steelhead migration corridors 
• Salmon and trout rearing and migration depending on ecoregion 
• Redband or Lahontan cutthroat trout where designated as uses in Tables 121B, 140B, 190B, 250B, 

and Figures 180A, 201A, 260A, 310A depending on ecoregion 
• Cool water species (no salmonid use) where designated in Tables 140B, 190B, 250B and Figures 

130A, 180A, 201A, 286A, 340A (except where identified as warm water in guidelines) 
 
Warm Water Criterion: 
Warm-water aquatic life is defined in OAR 340-041-0002 (69) to mean: 

"... the aquatic communities that are adapted to warm-water conditions and do not contain either cold- 
or cool-water species” 

 
As indicated in OAR 340-041 Table 21, the uses and level of protection achieved by the numeric criterion are: 

“Waterbodies whose aquatic life beneficial uses are characterized by introduced, or native, warm-
water species.” 
 

As implemented for the Integrated Report following guidelines from 1998, the warm water criterion was 
applied to waters where salmonid fish rearing and spawning are not designated beneficial uses and where 
warm-water species are designated uses.25 One such warm water species is the Borax chub, designated as a 
use in the Malheur Lake Basin on Table 190B (current rule numbering).  

• For specific waters designated as Cool water species (no salmonid use) in Tables 140B, 190B, 250B 
and Figures 130A, 180A, 201A, 286A, 340A where identified in guidelines and 

•  Borax Lake Chub 
 
Following the 1998 guidelines, the warm water criterion was applied to specific water bodies summarized in 
the following table: 
 
 

 

 

 

 

 

 

 

 

 

 

25 Letter from DEQ to EPA, Region 10, Policy clarifications for Oregon’s water quality standards interpretation, June 22, 
1998  http://www.deq.state.or.us/wq/standards/docs/EPALetter06-22-1998.pdf 
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Table 9: Application of Warm Water Dissolved Oxygen Criterion 

Current Table 
or Figure 

Fish Use 
Designation 

Water body Extent 

Figure 201A Cool water species 
(no salmonid use) 

Malheur River Namorf to Mouth 

Figure 201A Cool water species 
(no salmonid use) 

Willow Creek Brogan to Mouth 

Figure 201A Cool water species 
(no salmonid use) 

Bully Creek Reservoir to Mouth 

Table 250B Cool water species 
(no salmonid use) 

Owyhee River River Mile 0 to 18 

Table 190B Cool water species 
(no salmonid use); 
Borax Lake Chub 

Malheur Lake Basin Natural Lakes; water 
associated with 
Borax Lake and 

Lower Borax Lake 
Table 140B Cool water species 

(no salmonid use) 
Goose and Summer 

Lakes Basin 
High Alkaline and 

Saline Lakes 
 
Spawning Criteria: 
The spawning criteria for dissolved oxygen were applied in locations and during the time periods designated 
for active salmon and steelhead spawning in OAR 340-041-0101 to 340-041-0340 in Tables 101B, and 121B, 
and Figures 130B, 151B, 160B, 170B, 180A, 201A, 220B, 230B, 260A, 271B, 286B, 300B, 310B, 320B, and 
340B. 
 
The spawning criteria for dissolved oxygen were also applied in locations and during the spawning time 
periods designated for Lahontan trout use in OAR 340-041-0190 Table 190B. 
 
Spawning locations and time periods for other fish species are not specifically designated in water quality 
standards. In the absence of specific information, DEQ developed guidelines to assist in determining locations 
and timing to apply the dissolved oxygen spawning criteria for resident trout (such as rainbow, redband, 
Westslope and coastal cutthroat) and char (bull trout).26 These guidelines use the locations where fish uses for 
salmonids are designated in OAR 340-041 and mapped in Figures 130A through 340B, and assume spawning 
occurs in all those stream reaches during certain time periods. DEQ may use other information, such as 
documentation from Oregon Department of Fish and Wildlife or US Fish and Wildlife Service if available, to 
refine the locations and time periods when the spawning criteria are applied where spawning locations are not 
specifically designated in rule. The documentation supporting this determination for a specific water body 
will accompany the assessment for that water body. 
 
As implemented for the Integrated Report, the spawning criteria for dissolved oxygen were applied to waters 
during the time periods summarized in the table below. To protect all resident trout spawning in areas where 
bull trout (char) spawning is a designated use, the assumed spawning time period was extended to June 15. 
Also, as implemented in the Integrated Report, some water types and locations were not considered likely 
spawning areas and were not evaluated using the spawning criteria. 
 
 

26 Letter from DEQ to EPA Region 10, Oregon responses to EPA questions re: the State’s water quality temperature 
standards, February 4, 2004 http://www.deq.state.or.us/wq/standards/docs/temperature/clarificationltr.pdf 
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Table 10: Application of Spawning Dissolved Oxygen Criteria 

Location (Basin) 
Location 

(Subbasin 
or Water) 

Designated Fish 
Use 

Designated 
Spawning 

Time 
Period 

Assumed 
Spawning 

Time Period 

Combined: 
Assumed 
Resident 
Trout and 
Bull Trout 
Spawning 

Time 
Periods 

Deschutes, Grande 
Ronde, Hood, John 

Day, Mid Coast, North 
Coast, Rogue, Sandy, 
South Coast, Umatilla, 
Umpqua, Willamette 

Columbia 
River, Snake 
River 

Salmon and Steelhead 
Spawning 

As designated   

Malheur Lake Basin  Lahontan Trout As designated   
Deschutes, Hood, 

Powder 
 Bull Trout Spawning 

& Juvenile Rearing 
 August 15 – 

May 15 
August 15 – 

June 15 
Klamath,  

South Willamette, 
Malheur 

 Bull Trout Spawning 
& Juvenile Rearing 

 August 15 – 
May 30 

August 15 – 
June 15 

Grande Ronde Wenaha Bull Trout Spawning 
& Juvenile Rearing 

 August 15 – 
March 31 

August 15 – 
June 15 

Grande Ronde Imnaha Bull Trout Spawning 
& Juvenile Rearing 

 August 15 – 
May 31 

August 15 – 
June 15 

Grande Ronde Upper Grande 
Ronde 

Bull Trout Spawning 
& Juvenile Rearing 

 September 1 – 
April 15 

September 1 – 
June 15 

Grande Ronde Wallowa Bull Trout Spawning 
& Juvenile Rearing 

 September 1 – 
May 15 

September 1 – 
June 15 

John Day, 
Umatilla, 

Walla Walla 

 Bull Trout Spawning 
& Juvenile Rearing 

 September 1 – 
April 30 

September 1 – 
June 15 

All Basins  Salmon and Trout 
Rearing and Migration 

 January 1 – 
May 15 

 

All Basin  Redband Trout  January 1 – 
May 15 

 

All Basins  Core Cold-Water 
Habitat 

 January 1 – 
June 15 

 

All Basins  Bull Trout Spawning  January 1 – 
June 15 

(for resident 
trout spawning) 

 

As designated  Salmon and Steelhead 
Migration Corridors 

 No assumed 
spawning 

 

As designated  Cool Water Species 
(no salmonid use) 

No salmon, 
steelhead, or 
resident trout 

spawning 

  

Lakes and Reservoirs  Salmon and Steelhead 
Spawning 

As designated No other 
assumed 
spawning 

 

Estuarine Waters    No assumed 
spawning 
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Estuarine Criterion: 
Estuarine water is defined in OAR 340-041-0002 (22) to mean: 

"... all mixed fresh and oceanic waters in estuaries or bays from the point of oceanic water intrusion 
inland to a line connecting the outermost points of the headlands or protective jetties.” 

 
As implemented for the Integrated Report, the estuarine criterion for dissolved oxygen was applied to 
samples from coastal waters when conditions indicated mixing of fresh and salt water. DEQ used specific 
conductivity measurements as the indicator for estuarine conditions. Measured specific conductivity greater 
than 200 uS/cm was used to indicate that ocean water was mixing with fresh water. 
 
For dissolved oxygen data collected in the coastal waters of the North Coast, Mid Coast, South Coast, Rogue 
and Umpqua Basins, the specific conductivity of each sample was evaluated. For continuous data, the daily 
mean specific conductivity was calculated. If the recorded specific conductivity was greater than 200 uS/cm, 
the estuarine criterion of 6.5 mg/L was applied. If the recorded specific conductivity was less than 200 uS/cm, 
the appropriate freshwater criteria were applied. 
 
Ocean Waters: 
Ocean water is defined in OAR 340-041-0002 (44) to mean: 

"... all oceanic, offshore waters outside of estuaries or bays and within the territorial limits of 
Oregon.” 
 

There is no numeric dissolved oxygen criterion applicable to ocean waters [OAR 340-041-0016 (6)]. The 
criterion for ocean waters is no measurable reduction in dissolved oxygen concentration. Data were not 
available to evaluate this criterion for the Integrated Report. 
 
Summary: 
The following flow chart (Figure 2) illustrates the evaluation process for dissolved oxygen data for the 
Integrated Report. 
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Figure 2: Evaluation of Dissolved Oxygen Data 
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PARAMETER: pH 
 
BENEFICIAL USES AFFECTED: Resident Fish and Aquatic Life 
 Water Contact Recreation 
 
NARRATIVE CRITERION: OAR 340-041-0021(2)  
 
NUMERIC CRITERION: Statewide: OAR 340-041-0021 

Basin-Specific: OAR 340-041-0101 through OAR 340-041-
0350 

 
340-041-0021 
pH 
(1) Unless otherwise specified in OAR 340-041-0101 through 340-041-0350, pH values (Hydrogen 
ion concentrations) may not fall outside the following ranges:  

(a) Marine waters: 7.0-8.5;  
(b) Estuarine and fresh waters: See basin specific criteria (OAR 340-041-0101 through 340-
041-0350).  

(2) Waters impounded by dams existing on January 1, 1996, which have pHs that exceed the criteria 
are not in violation of the standard, if the Department determines that the exceedance would not occur 
without the impoundment and that all practicable measures have been taken to bring the pH in the 
impounded waters into compliance with the criteria.  
 

Table 11: Summary of pH Basin Specific Criteria (OAR 340-041-0101 through 340-041-0350) 

 OAR Water Criteria Range 
General 340-041-0021(1)(a) Marine 7.0 to 8.5 

General 340-041-0021(1)(b) Estuarine and fresh waters See basin specific 
criteria 

Basin or Water 
Body 

OAR Water Criteria Range 

Columbia River 340-041-0104(1) 
Main stem Columbia River 
(mouth to river mile 309): 7.0 to 8.5 

Snake River 340-041-0124(1) Main stem Snake River (river 
miles 260 to 335) 7.0 to 9.0 

Deschutes Basin 340-041-0135(1)(a) All other basin streams (except 
Cascade lakes) 6.5 to 8.5 

 340-041-0135(1)(b) Cascade lakes above 3,000 feet 
altitude 6.0 to 8.5 

Goose and Summer 
Lakes Basin 340-041-0145(1)(a) Goose Lake 7.5 to 9.5 

 340-041-0145(1)(b) All other basin waters 7.0 to 9.0* 

Grande Ronde Basin 340-041-0156(1) All basin streams (other than 
main stem Snake River) 6.5 to 9.0* 

Hood Basin 340-041-0165(1)(a) 
Hood River Basin streams 

(except main stem Columbia 
River and Cascade lakes) 

6.5 to 8.5 

 340-041-0165(1)(b) Cascade lakes above 3,000 feet 
altitude 6.0 to 8.5 
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Basin or Water 
Body 

OAR Water Criteria Range 

John Day Basin 340-041-0175(1) All basin streams (other than the 
main stem Colombia River) 6.5 to 9.0* 

Klamath Basin 340-041-0185(1)(a) Fresh waters except Cascade 
lakes 6.5 to 9.0* 

 340-041-0185(1)(b) Cascade lakes above 5,000 feet 
altitude 6.0 to 8.5 

Malheur Lake Basin 340-041-0195(1)  7.0 to 9.0* 
Malheur River Basin 340-041-0207(1)  7.0 to 9.0* 

Mid Coast Basin 340-041-0225(1)(a) Marine waters 7.0 to 8.5 
 340-041-0225(b) Estuarine and fresh waters 6.5 to 8.5 

North Coast Basin 340-041-0235(1)(a) Marine waters 7.0 to 8.5 
 340-041-0235(1)(b) Estuarine and fresh waters 6.5 to 8.5 

Owyhee Basin 340-041-0256(1)  7.0 to 9.0* 

Powder/Burnt Basins 340-041-0265(1) 
All basin streams (other than 

main stem Snake River) 6.5 to 9.0* 

Rogue Basin 340-041-0275(1)(a) Marine waters 7.0 to 8.5 

 340-041-0275(1)(b) 
Estuarine and fresh waters 

(except Cascade lakes) 6.5 to 8.5 

 340-041-0275(1)(c) 
Cascade lakes above 3,000 feet 

altitude 6.0 to 8.5 

Sandy Basin 340-041-0290(1)(a) 
All basin waters (except main 

stem Columbia River and 
Cascade lakes) 

6.5 to 8.5 

 340-041-0290(1)(b) 
Cascade lakes above 3,000 feet 

altitude 6.0 to 8.5 

South Coast Basin 340-041-0305(1)(a) Estuarine and fresh waters 6.5 to 8.5 
 340-041-0305(1)(b) Marine waters 7.0 to 8.5 

Umatilla Basin 340-041-0315(1) 
All basin streams (other than 
main stem Columbia River) 6.5 to 9.0* 

Umpqua Basin 340-041-0326(1)(a) Marine waters 7.0 to 8.5 

 340-041-0326(1)(b) 
Estuarine and fresh waters 

(except Cascade lakes) 6.5 to 8.5 

 340-041-0326(1)(c) 
Cascade lakes above 3,000 feet 

altitude 6.0 to 8.5 

Walla Walla Basin 340-041-0336  6.5 to 9.0* 

Willamette Basin 340-041-0345(1)(a) 
All basin waters (except main 

stem Columbia River and 
Cascade lakes) 

6.5 to 8.5 

 340-041-0345(1)(b) 
Cascade lakes above 3,000 feet 

altitude 6.0 to 8.5. 

*When greater than 25 percent of ambient measurements taken between June and September are greater than pH 8.7, and 
as resources are available according to priorities set by the Department, the Department will determine whether the 
values higher than 8.7 are anthropogenic or natural in origin. 
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ASSIGNMENT OF ASSESSMENT CATEGORY: 
Category 5: Water Quality Limited, TMDL Needed (303(d) List) 
Greater than 10 % of the samples are outside the range of the appropriate criterion and a minimum of at least 
two samples outside the range of the appropriate criterion for the time period of interest. 
 
Category 4: Water Quality Limited, TMDL Not Needed 
TMDLs needed to attain applicable water quality standards have been approved (Category 4A), other 
pollution control requirements are expected to address pollutant and will attain water quality standards 
(Category 4B), or impairment is not caused by a pollutant (Category 4C). 
 
Category 3: Insufficient Data 
Less than 5 samples for the time period of interest, or 5 to 9 samples for the time period of interest with 1 
sample outside the range of the appropriate criterion. 
 
Category 3B: Insufficient Data – Potential Concern 
Less than 5 samples are available to evaluate for the season of interest, with 2 or more samples outside the 
range of the appropriate criterion for the time period of interest. 
 
Category 2: Attaining 
For 10 or more samples in the time period of interest, greater than 90% of the samples are within the range of 
the appropriate criterion. For 5 to 9 samples in the time period of interest, all samples are within the range of 
the appropriate criterion. 
 
TIME PERIOD: 
Summer: June 1 through September 30 
Fall-Winter-Spring (FWS): October 1 to May 31 
 
DATA REQUIREMENTS: 
Data collected since 2001. A minimum of 5 representative data points available per site collected on separate 
days for each time period of interest. 
 
DATA REVIEWED: 
2012 Integrated Report 
DEQ received information in the 2012 Call for Data from Center for Biological Diversity (CBD) regarding 
ocean acidification and global climate changes relating to ocean pH conditions. The submitted information in 
articles and journal papers was not specific to Oregon’s state waters, and did not include metadata or data 
results that could be compared to Oregon’s water quality standards for pH for marine or estuarine waters. The 
Submitted information did not contain any new information beyond what CBD submitted to EPA in 
comments to EPA’s proposed additions to Oregon’s 2010 303(d) list. Besides reviewing the submittal from 
CBD, DEQ did not evaluate any data for pH for the 2012 Integrated Report. 
 
DEQ reviewed EPA action on Oregon’s 2010 303(d) list. Where EPA found impairments from pH but did not 
add new 303(d) listings because TMDLs were already approved, DEQ added these assessments as new 
Category 4A records for the 2012 Integrated Report based on EPA’s analysis of data. 
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Last Data Review 
EPA reviewed pH data to propose additions to Oregon’s 2010 303(d) list. EPA took final action on the 303(d) 
additions in December, 2012. 
 
The Center for Biological Diversity submitted information in articles regarding ocean acidification and global 
climate changes relating to ocean pH conditions with comments to EPA’s proposed additions. EPA reviewed 
this information and provided a detailed review of the relevance and content of the submitted information and 
determined that no additions to Oregon’s 303(d) list were warranted.27 
 
NOTES: 
Cascade Lakes are natural and man-made lakes at elevations over 3,000 or 5,000 feet, as specified in the basin 
criteria and shown in Table 6. 
  

27 December 14, 2012 The EPA Evaluation of Ocean Acidification Information 
http://www.epa.gov/region10/pdf/water/303d/oregon/final_OR_OA_evaluation.pdf  
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PARAMETER: Sedimentation 
 
BENEFICIAL USES AFFECTED: Resident Fish and Aquatic Life 
 Salmonid Fish Spawning and Rearing 
 
NARRATIVE CRITERION: OAR 340-041-0007(11) 
 

340-041-0007 
Statewide Narrative Criteria 
(11) The formation of appreciable bottom or sludge deposits or the formation of any organic or 
inorganic deposits deleterious to fish or other aquatic life or injurious to public health, recreation, or 
industry may not be allowed;  

 
WATER QUALITY LIMITED DETERMINATION (CATEGORY 5: 303(D)): 
Previous water quality assessment methodologies (Listing Criteria for Oregon’s 1998 303(d) List of Water 
Quality Limited Water Bodies) have used stream specific documentation that showed excessive sedimentation 
was a significant limitation to fish or other aquatic life. This included information indicating beneficial uses 
impairment (aquatic community status, biomonitoring reference sites, or fishery data) and measurement data 
for benchmarks such as cobble embeddedness or percent fines. 
 
DEQ is considering approaches to apply a numeric benchmark based on measurements of stream conditions 
to implement the narrative criteria. 
 
ATTAINING CRITERION DETERMINATION (CATEGORY 2): 
DEQ is currently reviewing approaches to apply a numeric benchmark based on measurements of stream 
conditions to implement the narrative criteria. 
 
DATA REVIEWED: 
2012 Integrated Report 
DEQ did not evaluate data or information for sedimentation for the 2012 Integrated Report. 
 
Last Data Review 
EPA reviewed data and information for sedimentation to propose additions to Oregon’s 2010 303(d) list. EPA 
took final action on the 303(d) additions in December, 2012. 
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PARAMETER: Temperature 
 
BENEFICIAL USES AFFECTED: Fish and Aquatic Life 
 
NARRATIVE CRITERION: OAR 340-041-0028 
 
NUMERIC CRITERION: OAR 340-041-0028(4) 
 

340-041-0002 
Definitions 
(57) "Seven-Day Average Maximum Temperature" means a calculation of the average of the daily 
maximum temperatures from seven consecutive days made on a rolling basis. 
 
340-041-0028 
Temperature 
[…] 
(4) Biologically Based Numeric Criteria. Unless superseded by the natural conditions criteria 
described in section (8) of this rule, or by subsequently adopted site-specific criteria approved by 
EPA, the temperature criteria for State waters supporting salmonid fishes are as follows: 

(a) The seven-day-average maximum temperature of a stream identified as having salmon 
and steelhead spawning use on subbasin maps and tables set out in OAR 340-041-0101 to 
340-041-0340: Tables 101B, and 121B, and Figures 130B, 151B, 160B, 170B, 220B, 230B, 
271B, 286B, 300B, 310B, 320B, and 340B, may not exceed 13.0 degrees Celsius (55.4 
degrees Fahrenheit) at the times indicated on these maps and tables;  
(b) The seven-day-average maximum temperature of a stream identified as having core cold 
water habitat use on subbasin maps set out in OAR 340-041-101 to 340-041-340: Figures 
130A, 151A, 160A, 170A, 220A, 230A, 271A, 286A, 300A, 310A, 320A, and 340A, may not 
exceed 16.0 degrees Celsius (60.8 degrees Fahrenheit); 
(c) The seven-day-average maximum temperature of a stream identified as having salmon 
and trout rearing and migration use on subbasin maps set out at OAR 340-041-0101 to 340-
041-0340: Figures 130A, 151A, 160A, 170A, 220A, 230A, 271A, 286A, 300A, 310A, 320A, 
and 340A, may not exceed 18.0 degrees Celsius (64.4 degrees Fahrenheit); 
(d) The seven-day-average maximum temperature of a stream identified as having a 
migration corridor use on subbasin maps and tables OAR 340-041-0101 to 340-041-0340: 
Tables 101B, and 121B, and Figures 151A, 170A, and 340A, may not exceed 20.0 degrees 
Celsius (68.0 degrees Fahrenheit). In addition, these water bodies must have coldwater 
refugia that are sufficiently distributed so as to allow salmon and steelhead migration without 
significant adverse effects from higher water temperatures elsewhere in the water body. 
Finally, the seasonal thermal pattern in Columbia and Snake Rivers must reflect the natural 
seasonal thermal pattern;  
(e) The seven-day-average maximum temperature of a stream identified as having Lahontan 
cutthroat trout or redband trout use on subbasin maps and tables set out in OAR 340-041-
0101 to 340-041-0340: Tables 120B, 140B, 190B, and 250B, and Figures 180A, 201A, and 
260A may not exceed 20.0 degrees Celsius (68.0 degrees Fahrenheit); 
(f) The seven-day-average maximum temperature of a stream identified as having bull trout 
spawning and juvenile rearing use on subbasin maps set out at OAR 340-041-0101 to 340-
041-0340: Figures 130B, 151B, 160B, 170B, 180A, 201A, 260A, 310B, and 340B, may not 
exceed 12.0 degrees Celsius (53.6 degrees Fahrenheit). From August 15 through May 15, in 
bull trout spawning waters below Clear Creek and Mehlhorn reservoirs on Upper Clear Creek 
(Pine Subbasin), below Laurance Lake on the Middle Fork Hood River, and below Carmen 
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reservoir on the Upper McKenzie River, there may be no more than a 0.3 degrees Celsius (0.5 
Fahrenheit) increase between the water temperature immediately upstream of the reservoir 
and the water temperature immediately downstream of the spillway when the ambient seven-
day-average maximum stream temperature is 9.0 degrees Celsius (48 degrees Fahrenheit) or 
greater, and no more than a 1.0 degree Celsius (1.8 degrees Fahrenheit) increase when the 
seven-day-average stream temperature is less than 9 degrees Celsius.  

[…] 
(6) Natural Lakes. Natural lakes may not be warmed by more than 0.3 degrees Celsius (0.5 degrees 
Fahrenheit) above the natural condition unless a greater increase would not reasonably be expected to 
adversely affect fish or other aquatic life. Absent a discharge or human modification that would 
reasonably be expected to increase temperature, DEQ will presume that the ambient temperature of a 
natural lake is the same as its natural thermal condition. 
(7) Oceans and Bays. Except for the Columbia River above river mile 7, ocean and bay waters may 
not be warmed by more than 0.3 degrees Celsius (0.5 degrees Fahrenheit) above the natural condition 
unless a greater increase would not reasonably be expected to adversely affect fish or other aquatic 
life. Absent a discharge or human modification that would reasonably be expected to increase 
temperature, DEQ will presume that the ambient temperature of the ocean or bay is the same as its 
natural thermal condition. 
[…] 
(9) Cool Water Species. 
(a) No increase in temperature is allowed that would reasonably be expected to impair cool water 
species. Waters of the State that support cool water species are identified on subbasin tables and 
figures set out in OAR 340-041-0101 to 340-041-0340; Tables 140B, 190B and 250B, and Figures 
180A, 201A and 340A. 
(b) See OAR 340-041-0185 for a basin specific criterion for the Klamath River. 
(10) Borax Lake Chub. State waters in the Malheur Lake Basin supporting the Borax Lake chub may 
not be cooled more than 0.3 degrees Celsius (0.5 degrees Fahrenheit) below the natural condition. 
[…] 
 

 
ASSIGNMENT OF ASSESSMENT CATEGORY: 
Category 5: Water Quality Limited, TMDL Needed (303(d) List) 
Where continuous temperature data are collected, the seven-day-average maximum temperature 
exceeds the applicable criterion. Seven-day average maximum temperature means a calculation of 
the average of the daily maximum temperatures from seven consecutive days, made on a rolling 
basis. 
 
Category 4: Water Quality Limited, TMDL Not Needed 
TMDLs needed to attain applicable water quality standards have been approved (Category 4A), 
other pollution control requirements are expected to address pollutant and will attain water quality 
standards (Category 4B), or impairment is not caused by a pollutant (Category 4C). 
 
Category 3: Insufficient Data 
Where continuous temperature data are collected, insufficient data are available to calculate the 
seven-day-average maximum temperature. 
 
Category 2: Attaining 
Where continuous temperature data are collected, the seven-day-average maximum temperature 
attains the applicable criterion. 

 
December 20, 2013 53 

Exhibit 5



TIME PERIOD: 
In designated salmon and steelhead spawning areas, the spawning criterion will be applied during the time 
periods indicated in tables and figures referenced in OAR 340-041-0028(4)(a). Other applicable criteria will 
be applied during non-spawning time periods. 
 
DATA REQUIREMENTS: 
Continuous temperature data collected since 2001 for the time period of interest. “Grab” temperature 
readings will not be evaluated. 
 
DATA REVIEWED: 
2012 Integrated Report 
DEQ did not evaluate data for temperature for the 2012 Integrated Report. 
 
Last Data Review 
EPA reviewed data for temperature to propose additions to Oregon’s 2010 303(d) list. EPA took final action 
on the 303(d) additions in December, 2012. 
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PARAMETER: Total Dissolved Gas 
 
BENEFICIAL USES AFFECTED: Resident Fish and Aquatic Life 
 
NARRATIVE CRITERION: OAR 340-041-0031(1) 
 
NUMERIC CRITERION: OAR 340-041-0031(2) 
 

340-041-0031  
Total Dissolved Gas 
(1)Waters will be free from dissolved gases, such as carbon dioxide hydrogen sulfide, or other gases, 
in sufficient quantities to cause objectionable odors or to be deleterious to fish or other aquatic life, 
navigation, recreation, or other reasonable uses made of such water. 
(2) Except when stream flow exceeds the ten-year, seven-day average flood, the concentration of total 
dissolved gas relative to atmospheric pressure at the point of sample collection may not exceed 110 
percent of saturation. However, in hatchery-receiving waters and other waters of less than two feet in 
depth, the concentration of total dissolved gas relative to atmospheric pressure at the point of sample 
collection may not exceed 105 percent of saturation. 

 
ASSIGNMENT OF ASSESSMENT CATEGORY: 
Category 5: Water Quality Limited, TMDL Needed (303(d) List) 
More than 10 % of the samples exceed standard and a minimum of at least two exceedances of the standard, 
or a survey that identifies beneficial use impairment due to total dissolved gas such as assessment of fish 
conditions. 
 
Category 4: Water Quality Limited, TMDL Not Needed 
TMDLs needed to attain applicable water quality standards have been approved (Category 4A), other 
pollution control requirements are expected to address pollutant and will attain water quality standards 
(Category 4B), or impairment is not caused by a pollutant (Category 4C). 
 
TIME PERIOD: 
Year Round  
 
DATA REVIEWED: 
2012 Integrated Report 
DEQ did not evaluate data or information for total dissolved gas for the 2012 Integrated Report. 
 
Last Data Review 
DEQ evaluated data and information for total dissolved gas for the 2004 Integrated Report. 
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PARAMETER: Toxic Substances 
 
BENEFICIAL USES AFFECTED: Aquatic Life – Fresh Water and Marine Water 

Human Health – Water and Fish Ingestion, Fish 
Consumption, Drinking Water 

 
NARRATIVE CRITERION:  OAR 340-041-0033(2) 
 OAR 340-041-0033(5) 
 
NUMERIC CRITERION: OAR 340-041-0033(3) 
 OAR 340-041-0033(4) 
 

340-041-0033 
Toxic Substances 
(1) Amendments in sections (4) and (6) of this rule (OAR 340-041-0033) and associated revisions to 
Tables 20, 33A, 33B and 40 do not become applicable for purposes of ORS chapter 468B or the 
federal Clean Water Act unless and until EPA approves the provisions it identifies as water quality 
standards pursuant to 40 CFR 131.21 (4/27/2000). 
(2) Toxic substances may not be introduced above natural background levels in waters of the state in 
amounts, concentrations, or combinations that may be harmful, may chemically change to harmful 
forms in the environment, or may accumulate in sediments or bioaccumulate in aquatic life or wildlife 
to levels that adversely affect public health, safety, or welfare or aquatic life, wildlife, or other 
designated beneficial uses. 
(3) Aquatic Life Criteria. Levels of toxic substances in waters of the state may not exceed the 
applicable aquatic life criteria listed in Tables 20, 33A, and 33B. Tables 33A and 33B, adopted on 
May 20, 2004, update Table 20 as described in this section. 

(a) Each value for criteria in Table 20 is effective until the corresponding value in Tables 33A 
or 33B becomes effective. 

(A) Each value in Table 33A is effective on February 15, 2005, unless EPA has 
disapproved the value before that date. If a value is subsequently disapproved, any 
corresponding value in Table 20 becomes effective immediately. Values that are the 
same in Tables 20 and 33A remain in effect. 
(B) Each value in Table 33B is effective upon EPA approval.  
(b) The department will note the effective date for each value in Tables 20, 33A, and 
33B as described in this section. 

(4) Human Health Criteria. The criteria for waters of the state listed in Table 40 are established to 
protect Oregonians from potential adverse health effects associated with long-term exposure to toxic 
substances associated with consumption of fish, shellfish, and water. 
(5) To establish permit or other regulatory limits for toxic substances for which criteria are not 
included in Tables 20, 33A, or 33B, the department may use the guidance values in Table 33C, public 
health advisories, and other published scientific literature. The department may also require or 
conduct bio-assessment studies to monitor the toxicity to aquatic life of complex effluents, other 
suspected discharges, or chemical substances without numeric criteria. 
 

CRITERIA APPLIED FOR 2012 INTEGRATED REPORT: 
New or Revised Criteria: 
Oregon’s toxic substance human health criteria were revised and adopted by the Oregon Environmental 
Quality Commission in 2011. The human health criteria were approved by EPA in October 2011 and are 
effective for all Clean Water Act purposes including 303(d) listing. New and revised human health criteria 
apply to pollutants in the water column except for methylmercury criteria established for concentrations in 
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fish tissue. All human health metals criteria are for total metal concentrations unless noted. The revisions 
included the withdrawal of 13 criteria for general chemical families or groups (such as chlorinated benzenes, 
DDT, dichlorobenezenes, halomethanes, polynuclear aromatic hydrocarbons) and replacement or renaming 
with individual criteria for the most toxic chemicals. The revised human health criteria in OAR 340-041 Table 
40 were applied for the 2012 Integrated Report. 
 
Oregon’s toxic substance aquatic life criteria were revised and adopted by the Oregon Environmental 
Quality Commission in 2004. EPA took action on Oregon’s aquatic life criteria in January 2013 to both 
approve and disapprove numeric criteria. While the approved aquatic life criteria are effective for Clean 
Water Act purposes, the approval from EPA occurred late in the process of data evaluation for the 2012 
Integrated Report. For the 2012 Integrated Report, the pre-revision aquatic life numeric criteria on OAR 340-
041 Table 20 were used. 
 
Withdrawn Criteria: 
Oregon’s human health criteria for 8 toxic pollutants (beryllium, cadmium, chromium III, chromium VI, lead, 
mercury (for total mercury in water column ), silver, and 1,1,1 trichloroethane) were withdrawn by the 
Oregon Environmental Quality commission in 2004 to be consistent with criteria in EPA’s National Toxics 
Rule and EPA National Recommended Water Quality Criteria. EPA approved the withdrawal of these human 
health criteria in June 2011. 
 
Oregon’s Environmental Quality Commission also withdrew human health criteria for iron and manganese 
(except in saltwater) in December 2010. The withdrawal of these criteria was approved by EPA in June 2011.  
 
Aquatic life criteria remain in effect for these pollutants, except for 1,1,1 trichloroethane for these pollutants, 
and were applied where data were available for the 2012 Integrated Report.  
 
Details and Summary Table: 
Details of the toxic substance criteria standards and revision process are available at 
http://www.deq.state.or.us/wq/standards/toxics.htm . The table attached in Appendix 4 lists the combined 
aquatic life and human health numeric criteria that were applied for the 2012 Integrated Report.  
 
ASSIGNMENT OF ASSESSMENT CATEGORY: 
Evaluating Valid Sample Results: 
DEQ compared each sample result to the most stringent applicable toxic substance criterion. For sample 
results reported as “non-detect” or less than a minimum reporting limit (<MRL or equivalent lab reporting 
limit), the reporting limit was compared to the most stringent applicable criterion. If the reporting limit was 
lower than the criterion, the sample result was considered valid and evaluated relative to the criterion for 
assigning Category 2: Attaining status. If the reporting limit was higher than the criterion, the sample result 
was not considered valid to use to determine either exceedance or attainment of the criterion and was not 
counted as a valid result for assigning Category 5: 303(d) or Category 2: Attaining status.  
 
If the toxic substance criterion is expressed as a “total” water concentration, sample results for “dissolved” 
fractions were not considered valid to use to determine attainment of the criterion and were not counted as 
valid results. However, results for “dissolved” fractions were counted as valid results if the result was higher 
than the criterion. See notes on specific chemicals or pollutants for other details on how data were evaluated 
for individual criteria. 
 
Based on the evaluation of valid samples results at each site, an assessment category was assigned using the 
following protocols. 
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Category 5: Water Quality Limited, TMDL Needed (303(d) List) 
Two (2) or more valid results not meeting the most stringent applicable criterion for concentrations of a 
specific toxic substance in the water,  
Or 
For pollutants with Safe Drinking Water Act Maximum Contaminant Levels (MCLs) that do not have 
corresponding human health or aquatic life toxic substance criteria and where a water body is the source water 
for a Community Water System, two (2) or more valid surface water results not meeting the MCL AND water 
system finished water also exceeds the MCL for that pollutant (Note: Example pollutant is beryllium. No site 
data for the 2012 Integrated Report met these conditions.), 
Or 
A fish consumption advisory issued for a specific water body based on pollutants in fish tissue issued by the 
Oregon Department of Human Services. Fish advisories are posted at: 
http://www.oregon.gov/DHS/ph/envtox/fishadvisories.shtml ), 
Or 
The geometric mean of a minimum of three (3) or more valid results not meeting the fish tissue criterion for 
methylmercury if the results are from skinless fillets of individual fish,28 
Or 
The arithmetic mean of two (2) or more valid results not meeting the fish tissue criterion for methylmercury 
if the results are from composited skinless fillets from multiple fish of the same species. (Note: No site data 
for the 2012 Integrated Report met these conditions.) 
 
Category 4: Water Quality Limited, TMDL Not Needed 
TMDLs needed to attain applicable water quality standards have been approved (Category 4A), other 
pollution control requirements are expected to address pollutant and will attain water quality standards 
(Category 4B), or impairment is not caused by a pollutant (Category 4C). 
 
Category 3B: Insufficient Data – Potential Concern 
One (1) valid sample result not meeting the most stringent applicable criterion for a specific toxic substance, 
(See Notes regarding the alkalinity criterion.) 
Or 
For pollutants with Safe Drinking Water Act Maximum Contaminant Levels (MCLs) that do not have 
corresponding human health or aquatic life toxic substance criteria, two (2) or more valid surface water 
results not meeting the MCL. (Note: Example pollutant is beryllium.) 
 
Category 3: Insufficient Data 
Less than 5 valid samples for the toxic pollutant (unless assigned Category 5: 303(d) or 3B),  
Or 
Less than 3 valid samples for methylmercury in fish tissue when the results are from skinless fillets of 
individual fish, 
Or 
Less than 2 valid samples for methylmercury in fish tissue from a composite sample composed of skinless 
fillets of multiple fish of the same species. 
 
Category 2: Attaining 
A minimum of 5 valid samples collected and all valid results meet the most stringent applicable criterion for a 
specific toxic pollutant, 
Or 

28 Protocol based on US EPA Office of Science and Technology, 2001. Guidance for Implementing the January 2001 
Methylmercury Water Quality Criterion. EPA 823-R-10-001. Washington, D.C. 
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The geometric mean of a minimum of 3 valid samples meeting the human health criterion for 
methylmercury when the results are from skinless fillets of individual fish, 
Or, 
The arithmetic mean of a minimum of 2 valid samples meeting the human health criterion for 
methylmercury when the results are from a composite sample composed of skinless fillets of multiple fish of 
the same species. 
 
TIME PERIOD: 
Year Round 
 
DATA REQUIREMENTS: 
Data collected since 2000. 
 
DATA REVIEWED: 
2012 Integrated Report 
DEQ evaluated the following data for toxic substances for the 2012 Integrated Report: 
 

DEQ LASAR data - Monitoring results from approximately 275 stations throughout the state when 
available for 12 toxic substances (arsenic, beryllium, cadmium, chromium, copper, iron, lead, manganese, 
nickel, selenium, silver, and zinc when available) from samples collected for the period January 1, 2000 
through December 31, 2011. Fish tissue sampling results from throughout the state for total mercury 
analyses. 
 
USGS data - Monitoring results from approximately 138 stations in the Willamette Basin when available 
for 11 toxic substances (arsenic, beryllium, cadmium, chromium, copper, iron, lead, nickel, selenium, 
silver, and zinc) and 26 other toxic pollutants when available from samples collected for the period 
January 1, 2000 through December 31, 2011. No toxic substance data were available in this time period in 
the Umatilla Basin. 
 
City of Gresham – Monitoring results from 10 sites with 2168 results for 4 toxic metals (copper, lead, 
nickel, zinc) and 13 other toxic pollutants. 
 
New or modified fish consumption advisories due to mercury in fish tissue issued for Powder River 
(Brownlee and Phillips Reservoirs), and PCBs and mercury in the Columbia River. 

 
DETERMINING APPLICABLE CRITERION: 
Oregon’s water quality standards for toxic substance criteria contain numeric criteria that protect both human 
health and aquatic life. Individual toxic pollutants may have multiple criteria for different beneficial uses and 
waters where those beneficial uses are designated. For the Integrated Report, the most stringent of either the 
aquatic life or human health criterion applicable to a water body was used to evaluate site monitoring data and 
assign an assessment category to the water. 
 
Applying Aquatic Life and Human Health Criteria: 
Oregon’s toxic substance human health criteria are applicable to waters designated for drinking water and 
fishing. The criteria in OAR 340-041 Table 40 include criteria labeled “Water + Organism” that apply where 
both fishing and drinking water supply are designated uses. The criteria labeled “Organism Only” apply to 
waters designated for fishing. Most of Oregon’s waters are designated for both public and private domestic 
water supply (drinking water) and fishing uses, so the human health criteria are widely applicable throughout 
the state. 
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Oregon’s toxic substance aquatic life criteria in OAR 340-041 Table 20 contain numeric criteria applicable in 
freshwater and marine waters. Criteria protect aquatic life during both short (acute – 1 hour average) and long 
term (chronic – 96 hour average) exposures to toxic pollutants. Site monitoring data available for the 
Integrated Report is not sufficient to calculate averages over exposure periods, so each individual site 
sampling results were compared to the most stringent of the applicable aquatic life criteria. 
 
To evaluate site monitoring data, the most stringent aquatic life or human health criterion applicable to the 
water type was used. To select the most stringent of the criteria, DEQ applied EPA guidance to determine 
when freshwater or saltwater (marine) aquatic life criteria for toxic substances were applicable, and 
additionally considered the human health criteria for each compound.29 
 
Applying Criteria in Marine Waters: 
Marine waters are defined in OAR 340-041-0002(34) as “...all oceanic, offshore waters outside of estuaries or 
bays and within the territorial limits of the State of Oregon.” EPA recommends using saltwater aquatic life 
criteria for waters where the salinity is equal to or greater than 10 parts per thousand (approximately 
equivalent to conductivity 20,000 uS/cm).30 DEQ identified marine waters using geographic information and 
confirmed the identification using salinity or conductivity data from monitoring sites. 
 
For marine waters, DEQ applied the more stringent of the marine acute or chronic aquatic life criteria or the 
human health criteria for “Organism-Only” at each sampling site. Ammonia criteria (Acute Criteria CMC and 
Chronic Criterion CCC) were calculated for these sites using the appropriate equations for saltwater. 
 
Note: DEQ did not evaluate data or information for toxic substances in marine waters for the 2012 Integrated 
Report. 
 
Estuarine Waters: 
Estuarine waters are defined in OAR 340-041-0002(22) as “...all mixed fresh and oceanic waters in estuaries 
or bays from the point of oceanic water intrusion inland to a line connecting the outermost points of the 
headlands or protective jetties.” EPA recommends using the more stringent of freshwater or saltwater aquatic 
life criteria where salinity is between 1 and 10 parts per thousand. In past assessments, DEQ identified 
estuarine waters using geographic information and confirmed the identification using salinity or conductivity 
data from monitoring sites. For consistency with other pollutant evaluations such as bacteria, the inland extent 
of estuarine waters was identified as the point where recorded specific conductivity measurements were above 
200 uS/cm (approximately 0.1 ppth salinity). For the 2012 Integrated Report, DEQ identified estuarine sites 
using names (e.g. “bay”, “slough”) and best professional judgment rather than using conductivity data due to 
questions about potential accuracy, temporal fluctuations, and representativeness issues with site 
measurements. 
 
For estuarine waters, DEQ applied the more stringent of the freshwater or marine acute or chronic aquatic life 
criteria or the human health criterion for “Organism-Only” at each sampling site. Estuarine waters are 
generally not designated for drinking water use. However, if there was no “Organism-Only” criterion, the 
“Water + Organism” criterion was applied if more stringent than the aquatic life criteria. Ammonia criteria for 
estuarine waters were calculated using the appropriate equations for freshwater. In addition, hardness-
dependent freshwater criteria for metals were applied to the estuarine sites. 

29 2002, National Recommended Water Quality Criteria: 2002, U.S. EPA Office of Water, EPA 822-R-02-047. Page 9. 
http://www.doeal.gov/SWEIS/OtherDocuments/348%20epa-822-r-02-047(2002).pdf  
30 Monitoring data are more commonly collected for conductivity. A general conversion is: Salinity 0.1 parts per 
thousand = 200 microSiemens/cm conductivity at 20°C. Consult on-line reference table at 
http://www.envcoglobal.com/files/u5/Envco%20Conductivity%20to%20salinity%20conversion%20table.pdf attributed 
to equation of P.K. Weyl, Liminology and Oceanography, 9:75 (1964). 
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Freshwater: 
Waters that were not identified as marine or estuarine were evaluated as freshwater. DEQ applied the most 
stringent of the freshwater acute or chronic aquatic life criteria or the human health criteria for “Water + 
Organism” or “Organism-Only” at each sampling site.  
 
DETAILED PROTOCOLS FOR SPECIFIC TOXIC POLLUTANTS: 
The following section describes additional protocols used to apply criteria for specific toxic pollutants to 
sample results if needed to correctly evaluate data. In order to apply OAR 340-041 Table 20 criteria, pollutant 
chemical names cited in the 1986 guidance document used to develop the criteria were correlated to 
chemicals identified by their unique CAS registry number and available chemical and CAS registry 
information.31, 32, 33, 34 Criteria on OAR 340-041 Table 40 include both chemical names and CAS registry 
numbers and are usually clearly identified. DEQ has also developed memorandum to address analytical and 
monitoring issues that relate to specific toxic pollutants and water quality criteria.35 These guidelines were 
used when necessary to resolve how to evaluate data for the 2012 Integrated Report. 
 
Alkalinity Criterion 
The aquatic life freshwater criterion for alkalinity is “20 mg/L or more as CaCO3 freshwater aquatic life 
except where natural concentrations are less.”36 Alkalinity should not be below this value in order to protect 
aquatic life. 
 
Alkalinity is a measure of carbonate and bicarbonate ions and the buffering capacity of water to pH changes. 
Freshwater systems have natural variations in pH that are related to photosynthetic activity and other 
inorganic and organic chemical reactions. Applying the alkalinity criterion as an isolated standard to 
determine where water is water quality limited may lead to incorrect conclusions about overall natural water 
quality. For Integrated Report evaluations, analytical data indicating alkalinity less than the criterion is 
flagged as a Category 3B Insufficient Data – Potential Concern. Professional judgment should be used 
during TMDL development or on a case-by-case basis to consider alkalinity information along with 
information for other related pollutant pollutants such as pH, chlorophyll a, aquatic weeds or algae growth, 
and dissolved oxygen when addressing beneficial use support. 
 
Note: DEQ did not evaluate data or information for alkalinity for the 2012 Integrated Report. 
 
Ammonia Criteria 
Ammonia criteria for aquatic life are established based on the concentration of un-ionized ammonia (NH3), 
which is the principal toxic form of ammonia, and are pH and temperature specific.37 Monitoring data results 
are typically reported as “total ammonia as N”. For the assessment evaluation, criteria were calculated for 
freshwater and saltwater first for un-ionized ammonia (NH3), and then converted to criteria for total ammonia 
as N in order to evaluate monitoring data results. If temperature or pH data were not available, criteria were 
not calculated and the sample result was not evaluated. 
 

31 1986, Quality Criteria for Water, U.S. EPA Office of Water, EPA 440/5-86-001 
32 National Institute of Standards and Technology web site “Search for Species Data by CAS Registry” at 
http://webbook.nist.gov/chemistry/cas-ser.html  
33 Agency for Toxic Substance and Disease Registry web site at http://www.atsdr.cdc.gov/  
34 US EPA Substance Registry Services web site “Substance Search” at 
http://iaspub.epa.gov/sor_internet/registry/substreg/searchandretrieve/substancesearch/search.do  
35 DEQ Memorandums with Recommendations for Analysis and Implementation of Specific Toxic Pollutants 
http://www.deq.state.or.us/wq/standards/toxics.htm  
36 1986, Quality Criteria for Water, U.S. EPA Office of Water, EPA 440/5-86-001 
37 1986, Quality Criteria for Water 1986, U.S. EPA Office of Water, EPA 440/5-86-001 
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Note: DEQ evaluated USGS data for ammonia data from the Willamette Basin for the 2012 Integrated 
Report. The ammonia calculations assumed salmonids were present at every site. 
 
Ammonia Criteria – Freshwater 
Ammonia criteria for freshwater were calculated based on pH, temperature, and the presence or absence of 
salmonids or other fish with ammonia-sensitive life stages. For the assessment, salmonids are assumed to be 
present. Values for freshwater criteria for un-ionized ammonia (NH3) are calculated first, then converted to 
criteria for total ammonia as N using the following formulae.38, 39 EPA recommends criteria calculations not 
be extrapolated beyond the pH and temperature limits specified in the following equations.26, 27 
 
Freshwater Acute Criterion (CMC = Criterion Maximum Concentration): 
Salmonids present: 

CMC NH3 = 0.52 / FT / FPH / 2 
 

Where: 
FT = 1   when 20 ≤ Temperature (T) ≤ 30  

Or 
FT = 10 0.03(20-T) when 0 ≤ T < 20 

And: 
                                    FPH = 1             when 8 ≤ pH ≤ 9 

Or 
FPH = 1 + 10 7.4-pH when 6.5 ≤ pH < 8 
   1.25 

 
Salmonids absent: 

CMC NH3 = 0.52 / FT / FPH / 2 
 

Where: 
FT = 0.71  when 25 ≤ T ≤ 30  

Or 
FT = 10 0.03(20-T) when 0 ≤ T < 25 

And: 
FPH = 1  when 8 ≤ pH ≤ 9 

Or 
FPH = 1 + 10 7.4-pH when 6.5 ≤ pH < 8 
   1.25 

 
Freshwater Chronic Criterion (CCC = Criterion Continuous Concentration): 
Salmonids present: 

CCC NH3 = 0.80 / FT / FPH / RATIO 
 
Where: 

FT = 1.4  when 15 ≤ T ≤ 30  
Or 

FT = 10 0.03(20-T) when 0 ≤ T < 15 
And: 

FPH = 1  when 8 ≤ pH ≤ 9 

38 1985, Ambient Water Quality Criteria for Ammonia - 1984, U.S. EPA Office of Water, EPA 440/5-85-001 
39 1986, Quality Criteria for Water 1986, U.S. EPA Office of Water, EPA 440/5-86-001 
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Or 
FPH = 1 + 10 7.4-pH when 6.5 ≤ pH < 8 
   1.25 

And: 
RATIO = 16  when 7.7≤ pH ≤ 9 

Or 
RATIO = 24*(10 7.7-pH/1+10 7.4-pH)  when 6.5≤ pH <7.7 

 
Salmonids absent: 

CCC NH3 = 0.80 / FT / FPH / RATIO 
 

Where: 
FT = 1   when 20 ≤ T ≤ 30  

Or 
FT = 10 0.03(20-T)  when 0 ≤ T <20 

And: 
FPH = 1  when 8 ≤ pH ≤ 9 

Or 
FPH = 1 + 10 7.4-pH when 6.5 ≤ pH < 8 
   1.25 

And: 
RATIO = 16  when 7.7≤ pH ≤ 9 

Or 
RATIO = 24*(10 7.7-pH/1+10 7.4-pH)   when 6.5≤ pH <7.7 

 
Ammonia criteria calculated above are for the un-ionized ammonia (NH3) fraction.40 Criteria for total 
ammonia as N are calculated using the following equations:41 

 
pKa = 0.09018 + (2729.92/(273.15 + Temperature)) 
Fraction = 1/(10^(pKa – pH) + 1) 

 
CMC(Total ammonia as N) = CMCNH3 /Fraction*0.822 
CCC(Total ammonia as N) = CCCNH3 /Fraction*0.822 

 
Ammonia Criteria – Saltwater 
Ammonia criteria for saltwater are established for un-ionized ammonia (NH3) which is the principal toxic 
form of ammonia.42 For this assessment, the saltwater criteria were calculated for marine sites. Marine sites 
were identified using geographic information and confirmed with salinity or conductivity data. A default 
salinity value of 10 ppth was used if site specific data were not available. 
 

Saltwater Acute Criterion (CMCS = Criterion Maximum Concentration):  
CMCS

 NH3 = 0.233 mg/L  
 

40 1985, Ambient Water Quality Criteria for Ammonia - 1984, U.S. EPA Office of Water, EPA 440/5-85-001. 
http://www.epa.gov/waterscience/criteria/library/ambientwqc/ammonia1984.pdf  
41 1999, 1999 Update of Ambient Water Quality Criteria for Ammonia, U.S. EPA Office of Water, EPA 822-R-99-014. 
http://www.epa.gov/waterscience/criteria/ammonia/99update.pdf  
42 1989, Ambient Water Quality Criteria for Ammonia (Saltwater)-1989, U.S. EPA Office of Water, EPA 440/5-88-004; 
http://www.epa.gov/ost/pc/ambientwqc/ammoniasalt1989.pdf  
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Saltwater Chronic Criterion (CCCS = Criterion Continuous Concentration): 
CCC 

S
NH3 = 0.035 mg/L  

 
EPA provides a model to approximate the percent un-ionized ammonia in saltwater using the equations 
below, and to calculate the criteria in terms of total ammonia as N.  
 

% Unionized Ammonia (UIA) = 
100*[1+10^ (pKaS +0.0324*(298-T) +0.0415*P/T-pH)]-1

  
Where: 

S = salinity (g/kg) 
T = temperature (ºK)  
P = 1 atm pressure (default) 

And: 
pKa

S = 9.245+0.116*MIS 
MIS = Molal Ionic Strength of seawater = 

 (19.9273*S)/ (1000-1.005109*S) 
 
To calculate the criteria in terms of total ammonia as N: 
 

Saltwater Acute Criterion (CMC = Criterion Maximum Concentration): 
CMCS

 (Total ammonia as N) = CMCS
 NH3 /UIA*0.822= 0.233/UIA*0.822 

 
Saltwater Chronic Criterion (CCC = Criterion Continuous Concentration): 

CCCS
 (Total ammonia as N) = CCCS

 NH3 /UIA*0.822= 0.0.035/UIA*0.822 
 
Arsenic Criteria 
Human health water quality criteria for arsenic were revised and approved by EPA in October 2011.43 The 
revised criteria in OAR 340-041 Table 40 are based on total inorganic arsenic (CAS No. 7440382) rather than 
total recoverable arsenic. The aquatic life criteria for arsenic III in OAR 340-041 Table 20 continue to apply. 
 
The majority of available data results for arsenic are analyses for either total recoverable or total dissolved 
arsenic. DEQ does not have data or information for Oregon waters to determine what percentage of a total 
arsenic result is in the inorganic arsenic form. A study completed by the Idaho Department of Environmental 
Quality of 40 sample results from major rivers in Idaho showed the median percent inorganic arsenic in total 
arsenic sample results equal to 76%.44  
 
Note: To evaluate available data for the 2012 Integrated Report, DEQ multiplied total arsenic data results by 
76% to approximate the inorganic arsenic fraction and evaluated that amount using the most stringent 
applicable criterion.45 
 
 
 
 

43 Arsenic rulemaking documents at:  http://www.deq.state.or.us/wq/standards/metals.htm 
44 Idaho Department of Environmental Quality. March 2010. Arsenic, Mercury, and Selenium in Fish Tissue and Water 
from Idaho’s Major Rivers: A Statewide Assessment. Found at:  http://www.deq.idaho.gov/media/639752-
arsenic_mercury_fish_tissue_report_0310.pdf 
45 November 14, 2012 DEQ Memorandum RE: Implementation for Total Inorganic Arsenic and Arsenic III Water 
Quality Criteria http://www.deq.state.or.us/wq/standards/docs/toxics/Arsenic.pdf  
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Beryllium Criteria 
EPA approved the withdrawal of Oregon’s human health criteria for beryllium in June 2010. Oregon has no 
aquatic life criteria, but public drinking water systems are subject to the federal Safe Drinking Water Act 
Maximum Contaminant Level (MCL) of 4 µg/L. 
 
To evaluate data for the 2012 Integrated Report, DEQ compared available data to the beryllium MCL. If 
sample results exceeded the MCL in a water body that was identified as providing source water for a public 
water system (PWS), and the finished water samples from the PWS also exceeded the MCL, the water body 
was placed in Category 5: Water Quality Limited, TMDL Needed (303(d) List). If sample results were 
sufficient to show the MCL was attained, the water body was placed in Category 2: Attaining. If the water 
body was previously listed in Category 5: 303(d) for beryllium, and sample results were sufficient to show the 
MCL was attained, the water body was delisted and placed in Category 2: Attaining 
 
Note: Public water system data available through June 2013 did not show any Oregon public drinking water 
system reporting exceedance of the beryllium MCL. 
 
Bis Chloromethyl Ether (CAS No. 542881) Criteria 
Current human health criteria in OAR 340-041 Table 40 include numeric criteria for chloromethyl ether, bis 
(CAS 542881). There are no analytical methods currently recommended to measure this chemical in water 
samples.46 
 
Note: For the 2012 Integrated Report, DEQ was did not find any available data for this chemical. 
 
Chlordane (CAS No. 57749) and Heptachlor (CAS No. 76448) Criteria 
OAR 340-041 Table 20 and Table 40 criteria for Chlordane were applied to sample results reported for the 
technical product (CAS No. 12789036) or non-specific chlordane (CAS No. 57749), or to the sum of isomers, 
other constituents, and metabolites of chlordane including cis-chlordane (synonym α-chlordane) (CAS No. 
5103719), trans-chlordane (synonym γ- chlordane) (CAS No. 5103742), γ-chlordane (CAS No. 5566347), 
cis-nonachlor (CAS No. 5103731), trans-nonachlor (CAS No. 39765805), and oxychlordane (CAS No. 
27304138).  
 
Another known major constituent of chlordane mixtures is Heptachlor (CAS No. 76448). OAR 340-041 Table 
20 and Table 40 criteria for Heptachlor were applied separately for this chemical.  
 
Note: For the 2012 Integrated Report, DEQ compared data available from USGS for technical chlordane to 
the chlordane criteria. 
 
Chlorine 
OAR 340-041 Table 20 includes numeric criteria for chlorine to protect aquatic life. There are no 
corresponding human health criteria. The aquatic life criteria for chlorine in freshwater are expressed as “total 
residual chlorine” which is the sum of free and combined chlorine. The aquatic life criteria for chlorine in 
saltwater are expressed as “chlorine-produced oxidants”, which is the sum of free and combined chlorine and 
bromine.47 
 
Note: DEQ did not evaluate data or information for chlorine for the 2012 Integrated Report. 
 

46 March 20, 2013 DEQ Memorandum RE: Implementation for  Water Quality Criterion Bis Chloromethyl Ether (CAS 
#: 542-88-1)  http://www.deq.state.or.us/wq/standards/docs/toxics/BisChloromethylMemo.pdf  
47 December 7, 2012 DEQ Memorandum RE:  Implementation Instructions for the Water Quality Criterion Chlorine 
(CAS #: 7782-50-5) http://www.deq.state.or.us/wq/standards/docs/toxics/chlorineMemo.pdf  
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Chromium Criteria 
Oregon’s human health criteria for chromium III and chromium VI were withdrawn in 2004 and the 
withdrawal was approved by EPA in June 2011. The aquatic life criteria in OAR 340-041 Table 20 remain in 
effect. The aquatic life criteria include criteria for two oxidation states of chromium - chromium III (trivalent) 
and chromium VI (hexavalent). The criteria for chromium III are hardness dependent. 
 
Most sample analyses are done for total chromium and do not report concentrations for the separate oxidation 
states.48 To evaluate available data, results for total chromium are compared to the most stringent applicable 
criterion for either oxidation state. 
 
Note: For the 2012 Integrated Report when chromium data were available, DEQ applied the most stringent 
applicable criteria listed on OAR 340-041 Table 20 which are those for chromium VI (hexavalent). These 
criteria are not hardness dependent and no hardness correction factor was applied to criteria to evaluate the 
total chromium data. 
 
Cyanide Criteria 
Revised human health criteria in OAR 340-041 Table 40 for cyanide specify the criteria apply to total 
cyanide (CAS No. 57125). The OAR 340-041 Table 20 aquatic life criteria for cyanide do not specify the 
form that is addressed. Information from EPA guidance used to develop Oregon’s criteria indicates the 
recommended criteria were derived from drinking water MCLs that are based on free cyanide.49 The numeric 
criteria for aquatic life are more stringent than the human health numeric criteria. DEQ recommends that total 
or “available” cyanide data may be used as a conservative surrogate for free cyanide in cases where there are 
no analytical results based on free cyanide.50 
 
Note: DEQ did not evaluate data for cyanide for the 2012 Integrated Report. 
 
DDT, DDD, and DDE Criteria 
Revised human health criteria in OAR 340-041 Table 40 specify criteria for DDT 4,4 (CAS No. 50293), DDD 
4,4 (CAS No. 72548),and DDE 4,4 (CAS No. 72559). 
 
The OAR 340-041 Table 20 aquatic life criteria for DDT do not include criteria for the DDT metabolites. 
However, EPA water quality criteria used to develop Oregon’s criteria described the numeric criteria values 
to apply to “DDT and its metabolites”.51 For application of the aquatic life criteria to evaluate data for the 
Integrated Report and consistent with other DEQ implementation guidance, analytical data results for DDT, 
DDD, and DDE will be summed together and compared to the most stringent aquatic life criteria for DDT.52 
 
Note: For the 2012 Integrated Report, DEQ compared data to the most stringent applicable criteria, which 
were the human health criteria. Data for DDT, DDD, and DDE were evaluated separately using the applicable 
human health criterion. 
 
 

48 October 23, 2012 DEQ Memorandum RE: Implementation Instructions for Water Quality Criteria Chromium III (CAS 
#: 16065-83-1) and Chromium VI (CAS #: 18540-29-9) 
http://www.deq.state.or.us/wq/standards/docs/toxics/chromium.pdf  
49 1986, Quality Criteria for Water, U.S. EPA Office of Water, EPA 440/5-86-001 
50 November 14, 2012 DEQ Memorandum RE: Implementation Instructions for Free and Total Cyanide Water Quality 
Criteria (CAS #: 57-12-5) http://www.deq.state.or.us/wq/standards/docs/toxics/cyanide.pdf  
51 1986, Quality Criteria for Water, U.S. EPA Office of Water, EPA 440/5-86-001, page 
52 March 20, 2013 DEQ Memorandum RE: Implementation Instructions for Water Quality Criterion DDT,-4,4’ (CAS #: 
50-29-3) http://www.deq.state.or.us/wq/standards/docs/toxics/DDTmemo.pdf  
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Demeton Criteria 
The OAR 340-041 Table 20 criteria for Demeton are applicable to sample results reported as Demeton (CAS 
No. 8065483) and Disulfoton (CAS No. 298044). The two pesticides are toxicologically similar and EPA 
allows use of toxicity data for both compounds. For the Integrated Report, the Demeton criteria are applied to 
both pesticide products. 
 
Note: DEQ did not evaluate data for Demeton for the 2012 Integrated Report. 
 
Dichlorobenzenes Criteria 
Criteria for the class Dichlorobenzenes were replaced in OAR 340-041 Table 40 with new criteria for 
dichlorobenzene (m) 1,3 (CAS No. 541731), dichlorobenzene (o) 1,2 (CAS No. 95501), and dichlorobenzene 
(p) 1,4 (CAS No. 106467). These criteria were approved by EPA in 2011 and are applied to sample results for 
the individual isomers. Prior to the approved revision, the criteria for the class were applied to the sum of 
sample results reported for the isomers. 
 
Note: DEQ did not evaluate data for any of the dichlorobenzenes for the 2012 Integrated Report. 
 
Dichloroethylenes Criteria 
Criteria for the class Dichloroethylenes were replaced in OAR 340-041 Table 40 with new criteria for 
dichloroethylene 1,1 (synonyms 1,1-Dichloroethene or 1,1-DCE) (CAS No. 75354) and Dichloroethylene 
trans 1,2 (CAS No. 156605). These criteria were approved by EPA in 2011 and are applied to sample results 
for the individual chemicals. 
 
Note: DEQ did not evaluate data for any of the dichloroethylenes for the 2012 Integrated Report. 
 
Dichloropropene Criteria 
Criteria for the compound Dichloropropene were replaced in OAR 340-041 Table 40 with new criteria for the 
compound specifically identified as dichloropropene 1,3 (CAS No. 542756). These criteria were approved by 
EPA in 2011 and are applied to sample results for that chemical. 
 
Prior to the approved revision, the criteria for the compound Dichloropropene were applied to the sum of 
sample results reported sum of sample results reported for the isomers cis-1,3-Dichloropropene (CAS No. 
10061015), trans-1,3-Dichloropropene (CAS No. 10061026), mixtures of cis- and trans-1,3-Dichloropropene 
(CAS No. 542756), 1,1-Dichloropropene (CAS No. 563586), and 1,2-Dichloropropene (CAS No. 563542). 
 
Note: DEQ did not evaluate data for dichloropropene 1,3 for the 2012 Integrated Report. 
 
Dinitrophenols Criteria 
OAR 340-041 Table 40 includes numeric criteria for the class of dinitrophenol isomers (CAS No. 25550587) 
and for one of the isomers, dinitrophenol 2,4 (CAS No. 51285). For application of the human health criteria to 
evaluate data for the Integrated Report and consistent with other DEQ implementation guidance, analytical 
data results measured as dinitrophenol 2,4 will be used as the surrogate for the dinitrophenol criteria.53 
 
Note: DEQ did not evaluate data for dinitrophenols for the 2012 Integrated Report. 
 
 
 

53 October  23, 2012 DEQ Memorandum RE: Implementation Instructions for the Water Quality Criterion 
Dinitrophenols (CAS #: 25550-58-7) http://www.deq.state.or.us/wq/standards/docs/toxics/dinitrolphenols.pdf  
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Dioxin (2,3,7,8-TCDD) (CAS No. 1746016) Criteria 
OAR 340-041 Table 40 criteria for dioxin were applied to sample results reported for the specific congener 
2,3,7,8-Tetrachlorodibenzodioxin (TCDD) (CAS No. 1746016). 
 
Note: DEQ did not evaluate data for dioxin for the 2012 Integrated Report. 
 
Diphenylhydrazine 1,2 (CAS No. 122667) Criteria 
OAR 340-041 Table 40 includes numeric criteria for diphenylhydrazine 1,2 to protect human health. There 
are no corresponding aquatic life criteria. Diphenylhydrazine 1,2 is difficult to analyze given its rapid 
decomposition rate in water. Instead, azobenzene, which is a decomposition product of 1,2 
diphenylhydrazine, is analyzed as an estimate of this chemical. The water quality criterion for 
diphenylhydrazine 1,2 can be applied to analytical results from azobenzene.54 
 
Note: DEQ did not evaluate data for 1,2 diphenylhydrazine for the 2012 Integrated Report. 
 
Endosulfan Criteria 
OAR 340-041Table 20 aquatic life criteria for the group Endosulfan were applied to sample results reported 
for Endosulfan (CAS No. 115297) or to the sum of sample results reported for the isomers α-Endosulfan 
(CAS No. 959988), β-Endosulfan (33213659), and the reaction product Endosulfan sulfate (CAS No. 
1031078) found in technical grade Endosulfan. OAR 340-041Table 40 has individual human health criteria 
for Endosulfan Alpha, Endosulfan Beta, and endosulfan sulfate. 
 
Note: For the 2012 Integrated Report, DEQ evaluated data for endosulfan using the most stringent criteria 
which were the aquatic life criteria applied to sample results reported for Endosulfan or the sum of the sample 
results for the isomers. 
 
Guthion (Azinphos Methyl) Criteria 
For the 2012 Integrated Report, OAR 340-041Table 20 aquatic life criteria for Guthion were applied to results 
for Guthion (synonym Azinphos Methyl) (CAS No. 86500) but not for the metabolic breakdown product 
Azinphos Methyl Oxygen Analog (CAS No. 961228). 
 
Halomethanes Criteria 
Criteria for the class Halomethanes were replaced in OAR 340-041 Table 40 with new human health criteria 
for Bromoform (synonym Tribromomethane) (CAS No. 75252), Dichlorobromomethane (CAS No. 75274), 
Methyl Bromide (CAS No. 74839), and Methylene Chloride (synonym Dichloromethane) (CAS No. 75092). 
These criteria were approved by EPA in 2011 and are applied to sample results for the individual chemicals. 
 
Note: DEQ did not evaluate data for any of the Halomethanes for the 2012 Integrated Report. 
 
Hexachlorocyclohexane, BHC, and Lindane Criteria 
OAR 340-041 Table 20 aquatic life and Table 40 human health criteria for BHC gamma (synonym 
hexachlorocyclohexane (Lindane)) were applied to sample results reported for that chemical (CAS No. 
58899). The pesticide product Lindane is generally > 99% the gamma isomer (synonyms γ-HCH or 
γ-BHC). 
 
OAR 340-041 Table 40 human health criteria for the isomer BHC alpha (synonyms hexachlorocyclohexane 
alpha , α-HCH or α-BHC) were applied to results for that chemical (CAS No. 319846). 

54 November 14, 2012 DEQ Memorandum RE: Implementation Instructions for the Water Quality Criterion1,2 
Diphenylhydrazine (CAS #: 122-66-7) http://www.deq.state.or.us/wq/standards/docs/toxics/diphenylhydrazine.pdf  
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OAR 340-041 Table 40 human health criteria for the isomer BHC beta (synonyms, hexachlorocyclohexane 
beta, β-HCH or β-BHC) were applied to results for that chemical (CAS No. 319857). 
 
OAR 340-041 Table 40 human health criteria for the hexachlorocyclo-hexane-technical (CAS No. 608731) 
apply to the technical grade pesticide which is a mixture consisting of α, β, γ, δ, and ε isomers. For application 
of the human health criteria to evaluate data for the Integrated Report and consistent with other DEQ 
implementation guidance, DEQ applies the hexachlorocyclo-hexane-technical criteria to the sum of analytical 
results for the four major isomers.55 
 
Note: DEQ did not evaluate data for hexachlorocyclohexane (Lindane) or BHC for the 2012 Integrated 
Report. 
 
Iron Criteria 
Oregon’s human health criterion for iron was withdrawn by DEQ in 2011 and the withdrawal was approved 
by EPA in June 2011.56 
 
For the 2012 Integrated Report, sample results for iron were compared to the OAR 340-041 Table 20 aquatic 
life. This criterion is applicable to total recoverable concentrations of iron in a water sample. Sample results 
for dissolved metal fractions were not considered valid to use to determine attainment of the criteria and were 
not counted as valid results to assign Category 2: Attaining status or to delist Category 5: 303(d) impaired 
waters. This is because dissolved metals generally constitute only a fraction of total metal present in an 
ambient water sample. However, if the dissolved fraction results exceeded the applicable criteria, the results 
were counted as valid results and used to assign Category 5: 303(d) listing status or Category 3B Potential 
concern status. Waters that were previously listed as Category 5: 303(d) were delisted if sufficient data were 
available to show the aquatic life criterion was met. 
 
Manganese Criteria 
Oregon’s human health criteria for manganese were revised by DEQ in 2011 and the revisions were approved 
by EPA in June 2011.57 Both the human health criterion for “water and fish ingestion” and the criterion for 
“fish consumption only” in fresh water were withdrawn. OAR 340-041 Table 40 retains the “Organism Only” 
criterion for total manganese for saltwater in order to protect human health for the consumption of oysters and 
other marine mollusks. There are no aquatic life criteria for manganese. 
 
Note: For the 2012 Integrated Report, DEQ evaluated data for manganese from estuarine sites and applied the 
human health “Organism Only” criterion. Water bodies in freshwater that were previously listed as Category 
5: 303(d) were delisted because there is no currently applicable criterion. 
 
Mercury and Methylmercury Criteria 
Human health water quality criteria for mercury were revised and approved by EPA in October 2011. The 
revised criterion in OAR 340-041 Table 40 is expressed as a fish tissue concentration of methylmercury (CAS 
No. 22967926) rather than total mercury in the water column. The aquatic life criteria for mercury in OAR 
340-041 Table 20 continue to apply to total mercury in the water column. 
 

55 November 14, 2012, DEQ Memorandum RE: Implementation Instructions for the Water Quality Criterion 
Hexachlorocyclo-hexane-Technical (CAS #: 608-73-1) 
http://www.deq.state.or.us/wq/standards/docs/toxics/bhcTechnical.pdf  
56 Rulemaking documents at: http://www.deq.state.or.us/wq/standards/metals.htm 
57 Rulemaking documents at: http://www.deq.state.or.us/wq/standards/metals.htm 
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For the 2012 Integrated Report, DEQ reviewed available data for mercury in fish tissue from resident fish. 
Data were available for analyses of skinless fish fillets for total mercury using EPA Method 7473, rather than 
methylmercury.58 Scientific literature indicates that 90 % or more of mercury in fish muscle (tissue not 
including skin) is methylmercury.59 To evaluate data for the 2012 Integrated Report, DEQ used sample results 
for total mercury in skinless fish fillets reported in mg/kg with “significant figures” limited to two decimal 
places. Based on the approximation that 90% of the reported mercury was methylmercury, DEQ concluded 
that any total mercury fish tissue result exceeding the methylmercury criterion (0.040 mg/kg) would also 
reasonably approximate an exceedance by the methylmercury component in fish tissue. Fish tissue analyses 
for mercury may be from skinless fillets of individual fish, or composited skinless fillets from multiple fish. 
For the 2012 Water Quality Assessment, available data was from individual fish samples. DEQ compared 
geometric mean concentrations of mercury from skinless fish fillets in individual resident fish to the human 
health fish tissue criterion and assigned an assessment category following EPA guidance.60 
 
For the2012 Integrated Report, DEQ also reviewed water column data for total mercury for comparison to the 
OAR 340-041 Table 20 aquatic life criteria. DEQ also reviewed fish consumption advisories issued due to 
mercury levels in fish. Waters placed in Category 5: 303(d) due to fish consumption advisories will not be 
delisted until the advisory has been lifted. 
 
Metals Criteria – General 

Total Recoverable Concentrations 
Criteria for metals in OAR 340-041 Table 20 and Table 40 are for total recoverable concentrations (i.e. total 
and dissolved forms present in an unfiltered water sample). To evaluate water quality data, sample results for 
total recoverable metals analyses were compared to the applicable criteria. If total metals analyses were not 
available, then dissolved metals analytical results were evaluated against the criteria. If sample results from a 
particular site and date contained both total and dissolved fractions, only the total fraction results were 
compared to the criteria. If the data did not identify the analysis as total or dissolved, the result was evaluated 
as if it were a total analysis. 
 
The dissolved metal concentration in a water sample generally measures only a fraction of the total metal 
present in the water. Sample results for dissolved metal fractions were not considered valid to use to 
determine attainment of the criteria and were not counted as valid results to assign Category 2: Attaining 
status or to delist Category 5: 303(d) impaired waters. However, if the dissolved fraction results exceeded the 
applicable criteria, the results were counted as valid results and used to assign Category 5: 303(d) listing 
status or Category 3B Potential concern status. 
 

Hardness Dependent Criteria 
The freshwater aquatic life criteria in OAR 340-041 Table 20 for several metals (cadmium, chromium III, 
copper, lead, nickel, silver, and zinc) are expressed as a function of hardness (mg/L) in the water column. 
These criteria are flagged on Table 20 with a “+” notation and footnoted to indicate the numeric criteria were 
calculated using a hardness of 100 mg/L. Criteria for these metals are calculated using the following 
formulae:61 Because the criteria are expressed as total recoverable metals, total recoverable hardness values 
were used to derive criteria. 

58 2007, Method 7473, Mercury in Solids and Solutions by Thermal Decomposition, Amalgamation, and Atomic 
Absorption Spectrophotometry. U.S. EPA Office of Solid Waste 
59 Ullrich, S.M., Tanton, T.W. and Abdrashitova, S.A., 2001. Mercury in the Aquatic Environment: A Review of Factors 
Affecting Methylation. Critical Reviews in Environmental Science and Technology, 31(3): 241-293. 
 
60 US EPA Office of Science and Technology, 2001. Guidance for Implementing the January 2001 Methylmercury 
Water Quality Criterion. EPA 823-R-10-001. Washington, D.C. 
61 1986, Quality Criteria for Water, U.S. EPA Office of Water, EPA 440/5-86-001 
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Freshwater Acute Criterion: Criterion maximum concentration  

CMC = e (ma [ln(hardness)]+ ba)  
 

Freshwater Chronic Criterion: Criterion chronic concentration 
CCC = e (mc [ln(hardness)]+ bc)  

 

Metal 
Freshwater Acute Criterion 

CMC 
Freshwater Chronic Criterion 

CCC 

 ma ba mc bc 

Cadmium 1.128 -3.828 0.7852 -3.490 
Chromium III 0.819 3.688 0.819 1.561 

Copper 0.9422 -1.464 0.8545 -1.465 
Lead 1.273 -1.460 1.273 -4.705 

Nickel 0.8460 3.3612 0.8460 1.1645 
Silver 1.72 -6.520   
Zinc 0.8473 0.8604 0.8473 0.7614 

 
If hardness was not measured directly as CaCO3, the following equation was used to calculate the hardness 
value62: 
 

Hardness, equivalent CaCo3 (mg/L) = 2.497 Ca (mg/L) + 4.1189 Mg (mg/L) 
 
To determine the applicable hardness dependent criteria, DEQ followed EPA federally promulgated water 
quality standards recommendations in 40 CFR 131to use a minimum of 25 mg/L as calcium carbonate 
hardness to calculate criteria even if the actual ambient hardness is less than 25 mg/l as calcium carbonate.63 
The maximum hardness value should not exceed 400 mg/L as calcium carbonate, even if the actual ambient 
hardness is greater than 400 mg/l as calcium carbonate. Additionally, if no hardness data were available, DEQ 
applied a default hardness of 25 mg/L to calculate the criteria. 
 
Note: For the 2012 Integrated Report, DEQ evaluated data for metals beryllium, chromium, iron, manganese, 
mercury, silver, and thallium as well as the hardness-dependent metals cadmium, copper, lead, nickel, and 
zinc. DEQ applied the most stringent applicable criteria listed on OAR 340-041 Table 20 for chromium VI, 
which is not hardness dependent, and silver, which is the freshwater chronic criterion that is not hardness 
dependent. 
 
Nitrosamines Criteria 
Oregon’s human health criteria in OAR 340-041 Table 40 were revised in 2011 for the nitrosamine class of 
nitrogen containing chemicals as well as for the following individual derivatives in the class: 

• Nitrosodibutylamine N- (CAS No. 924163) 
• Nitrosodiethylamine N- (CAS No. 55185) 
• Nitrosodimethylamine N- (CAS No. 62759) 
• Nitrosodi-n-propylamine, N (CAS No. 621647) 

62 1998, Standard Methods for the Examination of Water and Wastewater, 20th edition, American Public Health 
Association, American Water Works Association, Water Environment Federation 
63 40 CFR Section 131.36(c)(4)(i). 
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• Nitrosodiphenylamine N- (CAS No. 86306) 
• Nitrosopyrrolidine N- (CAS No. 930552) 

 
For the Integrated Report, the sum of all the results for individual nitrosamines was compared to the criteria 
for nitrosodiethylamine, N. This is the most toxic of the nitrosamine derivatives and its numerical criteria is 
equal to the criteria established for total nitrosamines.64 
 
Note: DEQ did not evaluate data for nitrosamines for the 2012 Integrated Report. 
 
Parathion Criteria 
The OAR Table 20 aquatic life criteria for parathion were applied to results for ethyl parathion (CAS No. 
56382). In previous protocols, the criteria were also applied to results for methyl parathion (CAS No. 
298000). Both pesticides were registered and in use when Table 20 criteria were established. 
 
Note: For the 2012 Integrated Report, DEQ evaluated data and applied the criterion for parathion. 
 
PCB Criteria 
OAR 340-041Table 20 and Table 40 criteria for PCBs (Polychlorinated Biphenyls) were applied to either the 
sum of sample results reported as Aroclors, or the sum of sample results reported as individual congeners. 
 
Note: For the 2012 Water Quality Assessment, DEQ evaluated PCB data from USGS. The data were reported 
as “total PCBs”; the results were not identified as using either congener or Aroclor analytical methods. DEQ 
also reviewed fish consumption advisories to update assessment. 
 
Pentachlorophenol Criteria 
Oregon’s human health criterion on OAR 340-041 Table 40 for pentachlorophenol was revised in 2011. 
Freshwater aquatic life criteria on OAR 340-041 Table 20 remain in effect. The aquatic life criteria for 
Pentachlorophenol (CAS No. 87865) are pH dependent and can be calculated by:65 

Acute Criterion (CMC = Criterion Maximum Concentration) 
CMC = e (1.005(pH)-4.830)  
Chronic Criterion (CCC = Criterion Continuous Concentration): 
CCC = e (1.005(pH)-5.290) 

 
Generally, as pH decreases, the toxicity of pentachlorophenol increases. A pH of 7.8 was used to generate the 
numeric criteria in Table 20. To evaluate pentachlorophenol, a criteria can be calculated following the 1986 
guidance using the equations shown above. If pH data were not available, the freshwater criteria for 
pentachlorophenol could not be calculated. Human health criteria for pentachlorophenol are not pH dependent 
and water quality data can be compared to the. 
 
Note: For the 2012 Integrated Report, DEQ did not evaluate data for pentachlorophenol. 
 
Phosphorus Criterion/Phosphate Phosphorus Benchmark 
The OAR 340Table 20 aquatic life criterion of 0.1 µg/l applies to elemental phosphorus (P) in marine or 
estuarine waters. This is based on the EPA criterion to protect marine organisms against toxic effects.66 
 

64 October 23, 2012 DEQ Memorandum RE: Implementation Instructions for the Water Quality Criterion Nitrosamines 
(CAS#: 35576-91-1) http://www.deq.state.or.us/wq/standards/docs/toxics/nitrosamines.pdf 
65 1986, Ambient Water Quality Criteria for Pentachlorophenol, U.S. EPA Office of Water, EPA 440/5-86-009. 
66 1986, Quality Criteria for Water, U.S. EPA Office of Water, EPA 440/5-86-001 for Phosphorus  
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Neither Oregon nor EPA has set a criterion for phosphate phosphorus. EPA has recognized the relationship 
between phosphates, as major nutrients, and excessive aquatic weed and algae growth, and lake and reservoir 
eutrophication.67 EPA recommends that total phosphates as phosphorus (P) should not exceed 50 ug/L in 
streams to control excessive aquatic growths. For the 2010 Water Quality Report, this value is used as a 
benchmark to evaluate water quality data for phosphate phosphorus. Water bodies with total phosphates as 
phosphorus (P) greater than 50 ug/L are a Category 3B Insufficient Data – Potential Concern for 
conditions that may result in not meeting water quality standards. 
 
Note: For the 2012 Integrated Report, DEQ did not evaluate data for phosphorus or phosphate phosphorus. 
 
Polynuclear Aromatic Hydrocarbons Criteria 
Criteria for the group Polynuclear Aromatic Hydrocarbons (PAHs) were replaced in OAR 340-041 Table 40 
with human health criteria for the following: 

Acenaphthene (CAS 83329) 
Anthracene (CAS 120127) 
Benz[a]anthracene (CAS 56553) 
Benzo[a]pyrene (CAS 50328) 
Benzo[b]fluoranthene (CAS 205992) 
Benzo[k]fluoranthene (CAS 207089) 
Chrysene (CAS 218019) 
Dibenz[a,h]anthracene (CAS 53703) 
Fluoranthene (CAS 206440) 
Fluorene (CAS 86737) 
Indeno[1,2,3-c,d]pyrene (CAS 193395) 
Pyrene (CAS 1290000) 
 

These criteria were approved by EPA in 2011 and are applied to sample results for the individual chemicals. 
 
Note: DEQ evaluated data where available for the individual chemicals for the 2012 Integrated Report. 

 
  

67 1986, Quality Criteria for Water, U.S. EPA Office of Water, EPA 440/5-86-001 for Phosphate Phosphorus 
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PARAMETER: Turbidity 
 
BENEFICIAL USES AFFECTED: Resident Fish and Aquatic Life 
 Water Supply 
 Aesthetics 
 
NARRATIVE CRITERION: OAR 340-041-0007 (10 
 
NUMERIC CRITERION: OAR 340-041-0036 
  

340-041-0007 
Statewide Narrative Criteria 
 (10) The creation of tastes or odors or toxic or other conditions that are deleterious to fish or other 
aquatic life or affect the potability of drinking water or the palatability of fish or shellfish may not be 
allowed; 

340-041-0036 
Turbidity 
Turbidity (Nephelometric Turbidity Units, NTU): No more than a ten percent cumulative increase in 
natural stream turbidities may be allowed, as measured relative to a control point immediately 
upstream of the turbidity causing activity. However, limited duration activities necessary to address 
an emergency or to accommodate essential dredging, construction or other legitimate activities and 
which cause the standard to be exceeded may be authorized provided all practicable turbidity control 
techniques have been applied and one of the following has been granted:  
(1) Emergency activities: Approval coordinated by the Department with the Oregon Department of 
Fish and Wildlife under conditions they may prescribe to accommodate response to emergencies or to 
protect public health and welfare; 
(2) Dredging, Construction or other Legitimate Activities: Permit or certification authorized under 
terms of section 401 or 404 (Permits and Licenses, Federal Water Pollution Control Act) or OAR 14l-
085-0100 et seq. (Removal and Fill Permits, Division of State Lands), with limitations and conditions 
governing the activity set forth in the permit or certificate. 
 

ASSIGNMENT OF ASSESSMENT CATEGORY: 
Category 5: Water Quality Limited, TMDL Needed (303(d) List) 
A systematic or persistent increase (of greater than 10%) in turbidity due to an operational activity that occurs 
on a persistent basis (e.g. dam release or irrigation return, etc.); 
Or, 
For impairments to beneficial use as drinking water supply, Public Water System operator indicates that high 
turbidity days (days with turbidity ≥5 NTU) are causing operational difficulty and source water data validate 
this impairment. The data are considered to validate an impairment if more than 45 high turbidity days per 
year occur for any year for which data are available. 
 
Category 3: Insufficient Data 
For beneficial use as drinking water supply, available data are not sufficient to determine if the use is 
impaired. One or more turbidity shutdowns are documented in the Safe Drinking Water Information System 
database, but there are not data to show whether shutdown is normal after a large storm event, or indicates a 
problem and impaired beneficial use. 
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Category 3B: Potential Concern, Insufficient Data 
For beneficial use as drinking water supply, available data are not sufficient to determine if the use is 
impaired, but indicate a potential concern. The Public Water System operator indicates that high turbidity 
days are causing operational difficulties, but there are not data available to validate this impairment, or if 
shutdowns due to high turbidity may be the result of unusual or infrequent weather events. 
 
Category 2: Attaining 
For beneficial use as drinking water supply, Public Water System operator indicates that high turbidity days 
are not causing operational difficulty and/or source water data show water quality is good. Water quality is 
considered good if there are 45 or less high turbidity days per year for all years for which data are available. 
 
TIME PERIOD: 
Year Round 
 
DATA REVIEWED: 
2012 Integrated Report 
DEQ did not evaluate data or information for turbidity for the 2012 Integrated Report. 
 
Last Data Review 
DEQ evaluated data and information for turbidity for the 2010 Integrated Report. 
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June 22, 1998 

Philip Millam 
Director, Office of Water, OW-134 
U.S. Environmental Protection Agency, Region X 
1200 Sixth Avenue 
Seattle, Washington 98101 
 

Dear Phil: 

This letter is to provide policy clarification of the Oregon water quality standards 
revisions that were submitted for Environmental Protection Agency’s (EPA) approval on 
July 10, 1996. Specifically, this letter addresses how the Department of Environmental 
Quality (ODEQ ) is interpreting certain language contained in the Oregon Water Quality 
Standards (OAR 340-41) and responds to questions that EPA has raised in its review of 
the standards.  
 
The regulatory clarifications included herein will be incorporated into the water quality 
standards, to the extent possible, during the next triennial review. As there are quite a 
number of issues that are candidates for review in the next triennial review, we will need 
to carefully prioritize these issues working with EPA and the next Policy Advisory 
Committee. 
 
The following comments are organized in the following manner: beneficial use issues, 
numeric criteria issues and implementation issues. 
 
 
BENEFICIAL USE ISSUES: 
 
Bull Trout Waters: The language in the rule (OAR 340-41- basin (2)(b)(A)) reads: “…no 
measurable surface water temperature increase resulting from anthropogenic activities 
is allowed: … (v) In waters determined by the Department to support or to be necessary 
to maintain the viability of native Oregon bull trout, when surface water temperatures 
exceed 50.0º F (12.8º C)”. [Please note that the specific citation for the temperature 
criteria for Bull Trout may vary slightly in its numbering depending on the basin, this 
example and subsequent citations are from the standards for the Willamette Basin (OAR 
340-41-445)].  
 
The Department has consulted with the Oregon Department of Fish and Wildlife (ODFW) 
to make a determination of the current distribution of Bull Trout. Maps have been 
developed by ODFW as part of an effort to develop plans to protect and restore Bull 
Trout populations. These maps can be found in the following publication: “Status of 
Oregon’s Bull Trout” (Oregon Department of Fish and Wildlife; October 1997; Buchanan, 
David, M. Hanson, and R. Hooton; Portland, OR) which is available from ODFW or 
viewed in the “StreamNet” website (www.streamnet.org). A map showing the most 
recent Bull Trout distribution (export file dated June 1997) has been sent separately to 
EPA and a digital version can be provided to EPA.  
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The Department will use the 1997 Bull Trout distribution maps contained in the 1997 
ODFW publication to clarify the phrase “waters determined by the Department to support 
or to be necessary to maintain the viability of native Oregon Bull Trout.” The temperature 
criteria of 50ºF applies to the stream reaches which indicate that “Spawning, Rearing, or 
Resident Adult Bull Trout” populations are present. These waters are shown by a solid 
green line on the maps that are referenced.  
 
The mapping and planning effort is an on-going effort by ODFW. Any changes made to 
the mapped distribution will represent a change in the standard which would be 
submitted to EPA for approval. The Bull Trout portion of the standards will be revised to 
incorporate a reference to the 1997 ODFW publication or identify any other means for 
determining waters that support or are necessary to support Bull Trout in the next 
triennial standards review. 
 
 
Waters supporting spawning, egg incubation and fry emergence: The language in 
the rule reads:  
 
Temperature (OAR 340-41- basin (2)(b)(A)):  “…no measurable surface water 
temperature increase resulting from anthropogenic activities is allowed: … (iv) In waters 
and periods of the year determined by the Department to support native salmonid 
spawning, egg incubation, and fry emergence from the egg and from the gravels in a 
basin which exceeds 55ºF (12.8ºC)”. 
 
Dissolved Oxygen (OAR 340-41- basin (2)(a)(A)): “For waterbodies identified by the 
Department as providing salmonid spawning, during the periods from spawning until fry 
emergence from the gravels, following criteria apply…” 
 
The Beneficial Use Tables (Tables 1-19 in the Oregon water quality standards) indicate 
the recognized beneficial uses to generally be protected in the basin. In some basins 
(e.g. Table 15, Malheur River Basin), the information in the Tables has been refined for 
particular water bodies. In general, salmonid spawning and rearing are shown on the 
tables to be found in all basins. In order to make the spawning determinations, 
information on location and timing in a specific waterbody is further developed through 
consultation with ODFW as spawning does not occur at all times of the year or in all 
locations in the basin. In addition, timing often varies from year to year depending on 
seasonal factors such as flow. ODFW, in cooperation with other federal and tribal fishery 
agencies has begun to map out this information on a species by species basis 
(StreamNet Project) but this work is still several years from completion. 
 
ODEQ is submitting the attached table that identifies when the spawning criteria listed 
under the dissolved oxygen and temperature standards will be applied to a basin. This 
table provides the generally accepted time frame during which spawning occurs. 
However, spawning periods for Spring Chinook and Winter Steelhead vary with elevation 
(e.g. Spring Chinook tend to spawn earlier and fry emergence occurs later in the Spring 
for Winter Steelhead in streams at higher elevations). Therefore, to address differences 
in actual spawning periods, the Department will consult directly with the ODFW to 
determine if waterbody specific adjustments (which would be changes to the standards) 
are necessary.  
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Furthermore, the Department will apply the antidegradation policy in specific actions, 
e.g. permits, 401 certification and 303(d) listing, to protect spawning that occurs outside 
the identified time frames or utilize the narrative temperature criteria that applies to 
threatened or endangered species.  
 
Application of the warm water Dissolved Oxygen Criteria (OAR 340-41- basin 
(2)(a)(F)): The language in the rule reads: “For waterbodies identified by the Department 
as providing warm-water aquatic life, the dissolved oxygen shall not be less than 5.5 
mg/l as an absolute minimum...”  
 
Warm-water criteria is applied in waters where Salmonid Fish Rearing and Salmonid 
Fish Spawning are not a listed beneficial use in Tables 1 - 19 with the exception of Table 
19 (Klamath Basin) in which the cool water dissolved oxygen criteria will be applied (see 
Klamath TMDL supporting documentation, (Hammon 1998)). Specifically, the warm 
water criteria would be applied to: 
 
 

Table 15: Malheur River (Namorf to Mouth), Willow Creek (Brogan to Mouth), Bully 
Creek (Reservoir to Mouth);  
Table 16: Owyhee River (RM 0-18); 
Table 17: Malheur Lake Basin - Natural Lakes; 
Table 18: Goose and Summer Lakes Basin - High Alkaline & Saline Lakes. 

 
 
Application of the cool-water Dissolved Oxygen Criteria (OAR 340-41- basin 
(2)(a)(E)): The language in the rule reads: “For waterbodies identified by the Department 
as providing cool-water aquatic life, the dissolved oxygen shall not be less than 6.5 mg/l 
as an absolute minimum...” 
 
Cool-water aquatic life is a sub-category of cold-water aquatic life and is defined under 
OAR 340-41-006 (52) as “the aquatic communities that are physiologically restricted to 
cool waters, composed of one or more species having dissolved oxygen requirements 
believed similar to the cold-water communities. Including but not limited to Cottidae, 
Osmeridae, Acipenseridae, and sensitive Centrachidae such as the small-mouth bass.”  
This criteria will be applied on an ecoregional basis1 (see attached map) as follows: 
 
West Side: 

Cold Water: Coast Range Ecoregion - all, Sierra Nevada Ecoregion -all, Cascade-all, 
Willamette Valley - generally typical including Willamette River above Corvallis, 
Santiam (including the North and South), Clackamas, McKenzie, Mid Fork and Coast 
Fork mainstems.  
Cool Water: Willamette Valley Ecoregion - most typical. 

 

1 The original Ecoregions described in “Ecoregions of the Pacific Northwest” (James Omernik and A. Gallant, 1986, 
EPA/600/3-86/033) were used. This work is currently being updated but is not complete for Oregon. The terms most 
typical and generally typical are defined as follows: “The most typical portions of ecoregions are generally those areas that 
share all of the characteristics that are predominant in each ecoregion. The remaining portions, generally typical of each 
ecoregion, share most, but not all, of these same characteristics. These areas are defined on maps included in the 
publication referenced above and have been sent separately to EPA.  
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East Side (with the exception of waters listed under warm water criteria in Tables 15-
19): 

Cold Water: Eastern Cascades Slopes and Foothills - most typical, Blue Mountain - 
most typical. 
Cool Water: Remainder of Eastern Oregon Ecoregions. 

 
NUMERIC CRITERIA ISSUES: 
 
Temperature criteria for waters without a specific numeric criterion: The 
temperature criteria of 64ºF will be applied to all water bodies that support salmonid fish 
rearing as identified in Tables 1 - 19. This would include all waters except those listed as 
warm water above. Currently, there is no numeric criteria for those waters listed as warm 
water. This was an inadvertent oversight for the rivers described under 2 and 3 below 
which will be corrected by setting site specific criteria during the next triennial review. In 
the mean time, these waters will be protected as follows:  
 
1. There is a criteria that covers natural lakes and would cover lakes in the Malheur 

Lake Basin (Table 17) and Goose and Summer Lakes Basin (Table 18). This criteria 
(OAR 340-41-922 (2)(b)(A)) reads: “…no measurable surface water temperature 
increase resulting from anthropogenic activities is allowed: … (vii) In natural lakes”. 

 
2. The waters shown in the Klamath Basin (Table 19) are currently listed in Oregon’s 

1994/96 303(d) list for temperature based on exceedence of the criterion that is 
linked to dissolved oxygen. This criterion (OAR 340-41-965 (2)(b)(A)) reads: “…no 
measurable surface water temperature increase resulting form anthropogenic 
activities is allowed: … (vi) In Oregon waters when the dissolved oxygen (DO) levels 
are within 0.5 mg/l or 10 percent saturation of the water column or intergravel DO 
criterion for a given stream reach or subbasin.”  An additional narrative criterion 
would apply to these waters as they contain a federally listed Threatened and 
Endangered species - Lost River Sucker and Shortnose Sucker, both of which are 
listed as endangered (USFWS, 7/88, 53FR27130). This criterion (OAR 340-41-965 
(2)(b)(A)) states: “no measurable surface water temperature increase resulting form 
anthropogenic activities is allowed: … (v) In stream segments containing federally 
listed Threatened and Endangered species if the increase would impair the biological 
integrity of the Threatened and Endangered population.” A Site Specific Criteria is 
currently being developed as part of a TMDL for these waters and a new criteria for 
temperature will be established. This criterion will be adopted by the EQC and 
submitted to EPA for approval prior the completion of a TMDL. This work should be 
accomplished during our next triennial standards review (1998 - 2000). The TMDL 
schedule is currently being negotiated with EPA.  

 
3. Warm water streams in the lower Malheur and Owyhee (Table 15 and 16) would be 

addressed in a similar manner using temperature criterion that relates to dissolved 
oxygen. These waters were not listed on the current 303(d) list as the waters were 
not within 0.5 mg/l or 10 percent saturation of the water column DO criterion. These 
waters are included in beneficial use survey work that the Department is undertaking 
in the Snake River Basin/High Desert Ecoregion. This work, which will include the 
development of numeric temperature criteria for these waters, will be accomplished 
during our next triennial standards review (1998-2000). 
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Willamette and Columbia River Temperature Criteria: The language in the rule (OAR 
340-41-445 (2)(b)(A)) reads: “…no measurable surface water temperature increase 
resulting from anthropogenic activities is allowed: … (ii) In the Columbia River or its 
associated sloughs and channels from the mouth to river mile 309 when surface water 
temperatures exceed 68.0ºF (20.0ºC); (iii) In the Willamette River or its associated 
sloughs and channels from the mouth to river mile 50 when surface water temperatures 
exceed 68.0ºF (20.0ºC);” 
 
For the Columbia River, this is not a change to the previous standard (OAR 340-41-445 
(2) (b) (D). The Columbia River forms the boundary between the states of Oregon and 
Washington and this criterion is consistent with the current temperature standard for the 
State of Washington.  
 
For the Willamette River, this value represents a decrease from the previous 
temperature criteria of 70ºF and makes it consistent with the Columbia River numeric 
criteria. The technical committee had recommended the 68ºF criteria for these large, 
lower river segments recognizing that temperatures were expected to be higher in these 
segments as factors such as the naturally wide channels would minimize the ability to 
shade these rivers and reduce the thermal loading.  
 
Both of these rivers are water quality limited for temperature and the temperature criteria 
can be revisited as part of the effort to develop Total Maximum Daily Loads. The 
Department is currently working with EPA to develop a temperature assessment for the 
Columbia River and is participating in a Willamette Basin Reservoir Study with the Corp 
of Engineers and other state agencies. The timing of specific TMDLs is currently being 
negotiated with EPA. 
 
64º F Temperature Criteria: EPA has expressed concern that the 64ºF criterion may 
not be fully protective. The Final Issue Paper on Temperature indicates that “the 
incidence of disease from Chondrococcus columnaris increases above 60-62º F and 
cites various sources for this statement (page 2-4 and Appendix D of the Final Issue 
Paper on Temperature). This is based both on observations from laboratory studies and 
field studies.  
 
A review of this literature indicates that it is difficult to establish a temperature criteria for 
waters that experience diurnal temperature changes that would assure no affects due to 
C. columnaris. For example, J. Fryer and K. Pilcher (“Effects of Temperature on 
Diseases of Salmonid Fishes, EPA-660/3-73-020, 1974) conducted in the laboratory 
studies using constant temperatures and concluded: 

 
 
“When coho and spring chinook salmon, and rainbow trout are infected with C. 
columnaris by water contact, the percentage of fatal infections is high at 
temperatures of 64ºF and above, moderate at 59ºF and approaches zero at 49ºF 
and below. A temperature of 54ºF is close to the threshold for development of fatal 
infection of salmonids by C. columnaris.” 

 
There is literature that suggests that fish pathogens which affect Oregon’s cold-water 
fishes become more infective and virulent at temperatures ranging from the lower mid-
sixties to low seventies (Becker and Fujihara, 1978). Ordal and Pacha (1963) found that 
mortalities due to C. columnaris outbreaks are lessened or cease when temperatures 
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are reduced below 65ºF. Bell (1986) suggested that outbreaks of high virulence strains 
of C. columnaris occur when average water temperatures reach 15.5ºC and the low 
virulence strains become apparent with average water temperatures over 20ºC.  
 
A good discussion of field studies is given in the report “Columbia River Thermal Effects 
Study” (EPA, 1971).  
 

“Natural outbreaks of columnaris disease in adult salmon have been linked to high 
water temperatures in the Fraser River, British Columbia. …The pathological effects 
of the disease became evident when water temperatures along the migration route, 
and in spawning areas, exceeded 60ºF. Prespawning mortality reached 90 percent in 
some tributaries. Columnaris is the infected sockeye spawners was controlled when 
temperatures fell below 57-58ºF and mortalities were reduced. “ 
 
“Data collected on antibody levels in the Columbia River fish “…suggest peak yearly 
effective infection of at least 70 percent to 80 percent of most adult river fish species” 
(Fujihara and Hungate, 1970). Occurrence of the disease was generally associated 
with temperatures above 55ºF; the authors further suggest that the incidence of 
columnaris may be increased by extended periods of warm temperatures than by 
peak summer temperatures.” 
 
“Other factors including the general condition of the fish, nutritional state, size, 
presence of toxicants, level of antibody protection, exposure to nitrogen 
supersaturation, level of dissolved oxygen, and perhaps other factors interrelate in 
the infection of fish by diseases. However, the diseases discussed here are of less 
importance at temperatures below 60ºF; that is, in most instances mortalities due to 
columaris are minimized or eliminated below that level.” 

 
As indicated in the section on “Standard Alternatives and Technical Evaluation” in the 
Temperature Issue Paper, the technical committee had recommended a temperature 
range (58 - 64ºF) as being protective for salmonid rearing. While 64ºF is at the upper 
end of the range, the key to this recommendation is the temperature unit (page 3-2) that 
is used in the standard - the seven-day moving average of the daily maximum 
temperatures. Exceedence of the criteria is based on the average of the daily maximum 
temperatures that a waterbody experiences over the course of seven consecutive days 
exceeding 64ºF.  
 
Streams experience a natural fluctuation of daily temperatures so streams that were just 
meeting the temperature standard would be experiencing temperatures over 60ºF for 
only short periods of time during the day and have lower average temperatures. For 
example, the Department has summarized temperature data collected at 6 sites around 
the state which are near the 7-day average of the daily maximum of 64ºF (see table 
below). As shown, the daily average temperatures typically range between 55-60ºF. 
Risks should be minimized at these average temperatures.  
 
In conclusion, the criteria does not represent an assured no-effect level. However, 
because the criteria represent a “maximum” condition, given diurnal variability, 
conditions will be better than criteria nearly all of the time at most sites.  
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 7-Day 
Statistic 

Average Daily Temperatures 

  Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 

Grande Ronde Basin 
 

        

East Fork Grande Ronde River 64.7 57.8 58.1 57.4 57.1 57.3 58.0 58.1 
Beaver Creek (upstream La 
Grande Res.) 

65.2 55.1 56.5 58 58.2 59.7 60.1 59.9 

Umpqua Basin 
 

        

Jim Creek (mouth) 62.5 58.2 59.5 59.9 60.1 58.6 55.7 56.8 
Pass Creek (upper) 64.4 59.0 58.7 58.1 58.5 59.1 59.3 57.7 
Tillamook Basin 
 

        

Myrtle Creek (mouth) 65.0 57.7 59.1 58.6 57.9 58.0 57.6 56.8 
Sam Downs Creek (mouth) 63.9 55.8 55.9 55.5 55.5 55.7 55.6 56.1 
 
Minimum Dissolved Oxygen Criteria for Cool Water and Warm Water Species: 
 
Warm Water: The Oregon warm water criteria for dissolved oxygen is 5.5 mg/l as a 30 
day mean and 4.0 mg/l as a minimum. These values meet or exceed the recommended 
national criteria for warm water criteria for other life stages (5.5 mg/l as a 30 day mean 
and 3.0 as a 1 day minimum as shown in Table 1 of the dissolved oxygen criteria in 
Quality Criteria for Water, 1986 (EPA 440/5-86-001)). These values are slightly below 
national criteria suggested for protection of early life stages (6.0 mg/l as a 7 day mean 
and 5.0 as a 1 day minimum as shown in Table 1 of the dissolved oxygen criteria in 
Quality Criteria for Water, 1986). As shown on Table 2 of the dissolved oxygen criteria in 
Quality Criteria for Water, 1986, this would represent a slight impairment for early life 
stages. 
 
This criteria would be applied to both native and non-native warm water species. Table 
2-3 in the Temperature Issue Paper (page 2-14) contains a list of non-salmonid fish 
species present in Oregon. Warm water species include: Borax Chub; Cyprinids 
(goldfish, carp, fathead minnows); Centrarchids (Bluegill, Crappie, Large-mouth Bass); 
and Catfish. The only known warm-water species that is native to Oregon is the Borax 
Chub, which is found near a hot springs. The others have been introduced and now 
perpetuate themselves in some basins. These species are typically Spring spawners 
(April - June) during which times dissolved oxygen values are not at the seasonal lows 
(July - August) and typically have not been found to be a problem. In addition, salmonid 
spawning criteria, which are more protective, typically apply during these time period. 
 
It should be noted that most of the introduced warm water species now compete with the 
native cold and cool water species for habitat and food. There are numerous recovery 
plans being developed for these native species. A level of protection that may have a 
slight production impairment for non-native warm water species is not necessarily 
undesirable.  
 
Cool Water: A cool water classification was created to protect cool water species where 
cold-water biota may be present during part or all of the year but would not form the 
dominate community structure. The cool water criteria match the national coldwater 
criteria - other life stages criteria. 
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Table 2-3 in the Temperature Issue Paper (page 2-14) contains a list of non-salmonid 
fish species present in Oregon. Cool water species include: Chub; Suckers; Sandroller; 
Sturgeon; Centrarchids (Small-mouth Bass); Striped Bass; and Walleye. Small mouth 
bass, striped bass and walleye are introduced species. This category was set up to 
provide more protection than that afforded by the other life stage criteria for warm water 
fish and, as discussed in the Gold Book, we provided these cool water species with the 
cold water species protection suggested in the national criteria (Table 1 of the dissolved 
oxygen criteria in Quality Criteria for Water, 1986). These species are typically Spring 
spawners (April - June) during which times dissolved oxygen values are not at the 
seasonal lows (July- August) and typically have not been found to be a problem.  
 
Table 2-2 of the Dissolved Oxygen Issue Paper indicates that salmonids and other cold-
water biota may be present during part or all of the year but may not dominate 
community structure. Any salmonid spawning would still be covered by the salmonid 
spawning standard. The Oregon standards provide higher protection for salmonid 
spawning and cold water rearing than that recommended under the national criteria by 
choosing the “no production impairment” levels suggested in Table 2 of the dissolved 
oxygen criteria in Quality Criteria for Water, 1986.  
 
When adequate information/data exists: The dissolved oxygen standard provides 
multiple criteria for cold, cool and warm water aquatic life. For example, OAR 340-41-
445 (2) (a) (D) reads: “For waterbodies identified by the Department as providing cold-
water aquatic life, the dissolved oxygen shall not be less than 8.0 mg/l as an absolute 
minimum. Where conditions of barometric pressure, altitude, and temperature preclude 
attainment of the 8.0 mg/l, dissolved oxygen shall not be less than 90 percent of 
saturation. At the discretion of the Department, when the Department determines that 
adequate information exists, the dissolved oxygen shall not fall below 8.0 mg/l as a 30-
day mean minimum, 6.5 mg/l as a seven-day minimum mean, and shall not fall below 
6.0mg/l as an absolute minimum (Table 21).” 
 
In this example, the Department would routinely compare dissolved oxygen values 
against 8.0 mg/l criteria (the higher dissolved oxygen criteria). Most dissolved oxygen 
data are collected by a grab sample during the day time and would not reflect minimum 
conditions, that is why we would use a more restrictive criteria. Adequate information to 
use the other criteria would involve the collection of diurnal data over long enough 
periods of time (e.g. multiple days or multiple weeks) during critical time periods (e.g. low 
flow periods, hottest water temperature periods, period of maximum waste discharge). 
Such data would be collected through continuous monitoring with proper quality 
assurance. Based on this data collection, sufficient data would be available to calculate 
means, minimum means and minimum values and to compare to the appropriate criteria. 
Models that would provide these statistics could also be compared to the appropriate 
criteria.  
 
In addition, for actions such as permitting and developing TMDLs, additional information 
on the beneficial uses of the waterbody will be considered such as: species present; 
listing status of those species; locations, time periods and presence of sensitive early life 
stages, etc. Based on presence of early life stages or T&E species, the more 
conservative criteria would be used. 
 
IMPLEMENTATION ISSUES: 
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Air temperature exemption to the water temperature criteria: OAR 340-41-basin 
(2)(b) (B) specifies that “an exceedence of the numeric criteria identified subparagraph 
(A) … of this subsection will not be deemed a temperature standard violation if it occurs 
when the air temperature during the warmest seven-day period of the year exceeds the 
90th percentile of the seven-day average daily maximum air temperature calculated in a 
yearly series over the historic record. However, during such periods, the anthropogenic 
sources must still continue to comply with their surface water temperature management 
plans developed under OAR 340-41-026(3)(a)(D).”  
 
This policy identifies criteria to be used in certain limited circumstances to determine 
whether a violation of the temperature water quality standard has occurred. This 
interpretation would be applied for the purposes of enforcement of standards and the 
303(d) listing determinations. Our interpretation of how this air temperature exemption 
would be applied has been sent to you separately. In the 1994/96 303(d) list, no water 
bodies were excluded from the list for this reason. 
 
 
Exceptions to the policy that prohibits new or increased discharged load to 
receiving streams classified as being water quality limited: 
 
OAR 340-41-026 (3) (C) states “the new or increased discharged load shall not be 
granted if the receiving stream is classified as being water quality limited under OAR 
340-41-006(30)(a), unless…” 
 
 
OAR 340-41-026 (3) (a) C (iii) added new language under this policy which defines a 
condition under which a new or increased discharged load could be allowed to a water 
quality limited waterbody for dissolved oxygen. The language states: “(iii) Effective July 
1, 1996, in waterbodies designated water-quality limited for dissolved oxygen, when 
establishing WLAs under a TMDL for waterbodies meeting the conditions defined in this 
rule, the Department may at its discretion provide an allowance for WLAs calculated to 
result in no measurable reduction of dissolved oxygen. For this purpose, “no measurable 
reduction” is defined as no more than 0.10 mg/l for a single source and no more than 
0.20 mg/l for all anthropogenic activities that influence the water quality limited segment. 
The allowance applies for surface water DO criteria and for Intergravel DO if a 
determination is made that the conditions are natural. The allowance for WLAs would 
apply only to surface water 30-day and seven-day means, and the IGDO action level.”   
 
This is an implementation policy for OAR 340-41-026 (3) (C) and clarifies that we could 
allow for an increase in load in a waterbody that is water quality limited for dissolved 
oxygen as long as it did not result in a measurable reduction of dissolved oxygen as 
defined above and it was determined that the low DO values were due to a natural 
condition. A site specific criteria for the waterbody would need to be developed and 
submitted to EPA for review and approval.  
 
All feasible steps: OAR 340-41-026 (3) (D) indicates that: “Sources shall continue to 
maintain and improve, if necessary, the surface water temperature management plan in 
order to maintain the cooling trend until the numeric criterion is achieved or until the 
Department, in consultation with the Designated Management Agencies (DMAs), has 
determined that all feasible steps have been taken to meet the criterion and that the 
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designated beneficial uses are not being adversely impacted. In this latter situation, the 
temperature achieved after all feasible steps have been taken will be the temperature 
criterion for the surface waters covered by the applicable management plan. The 
determination that all feasible steps have been taken will be based on, but not limited to, 
a site-specific balance of the following criteria: protection of beneficial uses; 
appropriateness to local conditions; use of best treatment technologies or management 
practices or measures; and cost of compliance.”   
 
As indicated, if the waters do not come into compliance with the standard after all 
feasible steps have been taken, the Department would develop a site-specific criteria 
which would be submitted to EPA for approval pursuant to EPA policy. 
 
1.0º F increase for new or increased discharge loads from point sources or hydro-
power projects in temperature water quality limited basins: OAR 340-41-026 (3) (F), 
(G), (H) state:  “(F) In basins determined by the Department to be exceeding the numeric 
temperature criteria, and which are required to develop surface water temperature 
management plans, new or increased discharge loads from point source sources which 
require an NPDES permit under Section 402 of the Clean Water Act or hydro-power 
projects which require certification under Section 401 of the Clean Water Act are allowed 
a 1.0ºF total cumulative increase in surface water temperatures as the surface water  
 
temperature management plan is being developed and implemented for the water quality 
limited basin if: 

(i)  in the best professional judgment of the Department, the new or increased 
discharge load, even with the resulting 1.0ºF cumulative increase, will not conflict 
with or impair the ability of the surface water temperature management plan to 
achieve the numeric temperature criteria; and 

(ii)  A new or expanding source must demonstrate that it fits within the 1.0ºF increase 
and that its activities will not result in a measurable impact on beneficial uses. 
This latter showing must be made by demonstrating to the Department that the 
temperature change due to its activities will be less than or equal to 0.25ºF under 
a conservative approach or by demonstrating the same to the EQC with 
appropriate modeling. 

 
(G) Any source may petition the Department for an exception to paragraph (F) of this 
subsection, provided: 

(i)  The discharge will result in less than 1.0ºF increase at the edge of the mixing 
zone, and subparagraph (ii) or (iii) of this paragraph applies; 

(ii)  The source provides the necessary scientific information to describe how the 
designated beneficial uses would not be adversely impacted; or 

(iii)  The source demonstrates that: 
(I)  It is implementing all reasonable management practices; 
(II)  Its activity will not significantly affect the beneficial uses; and 
(III) The environmental cost of treating the parameter to the level necessary to 

assure full protection would outweigh the risk to the resource.  
 
OAR 340-41-026 (3) (F) and (G) reflect an implementation policy for OAR 340-41-026 
(3) (C). They clarify under what conditions the Department could allow for an increase in 
load to a waterbody that is water quality limited for temperature as long as the load did 
not result in a measurable increase in temperature (less than or equal to 0.25ºF) or a 
cumulative increase of 1.0ºF under (F) but a source could petition for up to the 
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cumulative increase of 1.0ºF under (G). The cumulative increase typically addresses the 
situation where there may be multiple new or increased discharges. A TMDL would still 
be developed to bring the waterbody back into compliance with the temperature criteria. 
The WLA and the permit for the new or increased source would target the appropriate 
temperature criteria using a conservative approach as shown below (e.g. calculations 
would be made using 63ºF so that the cumulative increase would not be above the 
standard of 64ºF).2 
 
OAR 340-41-026 (3) (H) states: “Any source or DMA may petition the Commission for an 
exception to paragraph (F) of this subsection, provided: 

(i)  The source or DMA provides the necessary scientific information to describe how 
the designated beneficial uses would not be adversely impacted; or 

(ii)  The source or DMA demonstrates that: 
(I)  It is implementing all reasonable management practices; 
(II)  Its activity will not significantly affect the beneficial uses; and 
(III) The environmental cost of treating the parameter to the level necessary to 

assure full protection would outweigh the risk to the resource. “ 
 

This exemption is a variance policy in which a source can petition the Commission to 
allow the temperature to increase by a specified amount for a limited period of time in 
order to allow for new or increased point source discharges to water quality limited 
waters until a TMDL is prepared. The variance would be submitted to EPA for review 
and approval. These variances would be reviewed again during the development of a 
TMDL or at permit renewal. 
 
Source Petition for an exception to temperature criteria: OAR 340-41-basin (2)(b)(C) 
specifies that “Any source may petition the Commission for an exception to 
subparagraph (A)…of this subsection for discharge above the identified criteria if: (i) The 
source provides the necessary scientific information to describe how the designated 
beneficial uses would not be adversely impacted; or (ii) a source is implementing all 
reasonable management practices or measures; its activity will not significantly affect the 
beneficial uses; and the environmental cost of treating the parameter to the level 
necessary to assure full protection would outweigh the risk to the resource.”  

2 Examples of various of discharge scenarios using a conservative mass balance analysis. The odd numbered examples 
show a scenario when the stream meets standards. The subsequent even numbered example shows the scenario when 
the stream is above standard. Examples 1 - 4 would be addressed under OAR 340-41-026 (3) (F); examples 5 - 8 would 
be addressed under OAR 340-41-026 (3) (G); and examples 9 - 10 would be addressed under OAR 340-41-026 (3) (H). 
 
Example     Upstream      Effluent      Downstream  Change in 

 Flow Temp Flow Temp Flow Temp Temp 
1 10 63 0.4 69.5 10.4 63.25 0.25 
2 10 73 0.4 69.5 10.4 72.87 -0.13 
3 10 63 0.1 88 10.1 63.25 0.25 
4 10 73 0.1 88 10.1 73.15 0.15 
5 10 63 0.4 79.5 10.4 63.63 0.63 
6 10 73 0.4 79.5 10.4 73.25 0.25 
7 10 63 0.4 89 10.4 64.00 1.00 
8 10 73 0.4 89 10.4 73.62 0.62 
9 10 61.5 1 89 11 64.00 2.50 
10 10 73 1 89 11 74.45 1.45 
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This will be, for most cases, a variance policy which allows the temperature to increase 
by a specified amount for a limited period of time in order to allow for an existing point 
source to discharge to water quality limited waters until a TMDL is prepared. In the case 
where that source would be the major cause for the temperature criteria to be exceeded 
and a TMDL would not be developed for that waterbody to bring it back into compliance, 
a site specific criteria would be developed and submitted to EPA for approval. 
 
pH Standard exception:  OAR 340-41-basin (2) (d) states “The following exception 
applies: Waters impounded by dams existing on January 1, 1996, which have pHs that 
exceed the criteria shall not be considered in violation of the standard if the Department 
determines that the exceedence would not occur without the impoundment and that all 
practicable measures have been taken to bring the pH in the impounded waters into 
compliance with the criteria.”  
 
This language was intended to address the situation where a hydroproject would be 
applying for a 401 re-certification and it was found that the action of impounding the 
waters caused algal growth which caused the reservoir to subsequently exceed the pH 
standard. This might set up the situation where the only way to re-certify the project 
would be to destroy the dam which may not be the preferred option. In the cases where 
this exception would be applied, the Department would develop either a TMDL for 
nutrients in the upstream watershed, develop a site specific criteria for the waterbody or 
develop a use attainability analysis to modify the uses for portions of the reservoir. 
 
Final Note: ODFW has a great deal of knowledge regarding location and timing for 
presence, spawning, etc of fish in Oregon streams. Much of this information is either in 
the files contained in local field offices or is gained from the judgment of the local 
biologist. Until recently, it has not been mapped. A mapping effort is underway and is 
furthest along for Bull Trout and Anadromous fish species. There is a coordinated effort 
underway entitled “StreamNet” (www.streamnet.org). This work is focused on a species 
by species mapping which would need to be generalized to match cold, cool, warm-
water classification and spawning vs rearing groupings indicated in the standards. 
Issues such as mapping scales and coverage would still need to be worked out. This 
effort, to better categorize aquatic life uses, could be addressed in subsequent triennial 
standards reviews but will need additional funding to complete. 
 
There are quite a number of standards related issues that are candidates for 
consideration during the next triennial review. ODEQ and EPA should get together once 
ODEQ has hired a new standards coordinator to discuss priorities and approaches for 
conducting the next triennial review process. 
Please feel to contact Andy Schaedel (503-229-6121) or Lynne Kennedy (503-229-
5371) if you have further questions. 
 

Sincerely, 
 
 

Michael T. Llewelyn 
Administrator, Water Quality Division 

cc: Water Quality Managers 

Appendix 1 

Exhibit 5



  

Appendix 1 

Exhibit 5



Appendix 2. February 4, 2004 
DEQ Letter to EPA Region 10, 
Oregon Responses to EPA 
Questions on State’s Water 
Quality Temperature Standards 
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  Oregon             Department of Environmental 

Quality Headquarters 
 Theodore Kulongoski, Governor 

811 SW Sixth Avenue 
Portland, OR 97204-1390 

(503) 229-5696 
FAX (503)229-6124 
TTY (503) 229-6993 

February 4, 2004 
 
Mr. Randy Smith, Director 
Office of Water 
U.S. EPA Region 10 
1200 Sixth Avenue 
Seattle, WA 98101 
 
Re:  Oregon Responses to EPA Questions re the State’s water quality temperature 
standards 
 
Dear Mr. Smith: 
 
This letter is a follow up to our similar correspondence of December 19, 2003, which 
described Oregon’s newly adopted antidegradation and temperature rules. There are three 
purposes for this letter. First, we are offering similar clarifications regarding the State’s 
intended methodology for identifying natural conditions for parameters other than 
temperature. Second, we are commenting on several proposed conservation measures 
EPA is developing pursuant to consultation under the Endangered Species Act. Finally, 
we are providing your Agency with information on the application of the dissolved 
oxygen criteria to resident fish spawning. 
 
Natural Conditions 
 
As we indicated in our earlier letter, our revised rules make it clear that where ODEQ 
identifies a natural condition which is less stringent than the numeric criteria set out in 
the State’s water quality standards, the natural condition supercedes the numeric criteria.  
Very similar language appeared in our previous rules, which were previously approved 
by EPA. 
 
By definition, “natural conditions” are those pollutants that are present in the State’s 
waters that are not attributable to anthropogenic activities. Rather, these conditions are 
caused by local geophysical, hydrological and meteorological processes and wildlife. 
ODEQ anticipates that site-specific natural conditions might be identified for the 
following parameters: 
 

• Bacteria (attributed to wildlife) 
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• Metals (attributed to naturally eroding ore deposits) 
• Nutrients (attributed to background soil, vegetation and/or wildlife conditions) 
• Sediments and Turbidity (attributed to soil erosion and/or organic matter not 

accelerated by human activities) 
• Other parameters attributed to similar natural processes. 

Prior to a natural condition superceding otherwise applicable numeric criteria, ODEQ 
will make a finding as to the level at which the pollutant is present with no influence 
from anthropogenic activities. Similarly, ODEQ will document the natural process 
contributing to the presence of the pollutant. The specific methodology used to support a 
natural condition finding may vary in each local situation. However, in general the 
methodologies used will be similar to that described in our December 19, 2003 letter: 
 

• Reference streams, 
• Pollutant transport models, 
• DNA testing,  
• Historical data (where available) and/or  
• Other sampling methods and studies. 

 
The public will have specific notice of these natural conditions whenever they are 
relevant to one of the Clean Water Act regulatory programs. The public notices and 
documentation accompanying the biannual 303(d) listing process, draft TMDLs, draft 
NPDES permits and 401 water quality certifications will indicate that the otherwise 
applicable numeric criteria have been superceded by a natural conditions finding. 
Moreover, since 303(d) listings and TMDLs are transmitted to EPA for approval, the 
Agency will have an opportunity to review ODEQ ’s natural conditions conclusions. 
ODEQ is committed to work with EPA as natural condition methodologies are refined in 
the TMDL, NPDES and 303(d) listing contexts. 
 
ODEQ expects that natural conditions will most commonly be identified through the 
TMDL process. In that circumstance, EPA will have an opportunity to review and 
evaluate any natural condition determination as part of its TMDL approval action. ODEQ 
will list the water bodies where “natural conditions” findings have been made on our 
standards web page to ensure that the public is aware and notified of natural conditions,  
 
It should be noted that it is possible, at some locations in the State, that the natural 
condition will not support, and never has supported a designated beneficial use. In such 
circumstances, ODEQ will modify the designated use to properly adjust the beneficial 
use to better reflect the existing use of the water segment.  
 
Proposed Conservation Measures  
 
ODEQ is aware that EPA is considering several conservation measures associated with 
its approval of the State water quality standards revisions. EPA has inquired whether 
ODEQ would participate in these conservation measures if they are pursued. To begin 
with, ODEQ notes that most of these conservation measures pursue information on the 
future implementation of the State’s standards. They are best categorized as efforts 
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intended to identify additional information supporting the use of our standards once they 
are in place. 
 
Since Oregon has a strong interest in these federal initiatives, ODEQ will, resources 
allowing, participate in the proposed conservation measures as described in EPA’s 
Biological Evaluation: Temperature Monitoring and Use Designations (2.5.1) and the 
Two Year Review (2.5.2). 
 
Dissolved Oxygen and Spawning 
 
The revised Oregon rules clarified spawning locations and timing for anadromous fish 
and Lahontan Cutthroat Trout. Due to a lack of site specific data for species other than 
these, and since temperature criteria for spawning were not established for other species, 
no similar clarification was made for resident trout (i.e., rainbow, redband, Westslope 
cutthroat and coastal cutthroat) or char (bull trout) spawning. However, the dissolved 
oxygen criteria contain provisions that continue to apply to resident trout and char 
spawning areas. ODEQ will use the following dates to apply the dissolved oxygen 
spawning criteria (throughout the range where the Oregon maps indicate trout rearing, 
redband trout and core cold water habitat uses are identified).  
 
Resident Trout Spawning (Redband, Rainbow, Westslope and Coastal Cutthroat) 
 

• For waters designated as trout rearing, or redband trout use, spawning is deemed 
to occur from January 1 – May 15 each year; 

 
• For waters designated as core cold water habitat, or bull trout spawning and 

rearing use, resident trout spawning is deemed to occur from January 1 – June 15 
each year; and  

 
• For trout rearing waters upstream from core cold water habitat, spawning is also 

deemed to occur from January 1 – June 15 each year.  
 
Char (Bull Trout) Spawning   
 
The following dates apply to all reaches designated as having “bull trout spawning and 
rearing use” within the specified basin or subbasin: 
 
 
Basin   Subbasin Spawning Period  Source of Information 
 
South Willamette   Aug 15 – May 30   ODFW 
  
John Day    Sept 1 – April 30   ODFW 
 
Umatilla    Sept 1 – April 30   ODFW 
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Walla Walla    Sept 1 – April 30   ODFW 
 
Grand Ronde      Upper G. R. Sept 1 – April 15   ODFW 
       Wallowa  Sept 1 – May 15   ODFW 
       Wenaha  Aug 15 – March 31   ODFW 
 
Imnaha    Aug 15 – May 31   ODFW 
 
Hood     Aug 15 – May 15   USFWS 
 
Deschutes    Aug 15 – May 15   USFWS 
 
Powder    Aug 15 – May 15   USFWS 
 
Malheur    Aug 15 – May 30   USFWS 
  
 
Klamath    Aug 15 - May 30   USFWS 
 
This timing information will be circulated to ODEQ field staff responsible for 
implementing the dissolved oxygen criteria. ODEQ will continue to refine all of these 
designations as more information is developed on resident trout and char spawning 
activities.  
 
Oregon looks forward to EPA’s review and approval of our water quality standards. If 
you require any additional information or clarification of these rules, please contact me or 
have your staff call Mark Charles, water quality standards manager at (503) 229-5589.  
 
Sincerely,  
 
 
Michael T. Llewelyn, Administrator 
Water Quality Program 
 
 
Cc: Stephanie Hallock - ODEQ  
 Mark Charles - ODEQ  
 Paula van Haagen - EPA 
  Mary Lou Soscia - EPA 
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Toxic Substance Human Health and Aquatic Life Criteria Used for the 2012 
Integrated Report 

 
The following table combines the aquatic life criteria from OAR 340-041 Table 20 and the human health toxic substance criteria from OAR 340-041 
Table 40. These criteria are applied for the 2012 Integrated Report. The aquatic life toxic criteria in this table do not reflect EPA’s Jan. 31, 2013 
approval and disapproval actions on Oregon’s aquatic life criteria which were revised and adopted by the Environmental Quality Commission (EQC) 
in 2004. The EQC has not officially adopted this table and it does not replace OAR 340-041Table 20 or OAR 340-041 Table 40. 
 
Effective Human Health and Aquatic Life Criteria for CWA Purposes (Based on Tables 20 and 40) 

No. Pollutant CAS No. Carcinogen 

Human Health 
Criteria:                  

Water + Organism 
(µg/L) 

Human Health 
Criteria: 

Organism Only 
(µg/L) 

Freshwater 
Acute 

Criteria 
(CMC) µg/L 

Freshwater 
Chronic 
Criteria 

(CCC) µg/L 

Marine 
Acute 

Criteria 
(CMC) µg/L 

Marine          
Chronic          
Criteria               

(CCC) µg/L 
1 Acenaphthene 83329 n 95 99 -- -- -- -- 
2 Acrolein 107028 n 0.88 0.93 -- -- -- -- 
3 Acrylonitrile 107131 y 0.018 0.025 -- -- -- -- 
4 Aldrin 309002 y 0.0000050 0.0000050 3 -- 1.3 -- 
5 Alkalinity   -- -- -- 20,000 -- -- 
6 Ammonia 7664417 

 
 -- -- All criteria are pH and temperature dependent 

See document USEPA January 1985 (Fresh Water) 
See document USEPA April 1989 (Marine Water) 

7 Anthracene 120127 n 2900 4000 -- -- -- -- 
8 Antimony 7440360 n 5.1 64 -- -- -- -- 
9 Arsenic (inorganic) 7440382 y 2.1 2.1 (freshwater) 

1.0 (saltwater) 
-- -- -- -- 

The arsenic criteria are expressed as total inorganic arsenic. The “organism only” criteria are based on a risk level of approximately of 1.1 x 10-5, and the “water + organism” 
criterion is based on a risk level of 1 x 10-4. 

10 Arsenic (tri)   -- -- 360 190 69 36 

11 Asbestos 1332214 y 7,000,000 fibers/L -- -- -- -- -- 
The human health risks from asbestos are primarily from drinking water, therefore no “organism only” criterion was developed. The “water + organism” criterion is based on the 

Maximum Contaminant Level (MCL) established under the Safe Drinking Water Act. 
12 Barium  7440393 n 1000 -- -- -- -- -- 

The human health criterion for barium is the same as originally published in the 1976 EPA Red Book which predates the 1980 methodology and did not utilize the fish ingestion BCF 
approach. This same criterion value was also published in the 1986 EPA Gold Book. Human health risks are primarily from drinking water, therefore no “organism only” criterion was 

developed. The “water + organism” criterion is based on the Maximum Contaminant Level (MCL) established under the Safe Drinking Water Act. 
13 Benzene 71432 y 0.44 1.4 -- -- -- -- 
14 Benzidine 92875 y 0.000018 0.000020 -- -- -- -- 
15 Benz(a)anthracene 56553 y 0.0013 0.0018 -- -- -- -- 
16 Benzo(a)pyrene 50328 y 0.0013 0.0018 -- -- -- -- 
17 Benzo(b)fluoranthene 3,4 205992 y 0.0013 0.0018 -- -- -- -- 
18 Benzo(k)fluoranthene 207089 y 0.0013 0.0018 -- -- -- -- 
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No. Pollutant CAS No. Carcinogen 

Human Health 
Criteria:                  

Water + Organism 
(µg/L) 

Human Health 
Criteria: 

Organism Only 
(µg/L) 

Freshwater 
Acute 

Criteria 
(CMC) µg/L 

Freshwater 
Chronic 
Criteria 

(CCC) µg/L 

Marine 
Acute 

Criteria 
(CMC) µg/L 

Marine          
Chronic          
Criteria               

(CCC) µg/L 
19 BHC Alpha 319846 y 0.00045 0.00049 -- -- -- -- 
20 BHC Beta 319857 y 0.0016 0.0017 -- -- -- -- 
21 BHC Gamma (Lindane) 58899 n 0.17 0.18 2.0 0.08 0.16 -- 
22 Bromoform 75252 y 3.3 14 -- -- -- -- 
23 Butylbenzyl Phthalate 85687 n 190 190 -- -- -- -- 
24 Cadmium 7440439  -- -- 3.9* 1.1* 43 9.3 

*The freshwater criteria are hardness dependent (100 mg/L used). 
25 Carbon Tetrachloride 56235 y 0.10 0.16 -- -- -- -- 
26 Chlordane 57749 y 0.000081 0.000081 2.4 0.0043 0.09 0.004 
27 Chloride 16887006  -- -- 860,000 230,000   
28 Chlorine 7782505  -- -- 19 11 13 7.5 
29 Chlorobenzene 108907 n 74 160 -- -- -- -- 
30 Chlorodibromomethane 124481 y 0.31 1.3 -- -- -- -- 
31 Chloroethyl Ether bis 2 111444 y 0.020 0.05 -- -- -- -- 
32 Chloroform 67663 n 260 1100 -- -- -- -- 
33 Chloroisopropyl Ether bis 

2 
108601 n 1200 6500 -- -- -- -- 

34 Chloromethyl ether, bis 542881 y 0.000024 0.000029 -- -- -- -- 
35 Chloronaphthalene 2 91587 n 150 160 -- -- -- -- 
36 Chlorophenol 2 95578 n 14 15 -- -- -- -- 
37 Chlorophenoxy Herbicide 

(2,4,5,-TP)  
93721 n 10 -- -- -- -- -- 

The Chlorophenoxy Herbicide (2,4,5,-TP) criterion is the same as originally published in the 1976 EPA Red Book which predates the 1980 methodology and did not utilize the fish 
ingestion BCF approach. This same criterion value was also published in the 1986 EPA Gold Book. Human health risks are primarily from drinking water, therefore no “organism 

only” criterion was developed. The “water + organism” criterion is based on the Maximum Contaminant Level (MCL) established under the Safe Drinking Water Act. 
38 Chlorophenoxy Herbicide 

(2,4-D)  
94757 n 100 -- -- -- -- -- 

The Chlorophenoxy Herbicide (2,4-D) criterion is the same as originally published in the 1976 EPA Red Book which predates the 1980 methodology and did not utilize the fish 
ingestion BCF approach. This same criterion value was also published in the 1986 EPA Gold Book. Human health risks are primarily from drinking water, therefore no “organism 

only” criterion was developed. The “water + organism” criterion is based on the Maximum Contaminant Level (MCL) established under the Safe Drinking Water Act.  
39 Chlorpyrifos 2921882  -- -- 0.083 0.041 0.011 0.0056 
40 Chromium (Hex) 18540299  -- -- 16 11 1100 50 
41 Chromium (Tri)   -- -- 1700 210 -- -- 

Freshwater criteria hardness dependent (100 mg/L used) 
42 Chrysene 218019 y 0.0013 0.0018 -- -- -- -- 
43 Copper  7440508 n 1300▪ -- 18* 12* 2.9 2.9 

▪ Human health risks from copper are primarily from drinking water, therefore no “organism only” criterion was developed. The “water + organism” criterion is based on the Maximum 
Contaminant Level (MCL) established under the Safe Drinking Water Act. 

*Freshwater criteria hardness dependent (100 mg/L used) 
44 Cyanide  57125 n 130▪ 130▪ 22 5.2 1 1 

▪ The cyanide criterion is expressed as total cyanide (CN)/L. 
45 DDD 4,4' 72548 y 0.000031 0.000031 -- -- -- -- 
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No. Pollutant CAS No. Carcinogen 

Human Health 
Criteria:                  

Water + Organism 
(µg/L) 

Human Health 
Criteria: 

Organism Only 
(µg/L) 

Freshwater 
Acute 

Criteria 
(CMC) µg/L 

Freshwater 
Chronic 
Criteria 

(CCC) µg/L 

Marine 
Acute 

Criteria 
(CMC) µg/L 

Marine          
Chronic          
Criteria               

(CCC) µg/L 
46 DDE 4,4' 72559 y 0.000022 0.000022 -- -- -- -- 
47 DDT 4,4' 50293 y 0.000022 0.000022 1.1 0.001 0.13 0.001 
48 Demeton 8065483  -- -- -- 0.1 -- 0.1 
49 Dibenz(a,h)anthracene 53703 y 0.0013 0.0018 -- -- -- -- 
50 Dichlorobenzene(m) 1,3 541731 n 80 96 -- -- -- -- 
51 Dichlorobenzene(o) 1,2 95501 n 110 130 -- -- -- -- 
52 Dichlorobenzene(p) 1,4 106467 n 16 19 -- -- -- -- 
53 Dichlorobenzidine 3,3' 91941 y 0.0027 0.0028 -- -- -- -- 
54 Dichlorobromomethane 75274 y 0.42 1.7 -- -- -- -- 
55 Dichloroethane 1,2 107062 y 0.35 3.7 -- -- -- -- 
56 Dichloroethylene 1,1 75354 n 230 710 -- -- -- -- 
57 Dichloroethylene trans 

1,2 
156605 n 120 1000 -- -- -- -- 

58 Dichlorophenol 2,4 120832 n 23 29 -- -- -- -- 
59 Dichloropropane 1,2 78875 y 0.38 1.5 -- -- -- -- 
60 Dichloropropene 1,3 542756 y 0.30 2.1 -- -- -- -- 
61 Dieldrin 60571 y 0.0000053 0.0000054 2.5 0.0019 0.71 0.0019 
62 Diethyl Phthalate 84662 n 3800 4400 -- -- -- -- 
63 Dimethyl Phthalate 131113 n 84000 110000 -- -- -- -- 
64 Dimethylphenol 2,4 105679 n 76 85 -- -- -- -- 
65 Di-n-butyl Phthalate 84742 n 400 450 -- -- -- -- 
66 Dinitrophenol 2,4 51285 n 62 530 -- -- -- -- 
67 Dinitrophenols 25550587 n 62 530 -- -- -- -- 
68 Dinitrotoluene 2,4 121142 y 0.084 0.34 -- -- -- -- 
69 Dioxin (2,3,7,8-TCDD) 1746016 y 5.1E-10 5.1E-10 -- -- -- -- 
70 Diphenylhydrazine 1,2 122667 y 0.014 0.020 -- -- -- -- 
71 Endosulfan 115297  -- -- 0.22 0.056 0.034 0.0087 
72 Endosulfan Alpha 959988 n 8.5 8.9 -- -- -- -- 
73 Endosulfan Beta 33213659 n 8.5 8.9 -- -- -- -- 
74 Endosulfan Sulfate 1031078 n 8.5 8.9 -- -- -- -- 
75 Endrin 72208 n 0.024 0.024 0.18 0.0023 0.037 0.0023 
76 Endrin Aldehyde 7421934 n 0.030 0.030 -- -- -- -- 
77 Ethylbenzene 100414 n 160 210 -- -- -- -- 
78 Ethylhexyl Phthalate bis 

2 
117817 y 0.20 0.22 -- -- -- -- 

79 Fluoranthene 206440 n 14 14 -- -- -- -- 
80 Fluorene 86737 n 390 530 -- -- -- -- 
81 Guthion 86500  -- -- -- 0.01 -- 0.01 
82 Heptachlor 76448 y 0.0000079 0.0000079 0.52 0.0038 0.053 0.0036 
83 Heptachlor Epoxide 1024573 y 0.0000039 0.0000039 -- -- -- -- 
84 Hexachlorobenzene 118741 y 0.000029 0.000029 -- -- -- -- 
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No. Pollutant CAS No. Carcinogen 

Human Health 
Criteria:                  

Water + Organism 
(µg/L) 

Human Health 
Criteria: 

Organism Only 
(µg/L) 

Freshwater 
Acute 

Criteria 
(CMC) µg/L 

Freshwater 
Chronic 
Criteria 

(CCC) µg/L 

Marine 
Acute 

Criteria 
(CMC) µg/L 

Marine          
Chronic          
Criteria               

(CCC) µg/L 
85 Hexachlorobutadiene 87683 y 0.36 1.8 -- -- -- -- 
86 Hexachlorocyclo-hexane-

Technical 
608731 y 0.0014 0.0015 -- -- -- -- 

87 Hexachlorocyclopentadie
ne 

77474 n 30 110 -- -- -- -- 

88 Hexachloroethane 67721 y 0.29 0.33 -- -- -- -- 
89 Indeno(1,2,3-cd)pyrene 193395 y 0.0013 0.0018 -- -- -- -- 
90 Iron 7439896  -- -- -- 1000 -- -- 
91 Isophorone 78591 y 27 96 -- -- -- -- 
92 Lead 7439921  -- -- 82* 3.2* 140 5.6 

*The freshwater criteria are hardness dependent (100 mg/L used) 
93 Malathion 121755  -- -- -- 0.1 -- 0.1 
94 Manganese  7439965 n  -- 100 -- -- -- -- 

The “fish consumption only” criterion for manganese applies only to salt water and is for total manganese. This EPA recommended criterion predates the 1980 human health 
methodology and does not utilize the fish ingestion BCF calculation method or a fish consumption rate. 

95 Mercury 7439976  -- -- 2.4 0.012 2.1 0.025 
96 Methoxychlor  72435 n 100▪ -- -- 0.03 -- 0.03 

 ▪ The human health criterion for methoxychlor is the same as originally published in the 1976 EPA Red Book which predates the 1980 methodology and did not utilize the fish 
ingestion BCF approach. This same criterion value was also published in the 1986 EPA Gold Book. Human health risks are primarily from drinking water, therefore no “organism 

only” criterion was developed. The “water + organism” criterion is based on the Maximum Contaminant Level (MCL) established under the Safe Drinking Water Act.  
97 Methyl Bromide 74839 n 37 150 -- -- -- -- 
98 Methyl-4,6-dinitrophenol 

2 
534521 n 9.2 28 -- -- -- -- 

99 Methylene Chloride 75092 y 4.3 59 -- -- -- -- 
100 Methylmercury (mg/kg)  22967926 n -- 0.040 mg/kg -- -- -- -- 

This value is expressed as the fish tissue concentration of methylmercury. Contaminated fish and shellfish is the primary human route of exposure to methylmercury 
101 Mirex 2385855  -- -- -- 0.001 -- 0.001 
102 Nickel 7440020 n 140 170 1400* 160* 75 8.3 

*The freshwater criteria are hardness dependent (100 mg/L used). 
103 Nitrates  14797558 n 10000 -- -- -- -- -- 
The human health criterion for nitrates is the same as originally published in the 1976 EPA Red Book which predates the 1980 methodology and did not utilize the fish ingestion BCF 
approach. This same criterion value was also published in the 1986 EPA Gold Book. Human health risks are primarily from drinking water, therefore no “organism only” criterion was 

developed. The “water + organism” criterion is based on the Maximum Contaminant Level (MCL) established under the Safe Drinking Water Act. 
104 Nitrobenzene 98953 n 14 69 -- -- -- -- 
105 Nitrosamines 35576911 y 0.00079 0.046 -- -- -- -- 
106 Nitrosodibutylamine, N 924163 y 0.0050 0.022 -- -- -- -- 
107 Nitrosodiethylamine, N 55185 y 0.00079 0.046 -- -- -- -- 
108 Nitrosodimethylamine, N 62759 y 0.00068 0.30 -- -- -- -- 
109 Nitrosodi-n-propylamine, 

N 
621647 y 0.0046 0.051 -- -- -- -- 

110 Nitrosodiphenylamine, N 86306 y 0.55 0.60 -- -- -- -- 
111 Nitrosopyrrolidine, N 930552 y 0.016 3.4 -- -- -- -- 
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No. Pollutant CAS No. Carcinogen 

Human Health 
Criteria:                  

Water + Organism 
(µg/L) 

Human Health 
Criteria: 

Organism Only 
(µg/L) 

Freshwater 
Acute 

Criteria 
(CMC) µg/L 

Freshwater 
Chronic 
Criteria 

(CCC) µg/L 

Marine 
Acute 

Criteria 
(CMC) µg/L 

Marine          
Chronic          
Criteria               

(CCC) µg/L 
112 Parathion 56382  -- -- 0.065 0.013 -- -- 
113 Pentachlorobenzene 608935 n 0.15 0.15 -- -- -- -- 
114 Pentachlorophenol 87865 y 0.15 0.30 20* 13* 13 -- 

*The freshwater criteria are pH dependent (7.8 pH used). 
115 Phenol 108952 n 9400 86000 -- -- -- -- 
116 Phosphorus Elemental 7723140  -- -- -- -- -- 0.1 
117 Polychlorinated 

Biphenyls (PCBs)  
NA  y 0.0000064▪ 0.0000064▪ 2 0.014 10 0.03 

▪ This criterion applies to total PCBs (e.g. determined as Aroclors or congeners). 
118 Pyrene 129000 n 290 400 -- -- -- -- 
119 Selenium 7782492 n 120 420 260 35 410 54 
120 Silver 7440224  -- -- 4.1* 0.12 2.3  

*The freshwater acute criterion is hardness dependent (100 mg/L used). 
121 Sulfide Hydrogen Sulfide 7783064  -- -- -- 2 -- 2 
122 Tetrachlorobenzene, 

1,2,4,5- 
95943 n 0.11 0.11 -- -- -- -- 

123 Tetrachloroethane 
1,1,2,2 

79345 y 0.12 0.40 -- -- -- -- 

124 Tetrachloroethylene 127184 y 0.24 0.33 -- -- -- -- 
125 Thallium 7440280 n 0.043 0.047 -- -- -- -- 
126 Toluene 108883 n 720 1500 -- -- -- -- 
127 Toxaphene 8001352 y 0.000028 0.000028 0.73 0.0002 0.21 0.0002 
128 Trichlorobenzene 1,2,4 120821 n 6.4 7.0 -- -- -- -- 
129 Trichloroethane 1,1,2 79005 y 0.44 1.6 -- -- -- -- 
130 Trichloroethylene 79016 y 1.4 3.0 -- -- -- -- 
131 Trichlorophenol 2,4,6 88062 y 0.23 0.24 -- -- -- -- 
132 Trichlorophenol, 2, 4, 5- 95954 n 330 360 -- -- -- -- 
133 Vinyl Chloride 75014 y 0.023 0.24 -- -- -- -- 
134 Zinc 7440666 n 2100 2600 120* 110* 95 86 

*The freshwater criteria are hardness dependent (100 mg/L is used). 
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Water Quality > Washington State's Water Quality Assessment and 303(d) List > Differences Between the Recent 303(d) Lists

Differences Between the Recent 303(d)
Lists

Proposed | Current | 2008 | 2006 | 2004 | 2002 |
1998 | 1996 | 305(b) Reports

Proposed

The freshwater-focused Water Quality Assessment is under
development. It will be based mainly on new, readily available, water
quality data for fresh water. Data for fresh waters was pulled from
Ecology’s Environmental Information Management (EIM) database, as well as other federal databases. It has
been compiled and is currently being assessed for the next listing cycle. Public review is expected to occur in
the fall of 2013, but that may slip if we run into unexpected problems. The assessment of raw data is being
performed by Ecology’s Environmental Assessment Program instead of the Water Quality Program.

We are changing our base mapping GIS layers from the Longitude/Latitude Identification System (LLID) to
the 1:24,000 scale National Hydrography Dataset (NHD). We expect to complete this changeover process
and present the effects of this change to the public as a separate series of actions, prior to releasing the
Proposed Assessment for public review. The major consequence of this change is that the segmentation size
of streams and rivers will no longer be defined by section lines under the Public Land Survey System (PLSS)
system of Township/Range/Section. Instead, the segments will be based upon a confluence-to confluence
type system.

Current

After the 2008 Water Quality Assessment Ecology, with EPA approval, went to a rotating system for
completing the assessment. This cycle focused on marine waters. The next cycle will focus on freshwater.
The focus will continue to alternate between marine and freshwater cycles. The primary reason for moving to
this process is due to the volume of new data and the time required for organizing, assessing, and reviewing
the affected listings.

The Query Tool underwent significant improvements. Foremost is the ability to search with multiple criteria,
such as multiple Listing IDs or water resource inventory areas (WRIAs). We have also added the ability to
search for listings based on information in the Remarks section.

Ecology presented the Category 3 listings for review. Category 3 is where we place listings that we do not
have enough information to make another category determination. In many cases the Basis reports no
excursions, but there haven’t been enough samples to comply with the minimum requirements for Category
1.

This Assessment and 303(d) list was approved by EPA in December 21, 2012. Once the next Assessment is
approved, this Current Assessment will be given the title of “2012 Water Quality Assessment” to reflect more
on when the assessment was approved rather than when the assessment was scheduled for completion.

2008

The 2008 Water Quality Assessment (WQA) and 303(d) list continued the process of reporting waters by
using a category system.
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The hydrology layer was changed from the 1:100,000 scale Washington Surface Water Identification System
(WASWIS) layer to the Longitude/Latitude ID (LLID) layer. The result is greater definition at the 1:24,000
scale and is an intermediate step in changing over to the National Hydrography Dataset (NHD). This change
primarily affected the stream/river waters. Lakes and marine waters are still the same as they appeared in
the 2004 assessment. Ecology plans to move to the 1:24,000 scale NHD water layer for the next
assessment.

The contaminated sediment listings now appear as ¼-sized grid cells. The grid cells are displayed on the
mapping tool as well as selectable through the query tool. Previously, the sediment listings were kept in a
separate database and were not viewable on the mapping tool.

The Credible Data Act was passed and as a result, Ecology now requires that data submitted for the WQA be
submitted to Ecology through the Environmental Information Management (EIM) system. This addition has
increased the transparency of the assessment process.

The mapping tool now has the ability to select listings by the Puget Sound Actions Areas (PSAAs) as defined
by the Puget Sound Partnership.

Listings can be downloaded in Excel or PDF format using the query tool. The results will be based on
individual queries, so the results can be tailored to the user’s needs.

top of page

2006

In consultation with EPA it was decided that there would be no “2006” assessment and 303(d) list. Instead, it
would be called the 2008 assessment. The 2008 listing cycle satisfies the Environmental Protection Agency’s
requirements for both the 2006 and 2008 assessment periods.

top of page

2004

The 2004 WQA and 303(d) list took the nearly-completed 2002 WQA and added a large amount of new data.
The 2004 assessment and 303(d) list used the same GIS layers, water identification system, and
segmentation used in the 1998 and 2002 assessments. There was still a concern about segment size, but
Ecology decided to keep the current system for the sake of having some data that could be compared to the
1998 list. Such direct comparisons to the 1996  303(d) list were not possible because of the segmentation
system. We updated the Simple Query Tool and the Interactive Mapping Tool to the latest technology.
Judging by the overwhelmingly favorable responses received from the public, the electronic presentation was
a success.

More information about the 2004 Assessment

top of page

2002

The 2002 WQA and 303(d) list used the same GIS layers, identification system, and segmentation system as
the 1996 303(d) list. However, the 2004 list added a new complexity: categories of impairment. Category 5
represents the 303(d) list. All other categories represent the information that was provided to EPA in the
305(b) report. This consolidated format was dubbed the "Integrated Report" by EPA. Washington State,
however, adopted the name "Water Quality Assessment".

The number of records tracked in the database increased by tenfold. Providing this information to the public
as paper documents would have consumed an excessive amount of paper. So, Ecology decided to present
the information using two tools: the Simple Query Tool and the Interactive Mapping Tool. It took an
enormous amount of time to prepare this new combined list. The final product was nearly complete in 2004.
An agreement was made with EPA that if the Ecology conducted an additional call for data in 2004, this data
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could be incorporated into the 2002 list and submitted as a 2002/2004 list. The 2002 list was never
submitted to EPA for approval, but is included in the 2004 submittal.

top of page

1998

The 1998 303(d) list introduced a new GIS water layer set: the Washington State Water Identification
System (WASWIS). The WASWIS consisted of three separate GIS layers: one for streams, one for lakes, and
one for the marine areas and lakes larger than 1500 acres. This third layer is frequently referred to as the
grid layer. A new segmentation system was also used. The segment lengths of streams were shortened by
tying them to the Public Land Survey System (PLSS). The PLSS is a system of land division that is in wide
use today and is based on Townships, Ranges and Sections (TRS). A stream segment was defined as that
portion of the stream within any particular section. Streams were then identified by what has been referred
to as a "license plate number". Typically this was two letters followed by two numbers followed by two more
letters. In the case of Fishtrap Creek, the WASWIS identification number became "RN53NC". However, there
was no hidden meaning to the code. The segments were identified by using two address points on the
stream. The Upper Route Address identified the point where the stream entered a section and the Lower
Route Address identified the point where the stream left the section. The addresses represented the
distance, in kilometers, from the mouth of the stream identified by the WASWIS ID number. To identify any
particular stream on the WASWIS GIS layer, we needed to know the ID for the stream and the Lower Route
Address. These numbers were derived by overlaying the TRS layer over the stream layer and identifying the
address. The segments typically, though not necessarily, represented approximately one mile in length. This
is because a typical section is one mile square. The result was that entire streams were no longer identified
as impaired. Only the portion of the stream where the impairment had been found was identified. This
segmentation system was decried by various environmental groups as masking the amount of polluted
streams by using artificially small segments. This situation was compared to a pendulum - the 1996
segments were too large; the 1998 segments were too small.

More information about the 1998 Assessment

top of page

1996

The 1996 303(d) list used a GIS water layer that we now refer to as the Water Body Identification (WBID)
layer. Streams were identified using a code. Typically the code consisted of the letters "WA-", followed by the
WRIA number, and then given a 4 digit identifier for that particular stream. For example, the Fishtrap Creek
in WRIA 1 was identified as WA-01-1115. This creek also had a further text description of MOUTH AT
NOOKSACK RM 13.2 TO HEADWATERS, WDF #01.0228. The segmentation system was also the stream
identification. Therefore, this particular creek was one segment and represented the creek in its entirety. If
impairment was noted, the entire creek would be identified as impaired.

While this system was fairly simple, it would be abandoned because it was determined that industry and
agriculture could be restricted unnecessarily due to the broad length of the segment.

More information about the 1996 Assessment

********************************************************************************

The 305(b) Report

The Section 305(b) report, required by the CWA, describes the current conditions of the state's waters to the
U.S. Congress and the public. It is a state-wide narrative assessment of the status of all the state's waters,
whereas the 303(d) list reports just on the impaired waters of the state.

305(b) Reports for Previous Years
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2004 - Present: covered in the Water Quality Assessment as category 5 listings visible in
the search tool.
2002 305(b) Report.
2001 305(b) Report.
2000 305(b) Report.
1998 305(b) Report (PDF).

Contact us for more information

Back to top of page

Last updated January 2014

Copyright © Washington State Department of Ecology. See http://www.ecy.wa.gov/copyright.html.
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Jeopardy and 
Destruction or Adverse Modification of Critical Habitat

Endangered Species Act
Biological Opinion

for

Environmental Protection Agency’s Proposed Approval of Certain Oregon Administrative Rules 
Related to Revised Water Quality Criteria for Toxic Pollutants

NMFS Consultation Number: 2008/00148

Federal Action Agency: U.S. Environmental Protection Agency

Affected Species and Determinations:

ESA-Listed Species
Status

Is Action Likely 
to Adversely 

Affect Species 
or Critical 
Habitat?

Is Action 
Likely to 

Jeopardize 
Species?

Is Action Likely 
to Destroy or 

Adversely 
Modify Critical 

Habitat?
Lower Columbia River Chinook 
salmon (Oncorhynchus tshawytscha)

Threatened
Yes Yes Yes

Upper Willamette River Chinook 
salmon (Oncorhynchus tshawytscha)

Threatened
Yes Yes Yes

Upper Columbia River spring-run 
Chinook salmon (Oncorhynchus 
tshawytscha)

Endangered
Yes Yes Yes

Snake River spring/summer run 
Chinook salmon (Oncorhynchus 
tshawytscha)

Threatened
Yes Yes Yes

Snake River fall-run Chinook salmon 
(Oncorhynchus tshawytscha)

Threatened
Yes Yes Yes

Columbia River chum salmon 
(Oncorhynchus keta)

Threatened Yes Yes Yes

Lower Columbia River coho salmon 
(Oncorhynchus kisutch)

Threatened Yes Yes Yes

Southern Oregon/Northern California 
Coasts coho salmon (Oncorhynchus 
kisutch)

Threatened Yes Yes Yes

Oregon Coast coho salmon 
(Oncorhynchus kisutch)

Threatened Yes Yes Yes

Snake River sockeye salmon
(Oncorhynchus nerka)

Endangered Yes Yes Yes

Lower Columbia River steelhead 
(Oncorhynchus mykiss)

Threatened Yes Yes Yes

Upper Willamette River steelhead 
(Oncorhynchus mykiss)

Threatened Yes Yes Yes

Middle Columbia River steelhead 
(Oncorhynchus mykiss)

Threatened Yes Yes Yes
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1. INTRODUCTION

This Introduction section provides information relevant to the other sections of this document 
and is incorporated by reference.

1.1 Background

The biological opinion (opinion) and incidental take statement portions of this document were 
prepared by the National Marine Fisheries Service (NMFS) in accordance with section 7(b) of 
the Endangered Species Act (ESA) of 1973, as amended (16 U.S.C. 1531, et seq.), and 
implementing regulations at 50 CFR 402.

The opinion is in compliance with section 515 of the Treasury and General Government 
Appropriations Act of 2001 (Public Law 106-5444) (“Data Quality Act”) and underwent pre-
dissemination review.

1.2 Consultation History

On June 9, 2004, and September 15, 2004, NMFS, the U.S. Fish and Wildlife Service (FWS), 
and the U.S. Environmental Protection Agency (EPA) met to develop a work plan for the 
consultation on EPA’s proposed approval of the 2004 Oregon revisions to state water quality 
standards for toxic pollutants.

Between September 2005 and February 2007, NMFS, EPA, and FWS participated in a series of 
technical and policy workgroup meetings, conference calls, and e-mail exchanges, and discussed 
and reviewed EPA’s draft methodology for conducting biological evaluations (BE) of EPA’s 
aquatic life criteria methods manual (Methods Manual, EPA 2005). Key events covered over this 
period are summarized below.

On August 9, 2005, EPA provided NMFS with a copy of the methods manual.

On October 3, 2005, EPA provided NMFS with a preliminary analysis for saltwater zinc 
and saltwater cadmium to review.

On November 9, 2005, November 10, 2005, and November 17, 2005, NMFS provided 
EPA several issue papers detailing technical issues with the methods manual and the 
preliminary analyses for saltwater zinc and saltwater cadmium.

On April 7, 2006, Northwest Environmental Advocates (NWEA) sent EPA a 60-day 
notice of intent to sue for violations of the Clean Water Act (CWA).

On August 21, 2006, EPA provided NMFS with a draft BE on the effects of its proposed 
approval of 39 freshwater and 16 saltwater criteria for toxics to review.

On November 2, 2006, NMFS provided EPA with detailed comments on the draft 
BE for toxics. In our letter, we identified several fundamental problems with the 
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application of the methods manual and the draft BE. Subject areas that needed substantial 
revision or a new approach are summarized below by category.

Median lethal concentration (LC50) toxicity data interpretation and application
No observable effect concentration (NOEC) toxicity data interpretation and 
application
Exclusion of published toxicity data in the BE analysis
Acute adjustment factor
Sublethal effects analysis
Chemical mixture analysis
Scale of effect determinations—effects of the action as a whole versus effects 
based on individual criterion

On December 20, 2006, NMFS, FWS and EPA met to discuss issues with the draft 
BE and the methods manual.

On February 2, 2007, NMFS, FWS, and EPA developed a draft issues paper as a means 
to resolve outstanding issues with the BE.

On February 6, 2007, NMFS, FWS, and EPA met to discuss a path forward for resolving 
outstanding issues with the BE.

On January 16, 2008, EPA submitted a BE with a letter requesting formal consultation on 
its proposed approval of the Oregon revisions to state water quality standards for toxic 
pollutants.

On April 4, 2008, NMFS submitted a data request via letter to EPA.

On May 23, 2008, EPA and NWEA settled their lawsuit via consent decree.

October 3, 2008, EPA provided the last of the data requests to NMFS.

On May 26, 2009, NWEA sent NMFS a 60-day notice of intent to sue for failing to 
timely complete ESA section 7 consultation.

On August 23, 2010, NMFS and NWEA settled their lawsuit via a stipulated order of 
dismissal.

Between January 2012 through May 2012, NMFS and EPA participated in a series of 
meetings to discuss the findings in the draft opinion and develop the reasonable and 
prudent alternative, including meeting with EPA region 10 staff on April 19, 2012, to 
discuss the reasonable and prudent alternatives and reasonable and prudent measures.

On February 24, 2012, NMFS provided EPA with a preliminary draft opinion.
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On March 8, 2012, NMFS meet with representatives of the Columbia River Inter-Tribal 
Fish Commission for a technical-level meeting on the consultation.

On March 20, 2012, NMFS meet with representatives of the Yakama Nation for a 
technical-level meeting on the consultation.

On March 28, 2012, NMFS sent EPA a letter regarding the court-ordered deadline and 
key dates for interagency coordination to finalizing the opinion.

On April 11, 2012, NMFS received a letter from EPA recognizing the court-ordered 
deadline and key dates for interagency coordination to finalizing the opinion.

On May 7, 2012, NMFS received a letter from EPA with comments on the February 24, 
2012, draft opinion.

On May 7, 2012, NMFS provided EPA with a final draft opinion.

Between May 17, 2012, and August 1, 2012, NMFS and EPA exchanged information on
the development of the reasonable and prudent alternative (RPA).

On August 9, 2012, EPA sent NMFS a letter withdrawing their request for consultation 
on Oregon’s acute and chronic aluminum criteria as “EPA has determined that the BE 
submitted to NMFS in January 2008 incorrectly described the proposed federal action 
under consultation for aluminum (i.e., CW A § 303(c)(3) approval of Oregon's 
submission of aluminum criteria). Specifically, Oregon’s submitted description of the 
pollutant refers to aluminum in waters with a pH of 6.5- 9.0, but a footnote in the 
criterion itself indicates that the criterion is meant to apply to waters with pH less than 
6.6 and hardness less than 12 mg/L (as CaCO3).” Due to the court-ordered deadline of 
August 14, 2012, NMFS did not have time to modify its opinion to exclude acute and 
chronic aluminum from the document. The NMFS acknowledges EPA’s revision to the 
proposed action, however, and notes it does not anticipate EPA will carry out the RPA 
for aluminum in light of this change. The NMFS will await a further request from EPA 
relating to EPA’s potential future actions regarding Oregon's aluminum criteria.

1.3 Proposed Action

The proposed action is EPA’s, Region 10, proposed approval of portions of Oregon 
Administrative Rules (340-041-0033) related to revised water quality criteria for toxic pollutants 
for aquatic life (Table 1.1) under section 303(c) of the Clean Water Act (CWA), and 40 CFR 
131. The CWA requires all states to adopt water quality standards (WQS) to restore and maintain 
the physical, chemical, and biological integrity the Nation’s waters. Section 303(c) of the act 
requires states to adopt chemical-specific, numeric criteria for priority toxic pollutants. The 
criteria must protect state-designated beneficial uses of water bodies. Development of WQS is 
primarily the responsibility of the states, but adoption of the WQS is subject to approval by EPA. 
The EPA is proposing to approve or disapprove Oregon’s proposed numeric water quality 
criteria for 20 toxic pollutants that include 39 freshwater criteria and 26 saltwater criteria. 
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Oregon’s proposed aquatic life criteria are listed in Table 1.1. The Oregon criteria are identical to 
the national criteria developed by EPA and recommended by EPA to states for adoption. Table 
1.2 provides a comparison of the Oregon’s existing numeric criteria with the proposed numeric 
criteria for aquatic life subject to this consultation. Table 1.3 lists all the toxic criteria with 
numeric criteria (regulated by Oregon) and those without numeric criteria (unregulated). In the 
BE, EPA evaluated the proposed criteria as continuous water quality conditions, i.e., EPA 
assumed that listed species would be exposed to waters meeting the proposed water quality 
criteria listed in Table 1.1. The EPA assumed that the numeric criteria would be met outside the 
State’s applicable mixing zone boundaries, i.e., that the criteria represent ambient water quality 
conditions.

Proposed aquatic life criteria that are the same or more stringent than previously approved by
EPA may be used prior to EPA approval in national pollution elimination system [NPDES and 
stormwater (MS4)] permits issued by the Oregon Department of Environmental Quality (ODEQ) 
unless they are (1) formula-based metals, (2) ammonia, (3) were previously total recoverable 
criteria, or (4) would discharge into a 303(d)-listed impaired water, and are otherwise not in 
effect until approved by EPA. Compounds subject to pre-approval use are lindane, dieldrin, 
endosulfan-alpha, endosulfan-beta, and heptachlor epoxide, all legacy compounds, i.e.,
compounds that are either no longer in use or their use is highly restricted within the U.S.

The acute criterion is the Criterion Maximum Concentration (CMC) and is EPA’s acute criterion 
recommendation. The CMC is set to one-half of the fifth percentile of the average acute toxicity 
values for the various genera tested. The EPA’s technical support document (EPA 1991) 
recommends that the one-hour average exposure concentrations should not exceed the CMC 
more than once every three years on the average.

The chronic criterion is the Criterion Continuous Concentration (CCC), criterion for indefinite 
exposures, and is EPA’s chronic criterion recommendation. The CCC is derived from a set of 
chronic toxicity values, which are the geometric mean of the highest no observed effect 
concentrations (NOEC) and lowest observed effect concentrations (LOEC) for survival, growth, 
or reproduction in tests which range from seven days to several months or more. The EPA’s 
technical support document (EPA 1991) recommends that the four-day average exposure 
concentrations should not exceed the CCC more frequently than once every three years on the 
average.

For ammonia, the numeric criteria are based on the following equations (numeric criteria for
ammonia are calculated based on site-specific pH and temperature):

1)     Acute ammonia criterion, salmonid fishes present:     

CMC  =     0.275 + 39.0
1 +10 7.204- pH 1 + 10 pH - 7.204

Exhibit 7a



-5-

2)     Acute ammonia criterion, salmonid fishes absent:      

CMC =      0.411 + 58.4
1 + 10 7.204 - pH             1 + 10 pH - 7.204

3) Chronic ammonia criterion, early life stages present:         

CCC =    0.577 2.487
1+10 7.688 - pH + 1+10 pH - 7.688   * MIN (2.85, 1.45* 10) 0.028(25-T)

4) Chronic ammonia criterion, early life stages not present:  

CCC =    0.577 + 2.487
1+10 7.688 - pH 1+10 pH - 7.688   *1.45* 10 0.028 (25- (MAX T, 7) )

The freshwater criterion for cadmium, chromium (III), copper, lead, nickel, silver, and zinc are 
expressed as a function of hardness (CaCO3 mg/L) in the water column (refer to Appendix A in 
the BE, pages 16-26, for equations and conversion factors).
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Table 1.1 Proposed Oregon aquatic life criteria for toxics. All values are expressed as 
micrograms per liter ( g/L) except where noted. Shaded cells denote no criteria 
proposed for EPA approval.

Compounds Freshwater Acute
Criteria ( g/L)

Freshwater Chronic
Criteria ( g/L)

Saltwater
Acute
Criteria ( g/L)

Saltwater
Chronic
Criteria ( g/L)

Aluminum 750 87

Ammonia* 5.6 mg/L 1.7 mg/L

Arsenic 340 150 69 36

gamma-BHC (Lindane) 0.95

Cadmium 2.0 .25 40 8.8

Chromium (III) 570 74

Chromium (VI) 16 11 1100 50

Copper 13 9.0 4.8 3.1

Dieldrin 0.24 0.056

alpha- Endosulfan 0.22  0.056 0.034 0.0087  

beta- Endosulfan 0.22 0.056 0.034 0.0087  

Endrin 0.086 0.036

Heptachlor epoxide 0.52 0.0038 0.053 0.0036

Lead 65 2.5 210 8.1

Nickel 470 52 74 8.2

Pentachlorophenol 19 15 7.9

Selenium 190 5.0 290 71

Silver 3.2 0.10 1.9

Tributyltin .46 .063 .37 .01

Zinc 120 120 90 81

* See equations 1, 2, 3, and 4.
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Table 1.2 Existing and proposed numeric criteria for aquatic life in Oregon.

Compound

Existing 
Acute 
Criteria

Proposed 
Acute 
Criteria

Existing 
Chronic 
Criteria

Proposed 
Chronic 
Criteria

Existing 
Acute 
Criteria

Proposed 
Acute 
Criteria

Existing 
Chronic 
Criteria

Proposed 
Chronic 
Criteria

FW FW FW FW SW SW SW SW

Ar 360 340 190 150 69 69 36 36

Cd 3.9 2 1.1 0.25 43 40 9.3 8.8

CrIII 1700 570 210 74

CrVI 16 16 11 11 1100 1100 50 50

Cu 18 13 12 9 2.9 4.8 2.9 3.1

Pb 82 65 3.2 2.5 140 210 5.6 8.1

Ni 1400 470 160 52 75 74 8.3 8.2

Se 260 190 35 5 410 290 54 71

Ag 4.1 3.2 0.12 0.1 2.3 1.9

Zn 120 120 110 120 95 90 86 81

PCP 20 19 13 15 7.9

Dieldrin 2.5 0.24 0.0019 0.056

Endrin 0.18 0.086 0.0023 0.036

Ammonia 6 5.6 0.76 1.7

Lindane 2 0.95 0.8

TBT 0.46 0.063 0.37 0.01

Al 750 87

Hept E 0.52 0.0038 0.053 0.0036

Endo-a 0.22 0.056 0.034 0.0087

Endo-b 0.22 0.056 0.034 0.0087

same 7

more strict 30

less strict 9
previously 

unregulated 19

No criteria proposed
Boldtype=legacy compounds
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Table 1.3 Regulated and unregulated toxic compounds in the State of Oregon (ODEQ 
2003). Compounds considered in this opinion for approval by EPA are shaded.

Aquatic Life Criteria
Freshwater Freshwater Marine Marine

Acute Criteria Chronic Criteria Acute Criteria
Chronic 
Criteria

Compound ( g/L)
Antimony
Arsenic * 360 190 69 36
Cadmium *** 3.9 1.1 43 9.3
Chromium III *** 1700 210
Chromium VI * 16 11 1100 50
Copper *** 18 12 2.9 2.9
Lead *** 82 3.2 241 5.6
Mercury 2.4 0.012 2.1 0.025
Nickel *** 1400 160 75 8.3
Selenium * 260 35 410 54
Silver ** 4.1 0.12 2.3
Thallium
Zinc *** 120 110 95 86
Cyanide 22 5.2 1 1
Asbestos
Dioxin (2,3,7,8-TCDD)
Acrolein
Acrylonitrile
Benzene
Bromoform
Carbon Tetrachloride
Chlorobenzene
Chlorodibromomethane
Chloroform
Dichlorobromomethane
Dichloroethane 1,2-
Dichloroethylene 1,1-
Dichloropropane 1,2-
Dichloropropene 1,3-
Ethylbenzene
Methyl Bromide
Methylene Chloride
Tetrachloroethane 1,1,2,2-
Tetrachloroethylene
Toluene
Dichloroethylene 1,2-Trans-
Trichloroethane 1,1,2-
Trichloroethylene
Vinyl Chloride
Chlorophenol 2-
Dichlorophenol 2,4-
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Aquatic Life Criteria
Freshwater Freshwater Marine Marine

Acute Criteria Chronic Criteria Acute Criteria
Chronic 
Criteria

Compound ( g/L)
Dimethylphenol 2,4-
Methyl-4,6-Dinitrophenol 2-
Dinitrophenol 2,4-
Pentachlorophenol 20 13 13 7.9
Phenol
Trichlorophenol 2,4,6-
Acenaphthene
Anthracene
Benzidine
BenzoaAnthracene
BenzoaPyrene
BenzobFluoranthene
BenzokFluoranthene
ChloroethylEther, Bis2-
ChloroisopropylEther, Bis2-
EthylhexylPhthalate, Bis2-
Butylbenzyl Phthalate
Chloronaphthalene 2-
Chrysene
Dibenzoa,hAnthracene
Dichlorobenzene 1,2-
Dichlorobenzene 1,3-
Dichlorobenzene 1,4-
Dichlorobenzidine 3,3'-
DiethylPhthalate
Dimethyl Phthalate
Di-n-Butyl Phthalate
Dinitrotoluene 2,4-
Diphenylhydrazine 1,2-
Fluoranthene
Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Ideno1,2,3-cdPyrene
Isophorone
Nitrobenzene
Nitrosodimethylamine, N-
Nitrosodi-n-Propylamine, N-
Nitrosodiphenylamine, N-
Pyrene
Trichlorobenzene 1,2,4-
Aldrin 3.0 1.3
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Aquatic Life Criteria
Freshwater Freshwater Marine Marine

Acute Criteria Chronic Criteria Acute Criteria
Chronic 
Criteria

Compound ( g/L)
BHC, alpha-
BHC, beta-
BHC, gamma- (Lindane) 2 0.08 0.16
Chlordane 2.4 0.0043 0.09 0.004
DDT 4,4'- 1.1 0.001 0.13 0.001
DDE 4,4'-
DDD 4,4'-
Dieldrin 2.5 0.0019 0.71 0.0019
Alpha-Endosulfan
Beta-Endosulfan
Endosulfan Sulfate
Endrin 0.18 0.0023 0.037 0.0023
Endrin Aldehyde
Heptachlor 0.52 0.0038 0.053 0.0036
Heptachlor Epoxide
Polychlorinated biphenyls PCBs: 2 0.014 10 0.03
Toxaphene 0.73 0.0002 0.21 0.0002
Aluminum
Ammonia (mg/L) 6 0.76
Barium
Chloride 860000 230000
Chlorine 19 11 13 7.5
Chlorophenoxy Herbicide 2,4,5,-TP
Chlorophenoxy Herbicide 2,4-D
Chloropyrifos 0.083 0.041 0.011 0.0056
Demeton 0.1 0.1
Ether, Bis Chloromethyl
Guthion 0.01 0.01
Hexachlorocyclo-hexane-Technical
Iron 1000
Malathion 0.1 0.1
Manganese
Methoxychlor 0.03 0.03
Mirex 0.001 0.001
Nitrates
Nitrosamines
Dinitrophenols
Nitrosodibutylamine,N
Nitrosodiethylamine,N
Nitrosopyrrolidine,N
Parathion 0.065 0.013
Pentachlorobenzene
Phosphorus Elemental 0.1
Sulfide-Hydrogen Sulfide 2.0 2.0
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Aquatic Life Criteria
Freshwater Freshwater Marine Marine

Acute Criteria Chronic Criteria Acute Criteria
Chronic 
Criteria

Compound ( g/L)
Tetrachlorobenzene,1,2,4,5
Tributyltin TBT
Trichlorophenol 2,4,5
*       all criteria expressed as dissolved metal
**     all criteria expressed as dissolved metal. FW acute criteria are hardness dependent (concentration shown is 
hardness = 100 mg/L CaCO3)
***   all criteria expressed as dissolved metal. FW criteria are hardness dependent (concentration shown is 
hardness = 100 mg/L CaCO3)

1.4 Action Area

‘Action area’ means all areas to be affected directly or indirectly by the Federal action and not 
merely the immediate area involved in the action (50 CFR 402.02). The species occurring within 
the action area that are the subject of this consultation are listed in Table 1.4.1 and Table 1.4.2.

References for listing status and dates, ESA section 4(d) take prohibitions, and critical habitat 
designations are provided in Table 1.4.1 and Table 1.4.2.
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Table 1.4.1. Federal Register notices for final rules that list threatened and endangered species, 
designate critical habitats, or apply protective regulations to listed species 
considered in this consultation (anadromous fishes).

Species Listing Status Critical Habitat Protective 
Regulations

Chinook salmon (Oncorhynchus tshawytscha)
Lower Columbia River T 8/15/11; 76 FR 50448 9/02/05; 70 FR 52630 6/28/05; 70 FR 37160
Upper Willamette River T 8/15/11; 76 FR 50448 9/02/05; 70 FR 52630 6/28/05; 70 FR 37160
Upper Columbia River spring-run E 8/15/11; 76 FR 50448 9/02/05; 70 FR 52630 ESA section 9 applies
Snake River spring/summer run T 8/15/11; 76 FR 50448 10/25/99; 64 FR 57399 6/28/05; 70 FR 37160
Snake River fall-run T 8/15/11; 76 FR 50448 12/28/93; 58 FR 68543 6/28/05; 70 FR 37160

Chum salmon (O. keta)
Columbia River T 8/15/11; 76 FR 50448 9/02/05; 70 FR 52630 6/28/05; 70 FR 37160

Coho salmon (O. kisutch)
Lower Columbia River T 8/15/11; 76 FR 50448 Not applicable 6/28/05; 70 FR 37160

Southern Oregon/northern 
California coasts

T 8/15/11; 76 FR 50448 5/5/99; 64 FR 24049 6/28/05; 70 FR 37160

Oregon coast T 2/11/08; 73 FR 7816 2/11/08; 73 FR 7816 2/11/08; 73 FR 7816
Sockeye salmon (O. nerka)

Snake River E 8/15/11; 76 FR 50448 12/28/93; 58 FR 68543 ESA section 9 applies
Steelhead (O. mykiss)

Lower Columbia River T 8/15/11; 76 FR 50448 9/02/05; 70 FR 52630 6/28/05; 70 FR 37160
Upper Willamette River T 8/15/11; 76 FR 50448 9/02/05; 70 FR 52630 6/28/05; 70 FR 37160
Middle Columbia River T 8/15/11; 76 FR 50448 9/02/05; 70 FR 52630 6/28/05; 70 FR 37160
Upper Columbia River T 8/15/11; 76 FR 50448 9/02/05; 70 FR 52630 2/1/06; 71 FR 5178

Snake River basin T 8/15/11; 76 FR 50448 9/02/05; 70 FR 52630 6/28/05; 70 FR 37160
Green sturgeon (Acipenser medirostris)

Southern DPS
T 4/7/06; 71 FR 17757

10/9/2009: 74 FR 52300
6/2/10; 75 FR 30714

Eulachon (Thaleichthys pacificus)
Eulachon 3/18/10; 75 FR 13012 10/20/11; 76 FR 65324 Not applicable
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Table 1.4.2. Federal Register notices for final rules that list threatened and endangered species, 
designate critical habitats, or apply protective regulations to listed species 
considered in this consultation (marine mammals and turtles).

Species Listing Status Critical Habitat Protective Regulations

Southern Resident killer 
whale (Orcinus orca)

E 11/18/05; 70 FR 69903 11/29/06; 71 FR 69034 ESA section 9 applies

Steller sea lion 
(Eumetopias jubatus)

T 11/26/90; 55 FR 49204 8/27/93; 58 FR 45269 11/26/90; 55 FR 49204

Blue whale
(Balaenoptera musculus)

E 12/2/70; 35 FR 18319 Not applicable ESA section 9 applies

Fin whale 
(Balaenoptera physalus)

E 12/2/70; 35 FR 18319 Not applicable ESA section 9 applies

Sei whale
(Balaenoptera borealis)

E 12/2/70; 35 FR 18319 Not applicable ESA section 9 applies

Sperm whale
(Physeter macrocephalus)

E 12/2/70; 35 FR 18319 Not applicable ESA section 9 applies

Humpback whale 
(Megaptera novaeangliae)

E 12/2/70; 35 FR 18319 Not applicable ESA section 9 applies

North Pacific right whale 
(Eubalaena glacialis)

E 12/2/70; 35 FR 19319 7/6/06; 71 FR 38277 ESA section 9 applies

Loggerhead turtle
(Caretta caretta)

T 7/28/78; 43 FR 32800 Not applicable 7/28/78; 43 FR 32800

Green sea turtle
(Chelonia mydas)

T 7/28/78; 43 FR 32800 9/2/98; 63 FR 46693 7/28/78; 43 FR 32800

Leatherback turtle 
(Dermochelys coriacea)

E 12/2/70; 35 FR 18319 1/26/2012; 77 FR 4170 ESA section 9 applies

Olive Ridley turtle 
(Lepidochelys olivacea)

T 7/28/78; 43 FR 32800 Not applicable 7/28/78; 43 FR 32800

The fish considered in the opinion occur in the action area and use freshwater and marine 
habitats for multiple life history events, including incubation; emergence (residence in gravel); 
juvenile rearing, smoltification and migration; and adult migration, holding and spawning.

Marine mammals and sea turtles considered in this opinion occur in the marine portion of the 
below stated action area and use freshwater (Steller sea lions only) and marine habitats for 
multiple life history events, including foraging, rearing, and migration. Chinook salmon that 
originate from Oregon will disperse both north (to the coastal waters of Washington and the west 
coast of Vancouver Island), and south off the coast of California (Weitkamp 2010). Therefore, 
the action area for Southern Resident killer whales encompasses the whales’ entire coastal range 
from California to Vancouver, British Columbia where the marine ranges of Southern Residents 
and affected Chinook salmon overlap.
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The action area for this consultation includes the freshwater, estuarine, and ocean areas subject to 
the jurisdiction of the State of Oregon, where the criteria apply, as well as areas beyond the 
state’s jurisdiction where the regulated pollutants area likely to be transported. The action area 
includes the Pacific Ocean, limited to the entire coastal range from California to Vancouver, 
British Columbia, where the marine ranges of some of the species subject to this consultation 
(Southern Resident killer whales and Chinook salmon) overlap, and to which the particular 
compounds under consultation (Table 1.1) are transported beyond these limits by such biotic and 
abiotic factors as river runoff, tidal energy, topography, stratigraphy, biota 
trapping/assimilation), that may influence chemical transport processes beyond original areas of 
dispersion. 

Based on the chemical processes (sources, transport, fate, transformation) of compounds listed in 
Table 1.1, which are described later in this opinion, the action area, in addition to the Pacific 
Ocean area delineated above, includes all inland basins that provide access to the species listed in 
Table 1.1 (Figure 1.4.1 and Figure 1.4.2), including the Columbia River, bank-to-bank, from the 
mouth to the Washington-Oregon border [river mile (RM) 292]; and the Snake River, from RM 
169 to RM 247.5 (Figure 1.4.1 and Figure 1.4.2). The Klamath River originates in southwest 
Oregon. However, the Iron Gate dam prevents up-river migration of (southern Oregon/Northern 
California coasts) SONCC coho salmon across the Oregon-California border. Iron Gate dam is 
located on the Klamath River at river mile 190.2 in California. Based on the fact that no southern 
Oregon/Northern California coasts SONCC coho salmon from the Klamath Strata occur in 
Oregon, NMFS determined that individuals of populations in the Klamath, Trinity, or central 
strata are not at risk of direct exposure to the toxics listed in Table 1.1 in association with this 
action. 
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Figure 1.4.1. Overview of the of the action area (highlighted subbasins and the Pacific Ocean, 
not inclusive of the action area for Southern Resident killer whales).
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Figure 1.4.2. Action area (light shading) for southern resident killer whales. Reprinted from 
Wiles (2004).
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2. ENDANGERED SPECIES ACT BIOLOGICAL OPINION AND INCIDENTAL TAKE 
STATEMENT

The ESA establishes a national program for conserving threatened and endangered species of 
fish, wildlife, plants, and the habitat on which they depend. Section 7(a)(2) of the ESA requires 
Federal agencies to consult with the U.S. Fish and Wildlife Service, NMFS, or both, to ensure 
that their actions are not likely to jeopardize the continued existence of endangered or threatened 
species or adversely modify or destroy their designated critical habitat. Section 7(b)(3) requires 
that at the conclusion of consultation, the Service provide an opinion stating how the agencies’ 
actions will affect listed species or their critical habitat. If incidental take is expected, section 
7(b)(4) requires the provision of an incidental take statement (ITS) specifying the impact of any 
incidental taking, and including reasonable and prudent measures to minimize such impacts.

2.1 Introduction to the Biological Opinion

Section 7(a)(2) of the ESA requires Federal agencies, in consultation with NMFS, to insure that 
their actions are not likely to jeopardize the continued existence of endangered or threatened 
species, or adversely modify or destroy their designated critical habitat. The jeopardy analysis 
considers both survival and recovery of the species. The adverse modification analysis considers 
the impacts to the conservation value of the designated critical habitat. 

“To jeopardize the continued existence of a listed species” means to engage in an action that 
would be expected, directly or indirectly, to reduce appreciably the likelihood of both the 
survival and recovery of a listed species in the wild by reducing the reproduction, numbers, or 
distribution of that species (50 CFR 402.02).

This opinion does not rely on the regulatory definition of “destruction or adverse modification” 
of critical habitat at 50 CFR 402.02. Instead, we have relied upon the statutory provisions of the 
ESA to complete the following analysis with respect to critical habitat.1

2.2 Approach to the Assessment

We will use the following approach to determine whether the proposed action described in 
Section 1.4 is likely to jeopardize listed species or destroy or adversely modify critical habitat:

Identify the rangewide status of the species and critical habitat likely to be adversely 
affected by the proposed action. This section describes the current status of each listed 
species and its critical habitat relative to the conditions needed for recovery. For listed 
salmon and steelhead, NMFS has developed specific guidance for analyzing the status of 
the listed species’ component populations in a “viable salmonid populations” paper 
(VSP; McElhany et al. 2000). The VSP approach considers the abundance, productivity, 
spatial structure, and diversity of each population as part of the overall review of a 
species’ status. For listed salmon and steelhead, the VSP criteria therefore encompass the 

1 Memorandum from William T. Hogarth to Regional Administrators, Office of Protected Resources, NMFS 
(Application of the “Destruction or Adverse Modification” Standard Under Section 7(a)(2) of the Endangered pecies 
Act) (November 7, 2005).
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species’ “reproduction, numbers, or distribution” (50 CFR 402.02). In describing the 
range-wide status of listed species, we rely on viability assessments and criteria in 
technical recovery team documents and recovery plans, where available, that describe 
how VSP criteria are applied to specific populations, major population groups, and 
species. We determine the rangewide status of critical habitat by examining the condition 
of its physical or biological features (also called “primary constituent elements” or PCEs 
in some designations) – which were identified when the critical habitat was designated. 
Species and critical habitat status are discussed in Section 2.4 of this opinion.

Describe the environmental baseline for the proposed action. The environmental baseline 
includes the past and present impacts of Federal, state, or private actions and other human 
activities in the action area. It includes the anticipated impacts of proposed Federal 
projects that have already undergone formal or early section 7 consultation and the 
impacts of state or private actions that are contemporaneous with the consultation in 
process. The environmental baseline is discussed in section 2.5 of this opinion.

Analyze the effects of the proposed actions. In this step, NMFS considers how the 
proposed action would affect the species’ reproduction, numbers, and distribution or, in 
the case of salmon and steelhead, their VSP characteristics. 

Analyze the effects of the proposed actions. In this step, NMFS considers how the 
proposed action would affect the conservation value of critical habitat for the affected 
species.

Describe any cumulative effects. Cumulative effects, as defined in NMFS’ implementing 
regulations (50 CFR 402.02), are the effects of future state or private activities, not 
involving Federal activities, that are reasonably certain to occur within the action area. 
Future Federal actions that are unrelated to the proposed action are not considered 
because they require separate section 7 consultation. Cumulative effects are considered in 
Section 2.6.8 of this opinion.

Integrate and synthesize the above factors to assess the risk that the proposed action 
poses to species and critical habitat. In this step, NMFS adds the effects of the action 
(section 2.6) to the environmental baseline (section 2.5) and the cumulative effects 
(section 2.6.8) to assess whether the action could reasonably be expected to: (1) 
appreciably reduce the likelihood of both survival and recovery of the species in the wild 
by reducing its numbers, reproduction, or distribution; or (2) reduce the value of 
designated or proposed critical habitat for the conservation of the species. These 
assessments are made in full consideration of the status of the species and critical habitat 
(section 2.4). Integration and synthesis occurs in section 2.7 of this opinion.

Reach jeopardy and adverse modification conclusions. Conclusions regarding jeopardy 
and the destruction or adverse modification of critical habitat are presented in section 2.9
of this opinion. These conclusions flow from the logic and rationale presented in the 
Integration and Synthesis section (2.7) of this opinion.
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If necessary, define a reasonable and prudent alternative to the proposed action. If, in 
completing the last step in the analysis, NMFS determines that the action under 
consultation is likely to jeopardize the continued existence of listed species or destroy or 
adversely modify designated critical habitat, NMFS must identify a reasonable and
prudent alternative (RPA) to the action. The RPA must not be likely to jeopardize the 
continued existence of ESA-listed species nor destroy or adversely modify their 
designated critical habitat, and it must meet other regulatory requirements.

2.3. Species and Critical Habitat not considered further in this Opinion 

In this opinion NMFS concludes that the proposed action is not likely to adversely affect 
(NLAA) Steller sea lions, humpback whales, blue whales, fin whales, Sei whales, sperm whales, 
North Pacific Right whales, loggerhead sea turtles, green sea turtles, leatherback sea turtles, and 
Olive Ridley sea turtles. Refer to section 2.14 for NLAA determinations. 

2.4 Rangewide Status of the Species and Critical Habitat 

The summaries that follow describe the status of the listed species, and their designated critical 
habitats, that occur within the action area of this proposed action and are considered in this 
opinion. More detailed information on the status and trends of these listed resources, and their 
biology and ecology, can be found in the listing regulations and critical habitat designations 
published in the Federal Register (Table 1.4.1 and Table 1.4.2, above). 

2.4.1 Climate Change

Climate change is likely to play an increasingly important role in determining the abundance of 
listed species, and the conservation value of designated critical habitats, in the Pacific Northwest. 
These changes will not be spatially homogeneous across the Pacific Northwest. Areas with 
elevations high enough to maintain temperatures well below freezing for most of the winter and 
early spring would be less affected. Low-lying areas that historically have received scant 
precipitation contribute little to total streamflow and are likely to be more affected. 

During the last century, average regional air temperatures increased by 1.5°F, and increased up 
to 4°F in some areas (USGCRP 2009). Warming is likely to continue during the next century as 
average temperatures increase another 3 to 10°F (USGCRP 2009). Overall, about one-third of 
the current cold-water fish habitat in the Pacific Northwest is likely to exceed key water 
temperature thresholds by the end of this century (USGCRP 2009). 

Precipitation trends during the next century are less certain than for temperature but more 
precipitation is likely to occur during October through March and less during summer months, 
and more of the winter precipitation is likely to fall as rain rather than snow (ISAB 2007, 
USGCRP 2009). Where snow occurs, a warmer climate will cause earlier runoff so stream flows 
in late spring, summer, and fall will be lower and water temperatures will be warmer (ISAB 
2007, USGCRP 2009).
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Higher winter stream flows increase the risk that winter floods in sensitive watersheds will 
damage spawning redds and wash away incubating eggs (USGCRP 2009). Earlier peak stream 
flows will also flush some young salmon and steelhead from rivers to estuaries before they are 
physically mature, increasing stress and the risk of predation (USGCRP 2009). Lower stream 
flows and warmer water temperatures during summer will degrade summer rearing conditions, in 
part by increasing the prevalence and virulence of fish diseases and parasites (USGCRP 2009). 
Other adverse effects are likely to include altered migration patterns, accelerated embryo 
development, premature emergence of fry, variation in quality and quantity of tributary rearing 
habitat, and increased competition and predation risk from warm-water, non-native species 
(ISAB 2007).

The earth’s oceans are also warming, with considerable interannual and inter-decadal variability 
superimposed on the longer-term trend (Bindoff et al. 2007). Historically, warm periods in the 
coastal Pacific Ocean have coincided with relatively low abundances of salmon and steelhead, 
while cooler ocean periods have coincided with relatively high abundances (Scheuerell and 
Williams 2005, Zabel et al. 2006, USGCRP 2009). Ocean conditions adverse to salmon and 
steelhead may be more likely under a warming climate (Zabel et al. 2006).

2.4.2 Status of the Species

The status of species and critical habitat sections below are organized under four recovery 
domains (Table 2.4.2.1) to better integrate recovery planning information that NMFS is 
developing on the conservation status of the species and critical habitats considered in this 
consultation. Recovery domains are the geographically-based areas that NMFS is using to 
prepare multi-species recovery plans. Southern green sturgeon are under the jurisdiction of 
NMFS' Southwest Region. The first meeting of the recovery team for this species was announced 
to be held in December, 2009. A recovery team has not yet been convened for eulachon, a 
species under the jurisdiction of NMFS’ Northwest Region. Green sturgeon and eulachon may 
occur in multiple recovery domains.
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Table 2.4.2.1. Recovery planning domains identified by NMFS and their ESA-listed 
salmon and steelhead species.

Recovery Domain Species

Willamette-Lower Columbia (WLC)

LCR Chinook salmon
UWR Chinook salmon
CR chum salmon
LCR coho salmon
LCR steelhead
UWR steelhead

Interior Columbia (IC)

UCR spring-run Chinook salmon
SR spring/summer Chinook salmon
SR fall-run Chinook salmon
SR sockeye salmon
UCR steelhead
MCR steelhead
SRB steelhead

Oregon Coast (OC) OC coho salmon
Southern Oregon/Northern California Coasts 

(SONCC)
SONCC coho salmon

For each recovery domain, a technical review team (TRT) appointed by NMFS has developed, or 
is developing, criteria necessary to identify independent populations within each species, 
recommended viability criteria for those species, and descriptions of factors that limit species 
survival. Viability criteria are prescriptions of the biological conditions for populations, 
biogeographic strata, and ESUs that, if met, would indicate that the ESU will have a negligible 
risk of extinction over a 100-year time frame.2

The definition of a population used by each TRT to analyze salmon and steelhead is set forth in 
the “viable salmonid population” document prepared by NMFS for use in conservation 
assessments of Pacific salmon and steelhead (McElhany et al. 2000). That document defines 
population viability in terms of four variables: abundance, population growth rate (productivity), 
population spatial structure, and genetic diversity.

Abundance is of obvious importance since, in general, small populations are at greater risk of 
extinction than large populations, primarily because many processes that affect population 
dynamics may operate differently in small populations than in large populations (Shaffer 1987, 
McElhany et al. 2000).

2 For Pacific salmon, NMFS uses its 1991 ESU policy, that states that a population or group of populations will be 
considered a distinct population segment if it is an evolutionarily significant unit (ESU). An ESU represents a 
distinct population segment of Pacific salmon under the Endangered Species Act that 1) is substantially 
reproductively isolated from conspecific populations and 2) represents an important component of the evolutionary 
legacy of the species. The species O. mykiss is under the joint jurisdiction of NMFS and the Fish and Wildlife 
Service, so in making its listing January, 2006 determinations NMFS elected to use the 1996 joint FWS-NMFS DPS 
policy for this species.
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Population growth rate, the productivity over the entire life cycle, and factors that affect 
population growth rate provide information about how well a population is performing in the 
various habitats it occupies during the life cycle. Examining population growth rate allows one to 
assess if populations are able to replace themselves. Populations that consistently fail to replace 
themselves are at greater risk of extinction than populations that are consistently at or above 
replacement levels.

Spatial structure refers to the distribution of individuals within a population at a certain life stage 
throughout the available habitats, recognizing the abiotic and biotic processes that give rise to 
that structure. McElhany et al. (2000) gave two main reasons why spatial structure is important 
to consider when evaluating population viability: 1) overall extinction risk at longer time scales 
may be affected in ways not apparent from short-term observations of abundance and 
productivity, because there can be a time lag between changes in spatial structure and the 
resulting population-level effects, and 2) spatial population structure affects the ability of a 
population to respond to changing environmental conditions and therefore can influence 
evolutionary processes. Maintaining spatial structure within a population, and its associated 
benefits to viability, requires appropriate habitat conditions and suitable corridors linking the 
habitat and the marine environment to be consistently available.

Diversity relates to the variability of phenotypic characteristics such as life histories, individual 
size, fecundity, run timing, and other attributes exhibited by individuals and populations, as well 
as the genetic diversity that may underlie this variation. There are many reasons diversity is 
important in a spatially and temporally varying environment. Three key reasons are: (1) 
Diversity allows a species to use a wide array of environments; (2) diversity protects a species 
against short-term spatial and temporal changes in the environment; and (3) genetic diversity 
provides the raw material for surviving long-term environmental change (McElhany et al. 2000).

Although the TRTs operated from the common set of biological principals described in 
McElhany et al. (2000), they worked semi-independently from each other and developed criteria 
suitable to the species and conditions found in their specific recovery domains. All of the criteria 
have qualitative as well as quantitative aspects. The diversity of salmonid species and 
populations makes it impossible to set narrow quantitative guidelines that will fit all populations 
in all situations. For this and other reasons, viability criteria vary among species, mainly in the 
number and type of metrics and the scales at which the metrics apply (i.e., population, major 
population group (MPG, or strata, or ESU) (Busch et al. 2008).

Overall viability risk scores (high to low) are based on combined ratings for the abundance and 
productivity (A/P) and spatial structure and diversity3 (SS/D) metrics. WLC scores (Table 
2.4.2.2) are based on population persistence established by McElhany et al. (2006). IC-TRT 
viability criteria were based on (McElhany et al. 2000 and 2006), as well as the results of 
previous applications in other TRTs and a review of specific information available relative to 
listed IC ESU populations (IC-TRT 2007). The A/P score considers the TRT’s estimate of a
populations’ minimum threshold population, natural spawning abundance and the productivity of 

3 The WLC-TRT provided ratings for diversity and spatial structure risks. The IC-TRT provided spatial structure 
and diversity ratings combined as an integrated SS/D risk.
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the population. Productivity over the entire life cycle and factors that affect population growth 
rate provide information on how well a population is “performing” in the habitats it occupies 
during the life cycle. Estimates of population growth rate that indicate a population is 
consistently failing to replace itself are an indicator of increased extinction risk. The four metrics 
(abundance, productivity, spatial structure, and diversity) are not independent of one another and 
their relationship to sustainability depends on a variety of interdependent ecological processes 
(Wainwright et al. 2008).

Table 2.4.2.2. Population persistence categories from McElhany et al. (2006). A low or 
negligible risk of extinction is considered “viable” (Ford et al. 2011). 
Population persistence categories correspond to: 4 = very low (VL), 3 = 
low (L), 2 = moderate (M), 1 = high (H), and 0 = very high (VH) in 
Oregon populations, which corresponds to “extirpated or nearly so” (E) in 
Washington populations (Ford et al. 2011).

Population 
Persistence 
Category

Probability of 
population 

persistence in 
100 years

Probability of 
population 

extinction in 
100 years

Description

0 0-40% 60-100% Either extinct or “high” risk of extinction

1 40-75% 25-60% Relatively “high” risk of extinction in 100 years

2 75-95% 5-25% “Moderate” risk of extinction in 100 years

3 95-99% 1-5% “Low” (negligible) risk of extinction in 100 years

4 >99% <1% “Very low” risk of extinction in 100 years

Integrated SS/D risk combines risk for likely, future environmental conditions, and diversity
(McElhany et al. 2000, McElhany et al. 2007, Ford et al. 2011). Diversity factors include:

Life history traits: Distribution of major life history strategies within a population, 
variability of traits, mean value of traits, and loss of traits.
Effective population size: One of the indirect measures of diversity is effective 
population size. A population at chronic low abundance or experiencing even a single 
episode of low abundance can be at higher extinction risk because of loss of genetic 
variability, inbreeding and the expression of inbreeding depression, or the effects of 
mutation accumulation.
Impact of hatchery fish: Interbreeding of wild populations and hatchery origin fish can be 
a significant risk factor to the diversity of wild populations if the proportion of hatchery 
fish in the spawning population is high and their genetic similarity to the wild population is 
low.
Anthropogenic mortality: The susceptibility to mortality from harvest or habitat 
alterations will differ depending on size, age, run timing, disease resistance or other traits.
Habitat diversity: Habitat characteristics have clear selective effects on populations, and 
changes in habitat characteristics are likely to eventually lead to genetic changes through 
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selection for locally adapted traits. In assessing risk associated with altered habitat 
diversity, historical diversity is used as a reference point.

The boundaries of each population were defined using a combination of genetic information, 
geography, life-history traits, morphological traits, and population dynamics that indicate the 
extent of reproductive isolation among spawning groups. The overall viability of a species is a 
function of the VSP attributes of its constituent populations. Until a viability analysis of a species 
is completed, the VSP guidelines recommend that all populations should be managed to retain 
the potential to achieve viable status to ensure a rapid start along the road to recovery, and that 
no significant parts of the species are lost before a full recovery plan is implemented (McElhany 
et al. 2000).

The size and distribution of the species and their component populations considered in this 
opinion generally have declined over the last few decades due to natural phenomena and human 
activity, including climate change (as described in section 2.4.1), the operation of hydropower 
systems, over-harvest, effects of hatcheries, and habitat degradation. Enlarged populations of 
terns, seals, California sea lions, and other aquatic predators in the Pacific Northwest may be 
limiting the productivity of some Pacific salmon and steelhead populations (Ford et al. 2011). 

Southern distinct population segment (DPS) green sturgeon (southern green sturgeon) occur in 
all coastal recovery domains, although they only spawn in the Sacramento River system. 
Therefore, only subadults and adults may be present in recovery domains north of San Francisco 
Bay. Southern DPS eulachon (eulachon) also occur in all coastal recovery domains. However, 
the status of these species will only be presented once, with information presented for the 
Willamette and Lower Columbia (WLC) recovery domain. Each species consist of a single 
population.

Viability status is described below for each of the populations considered in this opinion. 

Southern Green Sturgeon. Two DPSs have been defined for green sturgeon (Acipenser 
medirostris), a northern DPS (spawning populations in the Klamath and Rogue rivers) and a 
southern DPS (spawners in the Sacramento River). There are no empirical data on population size 
and trends for green sturgeon in the Southern DPS. The estimated abundance (based on the percent 
of viable spawners) was 1,500 (NMFS 2010). Southern green sturgeon includes all naturally-
spawned populations of green sturgeon that occur south of the Eel River in Humboldt County, 
California. When not spawning, this anadromous species is broadly distributed in nearshore 
marine areas from Mexico to the Bering Sea. Although it is commonly observed in bays, 
estuaries, and sometimes the deep riverine mainstem in lower elevation reaches of non-natal 
rivers along the west coast of North America, the distribution and timing of estuarine use are 
poorly understood.

Southern green sturgeon occur in the Willamette and Lower Columbia (WLC), Oregon Coast 
(OC), and Southern Oregon/Northern California Coasts (SONCC) recovery domains. The 
principal factor for the decline of southern green sturgeon is the reduction of its spawning area to 
a single known population limited to a small portion of the Sacramento River. It is currently at 
risk of extinction primarily because of human-induced ‘‘takes’’ involving elimination of 
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freshwater spawning habitat, degradation of freshwater and estuarine habitat quality, water 
diversions, fishing, and other causes (USDC 2010). Adequate water flow and temperature are 
issues of concern. Water diversions pose an unknown but potentially serious threat within the 
Sacramento and Feather Rivers and the Sacramento River Delta. Poaching also poses an 
unknown but potentially serious threat because of high demand for sturgeon caviar. The effects 
of contaminants and nonnative species are also unknown but potentially serious threats. 
Retention of green sturgeon in both recreational and commercial fisheries is now prohibited 
within the western states, but the effect of capture/release in these fisheries is unknown. There is 
evidence of fish being retained illegally, although the magnitude of this activity likely is small 
(NOAA Fisheries 2011).

The viability of this species is still under assessment. 

Eulachon. The southern distinct population segment of eulachon occur in four salmon 
recovery domains: Puget Sound, the Willamette and Lower Columbia, Oregon Coast, and 
Southern Oregon/Northern California Coasts. The 5-year geometric mean abundance (2006-
2010) for eulachon (based on converting fish landings per pound to numbers of fish at 10.8 fish 
per pound) was 879,669 (NMFS 2010a). The ESA-listed population of eulachon includes all 
naturally-spawned populations that occur in rivers south of the Nass River in British Columbia to 
the Mad River in California. Core populations for this species include the Fraser River, 
Columbia River and (historically) the Klamath River. Eulachon leave saltwater to spawn in their 
natal streams late winter through early summer, and typically spawn at night in the lower reaches 
of larger rivers fed by snowmelt. After hatching, larvae are carried downstream and widely 
dispersed by estuarine and ocean currents. Eulachon movements in the ocean are poorly known 
although the amount of eulachon bycatch in the pink shrimp fishery seems to indicate that the 
distribution of these organisms overlap in the ocean.

In the early 1990s, there was an abrupt decline in the abundance of eulachon returning to the 
Columbia River with no evidence of returning to their former population levels since then (Drake
et al. 2008). Persistent low returns and landings of eulachon in the Columbia River from 1993 to 
2000 prompted the states of Oregon and Washington to adopt a Joint State Eulachon 
Management Plan in 2001 that provides for restricted harvest management when parental run 
strength, juvenile production, and ocean productivity forecast a poor return (WDFW and ODFW 
2001). Despite a brief period of improved returns in 2001–2003, the returns and associated 
commercial landings have again declined to the very low levels observed in the mid-1990s 
(JCRMS 2009), and since 2005, the fishery has operated at the most conservative level allowed 
in the management plan (JCRMS 2009). Large commercial and recreational fisheries have 
occurred in the Sandy River in the past. The most recent commercial harvest in the Sandy River 
was in 2003. No commercial harvest has been recorded for the Grays River from 1990 to the 
present, but larval sampling has confirmed successful spawning in recent years (USDC 2011a).

The primary factors responsible for the decline of the southern DPS of eulachon are changes in 
ocean conditions due to climate change (Gustafson et al. 2010, Gustafson et al. 2011),
particularly in the southern portion of its range where ocean warming trends may be the most
pronounced and may alter prey, spawning, and rearing success. Additional factors include 
climate-induced change to freshwater habitats, dams and water diversions (particularly in the 
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Columbia and Klamath Rivers where hydropower generation and flood control are major 
activities), and bycatch of eulachon in commercial fisheries (NOAA Fisheries 2011).
Other limiting factors include (Gustafson et al. 2010, Gustafson et al. 2011):

Adverse effects related to dams and water diversions
Artificial fish passage barriers
Increased water temperatures, insufficient streamflow
Altered sediment balances
Water pollution
Over-harvest
Predation 

Willamette-Lower Columbia Recovery Domain. Species in the Willamette-Lower 
Columbia (WLC) Recovery Domain include LCR Chinook salmon, UWR Chinook salmon, CR 
chum salmon, LCR coho salmon, LCR steelhead, UWR steelhead, southern green sturgeon, and 
eulachon. The WLC-TRT has identified 107 demographically independent populations of Pacific 
salmon and steelhead (Table 2.4.2.3). These populations were further aggregated into strata, 
groupings above the population level that are connected by some degree of migration, based on 
ecological subregions. All 107 populations use parts of the mainstem of the Columbia River and 
the Columbia River estuary for migration, rearing, and smoltification.

Table 2.4.2.3. Populations in the WLC recovery domain. 

Species Populations

LCR Chinook salmon 32
UWR Chinook salmon 7
CR chum salmon 17
LCR coho salmon 24
LCR steelhead 26
UWR steelhead 4

LCR Chinook Salmon. This species includes all naturally-spawned populations of 
Chinook salmon in the Columbia River and its tributaries from its mouth at the Pacific Ocean 
upstream to a transitional point between Washington and Oregon east of the Hood River and the 
White Salmon River; the Willamette River to Willamette Falls, Oregon, exclusive of spring-run 
Chinook salmon in the Clackamas River; and progeny of seventeen artificial propagation 
programs. LCR Chinook populations exhibit three different life history types base on return 
timing and other features: fall-run (a.k.a. “tules”), late-fall-run (a.k.a. “brights”), and spring-run. 
The WLC-TRT identified 32 historical populations of LCR Chinook salmon; seven in the Coast 
Range, six in the Columbia Gorge, and 19 in the Cascade Range (Table 2.4.2.4). The 5-year 
geometric mean abundance for LCR Chinook salmon (2005-2009) was 31,305 total spawners 
(NOAA 2011, CBFWA 2011).
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Table 2.4.2.4. LCR Chinook salmon strata, ecological subregions, run timing, 
populations, and scores for the key elements (A/P, diversity, and spatial 
structure) used to determine current overall viability risk (Ford et al.
2011). Risk ratings range from very low (VL), low (L), moderate (M), 
high (H), to very high (VH) in Oregon populations. VH corresponds to 
“extirpated or nearly so” (E) in Washington populations.

Stratum
Spawning Population

(Watershed)
A/P Diversity

Spatial 
Structure

Overall 
Viability

Risk
Ecological 
Subregion

Run 
Timing

Coast 
Range

Fall

Grays River (WA) E E L E
Elochoman River (WA) E H L E
Mill, Germany, and 
Abernathy creeks (WA)

E H L E

Young Bay (OR) H to VH H L VH
Big Creek (OR) H to VH H L to M VH
Clatskanie River (OR) H M to H L VH
Scappoose River (OR) H to VH M to H L to M VH

Columbia 
Gorge

Spring
White Salmon River (WA) E E E E
Hood River (OR) VH VH L VH

Fall

Upper Gorge (OR) E H H VH
Upper Gorge (WA) H to VH H L to M E
White Salmon River (WA) E H H E
Lower Gorge (OR) H to VH H L to M VH
Lower Gorge (WA) E H H E
Hood River (OR) H to VH H to VH L VH

Cascade 
Range

Spring

Upper Cowlitz River (WA) E M H E
Cispus River (WA) E M H E
Tilton River (WA) E E E E
Toutle River (WA) E H L E
Kalama River (WA) E H L E
Sandy River (OR) M to H L to M M M
Lewis (WA) E M H E

Fall

Lower Cowlitz River (WA) E M M E
Upper Cowlitz River (WA) E M E E
Lewis River (WA) E L M E
Salmon Creek (OR) E M M E
Sandy River (OR) H to VH H L VH
Toutle River (WA) E M M E
Coweeman River (WA) E L M E
Kalama River (WA) E M L E
Clackamas River (OR) H to VH H L H
Washougal River (WA) E M M E

Late 
Fall

Lewis River (WA) VL L L VL
Sandy River (OR) L L to M L L

A/P ratings for most LCR Chinook salmon populations are currently “high” risk to “extirpated or 
nearly so.” Spatial structure was generally rated “low” to “moderate” risk for most populations. 
Other than the Sandy River, Oregon LCR Chinook salmon populations were rated “high” or 
“very high” risk for diversity. In 2005, diversity risk for Clackamas River and Lower Gorge 
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tributary fall Chinook salmon was rated “moderate”; now the risk is rated “high.” Most 
Washington LCR Chinook salmon populations are currently at “moderate” or “high” risk for 
diversity (Table 2.4.2.4).

Of the 32 historical populations in the ESU, 28 are extirpated or at “very high” risk. Based on the 
recovery plan analyses, all of the tule populations are “very high” risk except one that is 
considered at “high” risk. The modeling conducted in association with tule harvest management 
suggests that three of the populations (Coweeman, Lewis and Washougal) are at a somewhat 
lower risk. However, even these more optimistic evaluations suggest that the remaining 18 
populations are at substantial risk because of very low natural origin spawner abundance 
(<100/population), high hatchery fraction, habitat degradation and harvest impacts (Ford et al.
2011).

Limiting factors and threats to LCR Chinook salmon include (LCFRB 2010, NOAA Fisheries 
2011):

Degraded estuarine and near-shore marine habitat resulting from cumulative impacts of 
land use and flow management by the Columbia River hydropower system Degraded 
freshwater habitat: Floodplain connectivity and function, channel structure and 
complexity, riparian areas, stream substrate, stream flow, and water quality have been 
degraded as a result of cumulative impacts of agriculture, forestry, and development.
Reduced access to spawning and rearing habitat mainly as a result of tributary 
hydropower projects
Hatchery-related effects
Harvest-related effects on fall Chinook salmon
An altered flow regime and Columbia River plume has altered the temperature regime 
and estuarine food web, and has reduced ocean productivity 
Reduced access to off-channel rearing habitat in the lower Columbia River
Reduced productivity resulting from sediment and nutrient-related changes in the estuary
Juvenile fish strandings that result from ship wakes
Contaminants affecting fish health and reproduction

CR Chum Salmon. This species includes all naturally-spawned populations of chum 
salmon in the Columbia River and its tributaries in Washington and Oregon, and progeny of 
three artificial propagation programs. The WLC-TRT identified 17 historical populations of CR 
chum salmon and aggregated these into four strata (Myers et al. 2006; Table 2.4.2.5). Unlike 
other species in the WLC recovery domain, CR chum salmon spawning aggregations were 
identified in the mainstem Columbia River. These aggregations generally were included in the 
population associated with the nearest river basin. Three strata and eight historical populations of 
CR chum salmon occur within the action area (Table 2.4.2.5); of these, none are “viable” 
(McElhany et al. 2007). The 5-year geometric mean abundance for CR chum salmon (2005-
2009) was 4,068 total spawners (NOAA 2011, CBFWA 2011).
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Table 2.4.2.5. CR chum salmon strata, ecological subregions, run timing, populations, 
and scores for the key elements (A/P, diversity, and spatial structure) used 
to determine current overall viability risk (Ford et al. 2011). Risk ratings 
are very low (VL), low (L), moderate (M), high (H), and “extirpated or 
nearly so” (E).

Stratum
Spawning Population 

(Watershed)
A/P Diversity

Spatial 
Structure

Overall 
Viability

Risk
Ecological 
Subregion

Run 
Timing

Coast 
Range

Fall

Young’s Bay (OR) * * * *
Grays River (WA) VL L M M
Big Creek (OR) * * * *
Elochoman River (WA) E E L E
Clatskanie River (OR) * * * *
Mill, Abernathy and 
Germany creeks (WA)

E E L E

Scappoose Creek (OR) * * * *

Columbia 
Gorge

Fall

Lower Gorge (OR) * * * *
Lower Gorge (WA) VL VL L L
Upper Gorge (OR) * * * *
Upper Gorge (WA) E E H E

Cascade 
Range

Summer Cowlitz River (WA) E E H E

Fall

Cowlitz River (WA) E E L E
Kalama River (WA) E E L E
Salmon Creek (WA) E E H E
Lewis River (WA) E E L E
Clackamas River (OR) * * * *
Washougal River (WA) E E L E
Sandy River (OR) * * * *

* No viability risk was completed for Oregon chum salmon populations. Oregon rivers have 
occasional reports of a few chum salmon. Populations are functionally extinct, or the risk of 
extinction is very high.

The vast majority (14 out of 17) chum salmon populations remain “extirpated or nearly so”. The 
Grays River and Lower Gorge populations showed a sharp increase in 2002, but have since 
declined back to relatively low abundance levels in the range of variation observed over the last 
several decades. Chinook and coho salmon populations in the Lower Columbia and Willamette 
similarly increased in the early 2000s, then declined to typical recent levels, suggesting the 
increase in chum salmon may be related to ocean conditions. The Grays and Lower Gorge 
populations were rated “very low” risk for A/P, but all other populations were rated “extirpated 
or nearly so.” Spatial structure was rated “low” for seven populations, one was has moderate risk 
and three have a “high” risk. Diversity risk was “high” for all populations except Grays 
(“moderate”) and Lower Gorge (“very low”). Recent data on the Washougal/mainstem Columbia 
population are not available, but they likely follow a pattern similar to the Grays and Lower 
Gorge populations (Ford et al. 2011).
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Limiting factors and threats to CR chum salmon include (LCFRB 2010, NOAA Fisheries 2011):

Degraded estuarine and nearshore marine habitat resulting from cumulative impacts of 
land use and flow management by the Columbia River hydropower system
Degraded freshwater habitat, in particular of floodplain connectivity and function, 
channel structure and complexity, stream substrate, and riparian areas and large wood 
recruitment as a result of cumulative impacts of agriculture, forestry, and development
Degraded stream flow as a result of hydropower and water supply operations
Loss of access and loss of some habitat types as a result of passage barriers such as roads 
and railroads
Reduced water quality
Current or potential predation from hatchery-origin salmonids, including coho salmon
An altered flow regime and Columbia River plume has altered the temperature regime 
and estuarine food web, and has reduced ocean productivity 
Reduced access to off-channel rearing habitat in the lower Columbia River 
Reduced productivity resulting from sediment and nutrient-related changes in the estuary
Juvenile fish strandings that result from ship wakes
Contaminants affecting fish health and reproduction

LCR Coho Salmon. This species includes all naturally-spawned populations of coho 
salmon in the Columbia River and its tributaries in Washington and Oregon, from the mouth of 
the Columbia up to and including the Big White Salmon and Hood rivers; in the Willamette 
River to Willamette Falls, Oregon; and progeny of 25 artificial propagation programs. The 
WLC-TRT identified 24 historical populations of LCR coho salmon and divided these into two 
strata based on major run timing: early and late (Myers et al. 2006). Three strata and nine 
historical populations of LCR coho salmon occur within the action area (Table 2.4.2.6). Of these 
nine populations, Clackamas River is the only population characterized as “viable” (McElhany et 
al. 2007). The 5-year geometric mean abundance for LCR coho salmon (2004-2008) was 6,375 
total spawners (NOAA 2011, CBFWA 2011).
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Table 2.4.2.6. LCR coho salmon strata, ecological subregions, run timing, populations, 
and scores for the key elements (A/P, diversity, and spatial structure) used 
to determine current overall viability risk (Ford et al. 2011). Risk ratings 
range from very low (VL), low (L), moderate (M), high (H), to very high 
(VH) in Oregon populations. VH corresponds to “extirpated or nearly so” 
(E) in Washington populations. 

Stratum
Spawning

Population (Watershed)
A/P Diversity

Spatial 
Structure

Overall 
Viability

Risk
Ecological 
Subregion

Run 
Type

Coast 
Range

N*

Young’s Bay (OR) VH VH L VH
Big Creek (OR) VH H L to M VH
Clatskanie River (OR) H to VH M L H
Scappoose River (OR) M to H M L to M M
Grays River (WA) E E L E
Elochoman Creek (WA) E E L E
Mill, Germany, and Abernathy 
Creeks (WA)

E H L E

Columbia 
Gorge

N
Lower Gorge Tributaries (OR) VH H L to M VH
Lower Gorge Tributaries (WA) E E M E

S**
Upper Gorge Tributaries (WA) E E M E
Hood River (OR) VH H L H

Cascade 
Range

N
Lower Cowlitz River (WA) E M M E
Coweeman River (WA) E M L E
Salmon Creek (WA) E E M E

N and 
S

Upper Cowlitz River (WA) E H M E
Cispus River (WA) E H M E
Tilton River (WA) E H M E
South Fork Toutle River (WA) E M L E
North Fork Toutle River (WA) E H M E
Kalama River (WA) E M L E
North Fork Lewis River (WA) E H H E
East Fork Lewis River (WA) E M L E
Washougal River (WA) E H L E
Clackamas River (OR) M L to M L M
Sandy River (OR) H L to M M to H H

*“Type N” are late-run fish that tend to undertake oceanic migrations to the north of the Columbia 
River, extending as far as northern British Columbia and southeast Alaska.
**“Type S” are early coho salmon that spawn in the upper reaches of larger rivers in the lower 
Columbia River and in most rivers inland of the Cascade Crest that tend to migrate to the south of the 
Columbia River.

Three status evaluations of LCR coho salmon status, all based on WLC-TRT criteria, have been 
conducted since the last NMFS status review in 2005 (McElhany et al. 2007, Beamesderfer et al.
2010, LCFRB 2010). Of the 27 historical populations in the ESU, 24 are at “very high” risk. The 
remaining three populations (Sandy, Clackamas and Scappoose) are at “moderate” or “high” risk 
(Ford et al. 2011).

Exhibit 7a



-32-

In Oregon, the Scappoose Creek and Clackamas River populations have “moderate” risk ratings 
for A/P, while the rest are rated “high” or “very high” risk. All of the Washington populations 
have “extirpated or nearly so” A/P ratings. Spatial diversity is rated “moderate” or “low” risk for 
all the populations, except the North Fork Lewis River, which has a “high” risk rating for spatial 
structure. All LCR coho salmon populations, except the Clackamas and Sandy river populations 
(low risk), are at “moderate” or “high” risk for diversity. All of the Washington side populations 
are at “very high” risk, although uncertainty is high because of a lack of adult spawner surveys. 
As was noted in the 2005 status review, smolt traps indicate some natural production in 
Washington populations, though given the high fraction of hatchery origin spawners suspected to 
occur in these populations it is not clear that any are self-sustaining (Ford et al. 2011).

Limiting factors and threats to LCR coho salmon include (LCFRB 2010, NOAA Fisheries 2011):

Degraded estuarine and near-shore marine habitat resulting from cumulative impacts of 
land use and flow management by the Columbia River hydropower system
Fish passage barriers that limit access to spawning and rearing habitats
Degraded freshwater habitat: Floodplain connectivity and function, channel structure and 
complexity, riparian areas and large wood supply, stream substrate, stream flow, and 
water quality have been degraded as a result of cumulative impacts of agriculture, 
forestry, and development
Hatchery-related effects
Harvest-related effects
An altered flow regime and Columbia River plume has altered the temperature regime 
and estuarine food web, and has reduced ocean productivity 
Reduced access to off-channel rearing habitat in the lower Columbia River 
Reduced productivity resulting from sediment and nutrient-related changes in the estuary
Juvenile fish strandings that result from ship wakes
Contaminants affecting fish health and reproduction

LCR Steelhead. This species includes all naturally-spawned steelhead populations below 
natural and manmade impassable barriers in streams and tributaries to the Columbia River 
between and including the Cowlitz and Wind rivers, Washington; in the Willamette and Hood 
rivers, Oregon; and progeny of ten artificial propagation programs; but excluding all steelhead 
from the upper Willamette River basin above Willamette Falls, Oregon, and from the Little and 
Big White Salmon rivers, Washington. Summer steelhead return to freshwater long before 
spawning. Winter steelhead, in contrast, return from the ocean much closer to maturity and 
spawn within a few weeks. Summer steelhead spawning areas in the Lower Columbia River are 
found above waterfalls and other features that create seasonal barriers to migration. Where no 
temporal barriers exist, the winter-run life history dominates. Six strata and 23 historical 
populations of LCR steelhead occur within the action area (Table 2.4.2.7). The 5-year geometric 
mean abundance for LCR steelhead (2006-2010) was 5,863 total spawners (NOAA 2011, 
CBFWA 2011).
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Table 2.4.2.7. LCR steelhead strata, ecological subregions, run timing, populations, and 
scores for the key elements (A/P, diversity, and spatial structure) used to
determine current overall viability risk (Ford et al. 2011). Risk ratings 
range from very low (VL), low (L), moderate (M), high (H), to very high 
(VH) in Oregon populations. VH corresponds to “extirpated or nearly so” 
(E) in Washington populations.

Stratum
Population (Watershed) A/P Diversity

Spatial 
Structure

Overall 
Viability 

Risk
Ecological 
Subregion

Run 
Timing

Columbia 
Gorge

Summer
Wind River (WA) VL L VL L
Hood River (OR) H M L VH

Winter

Lower Gorge (OR) H L L M to H
Lower Gorge (WA) H M VL H
Upper Gorge (OR) M M to H L VH
Upper Gorge (WA) H M M E
Hood River (OR) M M L M

West 
Cascade 
Range

Summer

Kalama River (WA) L M VL M
North Fork Lewis River (WA) E E E E
East Fork Lewis River (WA) E M VL E
Washougal River (WA) M M VL M

Winter

Cispus River (WA) E M M E
Tilton river (WA) E H M E
Upper Cowlitz River (WA) E M M E
Lower Cowlitz River (WA) H M M H
North Fork Toutle River (WA) E L L E
South Fork Toutle River (WA) M L VL M
Coweeman River (WA) H VL VL H
Kalama River (WA) H L VL H
North Fork Lewis River (WA) E M M E
East Fork Lewis River (WA) M M VL M
Salmon Creek (WA) E M VL E
Washougal River (WA) H M VL H
Sandy River (OR) H M M to H VH
Clackamas River (OR) L L to M L L to M

All of the populations increased in abundance during the early 2000s, generally peaking in 2004. 
Most populations have since declined back to levels within one standard deviation of the long 
term mean. Exceptions are the Washougal summer-run and North Fork Toutle winter-run, which 
are still higher than the long term average, and the Sandy, which is lower (Ford et al. 2011).

Limiting factors and threats to LCR steelhead include (LCFRB 2010, NOAA Fisheries 2011):

Degraded estuarine and nearshore marine habitat resulting from cumulative impacts of 
land use and flow management by the Columbia River hydropower system
Degraded freshwater habitat: Floodplain connectivity and function, channel structure and 
complexity, riparian areas and recruitment of large wood, stream substrate, stream flow, 
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and water quality have been degraded as a result of cumulative impacts of agriculture, 
forestry, and development
Reduced access to spawning and rearing habitat mainly as a result of tributary 
hydropower projects and lowland development
Avian and marine mammal predation in the lower mainstem Columbia River and estuary.
Hatchery-related effects
An altered flow regime and Columbia River plume has altered the temperature regime 
and estuarine food web, and has reduced ocean productivity 
Reduced access to off-channel rearing habitat in the lower Columbia River 
Reduced productivity resulting from sediment and nutrient-related changes in the estuary
Juvenile fish strandings that result from ship wakes
Contaminants affecting fish health and reproduction

UWR Chinook Salmon. This species includes all naturally spawned populations of 
spring-run Chinook salmon in the Clackamas River; in the Willamette River and its tributaries 
above Willamette Falls, Oregon; and progeny of seven artificial propagation programs. All seven 
historical populations of UWR Chinook salmon identified by the WLC-TRT occur within the 
action area and are contained within a single ecological subregion, the western Cascade Range 
(Table 2.4.2.8); only the Clackamas population is characterized as “viable” (McElhany et al.
2007). The 5-year geometric mean abundance for UWR spring Chinook salmon (2004-2008) 
was 4,177 total spawners (NOAA 2011, CBFWA 2011).

Table 2.4.2.8. Scores for the key elements (A/P, diversity, and spatial structure) used to 
determine current overall viability risk for UWR Chinook salmon (ODFW 
and NMFS 2011). All populations are in the Western Cascade Range 
ecological subregion. Risk ratings range from very low (VL), low (L), 
moderate (M), high (H), to very high (VH).

Population (Watershed) A/P Diversity
Spatial

Structure
Overall Extinction

Risk
Clackamas River M M L M
Molalla River VH H H VH
North Santiam River VH H H VH
South Santiam River VH M M VH
Calapooia River VH H VH VH
McKenzie River VL M M L
Middle Fork Willamette River VH H H VH

Consideration of data collected since the last status review in 2005 has confirmed the high 
fraction of hatchery origin fish in all of the populations of this species (even the Clackamas and 
McKenzie rivers have hatchery fractions above WLC-TRT viability thresholds). All of the UWR 
Chinook salmon populations have “moderate” or “high” risk ratings for diversity. The 
Clackamas and McKenzie river populations currently have the best risk ratings for A/P, spatial 
structure, and diversity. Clackamas River Chinook salmon have a “low” risk rating for spatial 
structure. 
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The new data have also highlighted the substantial risks associated with pre-spawning mortality. 
Although recovery plans are targeting key limiting factors for future actions, there have been no 
significant on-the-ground-actions since the last status review to resolve the lack of access to 
historical habitat above dams nor have there been substantial actions removing hatchery fish 
from the spawning grounds (Ford et al. 2011).

Limiting factors and threats to UWR Chinook salmon include (ODFW and NMFS 2011, NOAA 
Fisheries 2011):

Significantly reduced access to spawning and rearing habitat because of tributary dams
Degraded freshwater habitat, especially floodplain connectivity and function, channel 
structure and complexity, and riparian areas and large wood recruitment as a result of 
cumulative impacts of agriculture, forestry, and development
Degraded water quality and altered temperature as a result of both tributary dams and the 
cumulative impacts of agriculture, forestry, and urban development
Hatchery-related effects
Anthropogenic introductions of non-native species and out-of-ESU races of salmon or 
steelhead have increased predation on, and competition with, native UWR Chinook 
salmon
Ocean harvest rates of approximately 20%

UWR Steelhead. This species includes all naturally-spawned steelhead populations below 
natural and manmade impassable barriers in the Willamette River, Oregon, and its tributaries 
upstream from Willamette Falls to the Calapooia River. The WLC-TRT identified five historical 
populations of UWR steelhead, all with winter-run timing (Myers et al. 2006). UWR steelhead 
are currently found in many tributaries that drain the west side of the upper Willamette River 
basin. Analysis of historical observations, hatchery records, and genetic analysis strongly 
suggested that many of these spawning aggregations are the result of recent introductions and do 
not represent a historical population. Nevertheless, the WLC-TRT recognized that these 
tributaries may provide juvenile rearing habitat or may be temporarily (for one or more 
generations) colonized during periods of high abundance. One stratum4 and five historical 
populations of UWR steelhead occur within the action area (Table 2.4.2.9), although the west-
side tributaries population was included only because it is important to the species as a whole, 
and not because it is independent. Summer steelhead have become established in the McKenzie 
River where historically no steelhead existed, although these fish were not considered in the 
identification of historical populations. Hatchery summer-run steelhead that are produced and 
released in the subbasins are from an out-of-basin stock and are not part of the DPS (ODFW and 
NMFS 2011). The 5-year geometric mean abundance for UWR steelhead (2004-2008) was 6,392 
total spawners (NOAA 2011, CBFWA 2011).

4 The WLC-TRT defined the hierarchy by grouping the independent populations into larger aggregates that share 
similar genetic, geographic (hydrographic and ecoregion), and/or habitat characteristics. They called these "major 
groupings" stratum (plural: strata). 
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Table 2.4.2.9. Scores for the key elements (A/P, diversity, and spatial structure) used to 
determine current overall viability risk for UWR steelhead (ODFW and 
NMFS 2011). All populations are in the Western Cascade Range 
ecological subregion. Risk ratings range from very low (VL), low (L), 
moderate (M), high (H), to very high (VH).

Population (Watershed) A/P Diversity
Spatial

Structure
Overall Extinction

Risk
Molalla River VL M M L
North Santiam River VL M H L
South Santiam River VL M M L
Calapooia River M M VH M

Since the last status review in 2005, UWR steelhead initially increased in abundance but 
subsequently declines and current abundance is at the levels observed in the mid-1990s when the 
DPS was first listed. The DPS appears to be at lower risk than the UWR Chinook salmon ESU, 
but continues to demonstrate the overall low abundance pattern that was of concern during the 
last status review. The elimination of winter-run hatchery release in the basin reduces hatchery 
threats, but non-native summer steelhead hatchery releases are still a concern for species 
diversity (Ford et al. 2011).

Limiting factors and threats to UWR steelhead include (ODFW and NMFS 2011, NOAA 
Fisheries 2011):

Degraded freshwater habitat: Floodplain connectivity and function, channel structure and 
complexity, riparian areas and large wood recruitment, and stream flow have been 
degraded as a result of cumulative impacts of agriculture, forestry, and development
Degraded water quality and altered temperature as a result of both tributary dams and the 
cumulative impacts of agriculture, forestry, and urban development
Reduced access to spawning and rearing habitats mainly as a result of artificial barriers in 
spawning tributaries
Hatchery-related effects: impacts from the non-native summer steelhead hatchery 
program
Anthropogenic introductions of non-native species and out-of-ESU races of salmon or 
steelhead have increased predation and competition on native UWR steelhead.

Interior Columbia Recovery Domain. Species in the Interior Columbia (IC) recovery 
domain include UCR spring-run Chinook salmon, SR spring/summer-run Chinook salmon, SR 
fall-run Chinook salmon, SR sockeye salmon, UCR steelhead, MCR steelhead, and SRB 
steelhead. The IC-TRT identified 82 populations of those species based on genetic, geographic 
(hydrographic), and habitat characteristics (Table 2.4.2.10). In some cases, the IC-TRT further 
aggregated populations into “major groupings” based on dispersal distance and rate, and 
drainage structure, primarily the location and distribution of large tributaries (IC-TRT 2003). All 
82 populations identified use the lower mainstem of the Snake River, the mainstem of the 
Columbia River, and the Columbia River estuary, or part thereof, for migration, rearing, and 
smoltification.

Exhibit 7a



-37-

Table 2.4.2.10. Populations of ESA-listed salmon and steelhead in the IC recovery 
domain.

Species Populations 

UCR spring-run Chinook salmon 3
SR spring/summer-run Chinook salmon 31
SR fall-run Chinook salmon 1
SR sockeye salmon 1
UCR steelhead 4
MCR steelhead 17
SRB steelhead 25

The IC-TRT also recommended viability criteria that follow the VSP framework (McElhany et 
al. 2006) and described biological or physical performance conditions that, when met, indicate a 
population or species has a 5% or less risk of extinction over a 100-year period (IC-TRT 2007;
see also NRC 1995). 

UCR Spring-run Chinook Salmon. This species includes all naturally-spawned 
populations of Chinook salmon in all river reaches accessible to Chinook salmon in Columbia 
River tributaries upstream of the Rock Island Dam and downstream of Chief Joseph Dam in 
Washington (excluding the Okanogan River), the Columbia River upstream to Chief Joseph Dam 
in Washington, and progeny of six artificial propagation programs. The IC-TRT identified four 
independent populations of UCR spring-run Chinook salmon in the upriver tributaries of 
Wenatchee, Entiat, Methow, and Okanogan (extirpated), but no major groups due to the 
relatively small geographic area affected (IC-TRT 2003, Ford et al. 2011)(Table 2.4.2.11). The 
5-year geometric mean abundance for UCR spring-run Chinook salmon (2005-2009) was 3,134 
total spawners (NOAA 2011, CBFWA 2011). The current estimate (2003-2008 5-year average) 
of natural origin spawning abundance ranges from 29% to 46% across populations.

Table 2.4.2.11. Scores for the key elements (A/P, diversity, and SS/D) used to determine 
current overall viability risk for spring-run UCR Chinook salmon (Ford et 
al. 2011). Risk ratings range from very low (VL), low (L), moderate (M), 
high (H), to very high (VH).

Population A/P Diversity
Integrated

SS/D
Overall Viability Risk

Wenatchee River H H H H
Entiat River H H H H
Methow River H H H H
Okanogan River n/a n/a n/a n/a

TUCR spring-run Chinook salmon is not currently meeting the viability criteria (adapted from 
the IC-TRT) in the Upper Columbia recovery plan. A/P remains at “high” risk for each of the 
three extant populations in this MPG/ESU (Table 2.4.2.11). The 10-year geometric mean 
abundance of adult natural origin spawners has increased for each population relative to the 
levels for the 1981-2003 series, but the estimates remain below the corresponding IC-TRT 
thresholds. Estimated productivity (spawner to spawner return rate at low to moderate 
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escapements) was on average lower over the years 1987-2009 than for the previous period. The 
combinations of current abundance and productivity for each population result in a “high” risk 
rating. The composite SS/D risks for all three of the extant populations in this MPG are at “high” 
risk. The spatial processes component of the SS/D risk is “low” for the Wenatchee River and 
Methow River populations and “moderate” for the Entiat River (loss of production in lower 
section increases effective distance to other populations). All three of the extant populations in 
this MPG are at “high” risk for diversity, driven primarily by chronically high proportions of 
hatchery-origin spawners in natural spawning areas and lack of genetic diversity among the 
natural-origin spawners (Ford et al. 2011).

Increases in natural origin abundance relative to the extremely low spawning levels observed in 
the mid-1990s are encouraging; however, average productivity levels remain extremely low. 
Overall, the viability of UCR Chinook salmon has likely improved somewhat since the last status 
review, but the ESU is still clearly at “moderate-to-high” risk of extinction (Ford et al. 2011).

Limiting factors and threats to the UCR spring-run Chinook salmon ESU include (UCSRB 2007, 
NOAA Fisheries 2011):

Mainstem Columbia River hydropower–related adverse effects: upstream and 
downstream fish passage, ecosystem structure and function, flows, and water quality 
Degraded freshwater habitat: Floodplain connectivity and function, channel structure and 
complexity, riparian areas and large woody debris recruitment, stream flow, and water 
quality have been degraded as a result of cumulative impacts of agriculture, forestry, and 
development
Degraded estuarine and nearshore marine habitat
Hatchery related effects: including past introductions and persistence of non-native 
(exotic) fish species continues to affect habitat conditions for listed species
Harvest in Columbia River fisheries

SR Spring/summer-run Chinook Salmon. This species includes all naturally-spawned 
populations of spring/summer-run Chinook salmon in the mainstem Snake River and the 
Tucannon River, Grande Ronde River, Imnaha River, and Salmon River subbasins; and progeny 
of fifteen artificial propagation programs. The IC-TRT identified 27 extant and 4 extirpated 
populations of SR spring/summer-run Chinook salmon, and aggregated these into major 
population groups (IC-TRT 2003, Ford et al. 2011). Each of these populations faces a “high” risk 
of extinction (Ford et al. 2011) (Table 2.4.2.12). The 5-year geometric mean abundance for SR 
Spring/Summer Chinook salmon (2005-2009) was 6,365 total spawners (Ford et al. 2011). The 
current estimate (2005-2009 5-year average) of natural origin spawning abundance ranges from 
25% to 100% across populations.
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Table 2.4.2.12. SR spring/summer-run Chinook salmon ecological subregions, 
populations, and scores for the key elements (A/P, diversity, and SS/D) 
used to determine current overall viability risk for SR spring/summer-run 
Chinook salmon (Ford et al. 2011). Risk ratings range from very low 
(VL), low (L), moderate (M), high (H), to very high (VH) and extirpated 
(E).

Ecological 
Subregions

Spawning Populations 
(Watershed)

A/P Diversity
Integrated

SS/D

Overall 
Viability

Risk

Lower Snake 
River

Tucannon River H M M H
Asotin River E

Grande Ronde 
and Imnaha 
rivers

Wenaha River H M M H
Lostine/Wallowa River H M M H
Minam River H M M H
Catherine Creek H M M H
Upper Grande Ronde R. H M H H
Imnaha River H M M H
Big Sheep Creek E
Lookingglass Creek E

South Fork 
Salmon River

Little Salmon River * * * H
South Fork mainstem H M M H
Secesh River H L L H

EF/Johnson Creek H L L H

Middle Fork 
Salmon River

Chamberlin Creek H L L H

Big Creek H M M H

Lower MF Salmon H M M H
Camas Creek H M M H
Loon Creek H M M H
Upper MF Salmon H M M H
Pistol Creek E
Sulphur Creek H M M H
Bear Valley Creek H L L H
Marsh Creek H L L H

Upper 
Mainstem 
Salmon

N. Fork Salmon River H L L H
Lemhi River H H H H
Pahsimeroi River H H H H
Upper Salmon-lower 
mainstem

H L L
H

East Fork Salmon River H H H H
Yankee Fork H H H H
Valley Creek H M M H
Upper Salmon main H M M H
Panther Creek E

* Insufficient data.

Population level status ratings remain at high risk across all MPGs within the ESU, although 
recent natural spawning abundance estimates have increased, all populations remain below 
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minimum natural origin abundance thresholds (Table 2.4.2.12). Spawning escapements in the 
most recent years in each series are generally well below the peak returns but above the extreme 
low levels in the mid-1990s. Relatively low natural production rates and spawning levels below 
minimum abundance thresholds remain a major concern across the ESU.

The ability of SR spring/summer-run Chinook salmon populations to be self-sustaining through 
normal periods of relatively low ocean survival remains uncertain. Factors cited by Good et al.
(2005) remain as concerns or key uncertainties for several populations (Ford et al. 2011).
Limiting factors and threats to the SR spring/summer-run Chinook salmon ESU include (NOAA 
Fisheries 2011):

Degraded freshwater habitat: Floodplain connectivity and function, channel structure and 
complexity, riparian areas and large wood supply, stream substrate, elevated water 
temperature, stream flow, and water quality have been degraded as a result of cumulative 
impacts of agriculture, forestry, and development
Mainstem Columbia River and Snake River hydropower impacts
Harvest-related effects
Predation

SR Fall-run Chinook Salmon. This species includes all naturally-spawned populations 
of fall-run Chinook salmon in the mainstem Snake River below Hells Canyon Dam, and in the 
Tucannon River, Grande Ronde River, Imnaha River, Salmon River, and Clearwater River, and 
progeny of four artificial propagation programs. The IC-TRT identified three populations of this 
species, although only the lower mainstem population exists at present, and it spawns in the 
lower main stem of the Clearwater, Imnaha, Grande Ronde, Salmon and Tucannon rivers. The 
extant population of Snake River fall-run Chinook salmon is the only remaining population from 
an historical ESU that also included large mainstem populations upstream of the current location 
of the Hells Canyon Dam complex (IC-TRT 2003, Ford et al. 2011). The 5-year geometric mean 
abundance for SR fall-run Chinook salmon (2004-2008) was 11,321 total spawners. The current 
estimate (1999-2008 10-year geometric mean) of natural origin spawning abundance of SR fall-
run Chinook is just over 2,200 (Ford et al. 2011).

The recent increases in natural origin abundance are encouraging. However, hatchery origin 
spawner proportions have increased dramatically in recent years – on average, 78% of the 
estimated adult spawners have been hatchery origin over the most recent brood cycle. The 
apparent leveling off of natural returns in spite of the increases in total brood year spawners may 
indicate that density dependent habitat effects are influencing production or that high hatchery 
proportions may be influencing natural production rates. The A/P risk rating for the population is 
“moderate.” The population is at moderate risk for diversity and spatial structure. (Ford et al.
2011). Given the combination of current A/P and SS/D ratings summarized above, the overall 
viability rating for Lower SR fall Chinook salmon would be rated as “maintained.”5

5 “Maintained” population status is for populations that do not meet the criteria for a viable population but do 
support ecological functions and preserve options for ESU/DPS recovery.
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Limiting factors and threats to SR fall-run Chinook salmon include (NOAA Fisheries 2011):

Degraded freshwater habitat: Floodplain connectivity and function, and channel structure 
and complexity have been degraded as a result of cumulative impacts of agriculture, 
forestry, and development
Harvest-related effects 
Lost access to historic habitat above Hells Canyon and other Snake River dams
Mainstem Columbia River and Snake River hydropower impacts
Hatchery-related effects
Degraded estuarine and nearshore habitat

SR Sockeye Salmon. This species includes all anadromous and residual sockeye salmon 
from the Snake River basin, Idaho, and artificially-propagated sockeye salmon from the Redfish 
Lake captive propagation program. The IC-TRT identified historical sockeye salmon production 
in at least five Stanley Basin and Sawtooth Valley lakes and in lake systems associated with 
Snake River tributaries currently cut off to anadromous access (e.g., Wallowa and Payette 
Lakes), although current returns of SR sockeye salmon are extremely low and limited to Redfish 
Lake (IC-TRT 2007). The 5-year geometric mean abundance for SR sockeye salmon (2005-
2009) was 166 total spawners (NOAA 2011, CBFWA 2011).

This species is still at extremely high risk across all four basic risk measures (abundance, 
productivity, spatial structure and diversity. Although the captive brood program has been 
successful in providing substantial numbers of hatchery produced O. nerka for use in 
supplementation efforts, substantial increases in survival rates across life history stages must 
occur in order to re-establish sustainable natural production (Hebdon et al. 2004, Keefer et al.
2008).

The key factor limiting recovery of SR sockeye salmon ESU is survival outside of the Stanley 
Basin. Portions of the migration corridor in the Salmon River are impeded by water quality and 
temperature (Idaho Department of Environmental Quality 2011). Increased temperatures may 
reduce the survival of adult sockeye returning to the Stanley Basin. The natural hydrological 
regime in the upper mainstem Salmon River Basin has been altered by water withdrawals. In 
most years, sockeye adult returns to Lower Granite suffer catastrophic losses (e.g., > 50% 
mortality in one year; Reed et al. 2003) before reaching the Stanley Basin, although the factors 
causing these losses have not been identified. In the Columbia and lower Snake River migration 
corridor, predation rates on juvenile sockeye salmon are unknown, but terns and cormorants 
consume 12% of all salmon smolts reaching the estuary, and piscivorous fish consume an 
estimated 8% of migrating juvenile salmon (NOAA Fisheries 2011).

MCR Steelhead. This species includes all naturally-spawned steelhead populations below 
natural and artificial impassable barriers in streams from above the Wind River, Washington, and 
the Hood River, Oregon (exclusive), upstream to, and including, the Yakima River, Washington, 
excluding steelhead from the Snake River basin; and progeny of seven artificial propagation 
programs. The IC-TRT identified 17 extant populations in this DPS (IC-TRT 2003). The 
populations fall into four major population groups: the Yakima River Basin (four extant 
populations), the Umatilla/Walla-Walla drainages (three extant and one extirpated populations); 
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the John Day River drainage (five extant populations) and the Eastern Cascades group (five 
extant and two extirpated populations) (Table 2.4.2.13) (NMFS 2009, Ford et al. 2011). The 5-
year geometric mean abundance for MCR steelhead (2006-2010) was 15,723 total spawners 
(NOAA 2011, CBFWA 2011). The current estimate (2005-2009 5-year average) of natural origin 
spawning abundance ranges from 70% to 97% across populations.

Table 2.4.2.13. Ecological subregions, populations, and scores for the key elements (A/P, 
diversity, and SS/D) used to determine current overall viability risk for 
MCR steelhead (NMFS 2009, Ford et al. 2011). Risk ratings range from 
very low (VL), low (L), moderate (M), high (H), to very high (VH).
Maintained (MT) population status indicates that the population does not 
meet the criteria for a viable population but does support ecological 
functions and preserve options for recovery of the DPS.

Ecological 
Subregions

Population (Watershed) A/P Diversity
Integrated

SS/D

Overall 
Viability

Risk

Cascade 
Eastern 
Slope 
Tributaries

Fifteenmile Creek L L L Viable
Klickitat River M M M MT?
Eastside Deschutes River L M M Viable
Westside Deschutes River H M M H*
Rock Creek H M M H?
White Salmon Extinct n/a n/a Extinct*
Crooked River Extinct n/a n/a Extinct*

John Day 
River

Upper Mainstem M M M MT
North Fork

VL L L
Highly 
Viable

Middle Fork M M M MT

South Fork M M M MT
Lower Mainstem M M M MT

Walla Walla 
and Umatilla 
rivers

Umatilla River M M M MT
Touchet River M M M H
Walla Walla River M M M MT

Yakima 
River

Satus Creek
M M M

Viable 
(MT)

Toppenish Creek
M M M

Viable 
(MT)

Naches River H M M H
Upper Yakima H H H H

* Re-introduction efforts underway (NMFS 2009).

There have been improvements in the viability ratings for some of the component populations, 
but the MCR steelhead DPS is not currently meeting the viability criteria (adopted from the IC-
TRT) in the MCR steelhead recovery plan (NMFS 2009). In addition, several of the factors cited 
by Good et al. (2005) remain as concerns or key uncertainties. Natural origin spawning estimates 
of populations have been highly variable with respect to meeting minimum abundance 
thresholds. Straying frequencies into at least the Lower John Day River population are high. 
Returns to the Yakima River basin and to the Umatilla and Walla Walla Rivers have been higher 
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over the most recent brood cycle, while natural origin returns to the John Day River have 
decreased. Out-of-basin hatchery stray proportions, although reduced, remain very high in the 
Deschutes River basin (Ford et al. 2011).

The limiting factors and threats to MCR steelhead include (NMFS 2009, NOAA Fisheries 2011):

Degraded freshwater habitat: Floodplain connectivity and function, channel structure and 
complexity, riparian areas, fish passage, stream substrate, stream flow, and water quality 
have been degraded as a result of cumulative impacts of agriculture, forestry, tributary 
hydro system activities, and development
Mainstem Columbia River hydropower–related impacts
Degraded estuarine and nearshore marine habitat
Hatchery-related effects
Harvest-related effects
Effects of predation, competition, and disease

UCR Steelhead. This species includes all naturally-spawned steelhead populations below 
natural and manmade impassable barriers in streams in the Columbia River Basin upstream from 
the Yakima River, Washington, to the U.S.-Canada border, and progeny of six artificial 
propagation programs. Four independent populations of UCR steelhead were identified by the 
IC-TRT in the same upriver tributaries as for UC spring-run Chinook salmon (i.e., Wenatchee, 
Entiat, Methow, and Okanogan; Table 2.4.2.14) and, similarly, no major population groupings 
were identified due to the relatively small geographic area involved (IC-TRT 2003, Ford et al.
2011). All extant populations are considered to be at high risk of extinction (Table 22; Ford et al.
2011). The 5-year geometric mean abundance for UCR steelhead (2005-2009) was 7,884 total 
spawners (Ford et al. 2011). The current estimate (2003-2008 5-year average) of natural origin 
spawning abundance ranges from 9% to 47% across populations.

Table 2.4.2.14. Summary of the key elements (A/P, diversity, and SS/D) and scores used 
to determine current overall viability risk for UCR steelhead populations
(Ford et al. 2011). Risk ratings range from very low (VL), low (L), 
moderate (M), high (H), to very high (VH).

Population 
(Watershed)

A/P Diversity
Integrated

SS/D

Overall 
Viability 

Risk
Wenatchee River H H H H
Entiat River H H H H
Methow River H H H H
Okanogan River H H H H

UCR steelhead populations have increased in natural origin abundance in recent years, but 
productivity levels remain low. The proportions of hatchery origin returns in natural spawning 
areas remain extremely high across the DPS, especially in the Methow and Okanogan River 
populations. The modest improvements in natural returns in recent years are probably primarily 
the result of several years of relatively good natural survival in the ocean and tributary habitats. 
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With the exception of the Okanogan population, the Upper Columbia populations rated as “low” 
risk for spatial structure. The “high” risk ratings for SS/D are largely driven by chronic high 
levels of hatchery spawners within natural spawning areas and lack of genetic diversity among 
the populations (Ford et al. 2011).

The limiting factors and threats to the UCR steelhead DPS include (UCSRB 2007, NOAA 
Fisheries 2011):

Mainstem Columbia River hydropower–related adverse effects.
Impaired tributary fish passage.
Degraded freshwater habitat: Floodplain connectivity and function, channel structure and 
complexity, riparian areas and large woody debris recruitment, stream flow, and water 
quality have been degraded as a result of cumulative impacts of agriculture, forestry, and 
development.
Effects of predation, competition, and disease mortality: Fish management, including past 
introductions and persistence of non-native (exotic) fish species continues to affect 
habitat conditions for listed species.
Hatchery-related effects.
Harvest-related effects.

SRB Steelhead. This species includes all naturally-spawned steelhead populations below 
natural and manmade impassable barriers in streams in the Snake River Basin of southeast 
Washington, northeast Oregon, and Idaho, and progeny of six artificial propagation programs. 
The IC-TRT identified 25 historical populations in five major groups (Table 2.4.2.15) (IC-TRT 
2006, Ford et al. 2011). The IC-TRT has not assessed the viability of this species. The 5-year 
geometric mean abundance for SRB steelhead (2005-2009) was 3,546 total spawners (NOAA 
2011, CBFWA 2011).

The level of natural production in the two populations with full data series and the Asotin Creek 
index reaches is encouraging, but the status of most populations in this DPS remains highly 
uncertain. Population-level natural origin abundance and productivity inferred from aggregate 
data and juvenile indices indicate that many populations are likely below the minimum 
combinations defined by the IC-TRT viability criteria. The relative proportion of hatchery fish in 
natural spawning areas near major hatchery release sites is highly uncertain. There is little 
evidence for substantial change in ESU viability relative to the previous BRT and IC-TRT 
reviews (Ford et al. 2011).

Limiting factors and threats to the SRB steelhead DPS include (IC-TRT 2006, NOAA Fisheries 
2011):

Mainstem Columbia River hydropower–related adverse effects
Impaired tributary fish passage
Degraded freshwater habitat: Floodplain connectivity and function, channel structure and 
complexity, riparian areas and large woody debris recruitment, stream flow, and water 
quality have been degraded as a result of cumulative impacts of agriculture, forestry, and 
development
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Impaired water quality and increased water temperature
Related harvest effects, particularly for B-run steelhead
Predation
Genetic diversity effects from out-of-population hatchery releases

Table 2.4.2.15. Ecological subregions, populations, and scores for the key elements (A/P, 
diversity, and SS/D) used to determine current overall viability risk for 
SRB steelhead (Ford et al. 2011, NMFS 2011). Risk ratings range from 
very low (VL), low (L), moderate (M), high (H), to very high (VH).
Maintained (MT) population status indicates that the population does not 
meet the criteria for a viable population but does support ecological 
functions and preserve options for recovery of the DPS. 

Ecological 
subregions

Spawning
Populations
(Watershed)

A/P Diversity
Integrated

SS/D

Overall 
Viability

Risk*

Lower 
Snake River

Tucannon River ** M M H
Asotin Creek ** M M MT

Grande 
Ronde River

Lower Grande Ronde ** M M Not rated
Joseph Creek VL L L Highly viable
Upper Grande Ronde M M M MT
Wallowa River ** L L H

Clearwater 
River

Lower Clearwater M L L MT
South Fork Clearwater H M M H
Lolo Creek H M M H
Selway River H L L H
Lochsa River H L L H

Salmon 
River

Little Salmon River ** M M MT
South Fork Salmon ** L L H
Secesh River ** L L H
Chamberlain Creek ** L L H
Lower MF Salmon ** L L H
Upper MF Salmon ** L L H
Panther Creek ** M H H
North Fork Salmon ** M M MT
Lemhi River ** M M MT
Pahsimeroi River ** M M MT
East Fork Salmon ** M M MT
Upper Main Salmon ** M M MT

Imnaha Imnaha River M M MT
* There is uncertainty in these ratings due to a lack of population-specific data. 

** Insufficient data.
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Oregon Coast Recovery Domain. The OC recovery domain includes OC coho salmon, 
southern green sturgeon, and eulachon, covering Oregon coastal streams south of the Columbia 
River and north of Cape Blanco. Streams and rivers in this area drain west into the Pacific 
Ocean, and vary in length from less than a mile to more than 210 miles in length.

OC Coho Salmon. This species includes all naturally-spawned populations of coho 
salmon in Oregon coastal streams south of the Columbia River and north of Cape Blanco, 
including the Cow Creek population, which is stock #37 of Oregon Department of Fish and 
Wildlife’s (ODFW) coho hatchery program. OC Coho salmon were first listed in February 2008. 
As part of a legal settlement agreement in 2008, NMFS completed a new status review for the 
ESU. In 2011, NMFS issued a final rule re-promulgating the threatened listing for Oregon Coast 
coho salmon (USDC 2011b). 

The OC-TRT identified 56 populations — 21 independent and 35 dependent. The dependent 
populations were dependent on strays from other populations to maintain them over long time 
periods. The TRT also identified 5 biogeographic strata (Table 2.4.2.16) (Lawson et al. 2007).
The 5-year geometric mean abundance for OC coho salmon (2006-2010) was 162,769 total 
spawners (ODFW 2011).
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Table 2.4.2.16. OC coho salmon populations. Dependent populations (D) are populations 
that historically would not have had a high likelihood of persisting in 
isolation for 100 years. These populations relied upon periodic 
immigration from other populations to maintain their abundance. 
Independent populations are populations that historically would have had 
a high likelihood of persisting in isolation from neighboring populations 
for 100 years and are rated as functionally independent (FI) and 
potentially independent (PI) (McElhany et al. 2000, Lawson et al. 2007).

Stratum Population Type Stratum Population Type

North
Coast

Necanicum PI
Mid-
Coast
(cont.)

Alsea FI
Ecola D Big (Alsea) D

Arch Cape D Vingie D
Short Sands D Yachats D
Nehalem FI Cummins D
Spring D Bob D
Watseco D Tenmile D
Tillamook FI Rock D
Netarts D Big (Siuslaw) D
Rover D China D
Sand D Cape D
Nestucca FI Berry D
Neskowin D Sutton D

Mid-
Coast

Salmon PI
Lakes

Siuslaw FI
Devils D Siltcoos PI
Siletz FI Tahkenitch PI
Schoolhouse D Tenmile PI
Fogarty D

Umpqua
Lower Umpqua FI

Depoe D Middle Umpqua FI
Rocky D North Umpqua FI
Spencer D South Umpqua FI
Wade D

Mid-
South
Coast

Threemile D
Coal D Coos FI
Moolack D Coquille FI
Big (Yaquina) D Johnson D
Yaquina FI Twomile D
Theil D Floras PI
Beaver PI Sixes PI

Wainwright et al. (2008) determined that the weakest strata of OC coho salmon were in the 
North Coast and Mid-Coast of Oregon, which had only “low” certainty of being persistent. The 
strongest strata were the Lakes and Mid-South Coast, which had “high” certainty of being 
persistent. To increase certainty that the ESU as a whole is persistent, they recommended that 
restoration work should focus on those populations with low persistence, particularly those in the 
North Coast, Mid-Coast, and Umpqua strata.

A 2010 BRT (Stout et al. 2011) noted significant improvements in hatchery and harvest practices 
have been made. However, harvest and hatchery reductions have changed the population 
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dynamics of the ESU. It has not been demonstrated that productivity during periods of poor 
marine survival is now adequate to sustain the ESU. Recent increases in adult escapement do not 
provide strong evidence that the century-long downward trend has changed. The ability of the 
OC coho salmon ESU to survive another prolonged period of poor marine survival remains in 
question.

Current concerns for spatial structure focus on the Umpqua River. Of the four populations in the 
Umpqua stratum, the North Umpqua and South Umpqua, were of particular concern. The North 
Umpqua is controlled by Winchester Dam and has historically been dominated by hatchery fish. 
Hatchery influence has recently been reduced, but the natural productivity of this population 
remains to be demonstrated. The South Umpqua is a large, warm system with degraded habitat. 
Spawner distribution appears to be seriously restricted in this population, and it is probably the 
most vulnerable of any population in this ESU to increased temperatures.

Current status of diversity shows improvement through the waning effects of hatchery fish on 
populations of OC coho salmon. In addition, recent efforts in several coastal estuaries to restore 
lost wetlands should be beneficial. However, diversity is lower than it was historically because of 
the loss of both freshwater and tidal habitat loss coupled with the restriction of diversity from 
very low returns over the past 20 years.

The BRT concluded that there is a moderate certainty of ESU persistence over the next 100 years 
and a low-to-moderate certainty that the ESU is sustainable for the foreseeable future, assuming 
no future trends in factors affecting the ESU. The NMFS issued a final determination to retain 
the ESA listing status, effective June 20, 2011. Thus, the February 2008 critical habitat 
designation and 4(d) regulations remain in effect (USDC 2011b).

Limiting factors and threats to the OC coho salmon ESU include (Stout et al. 2011, NOAA 
Fisheries 2011):

Degraded freshwater habitat: Floodplain connectivity and function, channel structure and 
complexity, riparian areas and large wood supply, stream substrate, stream flow, and 
water quality have been degraded as a result of cumulative impacts of agriculture, 
forestry, instream mining, dams, road crossings, dikes, levees, etc.
Fish passage barriers that limit access to spawning and rearing habitats
Adverse climate, altered past ocean/marine productivity, and current ocean ecosystem 
conditions have favored competitors and predators and reduced salmon survival rates in 
freshwater rivers and lakes, estuaries, and marine environments

Southern Oregon and Northern California Coasts Recovery Domain. The SONCC 
recovery domain includes coho salmon, southern green sturgeon, and eulachon. The SONCC 
recovery domain extends from Cape Blanco, Oregon, to Punta Gorda, California. This area 
includes many small-to-moderate-sized coastal basins, where high quality habitat occurs in the 
lower reaches of each basin, and three large basins (Rogue, Klamath and Eel) where high quality 
habitat is in the lower reaches, little habitat is provided by the middle reaches, and the largest 
amount of habitat is in the upper reaches.
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SONCC Coho Salmon. This species includes all naturally-spawned populations of coho 
salmon in coastal streams between Cape Blanco, Oregon, and Punta Gorda, California, and 
progeny of three artificial propagation programs. The SONCC-TRT identified 42 extant 
populations within this ESU, as well as 3 artificial propagation programs (Williams et al. 2011).
In some cases, the SONCC-TRT also identified groups of populations referred to as “diversity 
strata” largely based on the geographical arrangement of the populations and basin-scale 
environmental and ecological characteristics. Of those populations, 13 strata and 17 populations 
occur in Oregon (Table 2.4.2.17). 

The estimated abundance for SONCC coho salmon was 6,705 total spawners (ODFW 2010,
Williams et al. 2011).

In most cases, populations appear to be well below the proposed viability thresholds, and the 
steps needed to move them toward viability will be similar, regardless of the specific recovery 
targets, which can be refined as more information becomes available. The SONCC-TRT 
developed a framework to assess the viability of this species and recommended: (1) Securing all 
extant populations, (2) collecting distribution and abundance data, (3) minimizing straying from 
hatcheries to natural spawning areas, and (4) beginning critical research on climate change and 
its potential impacts (Williams et al. 2008). Although long-term data on abundance of SONCC 
coho salmon are scarce, available evidence from shorter-term research and monitoring efforts 
indicate that conditions have worsened for populations since the last formal status review was 
published (Good et al. 2005, Williams et al. 2011). Many independent populations are well 
below low-risk abundance targets, and several are likely below the high-risk depensation 
thresholds specified by the TRT (Williams et al. 2011).
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Table 2.4.2.17. SONCC coho salmon populations in Oregon. Dependent populations (D) 
are populations that historically would not have had a high likelihood of 
persisting in isolation for 100 years. These populations relied upon 
periodic immigration from other populations to maintain their abundance. 
Independent populations are populations that historically would have had 
a high likelihood of persisting in isolation from neighboring populations 
for 100 years and are rated as functionally independent (FI) and 
potentially independent (PI). Two ephemeral populations (E) are defined 
as populations both small enough and isolated enough that they are only 
intermittently present (McElhany et al. 2000, Williams et al. 2011).

Population Population
TypeRiver Basin Subbasin

Elk River FI
Mill Creek D
Hubbard Creek E
Brush Creek D
Mussel Creek D
Euchre Creek E

Rogue River*

Lower Rogue River PI
Illinois River* FI
Mid Rogue/Applegate* FI
Upper Rogue River FI

Hunter Creek D
Pistol River D
Chetco River FI
Winchuck River PI
Smith River* FI

Klamath River*
Middle Klamath River PI
Upper Klamath River FI

* Populations that also occur partly in California.

Limiting factors and threats to SONCC coho salmon include (NMFS 2012, NOAA Fisheries 
2011):

Lack of floodplain and channel structure
Impaired water quality
Altered hydrologic function due to altered amount and timing of river flows
Degraded riparian forest conditions and large wood recruitment
Altered sediment supply
Degraded stream substrate
Impaired estuarine function 
Impaired fish passage
Hatchery-related adverse effects
Effects of predation, competition, and disease mortality
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Threats from natural or man-made factors have worsened in the past 5 years, primarily due to 
four factors: small population dynamics, climate change, multi-year drought, and poor ocean 
survival conditions (NOAA Fisheries 2011).

2.4.3 Status of the Critical Habitats

We based our ratings of the status of critical habitat primarily on a watershed-scale analysis of 
conservation value that focused on the presence of listed ESA-listed species and physical 
features (i.e., the primary constituent elements or PCEs) that are essential to their conservation. 
The physical or biological features of freshwater spawning and incubation sites include water 
flow, water quality, water temperatures, suitable substrate for spawning and incubation, and 
migratory access for adults and juveniles. These features are essential to conservation because 
without them the species cannot successfully spawn and produce offspring. The physical or 
biological features of freshwater migration corridors associated with spawning and incubation 
sites include water flow, water quality and water temperatures to support larval and adult 
mobility; abundant prey items to support larval feeding after the yolk sac is depleted; and free 
passage (i.e., no obstructions) for adults and juveniles. These features are essential to 
conservation because they allow adult fish to swim upstream to reach spawning areas, and they 
allow juvenile fish to proceed downstream and reach the ocean.

The analysis for the 2005 designations of critical habitat for 12 species of listed salmon and 
steelhead species in the Columbia River basin was completed by interagency critical habitat 
analytical review teams (CHARTs). These teams focused on large geographical areas 
corresponding approximately to recovery domains (NOAA Fisheries 2005). A CHART also did 
an initial assessment of PCEs for coho salmon on the Oregon Coast (NOAA Fisheries 2005). The 
CHARTs ranked the conservation value of each watershed based on the quantity of stream 
habitat with PCEs, the present condition of those PCEs, the likelihood of achieving PCE 
potential (either naturally or through active restoration), support for rare or important genetic or 
life history characteristics, support for abundant populations, and support for spawning and 
rearing populations. In some cases, we have refined our understanding of these conservation 
values of these watersheds based on the work of TRTs and other recovery planning efforts that 
have better explained the habitat attributes, ecological interactions, and population characteristics 
important to each species.
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Salmon and Steelhead Critical Habitat. Tables 2.4.3.1 and 2.4.3.2 identify the PCEs
(i.e., site types, site attributes) and corresponding life history events for the critical habitats of 
listed salmon and steelhead.

Table 2.4.3.1. PCEs of critical habitats designated for listed salmon and steelhead species 
(except SR spring/summer-run Chinook salmon, SR fall-run Chinook 
salmon, SR sockeye salmon, and SONCC coho salmon), and 
corresponding species life history events.

Primary Constituent Elements
Species Life History Event

Site Type Site Attribute

Freshwater 
spawning

Substrate
Water quality
Water quantity

Adult spawning
Embryo incubation
Alevin growth and development 

Freshwater 
rearing

Floodplain connectivity
Forage
Natural cover
Water quality
Water quantity

Fry emergence from gravel
Fry/parr/smolt growth and development

Freshwater 
migration

Free of artificial obstruction
Natural cover
Water quality
Water quantity

Adult sexual maturation
Adult upstream migration and holding
Kelt (steelhead) seaward migration
Fry/parr/smolt growth, development, and seaward migration

Estuarine 
areas

Forage 
Free of artificial obstruction
Natural cover
Salinity
Water quality
Water quantity

Adult sexual maturation and “reverse smoltification” 
Adult upstream migration and holding
Kelt (steelhead) seaward migration
Fry/parr/smolt growth, development, and seaward migration

Nearshore 
marine areas

Forage
Free of artificial obstruction
Natural cover
Water quantity
Water quality

Adult growth and sexual maturation
Adult spawning migration
Nearshore juvenile rearing

Offshore 
marine areas

Forage
Water quality

Adult growth and sexual maturation
Adult spawning migration
Subadult rearing 
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Table 2.4.3.2. PCEs of critical habitats designated for SR spring/summer-run Chinook 
salmon, SR fall-run Chinook salmon, SR sockeye salmon, and SONCC 
coho salmon, and corresponding species life history events.

Primary Constituent Elements
Species Life History Event

Site Site Attribute
Spawning 
and juvenile 
rearing areas

Access (sockeye)
Cover/shelter
Food (juvenile rearing)
Riparian vegetation
Space (Chinook, coho)
Spawning gravel
Water quality
Water temp (sockeye)
Water quantity

Adult spawning
Embryo incubation
Alevin growth and development 
Fry emergence from gravel
Fry/parr/smolt growth and development

Adult and 
juvenile 
migration 
corridors

Cover/shelter
Food (juvenile)
Riparian vegetation
Safe passage
Space
Substrate
Water quality
Water quantity
Water temperature
Water velocity

Adult sexual maturation
Adult upstream migration and holding
Kelt (steelhead) seaward migration
Fry/parr/smolt growth, development, and seaward migration

Areas for 
growth and 
development 
to adulthood

Ocean areas – not identified

Nearshore juvenile rearing
Subadult rearing
Adult growth and sexual maturation
Adult spawning migration

We give descriptions of the status of critical habitat for each species of salmon and steelhead below.

LCR Chinook salmon. Designated critical habitat for LCR Chinook salmon includes all 
Columbia River estuarine areas and river reaches from the mouth to the confluence with the Hood 
River, as well as specific stream reaches in the following subbasins: Middle Columbia/Hood, Lower 
Columbia/Sandy, Lewis, Lower Columbia/Clatskanie, Upper Cowlitz, Cowlitz, Lower Columbia, 
Grays/Elochoman, Clackamas, and Lower Willamette (NMFS 2005b). There are 48 watersheds 
within the range of this ESU. Four watersheds received a low rating, 13 received a medium rating, and 
31 received a high rating of conservation value for the species (i.e., for recovery) (NOAA Fisheries 
2005). The lower Columbia River has a high conservation value. It connects every population with the 
ocean, and is used by rearing/migrating juveniles and migrating adults. The Columbia River estuary is 
a unique and essential area for juveniles and adults making the physiological transition between life in 
freshwater and marine habitats. Of the 1,655 miles of habitat eligible for designation, NMFS 
designated 1,311 miles as critical habitat. 

The major factors affecting the condition of the PCEs for this species are (LCFRB 2010, NOAA 
Fisheries Service 2011):
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Degraded estuarine and near-shore marine habitat resulting from the cumulative impacts 
of land use and flow management by the Columbia River hydropower system
Reduced productivity resulting from sediment and nutrient-related changes in the estuary
In freshwater habitats, degradation of floodplain connectivity and function, channel 
structure and complexity, riparian areas, stream substrate, stream flow, and water quality, 
all as a result of the cumulative impacts of agriculture, forestry, and development 
Elevated concentrations of contaminants in sediments and water
Reduced access to spawning and rearing habitats in tributaries, mainly as a result of 
hydropower projects
Reduced access to off-channel rearing habitat in the Lower Columbia River

UWR Chinook salmon. Designated critical habitat for UWR Chinook salmon includes all 
Columbia River estuarine areas and river reaches from the mouth upstream to the confluence with the 
Willamette River, as well as specific stream reaches in the following subbasins: Middle Fork 
Willamette, Coast Fork Willamette, Upper Willamette, McKenzie, North Santiam, South Santiam, 
Middle Willamette, Molalla/Pudding, Clackamas, and Lower Willamette (NMFS 2005b). There are 
60 watersheds within the range of this species. Nineteen watersheds received a low rating, 18 received 
a medium rating, and 23 received a high rating of conservation value for the species (NOAA Fisheries 
2005). The lower Willamette/Columbia River rearing/migration has a high conservation value. It 
connects every population with the ocean and is used by rearing/migrating juveniles and migrating 
adults. The Columbia River estuary is a unique and essential area for juveniles and adults making the 
physiological transition between life in freshwater and marine habitats. Of the 1,796 miles of habitat 
eligible for designation, NMFS designated 1,472 miles as designated critical habitat. 

The major factors affecting the condition of the PCES for this species are (ODFW and NMFS 
2011, NOAA Fisheries 2011):

Significantly reduced access to spawning and rearing habitat because of tributary dams
Degraded freshwater habitat, especially floodplain connectivity and function, channel 
structure and complexity, and riparian areas and large wood recruitment as a result of the 
cumulative impacts of agriculture, forestry, and development
Degraded water quality and altered water temperatures as a result of both tributary dams 
and the cumulative impacts of agriculture, forestry, and urban development

UCR spring-run Chinook salmon. Designated critical habitat for UCR spring Chinook 
includes all Columbia River estuarine areas and river reaches from the mouth upstream to Chief 
Joseph Dam, as well as specific stream reaches in the following subbasins: Chief Joseph, 
Methow, Upper Columbia/Entiat, and Wenatchee (NMFS 2005b). There are 31 watersheds 
within the range of this species. Five watersheds received a medium rating and 26 received a 
high rating of conservation value to the species. The Columbia River downstream of the specie’s 
spawning range has a high conservation value and is the only habitat area designated in 15 of the 
high-value watersheds identified above. This corridor connects every population with the ocean 
and is used by rearing/migrating juveniles and migrating adults. The Columbia River estuary is a 
unique and essential area for juveniles and adults making the physiological transition between 
life in freshwater and marine habitats. Of the 1,002 miles of habitat eligible for designation, 
NMFS designated 974 miles as critical habitat. 
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The major factors affecting the condition of the PCES for this species are (UCSRB 2007, NOAA 
Fisheries 2011):

Altered upstream and downstream fish passage, ecosystem structure and function, flows, 
and water quality, all due to the Columbia River hydropower system
Degraded floodplain connectivity and function, channel structure and complexity, 
riparian areas and large woody debris recruitment, stream flow, and water quality as a 
result of the cumulative impacts of agriculture, forestry, and development
Degraded estuarine and nearshore marine habitats

SR SS Chinook salmon. Designated critical habitat for SR spring/summer-run Chinook 
salmon includes all Columbia River estuarine areas and river reaches from the mouth upstream 
to the confluence of the Columbia and Snake rivers, and all Snake River reaches from the 
confluence of the Columbia River upstream to Hells Canyon Dam (NMFS 1999a). Critical 
habitat also includes river reaches presently or historically accessible (except those above 
impassable natural falls, including Napias Creek Falls, and Dworshak and Hells Canyon dams) 
in the following subbasins: Hells Canyon, Imnaha, Lemhi, Little Salmon, Lower Grande Ronde, 
Lower Middle Fork Salmon, Lower Salmon, Lower Snake-Asotin, Lower Snake-Tucannon, 
Middle Salmon-Chamberlain, Middle Salmon-Panther, Pahsimeroi, South Fork Salmon, Upper 
Middle Fork Salmon, Upper Grande Ronde, Upper Salmon, and Wallowa. 

Designated areas of critical habitat consist of the water, waterway bottom, and the adjacent 
riparian zone (defined as an area 300 feet from the normal high water line on each side of the 
river channel) (NMFS 1999a). Designation did not involve rating the conservation value of 
specific watersheds as was done in subsequent designations (NMFS 2005b). The lower 
Columbia River is among the areas of high conservation value to this species because it connects 
every population with the ocean and is used by rearing/migrating juveniles and migrating adults. 
The Columbia River estuary is a unique and essential area for juveniles and adults making the 
physiological transition between life in freshwater and marine habitats. 

The major factors affecting the condition of the PCES for this species are (NOAA Fisheries 
2011):

Degradation of floodplain connectivity and function, channel structure and complexity, 
riparian areas and large wood supply, stream substrate, water temperatures, stream flows, 
and water quality, all as a result of the cumulative impacts of agriculture, forestry, and 
development
Impacts from the mainstem Columbia River hydropower system

SR fall-run Chinook salmon. Designated critical habitat for SR fall-run Chinook salmon 
includes all Columbia River estuarine areas and river reaches from the mouth upstream to the 
confluence of the Columbia and Snake rivers; all Snake River reaches from the confluence of the 
Columbia River upstream to Hells Canyon Dam; the Palouse River from its confluence with the 
Snake River upstream to Palouse Falls; the Clearwater River from its confluence with the Snake River 
upstream to its confluence with Lolo Creek; and the North Fork Clearwater River from its confluence 
with the Clearwater River upstream to Dworshak Dam. Critical habitat also includes river reaches 
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presently or historically accessible (except those above impassable natural falls and Dworshak and 
Hells Canyon dams) in the following subbasins: Clearwater, Hells Canyon, Imnaha, Lower Grande 
Ronde, Lower North Fork Clearwater, Lower Salmon, Lower Snake, Lower Snake-Asotin, Lower 
Snake-Tucannon, and Palouse. The lower Columbia River is among the areas of high conservation 
value to this species because it connects every population with the ocean and is used by 
rearing/migrating juveniles and migrating adults. The Columbia River estuary is a unique and 
essential area for juveniles and adults making the physiological transition between life in freshwater 
and marine habitats. Designated areas consist of the water, waterway bottom, and the adjacent riparian 
zone (defined as an area 300 feet from the normal high water line on each side of the river channel).

The major factors affecting the condition of the PCES for this species are (NOAA Fisheries 2011):

Degraded floodplain connectivity and function, and channel structure and complexity, as 
a result of the cumulative impacts of agriculture, forestry, and development
Lost access to historical habitat above Hells Canyon and other Snake River dams
Impacts of the mainstem Columbia River hydropower system
Degraded estuarine and nearshore habitat

CR chum salmon. Designated critical habitat for CR chum salmon includes all Columbia 
River estuarine areas and river reaches from the mouth upstream to the confluence with the White 
Salmon River, as well as specific stream reaches in the following subbasins:  Middle Columbia/Hood, 
Lower Columbia/Sandy, Lewis, Lower Columbia/Clatskanie, Cowlitz, Lower Columbia, and Grays/ 
Elochoman (NMFS 2005b). There are 20 watersheds within the range of this ESU. Three watersheds 
received a medium rating and 17 received a high rating for their conservation value to the ESU (i.e.,
for recovery). The lower Columbia River has a high conservation value and is the only habitat area 
designated in one of the high value watersheds identified above. This corridor connects every 
population with the ocean and is used by rearing/migrating juveniles and migrating adults. The 
Columbia River estuary is a unique and essential area for juveniles and adults making the 
physiological transition between life in freshwater and marine habitats. Of the 725 miles of habitat 
eligible for designation, NMFS designated 708 miles as critical habitat. 

The major factors affecting the condition of the PCES for this species are (LCFRB 2010, NOAA 
Fisheries 2011):

Degraded estuarine and nearshore marine habitats resulting from the cumulative impacts 
of land use and flow management by the Columbia River hydropower system
Degraded floodplain connectivity and function, channel structure and complexity, stream 
substrate, and riparian areas and large wood recruitment as a result of the cumulative 
impacts of agriculture, forestry, and development
Altered stream flows as a result of hydropower and water supply operations
Reduced access to off-channel rearing habitat
Reduced water quality
Alterations of the Columbia River’s flow regime and the Columbia River plume that have 
altered the water temperature regime and estuarine food web, and have reduced ocean 
productivity
Contaminants that have affected fish health and reproduction
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SONCC coho salmon. Critical habitat for SONCC coho salmon includes all accessible 
waterways, substrate, and adjacent riparian zones between the Mattole River in California, and 
the Elk River in Oregon, inclusive (USDC 1999). Excluded are: (1) areas above specific dams 
identified in USDC (1999), (2) areas above longstanding natural impassible barriers (i.e., natural 
waterfalls), and (3) tribal lands. 

The major factors affecting the condition of the PCES for this species are (NOAA Fisheries 
2011, NMFS 2012):

Lack of floodplain function and channel structure
Impaired water quality
Altered hydrologic function (timing of volume of water flow)
Impaired estuary functioning
Degraded riparian forest conditions
Altered sediment supply
Barriers to migration

Oregon Coast coho salmon. Critical habitat for OC coho salmon includes areas specified 
in USDC (2008) south of the Columbia River and north of Cape Blanco including the Nehalem 
River, Nestucca River, Siletz River, Yaquina River, Alsea River, Siuslaw River, Umpqua River, 
Coos River, and Coquille River. 

The major factors affecting the condition of the PCES for this species are (Stout et al. 2011,
NOAA Fisheries 2011):

Degraded floodplain connectivity and function, channel structure and complexity, 
riparian areas and large wood supply, stream substrate, stream flow, and water quality as 
a result of the cumulative impacts of agriculture, forestry, instream mining, dams, road 
crossings, dikes, and levees
Fish passage barriers that limit access to spawning and rearing habitats

SR sockeye salmon. Designated critical habitat for SR sockeye salmon includes all 
Columbia River estuarine areas and river reaches from the mouth upstream to the confluence of 
the Columbia and Snake rivers; all Snake River reaches from the confluence of the Columbia 
River upstream to the confluence of the Salmon River; all Salmon River reaches from the 
confluence of the Snake River upstream to Alturas Lake Creek; Stanley, Redfish, Yellow Belly, 
Pettit, and Alturas lakes (including their inlet and outlet creeks); Alturas Lake Creek; and that 
portion of Valley Creek between Stanley Lake Creek and the Salmon River (USDC 1993). 

Designated areas consist of the water, waterway bottom, and the adjacent riparian zone (defined 
as an area 300 feet from the normal high water line on each side of the river channel) (USDC 
1993). Designation did not involve rating the conservation value of specific watersheds as was
done in subsequent designations. The lower Columbia River is among the areas of high 
conservation value to this species because it connects every population with the ocean and is 
used by rearing/migrating juveniles and migrating adults. The Columbia River estuary is a 
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unique and essential area for juveniles and adults making the physiological transition between 
life in freshwater and marine habitats. 

The major factors affecting the condition of the PCES for this species are (NOAA Fisheries 
2011):

High water temperatures in portions of the migration corridor in the Salmon 
Alteration of the natural hydrological regime in the upper mainstem Salmon River Basin 
by water withdrawals
Impacts of the mainstem Columbia River hydropower system

LCR steelhead. Designated critical habitat for LCR steelhead includes all Columbia 
River estuarine areas and river reaches from the mouth upstream to the confluence with the Hood 
River, as well as specific stream reaches in the following subbasins: Middle Columbia/Hood, 
Lower Columbia/Sandy, Lewis, Lower Columbia/Clatskanie, Upper Cowlitz, Cowlitz, 
Clackamas, and Lower Willamette (NMFS 2005b). There are 32 watersheds within the range of 
this DPS. Two watersheds received a low rating, 11 received a medium rating, and 29 received a 
high rating of conservation value to the DPS. The lower Columbia River has a high conservation 
value. This corridor connects every population with the ocean and is used by rearing/migrating 
juveniles and migrating adults. The Columbia River estuary is unique and essential area for 
juveniles and adults making the physiological transition between life in freshwater and marine 
habitats. Of the 2,673 miles of habitat areas eligible for designation, NMFS designated 2,324 
miles as critical habitat.

The major factors affecting the condition of the PCES for this species are (LCFRB 2010, NOAA 
Fisheries 2011):

Degraded estuarine and nearshore marine habitat resulting from the cumulative impacts 
of land use and flow management by the Columbia River hydropower system
Degraded floodplain connectivity and function, channel structure and complexity, 
riparian areas and recruitment of large wood, stream substrate, stream flow, and water 
quality as a result of the cumulative impacts of agriculture, forestry, and development
Reduced access to spawning and rearing habitat as a result of tributary hydropower 
projects and lowland development
Alterations of the Columbia River’s flow regime and the Columbia River plume that have 
altered the water temperature regime and estuarine food web, and have reduced ocean 
productivity 
Reduced productivity resulting from sediment and nutrient-related changes in the estuary
Contaminants that are affecting fish health and reproduction

UWR steelhead. Designated critical habitat for UWR steelhead includes all Columbia River 
estuarine areas and river reaches proceeding upstream to the confluence with the Willamette River, as 
well as specific stream reaches in the following subbasins: Upper Willamette, North Santiam, South 
Santiam, Middle Willamette, Molalla/Pudding, Yamhill, Tualatin, and Lower Willamette (NMFS 
2005b). There are 38 watersheds within the range of this DPS. The lower Willamette/Columbia River 
has a high conservation value and is the only habitat area designated in one of the high value 
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watersheds identified above. This corridor connects every population with the ocean and is used by 
rearing/migrating juveniles and migrating adults. The Columbia River estuary is a unique and 
essential area for juveniles and adults making the physiological transition between life in freshwater 
and marine habitats. Of the 1,830 miles of habitat eligible for designation, 1,276 miles of stream are 
designated critical habitat. 

The major factors affecting the condition of the PCES for this species are (ODFW and NMFS 
2011, NOAA Fisheries 2011):

Degraded floodplain connectivity and function, channel structure and complexity, 
riparian areas and large wood recruitment, stream substrate, stream flow, and water 
quality as a result of the cumulative impacts of agriculture, forestry, and development
Reduced access to spawning and rearing habitat as a result of tributary hydropower 
projects and lowland development
Reduced access to spawning and rearing habitats, mainly as a result of artificial barriers 
in tributaries

MCR steelhead. Designated critical habitat for MCR steelhead includes all Columbia 
River estuarine areas and river reaches in the following subbasins: Upper Yakima, Naches, 
Lower Yakima, Middle Columbia/Lake Wallula, Walla Walla, Umatilla, Middle 
Columbia/Hood, Klickitat, Upper John Day, North Fork John Day, Middle Fork John Day, 
Lower John Day, Lower Deschutes, Trout, and Upper Columbia/Priest Rapids (NMFS 2005b). 
There are 114 watersheds within the range of this DPS. Nine watersheds received a low rating, 
24 received a medium rating, and 81 received a high rating of conservation value to the DPS (see 
Chapter 4 for more detail). The lower Columbia River downstream of the specie’s spawning 
range has a high conservation value and is the only habitat area designated in three of the high 
value watersheds identified above. This corridor connects every population with the ocean and is 
used by rearing/migrating juveniles and migrating adults. Of the 6,529 miles of habitat areas 
eligible for designation, 5,815 miles of stream are designated critical habitat. 

The major factors affecting the condition of the PCES for this species are (NMFS 2009, NOAA 
Fisheries 2011):

Degraded floodplain connectivity and function, channel structure and complexity, 
riparian areas, fish passage, stream substrate, stream flow, and water quality as a result of 
cumulative impacts of agriculture, forestry, tributary hydropower projects, and 
development
Impacts from the mainstem Columbia River hydropower system
Degraded estuarine and nearshore marine habitats

UCR steelhead. Designated critical habitat for UCR steelhead includes all Columbia 
River estuarine areas and river reaches from the mouth upstream to Chief Joseph Dam, as well as 
specific stream reaches in the following subbasins: Chief Joseph, Okanogan, Similkameen, 
Methow, Upper Columbia/Entiat, Wenatchee, Lower Crab, and Upper Columbia/Priest Rapids 
(NMFS 2005b). There are 42 watersheds within the range of this DPS. Three watersheds 
received a low rating, 8 received a medium rating, and 31 received a high rating of conservation 
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value to the DPS. The Columbia River downstream of the specie’s spawning range has a high 
conservation value and is the only habitat area designated in 11 of the high value watersheds 
identified above. This corridor connects every population with the ocean and is used by 
rearing/migrating juveniles and migrating adults. The Columbia River estuary is a unique and 
essential area for juveniles and adults making the physiological transition between life in 
freshwater and marine habitats. Of the 1,332 miles of habitat areas eligible for designation, 
NMFS designated 1,262 miles as critical habitat. 

The major factors affecting the condition of the PCES for this species are (UCSRB 2007, NOAA 
Fisheries 2011):

Impacts from the mainstem Columbia River hydropower system
Impaired tributary fish passage
Degraded floodplain connectivity and function, channel structure and complexity, 
riparian areas and large woody debris recruitment, stream flow, and water quality as a 
result of the cumulative impacts of agriculture, forestry, and development

SRB steelhead. Designated critical habitat for SRB steelhead includes all Columbia River 
estuarine areas and river reaches proceeding upstream to the confluence of the Columbia and 
Snake rivers as well as specific stream reaches in the following subbasins: Hells Canyon, Imnaha 
River, Lower Snake/Asotin, Upper Grande Ronde River, Wallowa River, Lower Grande Ronde, 
Lower Snake/Tucannon, Lower Snake River, Upper Salmon, Pahsimeroi, Middle Salmon-
Panther, Lemhi, Upper Middle Fork Salmon, Lower Middle Fork Salmon, Middle Salmon-
Chamberlain, South Fork Salmon, Lower Salmon, Little Salmon, Upper Selway, Lower Selway, 
Lochsa, Middle Fork Clearwater, South Fork Clearwater, and Clearwater (NMFS 2005b). There 
are 289 watersheds within the range of this DPS. Fourteen watersheds received a low rating, 44 
received a medium rating, and 231 received a high rating of conservation value to the DPS. The 
lower Snake/Columbia River downstream of the specie’s spawning range has a high 
conservation value and is the only habitat area designated in 15 of the high value watersheds 
identified above. This corridor connects every population with the ocean and is used by 
rearing/migrating juveniles and migrating adults. The Columbia River estuary is a unique and 
essential area for juveniles and adults making the physiological transition between life in 
freshwater and marine habitats. Of the 8,225 miles of habitat areas eligible for designation, 
NMFS designated 8,049 miles as critical habitat.

The major factors affecting the condition of the PCES for this species are (IC-TRT 2006, NOAA 
Fisheries 2011):

Impacts from the mainstem Columbia River hydropower system
Degraded floodplain connectivity and function, channel structure and complexity, 
riparian areas and large woody debris recruitment, stream flow, and water quality as a 
result of the cumulative impacts of agriculture, forestry, and development
Increased water temperature

Green sturgeon. Critical habitat for green sturgeon includes: freshwater rivers, the 
bypasses, the Sacramento-San Joaquin Delta, coastal bays and estuaries, and coastal marine areas 
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(within 110 m depth) extending from the California/Mexico border north to Monterey Bay, 
California, and from the Alaska/Canada border northwest to the Bering Strait; and certain coastal 
bays and estuaries in California, Oregon, and Washington (USDC 2009b).

For freshwater rivers north of and including the Eel River, NMFS did not consider the areas 
upstream of the head of the tide to be part of the geographical area occupied by southern DPS 
green sturgeon. However, the critical habitat designation recognizes not only the importance of 
natal habitats, but of habitats throughout their range. Critical habitat has been designated in 
coastal U.S. marine waters within 60 fathoms depth from Monterey Bay, California (including 
Monterey Bay), north to Cape Flattery, Washington, including the Strait of Juan de Fuca, 
Washington, to its United States boundary; the Sacramento River, lower Feather River, and 
lower Yuba River in California; the Sacramento-San Joaquin Delta and Suisun, San Pablo, and 
San Francisco bays in California; the lower Columbia River estuary; and certain coastal bays and 
estuaries in California (Humboldt Bay), Oregon (Coos Bay, Winchester Bay, Yaquina Bay, and 
Nehalem Bay), and Washington (Willapa Bay and Grays Harbor) and freshwater (USDC 2009b). 
Table 2.4.3.1 lists the PCEs of critical habitat for southern DPS green sturgeon and 
corresponding life history events.

Table 2.4.3.3. PCEs of critical habitat designated for southern DPS green sturgeon and 
corresponding species life history events.

Primary Constituent Elements
Species Life History Event

Site Type Site Attribute
Freshwater 
riverine 
system

Food resources
Migratory corridor
Sediment quality
Substrate type or size
Water depth
Water flow
Water quality

Adult spawning
Embryo incubation, growth and development 
Larval emergence, growth and development
Juvenile metamorphosis, growth and development

Estuarine 
areas

Food resources
Migratory corridor
Sediment quality
Water flow
Water depth
Water quality

Juvenile growth, development, seaward migration
Subadult growth, development, seasonal holding, and movement 
between estuarine and marine areas
Adult growth, development, seasonal holding, movements 
between estuarine and marine areas, upstream spawning 
movement, and seaward post-spawning movement

Coastal 
marine 
areas

Food resources
Migratory corridor
Water quality

Subadult growth and development, movement between estuarine 
and marine areas, and migration between marine areas
Adult sexual maturation, growth and development, movements 
between estuarine and marine areas, migration between marine 
areas, and spawning migration

The major factors affecting the condition of the PCEs for this species within freshwater rivers, 
bypasses, and the Sacramento-San Joaquin Delta (the Delta) are (USDC 2009b):

Dams and diversions that obstruct migration, alter water flows and temperature, and 
modify substrate composition within the rivers
Low water levels may obstruct passage through the bypasses, resulting in stranded fish
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Pollution from agricultural runoff and water returns, as well as from other point- and non-
point sources, degrades water quality within the rivers, bypasses and the Delta.
Dredging and pile driving can adversely affect water quality and prey resources, and alter 
the composition and distribution of bottom substrates within the Delta

Within bays and estuaries, the major factors affecting the condition of the PCEs for this species 
are (USDC 2009b):

The application of pesticides that adversely affects prey resources and water quality
Disturbance of bottom substrates by dredging or certain other activities that adversely 
affects prey resources, or degrades water quality through re-suspension of contaminated 
sediments. 
Commercial shipping and other sources of point- and non-point source pollution that 
discharge contaminants
Disposal of dredged materials that bury prey resources
Bottom trawl fisheries that disturb the bottom and may result in beneficial or adverse 
effects on prey resources for green sturgeon

Within coastal marine areas, the major factors affecting the condition of the PCEs for this species 
are (USDC 2009b):

Disturbance of bottom substrates by dredging or certain other activities that adversely 
affects prey resources, or degrades water quality through re-suspension of contaminated 
sediments. 
Commercial shipping and other sources of point- and non-point source pollution that 
discharge contaminants
Disposal of dredged materials that bury prey resources
Bottom trawl fisheries that disturb the bottom and may result in beneficial or adverse 
effects on prey resources for green sturgeon

Eulachon. Critical habitat for eulachon includes portions of 16 rivers and streams in 
California, Oregon, and Washington (USDC 2011c). All of these areas are designated as 
migration and spawning habitat for this species. In Oregon, NMFS designated 24.2 miles of the 
lower Umpqua River, 12.4 miles of the lower Sandy River, and 0.2 miles of Tenmile Creek as 
critical habitat. The NMFS also designated the mainstem Columbia River from the mouth to the 
base of Bonneville Dam, a distance of 143.2 miles, as critical habitat. Table 2.4.3.2 lists the 
designated Physical and Biological Features (PBFs) for eulachon and associated species life 
history events.
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Table 2.4.3.4. PBFs of critical habitats designated for eulachon and corresponding 
species life history events.

Essential Features
Species Life History Event

Site Type Site Attribute

Freshwater 
spawning 
and 
incubation

Flow, 
Water quality
Water temperature 
Substrate

Adult spawning
Incubation 

Freshwater 
migration

Flow, 
Water quality 
Water temperature, 
Food

Adult and larval mobility
Larval feeding

The major factors affecting the condition of the PCEs for this species include (Gustafson et al.
2010, Gustafson et al. 2011, NOAA Fisheries 2011):

Changes in ocean conditions due to climate change
Adverse effects related to dams and water diversions
Artificial fish passage barriers 
Water pollution
Increased water temperatures
Insufficient stream flow
Altered sediment balances

2.4.4 Marine Mammals

2.4.4.1 Southern Resident Killer Whales

Current Rangewide Status of the Species. The Southern Resident killer whale DPS, composed of 
J, K and L pods, was listed as endangered under the ESA on November 18, 2005 (70 FR 69903).
Southern Residents are designated as “depleted” and “strategic” under the Marine Mammal 
Protection Act (MMPA)(68 FR 31980, May 29, 2003).

This section summarizes the status of the Southern Resident killer whales throughout their range.
The final recovery plan for Southern Residents was issued in January 2008 (NMFS 2008a). This 
section summarizes information taken largely from the recovery plan and recent 5-year status 
review (NMFS 2011), as well as new data that became available more recently. For more 
detailed information about this population, please refer to NMFS (2008a).

Abundance, Productivity and Trends. Southern Resident killer whales are a long-lived 
species, with late onset of sexual maturity (review in NMFS 2008a). Females produce a low
number of surviving calves over the course of their reproductive life span (Bain 1990, Olesiuk et 
al. 1990). Southern Resident females appear to have reduced fecundity relative to Northern 
Residents; the average interbirth interval for reproductive Southern Resident females is 6.1 years, 
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which is longer than that of Northern Resident killer whales (Olesiuk et al. 2005). Mothers and 
offspring maintain highly stable social bonds throughout their lives, which is the basis for the 
matrilineal social structure in the Southern Resident population (Baird 2000, Bigg et al. 1990,
Ford et al. 2000). Groups of related matrilines form pods. Three pods – J, K, and L – make up 
the Southern Resident community. Clans are composed of pods with similar vocal dialects and 
all three pods of the Southern Residents are part of J clan.

The historical abundance of Southern Resident killer whales is estimated from 140 to an 
unknown upper bound. The minimum historical estimate (~140) included whales killed or 
removed for public display in the 1960s and 1970s added to the remaining population at the time 
the captures ended. Several lines of evidence (i.e., known kills and removals [Olesiuk et al.
1990], salmon declines [Krahn et al. 2002] and genetics [Krahn et al. 2002, Ford et al. 2011a]) 
all indicate that the population used to be much larger than it is now, but there is currently no 
reliable estimate of the upper bound of the historical population size. When faced with 
developing a population viability analysis for this population, NMFS’ biological review team 
found it reasonable to assume an upper bound of as high as 400 whales to estimate carrying 
capacity (Krahn et al. 2004).

At present, the Southern Resident population has declined to essentially the same size that was 
estimated during the early 1960s, when it was considered as likely depleted (Olesiuk et al. 1990) 
(Figure 2.4.4.1). Since censuses began in 1974, J and K pods have steadily increased their sizes.
However, the population suffered an almost 20 percent decline from 1996-2001 (from 97 whales 
in 1996 to 81 whales in 2001), largely driven by lower survival rates in L pod. Since then the 
overall population has increased slightly from 2002 to present (from 83 whales in 2002 to 88 
whales in August, 2011). Over the last 28 years (1983-2010), population growth has been 
variable, with an average annual population growth rate of 0.3 percent and standard deviation of 
± 3.2 percent. Seasonal mortality rates among Southern and Northern Resident whales may be 
highest during the winter and early spring, based on the numbers of animals missing from pods 
returning to inland waters each spring. Olesiuk et al. (2005) identified high neonate mortality 
that occurred outside of the summer season. At least 12 newborn calves (nine in the southern 
community and three in the northern community) were seen outside the summer field season and 
disappeared by the next field season. Additionally, stranding rates are higher in winter and spring 
for all killer whale forms in Washington and Oregon (Norman et al. 2004). Southern Resident 
strandings in coastal waters offshore include three separate events (1995 and 1996 off of 
Northern Vancouver Island and the Queen Charlotte Islands, and 2002 offshore of Long Beach, 
Washington State), but the causes of death are unknown (NMFS 2008a).

There are 26 whales in J pod, 20 whales in K pod and 42 whales in L pod. There are currently 2 
adult males and one nearly matured male in J pod, three adult males in K pod, and 10 adult males 
in L pod. The population is 35.6 percent juveniles, 34.5 percent reproductive females, 10.3 
percent post-reproductive females and 18.4 percent adult males. This age distribution is similar 
to that of Northern Residents that are a stable and increasing population (Olesiuk et al. 2005). 
However, there are several demographic factors of the Southern Resident population that are 
cause for concern, namely the small number of breeding males (particularly in J and K pods), 
reduced fecundity, sub-adult survivorship in L pod, and the total number of individuals in the 
population (review in NMFS 2008a). The current population abundance of 87 whales is small, at 
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most half of its likely previous abundance (140 to an unknown upper bound that could be as high 
at 400 whales, as discussed above). The estimated effective size of the population (based on the 
number of breeders under ideal genetic conditions) is very small at approximately 26 whales or 
roughly 1/3 of the current population size (Ford et al. 2011a). The small effective population size 
and the absence of gene flow from other populations may elevate the risk from inbreeding and 
other issues associated with genetic deterioration, as evident from documented breeding within 
pods (Ford et al. 2011a). As well, the small effective population size may contribute to the lower 
growth rate of the Southern Resident population in contrast to the Northern Resident population 
(Ford et al. 2011a, Ward et al. 2009).

Because of this population’s small abundance, it is also susceptible to demographic stochasticity 
– randomness in the pattern of births and deaths among individuals in a population. Several other 
sources of stochasticity can affect small populations and contribute to variance in a population’s 
growth and extinction risk. Other sources include environmental stochasticity, or fluctuations in 
the environment that drive fluctuations in birth and death rates, and demographic heterogeneity, 
or variation in birth or death rates of individuals because of differences in their individual fitness 
(including sexual determinations). In combination, these and other sources of random variation 
combine to amplify the probability of extinction, known as the extinction vortex (Gilpin and 
Soule 1986, Fagen and Holmes 2006, Melbourne and Hastings 2008). The larger the population 
size, the greater the buffer against stochastic events and genetic risks. A delisting criterion for the 
Southern Resident killer whale DPS is an average growth rate of 2.3% for 28 years (NMFS 
2008a). In light of the current average growth rate of 0.3%, this recovery criterion reinforces the 
need to allow the population to grow quickly.

Population growth is also important because of the influence of demographic and individual 
heterogeneity on a population’s long-term viability. Population-wide distribution of lifetime 
reproductive success can be highly variable, such that some individuals produce more offspring 
than others to subsequent generations, and male variance in reproductive success can be greater 
than that of females (i.e., Clutton-Brock 1988, Hochachka 2006). For long-lived vertebrates such 
as killer whales, some females in the population might contribute less than the number of 
offspring required to maintain a constant population size (n = 2), while others might produce 
more offspring. The smaller the population, the more weight an individual's reproductive success 
has on the population’s growth or decline (i.e., Coulson et al. 2006). This further illustrates the 
risk of demographic stochasticity for a small population like Southern Resident killer whales –
the smaller a population, the greater the chance that random variation will result in too few 
successful individuals to maintain the population.
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Figure 2.4.4.1.1. Population size and trend of Southern Resident killer whales, 1960-2012.
Data from 1960-1973 (open circles, gray line) are number projections 
from the matrix model of Olesiuk et al. (1990). Data from 1974-2012
(diamonds, black line) were obtained through photo-identification surveys 
of the three pods (J, K, and L) in this community and were provided by the 
Center for Whale Research (unpubl. data) and NMFS (2008). Data for 
these years represent the number of whales present at the end of each 
calendar year, except for 2012, when data only extend to July.

Range and Distribution. Southern Residents occur throughout the coastal waters of Washington, 
Oregon, and Vancouver Island and are known to travel as far south as central California and as 
southeast Alaska (one sighting occurred in Chatham Strait, Alaska; Figure 2.4.4.1.2.). The Figure 
2.4.4.1.2. does not reflect the recent sighting in Alaska. There is limited information on the 
distribution and habitat use of Southern Residents along the outer Pacific Coast.
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Figure 2.4.4.1.2. Geographic Range (light shading) of the Southern Resident Killer Whale 
DPS. Reprinted from Wiles (2004).

Southern Residents are highly mobile and can travel up to 86 miles in a single day (Erickson 
1978, Baird 2000). To date, there is no evidence that Southern Residents travel further than 50 
km offshore (Ford et al. 2005). Although the entire Southern Resident DPS has potential to occur 
in coastal waters at any time during the year, occurrence is more likely from November to May 
(Table 2.4.4.1.1).

Southern Residents spend a substantial amount of time from late spring to early autumn in inland 
waterways of Washington State and British Columbia (Strait of Georgia, Strait of Juan de Fuca, 
and Puget Sound. Bigg 1982, Ford et al. 2000, Krahn et al. 2002, Table 2.4.4.1.1). Typically, J, 
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K and L pods are increasingly present in May or June and spend considerable time in the core 
area of Georgia Basin and Puget Sound until at least September. During this time, pods 
(particularly K and L) make frequent trips from inland waters to the outer coasts of Washington 
and southern Vancouver Island, which typically last a few days (Ford et al. 2000).

Table 2.4.4.1.1. Average number of days spent by Southern Resident killer whales in 
inland and coastal waters by month1, 2003-2007 (Hanson and Emmons 
2010).

Months
Lpod Jpod Kpod 
Days
Inland

Days
Coastal

Days
Inland

Days 
Coastal 

Days
Inland 

Days 
Coastal 

Jan 5 26 3 29 8 23 
Feb 0 28 4 24 0 28 
March 2 29 7 24 2 29 
April 0 30 13 17 0 30 
May 2 29 26 5 0 31 
June 14 16 26 5 12 18 
July 18 13 24 7 17 14 
Aug 17 15 17 15 17 14 
Sep 20 10 19 11 17 13 
Oct 12 19 14 17 8 24 
Nov 5 25 13 17 7 23 
Dec 1 30 8 23 10 21 

1Hanson and Emmons report sightings in inland waters. For purposes of this consultation analysis, and because the 
population is highly visible when in inland waters, NMFS assumes that when not sighted in inland waters the whales 
are in their coastal range.

Late summer and early fall movements of Southern Residents in the Georgia Basin are 
consistent, with strong site fidelity shown to the region as a whole and high occurrence in the 
San Juan Island area (Hanson and Emmons 2010, Hauser et al. 2007). There is inter-annual 
variability in arrival time and days present in inland waters from spring through fall, with late 
arrivals and fewer days present during spring in recent years potentially related to weak returns 
of spring and early summer Chinook salmon to the Fraser River (Hanson and Emmons 2010).
Similarly, recent high occurrence in late summer may relate to greater than average Chinook 
salmon returns to South Thompson tributary of the Fraser River (Hanson and Emmons 2010).
During fall and early winter, Southern Resident pods, and J pod in particular, expand their 
routine movements into Puget Sound, likely to take advantage of chum and Chinook salmon runs 
(Hanson et al. 2010a, Osborne 1999). During late fall, winter, and early spring, the ranges and 
movements of the Southern Residents are less known. Sightings through the Strait of Juan de 
Fuca in late fall suggest that activity shifts to the outer coasts of Vancouver Island and 
Washington (Krahn et al. 2002).

The Southern Residents were formerly thought to range southward along the coast to about 
Grays Harbor (Bigg et al. 1990) or the mouth of the Columbia River (Ford et al. 2000).
However, recent sightings of members of K and L pods in Oregon (in 1999 and 2000) and 
California (in 2000, 2003, 2005, 2006, 2007, 2008, and 2009) have considerably extended the 
southern limit of their known range (NMFS 2008a). There have been verified visual sightings or 
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strandings of J, K or L pods along the outer coast from 1975 to present with most made from 
January through April (summarized in NMFS 2008a, and NWFSC unpubl. data). These include 
16 records off Vancouver Island and the Queen Charlottes, 15 off Washington, four off Oregon, 
and 10 off central California. Most records have occurred since 1996, but this may be because of 
increased viewing effort along the coast for this time of year.

Sightings in Monterey Bay, California coincided with occurrence of salmon, with feeding 
witnessed in 2000 (Black et al. 2001). Southern Residents were also sighted in Monterey Bay 
during 2008, when salmon runs from California were expected to be near record lows (PFMC 
2010). L pod was also seen feeding on unidentified salmon off Westport, Washington, in March 
2004 during the spring Chinook salmon run in the Columbia River (M. B. Hanson, personal 
observation as cited in Krahn et al. 2004). In March, 2005 L pod was sighted working a circuit 
across the Columbia River plume from the North Jetty across to the South Jetty during the spring 
Chinook salmon run in the Columbia River (Zamon et al. 2007). Also in March of 2006, K and L 
pods were encountered off the Columbia River (Hanson et al. 2008). L pod was again seen 
feeding off Westport, Washington in March 2009, and genetic analysis of prey remains collected 
from two predation events identified one fish as spring Chinook salmon and the other as a 
summer/fall Chinook salmon from Columbia River stocks (Hanson et al. 2010b).

The Northwest Fisheries Science Center (NWFSC) also deploys and collects data from remote 
autonomous acoustic recorders in coastal waters of Washington State, and in 2009 alone 
documented 52 Southern Resident killer whale detections from this acoustic system (Emmons et 
al. 2009). The Department of Fisheries and Oceans (DFO), Canada also maintains acoustic 
recorders in British Columbia. When the NWFSC and DFO analyze these data, more information 
will be available about the seasonal distribution, movements and habitat use of Southern 
Resident killer whales, specifically in coastal waters off Washington and British Columbia.

Limiting Factors and Threats. Several factors identified in the final recovery plan for Southern 
Residents may be limiting recovery. These are quantity and quality of prey, toxic chemicals that 
accumulate in top predators, disturbance from sound and vessels. Oil spills are also a risk factor.
It is likely that multiple threats are acting in concert to impact the whales. Although it is not clear 
which threat or threats are most significant to the survival and recovery of Southern Residents, 
all of the threats identified are potential limiting factors in their population dynamics (NMFS 
2008a). Here we focus on the quantity and quality of prey, and the toxic chemicals in the whales 
because these are affected by the proposed action. The discussion in the Environmental Baseline 
and Cumulative Effects sections contain a thorough evaluation of all threats in the action area.

Prey. Healthy killer whale populations depend on adequate prey levels. First, we discuss 
the prey requirements of Southern Residents followed by an assessment of threats to the quantity 
and quality of their prey.

Prey Requirements. Southern Resident killer whales consume a variety of fish species 
(22 species) and one species of squid (Scheffer and Slipp 1948; Ford et al. 1998, 2000; Ford and 
Ellis 2006; Saulitis et al. 2000; Hanson et al. 2010c), but salmon are identified as their primary 
prey (i.e., a high percent of prey consumed during spring, summer and fall, from long-term 
studies of resident killer whale diet; Ford and Ellis 2006, Hanson et al. 2010c). Feeding records 
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for Southern and Northern Residents show a predominant consumption of Chinook salmon 
during late spring to fall (Ford and Ellis 2006). Chum salmon are also taken in significant 
amounts, especially in fall. Other salmon eaten include coho, pink, steelhead (O. mykiss), and 
sockeye (O. nerka). The non salmonids included Pacific herring, sablefish, Pacific halibut, 
quillback and yelloweye rockfish (Sebastes maliger), lingcod (Ophiodon elongates), and Dover 
sole (Microstomus pacificus) (Ford et al. 1998, Hanson et al. 2010c). Chinook salmon were the 
primary prey despite the much lower abundance of Chinook salmon in the study area in 
comparison to other salmonids (primarily sockeye), for mechanisms that remain unknown but 
factors of potential importance include the species’ large size, high fat and energy content, and 
year-round occurrence in the area. Killer whales also captured older (i.e., larger) than average 
Chinook salmon (Ford and Ellis 2006). Recent research suggests that killer whales are capable of 
detecting, localizing and recognizing Chinook salmon through their ability to distinguish 
Chinook salmon echo structure as different from other salmon (Au et al. 2010).

Southern Residents are the subject of ongoing research, including direct observation, scale and 
tissue sampling of prey remains, and fecal sampling. A recent publication by Hanson et al.
(2010c) provides the best available scientific information on diet composition of Southern 
Residents in inland waters during summer months. The results provide information on (1) the 
percentage of Chinook in the whales’ diet, and (2) the predominant river of origin of those 
Chinook. Other research and analysis provides additional information on the age of prey 
consumed (Hanson, unpubl. data, as summarized in Ward et al. 2010), indicating that the whales 
are consuming mostly larger (i.e., older) Chinook.

Scale and tissue sampling in inland waters from May to September indicate that the Southern 
Residents’ diet consists of a high percentage of Chinook, with an overall average of 88% 
Chinook across the timeframe and monthly proportions as high as >90% Chinook (i.e., July: 
98% and August: 92%, see S/T sample type in Table 2 Hanson et al. 2010c). Fecal samples are 
also available in Hanson et al. (2010c) but were not used to estimate proportion of the Southern 
Residents’ diet, because the data from these samples represents presence or absence of prey 
species, but not proportion of diet. DNA quantification methods can be used to estimate the 
proportion of diet from fecal samples (i.e., Deagle et al. 2005). This technique is still in the 
developmental stages. However, preliminary DNA quantification results from Hanson et al.
(2010c) samples indicate that Chinook make up the bulk of the prey DNA in the fecal samples 
(Ford et al. 2011b).

Genetic analysis of the Hanson et al. (2010c) samples indicate that when Southern Resident 
killer whales are in inland waters from May to September, they consume Chinook stocks that 
originate from regions including the Fraser River (including Upper Fraser, Mid Fraser, Lower 
Fraser, N. Thompson, S. Thompson and Lower Thompson), Puget Sound (N. and S. Puget 
Sound), the Central British Columbia Coast and West and East Vancouver Island. Hanson et al.
(2010c) find that the whales are likely consuming Chinook salmon stocks at least roughly 
proportional to their local abundance, as inferred by Chinook run-timing pattern and the stocks 
represented in killer whale prey for a specific area of inland waters, the San Juan Islands.
Ongoing studies also confirm a shift to chum salmon in fall (Ford et al. 2010a, Hanson et al.
2010a).
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Although less is known about the diet of Southern Residents off the Pacific coast, the available 
information indicates that salmon, and Chinook salmon in particular, are also important when the 
whales occur in coastal waters. To date, there are direct observations of two different predation 
events (where the prey was identified to species and stock from genetic analysis of prey remains) 
when the whales were in coastal waters. Both were identified as Columbia River Chinook stocks 
(Hanson et al. 2010b). Chemical analyses also support the importance of salmon in the year 
round diet of Southern Resident killer whales (Krahn et al. 2002, 2007, 2009). Krahn et al.
(2002), examined the ratios of DDT (and its metabolites) to various PCB compounds in the 
whales, and concluded that the whales feed primarily on salmon throughout the year rather than 
other fish species. The predominance of Chinook in their diet in inland waters, even when other 
species are more abundant, combined with information to date about prey in coastal waters 
(above), makes it reasonable to expect that Chinook salmon is equally predominant in the 
whales’ diet when available in coastal waters. It is also reasonable to expect that the diet of 
Southern Residents is predominantly larger Chinook when available in coastal waters. The diet 
of Southern Residents in coastal waters is a subject of ongoing research.

Quantity of Prey. Human influences have had profound impacts on the abundance of 
many prey species in the northeastern Pacific during the past 150 years, including salmon. The 
health and abundance of wild salmon stocks have been negatively affected by altered or 
degraded freshwater and estuarine habitat, including numerous land use activities, from 
hydropower systems to urbanization, forestry, agriculture and development. Harmful artificial 
propagation practices and overfishing have also negatively affected wild salmon stocks. Section 
2.4 provides a comprehensive overview of limiting factors for Puget Sound Chinook, as does the 
Puget Sound Salmon Recovery Plan (Shared Strategy 2007 and NMFS 2007). Predation also 
contributes to natural mortality of salmon. Salmonids are prey for pelagic fish, birds, and marine 
mammals including killer whales.

While wild salmon stocks have declined in many areas, hatchery production has supplemented 
additional prey. Currently, hatchery production contributes a significant component of the 
salmon prey base returning to watersheds within the range of Southern Resident killer whales 
(i.e., review PFMC 2011 for Puget Sound, Barnett-Johnson et al. 2007 for Central Valley 
California, and NMFS 2008b for Columbia River Basin). Although hatchery production has 
contributed some offset of the historical declines in the abundance of wild salmon within the 
range of Southern Residents, hatcheries also pose risks to wild salmon populations (i.e., Ford 
2002, Nickelson et al. 1986, Levin and Williams 2002, Naish et al. 2007). In recent decades, 
managers have been moving toward hatchery reform, and are in the process of reducing risks 
identified in hatchery programs, through region-wide recovery planning efforts and hatchery 
program reviews. Healthy wild salmon populations are important to the long-term maintenance 
of prey populations available to Southern Resident killer whales, because it is uncertain whether 
a hatchery dominated mix of stocks is sustainable indefinitely.

Salmon abundance is also substantially affected by climate variability in freshwater and marine 
environments, particularly by conditions during early life-history stages of salmon (NMFS 
2008b). Sources of variability include inter-annual climatic variations (e.g., El Niño and
LaNiña), longer term cycles in ocean conditions (e.g., Pacific Decadal Oscillation, Mantua et al.
1997), and ongoing global climate change. For example, climate variability can affect ocean 
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productivity in the marine environment and water storage (e.g. snow pack) and in-stream flow in 
the freshwater environment. Early life-stage growth and survival of salmon can be negatively 
affected when climate variability results in conditions that hinder ocean productivity (e.g.,
Scheuerell and Williams 2005) and/or water storage (e.g., ISAB 2007) in marine and freshwater 
systems, respectively. Severe flooding in freshwater systems can also constrain salmon 
populations (NMFS 2008c). The availability of adult salmon may be reduced in years following 
unfavorable conditions to the early life-stage growth and survival of salmon.

When prey is scarce, whales likely spend more time foraging than when it is plentiful. Increased 
energy expenditure and prey limitation can cause nutritional stress. Nutritional stress is the 
condition of being unable to acquire adequate energy and nutrients from prey resources and as a 
chronic condition can lead to reduced body size and condition of individuals and lower 
reproductive and survival rates of a population (e.g., Trites and Donnelly 2003). The Center for 
Whale Research has observed the very poor body condition in 13 members of the Southern 
Resident population, and all but two of those whales subsequently died (Durban et al. 2009).
Both females and males across a range of ages were found in poor body condition (Durban et al.
2009). Food scarcity could also cause whales to draw on fat stores, mobilizing contaminants 
stored in their fat that are at relatively high levels (Krahn et al. 2007, 2009; Mongillo 2009) and 
affecting reproduction and immune function (as discussed above).

Here we examine potential symptoms of chronic nutritional stress by considering the available 
data on poor body condition of individual Southern Residents and discussing demographic 
modeling conducted to date that identifies Chinook abundance as strongly correlated with 
changes in demographic rates of the Southern Resident killer whale population.

Body Condition of Whales. The Center for Whale Research is the primary source of data 
for body condition of Southern Resident killer whales and retains photographs of all individual 
Southern Resident killer whales identified during annual census. They document body condition 
with boat-based visual observation and photographs. This technique is not able to detect fine 
scale differences in condition, because from the dorsal vantage a detectable change is only 
visible when a whale’s condition has become very poor (Durban et al. 2009). Very poor 
condition is detectable by a depression behind the blowhole that presents as a “peanut-head” 
appearance. The Center for Whale Research has observed the “peanut-head” condition in 13 
members of the Southern Resident population, and all but two of those whales subsequently died 
(Table 2.4.3.2). Durban et al. (2009) are currently refining methods to detect changes in body 
condition at a finer scale with aerial photogrammetry. Ayres et al. (2012) also examined 
potential symptoms of nutritional stress in the whales by measuring fecal hormones.

None of the whales that died were subsequently recovered, and therefore definitive cause of 
death could not be identified. Both females and males across a range of ages were found in poor 
body condition (Table 2.4.4.1.2). Regardless of the cause(s) of death, it is possible that poor 
nutrition could contribute to mortality through a variety of mechanisms. To demonstrate how this 
is possible, we reference studies that have demonstrated the effects of energetic stress (caused by 
incremental increases in energy expenditures or incremental reductions in available energy) on 
adult females and juveniles, which have been studied extensively (e.g., adult females: Gamel et 
al. 2005, Daan et al. 1996, juveniles: Noren et al. 2009, Trites and Donnelly 2003). Small, 
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incremental increases in energy demands should have the same effect on an animal’s energy 
budget as small, incremental reductions in available energy, such as one would expect from 
reductions in prey. Ford and Ellis (2006) report that resident killer whales engage in prey sharing 
about 76% of the time. Prey sharing presumably would distribute more evenly the effects of prey 
limitation across individuals of the population than would otherwise be the case (i.e., if the most 
successful foragers did not share with other individuals). Therefore, although cause of death for 
these specific individuals is unknown, poor nutrition could contribute to additional mortality in 
this population.

Demographic Modeling. Ford et al. (2005 and 2010b) evaluated 25 years of 
demographic data from Southern and Northern Resident killer whales and found that changes in 
survival largely drive their population trends, and the populations’ survival rates are strongly 
correlated with coast-wide availability of Chinook salmon (from Pacific Salmon Commission 
[PSC] abundance indices that estimate abundance between Southeast Alaska and Oregon). Ward 
et al. (2009) found that Northern and Southern Resident killer whale fecundity is highly 
correlated with Chinook abundance indices, and reported the probability of calving increased by 
50 percent between low and high Chinook abundance years. PSC Chinook abundance indices 
from the West Coast of Vancouver Island (WCVI) were the most important predictor of the 
relationship. Recently, Ward (2010) considered new information to update the 2009 fecundity 
model with new birth data and a singular focus on the Southern Resident killer whale population. 
Ward (2010) also conducted the updated analysis for survival, where the survival of L pod was 
evaluated separately from the survival of J and K pods because of the apparent lower survival in 
L pod (Ward et al. 2011, Krahn et al. 2004). Best-ranked models all included one of the PSC 
Chinook indices (the Northern British Columbia indices performed best, and WCVI, Southeast 
Alaska and inland WCVI indices performed equally well at second best). The results are 
consistent with findings from Ford et al. 2010b.

Quality of Prey. The quality of Chinook salmon, Southern Resident killer whales’ 
primary prey, is likely influenced by a variety of factors, including contaminant load, size of the 
fish, their fat content, and origin (natural vs. hatchery). Overall, Chinook have the highest lipid 
content (Stansby 1976, Winship and Trites 2003), largest size, and highest caloric value per kg of 
any salmonid species (Ford and Ellis 2006, Osborne 1999). Details about contaminant load, size, 
and origin are provided below.
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Table 2.4.4.1.2. Dates of observed “peanut-head” condition of individual Southern 
Resident killer whales and their fates (Durban et al. 2009).
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Contaminant Load. Levels of persistent organic pollutants (POPs) in killer whales are 
primarily determined by contaminant levels in their prey and the geographic region, although the 
age, gender, and birth order of the whale will also influence accumulation. Various studies have 
documented a range of concentrations of POPs in many populations of adult Pacific salmon (see 
Table 2.4.4.1.3). POP accumulation in Pacific salmon is primarily determined by geographic 
proximity to contaminated environments (Mongillo et al. in prep.). Because Chinook salmon are 
distributed in more coastal waters, they are more readily exposed to contaminants that are 
present in coastal waters than other species. In contrast, sockeye, pink, and chum salmon have 
lower POP concentrations because by the end of their first year, they have migrated through the 
coastal waters and are found in the open waters of the North Pacific, Gulf of Alaska, and Bering 
Sea (Quinn 2005). Measured average concentrations of PCBs and polybrominated diphenyl 
ethers (PBDEs) were highest for Chinook intermediate for coho, less for sockeye, and lowest for 
pink and chum salmon (see Table 2.4.4. 1.3). Similarly, average DDT values were higher in 
Chinook and coho salmon compared to sockeye and lowest for pink and chum salmon (see Table 
2.4.4. 1.3). Intermediate levels of PCB and PBDEs were measured in California and Oregon 
populations and the lowest average levels were measured in populations off Alaska (Mongillo et 
al. in prep.). The biological traits in Pacific salmon (e.g. trophic status, lipid content, age, 
exposure duration, metabolism, and detoxification) may also affect the degree to which POPs 
accumulate (Mongillo et al. in prep.).

Size. Size of individual salmon is an aspect of prey quality that could affect the foraging 
efficiency of Southern Resident killer whales. As discussed above, available data suggests that 
Southern Residents consume larger prey. The degree to which this is a function of the 
availability of all sizes of fish in the coastal range of the whales, their ability to detect all sizes or 
a true preference of only large fish is unknown. It is possible although not conclusive that there 
has been a historical decrease in salmon age, size, or size at a given age (i.e., Bigler et al. 1996,
but also see PFMC data (PFMC 2011). Fish size is influenced by factors such as environmental 
conditions, selectivity in fishing effort through gear type, fishing season or regulations, and 
hatchery practices. The available information on size is also confounded by factors including 
inter-population difference, when the size was recorded, and differing data sources and sampling 
methods (review in Quinn 2005).

Origin. Southern Resident killer whales likely consume both natural and hatchery salmon 
(Hanson et al. 2010c). The best available information does not indicate that natural and hatchery 
salmon generally differ in size, run-timing, or ocean distribution (e.g., Nickum et al. 2004, 
NMFS 2008c, Weitkamp and Neely 2002, regarding differences that could affect Southern 
Residents); however, there is evidence of size and run-timing differences between hatchery and 
natural salmon from specific river systems or runs (i.e., size and run timing differences as 
described for Willamette River Chinook in NMFS 2008d). Potential run-specific differences in 
the quality of natural and hatchery salmon are evaluated where data are available.
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Toxic Chemicals. Contaminants enter fresh and marine waters and sediments from 
numerous sources such as atmospheric transport and deposition, ocean current transport, and 
terrestrial runoff (Iwata et al. 1993, Grant and Ross 2002, Hartwell 2004), but are typically 
concentrated near populated areas of high human activity and industrialization. Oceans act as a 
repository for domestic and industrial wastes and significant contaminant concentrations have 
been measured in the sediment, water, and biota. Persistent contaminants can biomagnify or 
accumulate up the food chain in such a degree where levels in upper trophic-level mammals can 
have significantly higher concentrations than that found in the water column or in lower trophic-
level species. Southern Resident killer whales are exposed to relatively high levels of persistent 
pollutants because they are long-lived, upper trophic-level predators that are in close proximity 
to industrial and agricultural areas. Consequentially, Southern Residents are a highly 
contaminated whale population.

Persistent pollutants are highly lipophilic (i.e., fat soluble) and are primarily stored in the fatty 
tissues in marine mammals (O’Shea 1999, Reijnders and Aguilar 2002). Therefore, when killer 
whales consume contaminated prey they store the contaminants primarily in their blubber.
However, some persistent contaminants (e.g., the butyltins) are primarily stored in the liver and 
kidneys of marine mammals (Iwata et al. 1997). Persistent pollutants can resist metabolic 
degradation and can remain stored in the tissues or organs of an individual whale for extended 
periods of time. When prey is scarce and when other stressors reduce foraging efficiency (e.g., as 
possible from vessel disturbance, disease, etc.), killer whales metabolize their blubber lipid stores 
and the contaminants can become mobilized to other organs or they can remain in the blubber 
and become more concentrated (Krahn et al. 2002). Nursing mothers can also transmit large 
quantities of contaminants to their offspring, particularly during lactation. The mobilized 
contaminants can reduce the whales’ resistance to disease, can affect reproduction, disrupt the 
endocrine system, disrupt enzyme function and vitamin A physiology, induce developmental 
neurotoxicity, and cause skeletal deformities (see NMFS 2008a for a review).

There are several persistent pollutants of concern that have been highlighted in the Southern 
Resident killer whale Recovery Plan (Table 2.4.4. 1.4). Some of these pollutants do not need to 
be in high concentration in a species to be toxic and have long been recognized as problematic 
for the Southern Resident killer whales. The organochlorines (e.g., PCBs and DDTs) are thought 
to pose the greatest risk to killer whales (Ross et al. 2000, Center for Biological Diversity 2001, 
Krahn et al. 2002). Organochlorines are a diverse group of lipophilic compounds. Designed for 
their stability, most are highly persistent in the environment and can resist metabolic 
degradation. These persistent pollutants can accumulate in the food webs and are at relatively 
high concentrations in upper trophic-level species such as killer whales. PCBs were designed for 
chemical stability and were historically used in paints and sealants, industrial lubricants and 
coolants, and flame-retardants. DDTs were primarily used to control insects in commercial and 
agricultural areas, forests, homes and gardens. PCBs and DDTs were banned in the 1970s and 
1980s due to their toxicity in humans and wildlife. Although levels of PCBs and DDTs have 
dramatically decreased in environmental samples since the mid 1970s (Mearns et al. 1988, 
Lieberg-Clark et al. 1995, Calambokidis et al. 2001, Rigét et al. 2010), these compounds 
continue to be measured in marine biota around the world, including killer whales and their prey.
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Many studies have found organochlorines in marine mammal tissues (e.g., Appendices 10-1
through 10-4, O’Shea 1999). Several marine mammal populations have high levels of 
organochlorines associated with adverse health effects. For example, the St. Lawrence beluga 
population contains high levels of organochlorines, as well as lead, mercury, and selenium 
(Martineau et al. 1987, Muir et al. 1990, Wagemann et al. 1990). This beluga whale population 
has a high prevalence for tumors, and lesions in the digestive tract and mammary glands, which 
are thought to be associated with the high levels of contaminants, particularly PCBs (Martineau
et al. 1994, De Guise et al. 1995).

The majority of Southern Residents have high levels of PCBs (Ross et al. 2000, Krahn et al.
2007a, 2009) that exceed a health-effects threshold (17,000 ng/g lipid) derived by Kannan et al.
(2000) and Ross et al. (1996) for PCBs in marine mammal blubber. The PCB health-effects 
threshold is associated with reduced immune function and reproductive failure in harbor seals 
(Reijnders 1986, de Swart et al. 1994, Ross et al. 1996, Kannan et al. 2000). Hickie et al. (2007) 
projected that it will take at least 50 years for the Southern Residents to drop below the 
threshold. Moreover, juvenile Southern Resident killer whales had blubber concentrations that 
were 2 to 3.6 times higher than the established health-effects threshold (Krahn et al. 2009).
Similarly, Southern Residents also have high levels of measured DDTs in their blubber (Krahn et 
al. 2007a, 2009).

Recent decades have brought rising concern over a list of the so-called “emerging” contaminants 
and other pollutants, such as the PBDEs. PBDEs have been used as additive flame-retardants in 
many products including electronics, textiles, and plastics. Additive flame-retardants can readily 
disassociate from the products they are added to and discharge into the environment. Due to the 
increase in fire regulations in many countries, the use of PBDEs has increased in the last few 
decades. PBDEs have been identified as a growing concern and have a ubiquitous distribution 
with increasing levels found in various matrices including surface water, sewage sludge, 
sediment, air, and biota (Hale et al. 2003, Hites 2004). PBDEs are structurally comparable to 
PCBs and share some similar toxicological properties (Hooper and McDonald 2000). In January 
2006, the Washington State Department of Ecology (DOE) and the Washington State 
Department of Health (DOH) issued a Final PBDE Chemical Action Plan (DOE and DOH 2006) 
that recommended the Legislature prohibit the three main types of PBDEs used in consumer 
products (e.g., penta-, octa-, and deca-BDEs). The penta and octa forms are currently being 
phased out in Washington State because manufacturers agreed to voluntarily stop producing 
these two forms of PBDEs by the end of 2004, and following a bill (ESHB1024) that was passed 
in 2007. This bill banned the use of the penta and octa forms by 2008, banned the use of the deca 
form in mattresses by 2008, and banned the use of the deca form in televisions, computers, and 
furniture by 2011.

Although specific regional data is limited for PBDE levels, the environmental levels of a few 
PBDE congeners appear to have surpassed PCBs in some areas in North America (Hale et al.
2003, Ross et al. 2009). Recent studies have documented relatively high concentrations of 
PBDEs in Southern Resident killer whales (Krahn et al. 2007a, 2009, Mongillo 2009). Although 
PBDE levels in the whales are lower than PCBs or DDTs (Krahn et al. 2007a, 2009), concern is 
growing because PBDE exposure and accumulation will likely continue in the future increasing 
the risk to the health of the killer whales. Several other marine species have recently experienced 
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an almost exponential increase in PBDE concentrations (e.g., Ikonomou et al. 2002, Lebeuf et al.
2004).

Recent studies suggest that certain pharmaceuticals and personal care products (PPCPs) may also 
accumulate in killer whales. Synthetic musks and antibacterial chemicals (e.g. Triclosan) have 
been detected in dolphins and porpoises in coastal waters off Japan and the southeastern United 
States and in harbor seals off the California Coast (Fair et al. 2009, Kannan et al. 2005, Nakata 
2005, Nakata et al. 2007). A wider range of PPCPs, including anti-depressants, cholesterol 
lowering drugs, antihistamines, and drugs affecting blood pressure and cholesterol levels have 
been detected in tissues of fish from urban areas and sites near wastewater treatment plants 
(Brooks et al. 2005, Ramirez et al. 2009), suggesting possible contamination of prey. As yet we 
have no data on concentrations of PPCPs in either killer whales or their prey species, but they 
could be a concern because of their widespread occurrence, potential for biomagnification, and 
biological activity.
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Below we highlight the available information about marine mammal toxicity, storage, 
concentration levels, and detoxification mechanisms for toxic chemicals considered in the 
proposed action, as introduced in Table 1.1. We first discuss the organic compounds: dieldrin, 
endrin, endosulfan, heptachlor epoxide, Lindane, pentachlorophenol (PCP), and tributyltin 
(TBT). Second, we discuss the metals and elemental pollutants: cadmium, lead, aluminum, 
ammonia, arsenic, copper, chromium (III and VI), nickel, selenium, silver, and zinc. Of all the 
chemicals described below that are a part of this action, the organic compounds are of highest 
concern, followed by the metals and elemental pollutants.

Dieldrin and Endrin. Dieldrin and endrin are organochlorine insecticides that are more 
acutely toxic than DDT. They are highly neurotoxic and can cause reproductive defects in 
laboratory mammals (O’Shea 1999). Reproductive effects can include reduced fertility, reduced 
litter size, and increased pup mortality in mice, rats, and dogs (AMAP 1998). Furthermore, 
dieldrin has shown to be estrogenic, cause immunosuppression in laboratory animals, and 
increase benign and malignant tumors in mice (AMAP 1998).

By the end of the 1960s, dieldrin had been reported in tissues of marine mammals (O’Shea and 
Tanabe 2003). Dieldrin is commonly found in marine mammals throughout the world, whereas 
endrin, which is more toxic, is reported less often (see Appendices 10-1 to 10-4, O’Shea 1999).
In the late 1980s, dieldrin was measured in the tissues of killer whales of the west coast of North 
America (Jarman et al. 1996).
weight (ww); this average level was appreciably less than the tota

et al. 1996).
Similarly, in a separate study, dieldrin levels in stranded or dead North Atlantic killer whales 
were measurably less than PCBs and DDTs (McHugh et al. 2007). Ylitalo et al. (2009) measured 
persistent organic pollutant concentrations including dieldrin in the false killer whale from the 
Hawaiian Islands. Dieldrin measured in these whales were relatively low. Subadults had 
significantly higher mean dieldrin levels compared to those measured in other age classes.
Concentrations of dieldrin measured in blubber of Southern Residents sampled from 2004-2007
ranged from 9.2 ng/g wet weight (ww) to 440 ng/g ww, whereas the lipid-normalized levels 
ranged from 32 ng/g lipid to 1,100 ng/g lipid (G. Ylitalo NWFSC, pers. comm.).

Endosulfan. Endosulfan is a semi-volatile and relatively persistent organochlorine. It has 
shown to be estrogenic and cause reproductive effects in laboratory animals (AMAP 1998). It
has high acute oral and inhalation toxicity as well as moderate dermal toxicity in humans 
(http://www.epa.gov/oppsrrd1/REDs/factsheets/endosulfan_fs.htm). Small and Solomon (2005) 
concluded that risk from endosulfan in marine mammals was negligible because the range of 
exposure concentrations were lower than the no observed adverse effect level (NOAEL) doses in 
laboratory species (e.g., rat and grey partridge, see Figure 2.4.4. 1.3).
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Figure 2.4.4. 1.3. Range of exposure concentrations measured in various polar marine and 
terrestrial wildlife species as compared to NOAEL doses in test species 
(reprinted from Small and Solomon 2005).

Endosulfan is present in several cetaceans such as the narwhal, beluga, and minke whales 
(Vorkamp et al. 2004, Small and Solomon 2005). The beluga whale appears to have varying 
levels depending on geographic location but no significant difference in concentration between 
sexes (Stern et al. 2005). Several studies focusing on the Arctic have shown the continued 
deposition of endosulfan from use at lower latitudes. Endosulfan is one of the few persistent 
organic pollutants that increased in concentration from the 1970s to the 1990s in the Canadian 
Arctic (Braune et al. 2005). However, there appears to be uncertainty in some of the datasets 
because of differences in analytical techniques (Weber et al. 2010). Endosulfan I (alpha 
endosulfan) levels in the blubber of false killer whales from the Hawaiian islands were below the 
limits of quantification (Ylitalo et al. 2009). Alpha endosulfan levels determined in blubber of 
the Southern Residents sampled between 2004 – 2007 were below the limits of quantification (< 
2.2 - < 14 ng/g ww) for all samples analyzed and thus do not appear to currently pose a health 
risk (G. Ylitalo NWFSC, pers. comm.).
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Heptachlor Epoxide. Heptachlor epoxide is a more toxic metabolite of heptachlor (which 
is prepared from chlordane and has a higher acute toxicity). Laboratory animals fed high levels 
in a short time period experienced tremors and convulsions (EPA 2008). Long term exposure can 
lead to liver and kidney tissue damage, enlarged liver, increased red blood cells, and liver cancer 
(EPA 2008).

Similar to dieldrin, heptachlor epoxide is found in marine mammals throughout the world but in 
relatively low concentrations (O’Shea 1999). Heptachlor epoxide can be offloaded from mother 
to offspring and is the primary metabolite of heptachlor found in marine mammals tissues (see 
Appendices 10-1 through 10-4, O’Shea 1999). In the late 1980s, heptachlor epoxide was 
measured in the tissues of killer whales of the west coast of North America (Jarman et al. 1996).

appreciably less than DDTs and PCBs (Jarman et al. 1996). Blubber levels of heptachlor epoxide 
measured in Southern Residents sampled from 2004 – 2007 ranged from < 5.3 ng/g ww to 660 
ng/g ww whereas the lipid-normalized values ranged from below the limits of quantification to 
5,400 ng/g lipid (G. Ylitalo NWFSC pers. commun.).

Lindane. Hexachlorocyclohexane (HCH), also referred to as benzene hexachloride 
(BHC), is an organochlorine insecticide and consists -HCH (Lindane), 

- -HCH. Lindane is the most biologically active isomer and is a neurotoxin; it affects 
the nervous system, liver and kidneys, and may act as an endocrine disruptor 
(http://www.epa.gov/oppsrrd1/REDs/factsheets/lindane_fs_addendum.htm). HCH isomers have 
caused tumors in laboratory mammals (O’Shea 1999). Lindane has shown to reduce immune 
responses in laboratory animals and may have both estrogenic and antiestrogenic effects (AMAP 
1998). 

Between 1986 and 1989, the average concentration of total HCHs (or the sum of L -
-HCH) measured in killer whales from the west coast of North America was 708 

et al. 1996).
More recently, total HCH was measured in Southern Resident killer whales (Krahn et al. 2007a, 
2009). Similar to the previous study, total HCHs were measurably lower than PCBs or DDTs.
The juvenile whales had significantly higher HCH levels than adult males and total HCH levels 
were strongly correlated with total PBDEs and did not correlate with age (Krahn et al. 2007a, 
2009). Lindane concentrations in killer whales are relatively low, likely because it is less 
bioaccumulative than some of the other organochlorines, and it is potentially regulated by the 
whales’ metabolic system (McHugh et al. 2007). Concentrations of total HCHs in the Southern 
Residents ranged from 62 ng/g to 1,700 ng/g lipid based on biopsy blubber samples collected 
from 2004 to 2007 (Table 2.4.4. 1.5). 
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Table 2.4.4. 1.5. Persistent organic pollutants (ng/g lipid) and percent lipid in blubber of 
biopsy samples from Southern Resident killer whales (data from Krahn et 
al. 2007a, 2009).

Total HCH levels in Southern Resident killer whales are generally higher than resident killer 
whales from Central Aleutian Islands, and less than transient killer whales from the Eastern 
Aleutian Islands (EAI) and from California (Krahn et al. 2007b). In fact, the transients from the 
EAI had significantly higher total HCHs than all other whale groups sampled (Krahn et al.
2007b). Herman et al. (2005) also found higher total HCH levels in transient killer whales from 
the eastern North Pacific (mean of 11,500 ng/g lipid) compared to residents (mean of 470 ng/g 
lipid) followed by the offshore ecotype (mean of 120 ng/g lipid). Relatively low levels of HCH 
are not uncommon in other killer whale populations. In a separate study, organochlorines were 
measured in live stranded or dead North Atlantic killer whales (McHugh et al. 2007). Similar to 
previous studies, lindane in individual blubber tissues were relatively low compared to PCBs and 
DDTs. Blubber levels of Lindane measured in Southern Residents sampled from 2004 – 2007
ranged from < 1.9 ng/g ww to 17 ng/g ww, whereas the lipid-normalized valued ranged from 
below the limits of quantification to 42 ng/g lipid (G. Ylitalo NWFSC pers. commun.).

Pentachlorophenol (PCP). Pentachlorophenol (PCP) is an organochlorine pesticide and 
disinfectant, however its greatest use is as a fungicide (wood preservative). PCP is still currently 
used, but to a lesser degree than in the 1990s. The use of chlorophenol-based chemicals for wood 
treatment was a major source of dioxins and furans to the Georgia Basin (Garrett and Ross 
2010). Although adverse health effects are unknown in marine mammals, chlorophenols (such as 

Whale ID Age Sex Lipid %
J39 3 M 40.9 34,000 24,000 15,000 1,300
J38 4 M 20.9 41,000 24,000 14,000 1,000
J22 22 F 28.4 4,600 1,500 880 62
J19 27 F 29.4 45,000 26,000 7,500 310
K36 4 F 18.3 62,000 95,000 15,000 1,700
K34 6 M 22.3 39,000 61,000 10,000 1,200
K21 21 M 26.6 38,000 73,000 2,900 410
K13 35 F 22 8,900 11,000 1,200 300
K7 est 97 F 28.5 120,000 44,000 6,700 1,100
L78 15 M 15.2 22,000 38,000 2,600 630
L85 15 M 24.8 50,000 120,000 2,500 530
L87 15 M 25.6 24,000 44,000 2,600 410
L71 18 M 9.6 36,000 72,000 2,600 920
L74 18 M 18 45,000 86,000 3,100 720
L73 21 M 23.8 32,000 55,000 3,400 450
L67 22 F 29.2 5,600 4,300 680 150
L57 29 M 19.4 56,000 110,000 3,300 640
L26 est 51 F 22.1 17,000 27,000 4,400 580
L21 est 57 F 18.7 55,000 99,000 4,200 750

Exhibit 7a



-89-

PCP) can adversely affect the survival, reproduction, growth, and metabolism of fish and 
shellfish (Garrett and Ross 2010).

Data are limited on PCP concentrations in marine mammals, with no information available for 
Southern Residents. These compounds are less persistent than other organic compounds because 
they readily degrade in the environment, and there is no evidence of biomagnification in upper 
trophic-level species (Garrett and Ross 2010). However, PCP was measured in bowhead whale 
plasma and was relatively abundant compared to similar phenolic compounds (Hoekstra et al.
2003). Because long-range transport of PCPs is limited due to rapid photolysis, they do not 
readily bioaccumulate. It is assumed that PCPs found in these whales result from 
biotransformation of hexachlorobenzene or potentially a biotransformation of pentachloroanisole 
(Hoekstra et al.2003).

Tributyltin (TBT). Tributyltin has been used as an antifoulant on ships, buoys, nets and 
piers to restrict or retard growth of fouling organisms. It has been identified as a persistent 
organic pollutant that may pose a toxic threat to the Southern Resident killer whales (NMFS 
2008a). However, bioaccumulation appears to be less than other persistent pollutants (e.g., PCBs, 
DDTs, and PBDEs).

TBT acts as an endocrine disruptor and has shown to competitively inhibit aromatase 
cytochrome P450 activity (Heidrich et al. 2001). Aromatase plays a significant role in sustaining 
the ratio between male and female hormones during sexual differentiation during embryonic 
development. TBT inhibits the conversion of androgens to estrogens. TBT can also act 
synergistically with a PCB congener (PCB-126) known to induce P4501A, and produce opposite 
effects than when the chemicals are isolated at higher doses. For example, female mice exposed 
to high doses of TBT combined with PCB-126 inhibited P450 activity, whereas low doses of 
TBT combined with the PCB congener enhanced the activity (DeLong and Rice 1997). Although 
TBT can significantly inhibit P450 activities, the concentration levels in the liver at which this 
inhibition occurs is almost 25 times higher than that found in free-ranging marine mammals 
(Kim et al. 1998). However, some marine mammal populations are at or above TBT levels that 
cause immunotoxicity in laboratory species (Figure 2.4.4. 1.4).
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Figure 2.4.4. 1.4. Range of tributyltin (TBT) and a metabolite, dibutyltin (DBT), 
concentrations in the liver of cetaceans from the U.S. and Japanese coastal 
waters, and toxic effects threshold levels of TBT and the DBT metabolite. 
Reprinted from Tanabe (1999).

The distribution of TBT in the tissues and organs of marine mammals is similar to that of other 
species and are primarily in the liver and kidneys and lower in the muscles and blubber (Iwata et 
al. 1997, Tanabe 1999). Currently, butyltin concentrations in Southern Residents are unknown.
Therefore, the extent of contamination relative to effect thresholds is unknown. Cetaceans 
distributed near more developed nations have elevated TBT levels compared to cetaceans 
adjacent to developed nations (Tanabe et al. 1998). Therefore, it is likely that the Southern 
Residents have relatively high TBT concentrations compared to cetaceans in less industrialized 
regions. Butyltin concentrations in cetaceans off of Japan and USA are similar. For example, the 
mean TBT liver concentration in killer whales off Japan (n=3) was 180 ng/g ww (Tanabe et al.
1998), and the mean TBT liver concentration in bottlenose dolphins off southeast Atlantic and 
Gulf coasts was 100 ng/g ww (Kannan et al. 1997). These levels are higher than concentrations 
in cetaceans near the Philippines, India, and China (Kannan et al. 1997, Tanabe et al. 1998).
Transplacental transfer of TBT from mother to fetus is relatively low compared to other 
persistent pollutants. For example, TBT concentrations in the liver of a pregnant female killer 
whale (150 ng/g ww) was much higher compared to concentrations in the liver of the fetus (26 
ng/g ww) (Tanabe et al. 1998). TBTs do not appear to differ between males and females, 
however increasing levels have been observed in immature stages of Risso’s dolphins (Tanabe 
1999).
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Metals and Elemental Pollutants. Unlike the persistent pollutants described above, 
metals are naturally found in the environment and some are essential to an animals’ nutrition.
Heavy metals in marine mammals are primarily determined by the levels in prey and the 
geographic region, as well as age and gender of the individual. For example, marine mammals 
that feed on squid can be exposed to higher levels of cadmium, copper, and zinc because squid 
have the ability to retain these elements (Reijnders and Aguilar 2002). Human activities can 
increase the concentrations and metals can become toxic at certain exposure levels. Currently, 
there is little information on metals in killer whales or in their prey. Most metals, like persistent 
pollutants, settle to the ocean floor where they can accumulate in sediment. Therefore, areas with 
high human activity can become hotspots of multiple toxic chemicals.

The distribution or storage of heavy metals in marine mammals is dependent on the metal. In 
general, heavy metals are found in the liver, kidneys, muscles, and bones (O’Shea 1999, 
Reijnders and Aguilar 2002, Das et al. 2003). Some metals may transfer from mother to 
offspring during gestation and lactation, although not to the same degree as the persistent organic 
pollutants. For example, Honda et al. (1987) found the hepatic concentrations of iron, lead, 
nickel, and cobalt decreased in adult female southern minke whales with progress of gestation. 
Pregnant pilot whales had less mercury in the serum than non-pregnant females, indicating a 
potential transplacental transfer to the fetus (Nielsen et al. 2000). However, it may also be 
possible that a change in the diet of the pregnant pilot whales can explain the change in mercury 
levels (Nielsen et al. 2000).

Non-essential metals that can be toxic to marine mammals, even at low doses, include mercury, 
cadmium, and lead. Mercury, cadmium, and lead in the tissues of marine mammals have been 
the focus of several studies because of their known toxicity to humans and other wildlife, such as 
damage to the central nervous system, skeletal deformities, kidney lesions and kidney or liver 
damage, as well as carcinogenic, mutagenic, and teratogenic effects (O’Shea 1999, Das et al.
2003). However, little information is known about toxic effects of heavy metals in marine 
mammals. Essential metals that occur naturally in the environment can also be toxic and their 
concentrations can be elevated in areas of high human activities. These essential metals include 
copper, zinc, iron, and selenium. Below is a brief description of toxicity, storage, concentration 
levels, and detoxification mechanisms for the metals and elements discussed in this opinion.

Cadmium. Adverse health effects from high exposure to cadmium (or cadmium 
compounds) in mammals include reduced growth, impaired immunity, cancer, and renal 
dysfunction, whereas acute exposure can cause dystrophic changes in several organs including 
the liver, heart, and kidneys (Grant and Ross 2002 as cited in Government of Canada et al.
1993). Dietz et al. (1998) suggests that marine mammals in the Arctic regions may have 
habituated to naturally high levels of cadmium. For example, cadmium concentrations in ringed 
seals from Greenland are higher than the health-effects threshold for kidney damage (200 μg/g 
wet weight, WHO 1992). This health effects threshold has been more recently considered an 
overestimation, and that renal dysfunction from cadmium exposure has been observed at 
concentrations of only 50 μg/g wet weight (Elinder and Järup 1996). The ringed seals that had 
cadmium concentrations above both of the thresholds still displayed normal renal structure 
(Dietz et al. 1998). Despite the high levels of cadmium found in marine mammals (e.g., Nielsen 
et al. 2000, O’Shea 1999 and Government of Canada et al. 1993), no toxic effect has been 
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observed indicating a potential detoxification mechanism (described further below). Liver levels 
of cadmium in an adult female transient killer whale that stranded at Dungeness Spit in 2002 
were < 0.15mg/kg ww (G. Ylitalo NWFSC, pers. comm.).

Lead. Chronic exposure to lead in mammals can cause disorders of the nervous system, 
renal system, and gastrointestinal tract, impaired or weakened mental function, anemia, and 
variable immunotoxic effects (O’Shea 1999, Grant and Ross 2002, De Guise et al. 2003).
Exposure to high concentrations of lead in mammals has lead to hypertension, reproductive 
disorders, and metabolic and neurological issues (Grant and Ross 2002). Long-term storage of 
lead primarily occurs in the bone; however, lead can be released with calcium into the 
bloodstream (Grant and Ross 2002).

Only a limited number of studies have measured lead concentrations in the bone of marine 
mammals. The few studies that have measured lead in the bone reported negligible 
concentrations (O’Shea 1999, Das et al. 2003, O’Hara et al. 2003). One of the highest 
concentrations of lead measured in the bone of marine mammals was approximately 61.6 ppm 
(wet weight) in a bottlenose dolphin from an area known for emissions from a lead smelter 
(O’Shea 1999 as cited in Kemper et al. 1994). In most studies, levels in tissues of marine 
mammals have not been reported at levels that were a cause for concern and were within normal 
ranges and included concentrations less than 1ppm (O’Shea 1999). Liver levels of lead in an 
adult female transient killer whale that stranded at Dungeness Spit in 2002 were < 0.15mg/kg 
ww (G. Ylitalo NWFSC, pers. comm.).

Detoxification Mechanisms. Some marine mammals (particularly from the northern arctic 
regions) appear to tolerate high levels of mercury, lead, and cadmium and are able to detoxify 
them through several processes. Cadmium and mercury can combine with selenium or 
metallothionein (MT, a protein molecule) to mitigate the toxic effects of exposure (Rooney 2007, 
Klaassen et al. 2009). These new complexes (mercury and selenium or cadmium and MT) in the 
liver or kidneys mitigate toxic effects and change the metals into non-toxic forms (Klaassen et al.
2009). This detoxification mechanism appears to be species-specific. For example, unlike in 
sperm whales that did not show an obvious relationship between mercury and selenium, pilot 
whales demonstrated a strong correlation between mercury and selenium with an almost fourfold 
higher molar ratio than that found in the sperm whales (Nielsen et al. 2000).

Other Metals and Elements. Aluminum, ammonia, arsenic, copper, chromium (III and 
VI), nickel, selenium, silver, and zinc are not primary toxic chemicals of concern for marine 
mammals compared to mercury, cadmium, or lead, because they are either essential to the 
nutrition of the animal and are found at relatively low concentrations (e.g., aluminum, nickel, 
selenium, and zinc), the available data does not support a health risk from exposure (O’Shea 
1999, O’Hara et al. 2003), or because the element does not build up in the food chain (e.g.,
ammonia). Arsenic has been measured in marine mammals, but not at levels considered to be 
toxic (O’Shea 1999). Concentrations of arsenic tend to be higher in lower trophic level species 
and there is no evidence that arsenic biomagnifies (Garrett and Ross 2010). Selenium, zinc, and 
copper are all essential elements for the nutrition of animals. Effects in mammals exposed to 
high copper concentrations include genetic and developmental abnormalities, and renal failure 
(Grant and Ross 2002). Although low concentrations of copper have been measured in marine 
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mammals, chronic exposure to copper may be of concern to killer whales because anthropogenic 
activities can result in increased levels near urban and industrial areas (Grant and Ross 2002).
Copper in the liver of marine mammals declines with age, however differences in copper 
concentrations in populations have been reported after accounting for age (Stein et al. 2003). For 
example, copper concentrations declined in the livers of bottlenose dolphins in Florida and 
Texas, however the dolphins from Florida had lower concentrations (Stein et al. 2003). In 
general, mammals are more sensitive to chromium (VI) than to chromium (III) and 
biomagnification factors are relatively low and increased concentrations up the food chain have 
not been observed (Garrett and Ross 2010). Recent evidence indicates chromium (VI) is 
cytotoxic and genotoxic to North Atlantic right whale lung and testes cells, indicating chromium 
(VI) may be a significant risk factor to these whales (Wise et al. 2008). They suggest inhalation 
is likely an important exposure route. Chromium (VI) was also cytotoxic and clastogenic to 
Steller sea lion lung cells (Wise et al. 2009). Lastly, research on selenium in marine mammals 
has been primarily focused on its ability to form a non-toxic complex with mercury. 

Extinction Risk. In conjunction with the 2004 status review, NMFS conducted a 
population viability analysis (PVA) for Southern Resident killer whales (Krahn et al. 2004).
Demographic information from the 1970s to fairly recently (1974-2003, 1990-2003, and 1994-
2003) were considered to estimate extinction and quasi-extinction risk. The NMFS defined 
“quasi-extinction” as the stage at which 10 or fewer males or females remained a threshold from 
which the population was not expected to recover.

The model evaluated a range in Southern Resident survival rates, based on variability in mean 
survival rates documented from past time intervals (highest, intermediate, and lowest survival).
The model used a single fecundity rate for all simulations. The study considered seven values of 
carrying capacity for the population ranging from 100 to 400 whales, three levels of catastrophic 
event (e.g., oil spills and disease outbreaks) frequency ranging from none to twice per century, 
and three levels of catastrophic event magnitude in which 0, 10, or 20 percent of the animals died 
per event.

The analysis indicated that the Southern Resident killer whales have a range of extinction risk 
from 0.1 to 18.7 percent in 100 years and 1.9 to 94.2 percent in 300 years, and a range of quasi-
extinction risk from 1 to 66.5 percent in 100 years and 3.6 to 98.3 percent in 300 years (Table 
2.4.4. 1.6). The population is generally at greater risk of extinction as survival rate decreases and 
over a longer time horizon (300 years) than over a shorter time horizon (100 years) (as would be 
expected with long-lived mammals). There is a greater extinction risk associated with increased 
probability and magnitude of catastrophic events. The NWFSC continue to evaluate mortality 
rates and reproduction, and will complete work on a PVA similar to the analysis summarized 
above. Until these updated analyses are completed, the Krahn et al. (2004) analysis represents 
the best available science on extinction risk of Southern Resident killer whales.
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Table 2.4.4. 1.6. Range of extinction and quasi-extinction risk for Southern Resident killer 
whales in 100 and 300 years, assuming a range in survival rates (depicted 
by time period), a constant rate of fecundity, between 100 and 400 whales, 
and a range catastrophic probabilities and magnitudes (Krahn et al. 2004).

Time Period Extinction Risk (%) Quasi-Extinction Risk (%)
100 yrs 300 yrs 100 yrs 300 yrs

Highest survival 0.1 – 2.8 1.9 – 42.4 1.0 – 14.6 3.6 – 67.7
Intermediate 
survival

0.2 – 5.2 14.4 – 65.6 6.1 – 29.8 21.4 – 85.3

Lowest survival 5.6 – 18.7 68.2 – 94.2 39.4 – 66.5 76.1 – 98.3

2.5 Environmental Baseline

The ‘environmental baseline’ includes the past and present impacts of all Federal, state, or 
private actions and other human activities in the action area, the anticipated impacts of all 
proposed Federal projects in the action area that have already undergone formal or early section 
7 consultation, and the impact of state or private actions which are contemporaneous with the 
consultation in process (50 CFR 402.02).

In this section, NMFS first provides information on water body segments in Oregon that 
currently fail to meet applicable water quality standards. Second, NMFS provides information on 
stormwater (MS4) and point-source (NPDES) permits in Oregon, in terms of spatial distribution 
and chemical-specific constituents, and species distribution, exposure potential via point-source 
discharges. And third, NMFS summarizes past and current human activities and describes how 
these activities influence current habitat conditions within the action area. 

2.5.1 303(d)-Listed Waterbody Segments in Oregon

Under section 303(d) of the CWA, states and tribes are required to provide EPA a biennial list of 
water body segments that do not meet water quality standards. On its 2004/2006 303(d) list, the 
Oregon Department of Environmental Quality (ODEQ) identified more than 15,000 stream miles 
listed for at least one pollutant. Pollutants identified on the 303(d) list fall into several major 
groups which include sediment, nutrients, metals, bacteria, oxygen demand, and toxic organics.
For this consultation NMFS focused on metals, toxic organics, and conventional pollutants, (i.e.,
temperature, pH, and dissolved oxygen) as these pollutants can affect the toxicity of metal and 
organic pollutants. Figure 2.5.1.1.1 identifies toxics associated with those listed in Table 1.1 that 
were detected in one or more watersheds in Oregon by the USGS. Figures 2.5.1.1.2 through 
2.5.1.1.19 identify 303(d)-listed waters in Oregon for toxins, temperature, dissolved oxygen, and 
pH.

A query by NMFS of the National Aquatic Water Quality Assessment (NAWQA) database 
(http://water.usgs.gov/nawqa/about.html) determined that all but three compounds listed in Table 
1.1 were detected in one or more watersheds in Oregon (Figure 2.5.1.1.1).
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Figure 2.5.1.1.1 NAWQA database search results for compounds listed in Table 1.1. 
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2.5.1.1 303(d)-Listed Waters in Oregon

Figure 2.5.1.1.2 303(d) listed waters in the Willamette River Basin, Oregon for dissolved 
oxygen, pH, temperature, and non-specified toxins.
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Figure 2.5.1.1.3 303(d) listed waters in the Willamette River Basin, Oregon for specified 
toxins.
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Figure 2.5.1.1.4 303(d) listed waters in the Willamette River Basin, Oregon for specified 
toxins.
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Figure 2.5.1.1.5 303(d) listed waters in the Willamette River Basin, Oregon for specified 
toxins.
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Figure 2.5.1.1.6 303(d) listed waters in the lower Columbia River and associated tributariy 
rivers in Oregon for dissolved oxygen, pH, temperature, and non-specified 
toxins.
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Figure 2.5.1.1.7 303(d) listed waters in the lower Columbia River in Oregon for specified 
toxins.
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Figure 2.5.1.1.8 303(d) listed waters in the middle Columbia River and associated 
tributaries in Oregon for dissolved oxygen, pH, temperature, and non-
specified toxins.
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Figure 2.5.1.1.9 303(d) listed waters in the middle Columbia River and associated 
tributaries in Oregon for specified toxins.
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Figure 2.5.1.1.10 303(d) listed waters in the middle Columbia River and associated 
tributaries in Oregon for specified toxins.
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Figure 2.5.1.1.11. 303(d) listed waters in the John Day River Basin, Oregon for dissolved 
oxygen and temperature. No identified toxins.
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Figure 2.5.1.1.12 303(d) listed waters in the Deschutes River Basin, Oregon for dissolved 
oxygen, pH, and temperature. No identified toxins.
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Figure 2.5.1.1.13 303(d) listed waters in the north coast river basins, Oregon for dissolved 
oxygen, temperature, and non-specified toxins.
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Figure 2.5.1.1.14 303(d) listed waters in the north coast river basins, Oregon for specified 
toxins.

Exhibit 7a



-109-

Figure 2.5.1.1.15 303(d) listed waters in the south coastal river basin, Oregon for dissolved 
oxygen, pH, and temperature, non-and specified toxins.
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Figure 2.5.1.1.16 303(d) listed waters in the south coast river basins, Oregon specified 
toxins.
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Figure 2.5.1.1.17 303(d) listed waters in the south coast river basins, Oregon for specified 
toxins.
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Figure 2.5.1.1.18 303(d) listed waters in the Klamath River Basin, Oregon for dissolved 
oxygen, pH, and temperature, and non-specified toxins.
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Figure 2.5.1.1.19 303(d) listed waters in the lower Snake River Basin, Oregon for dissolved 
oxygen, pH, and temperature, and specified toxins.
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2.5.2. MS4 and NPDES Permits, Species Distribution, and Exposure Risk Potential

Figure 2.5.2.1 Overview of the spatial distribution and intensity of point-source 
discharges in Oregon (MS4 and NPDES permits).

Table 2.5.2.1.1 and Table 2.5.2.2.2 provide permit-specific information on pollutants for each 
class of stormwater (MS4) and NPDES permit (i.e., industrial, domestic), where available. For 
MS4 permits, permit-specific parameters are listed where information was available. For 
unspecified MS4 permits, NMFS reviewed 91 MS4 permits with specific parameters and 
identified stormwater parameters common to all reviewed permits, and used this information as a 
surrogate for the unspecified MS4 permits. Industrial and domestic NPDES permits are 
categorized as either major (discharge greater than 1 million gallons per day) or minor (discharge 
less than 1 million gallons per day).
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Compounds that are discharged under existing MS4 and/or NPDES permits in Oregon that are 
listed in Table 1.1:

Aluminum
Ammonia
Arsenic
Cadmium
Chromium (III)
Chromium (VI)
Copper
Lead
Nickel
Pentachlorophenol
Selenium
Silver
Tributyltin
Zinc

Compounds listed in Table 1.1 that are associated with 303(d)-listed waters in Oregon:

Ammonia
Arsenic
Cadmium
Copper
Dieldrin
Heptachlor epoxide
Lead
Nickel
Zinc

2.5.2.1 MS4 and NPDES permit/point-source discharge spatial distribution 
and fish distribution.

For SR sockeye salmon, UCR spring Chinook salmon, and UCR steelhead, the ESU/DPS 
boundaries are outside of the action area, and there are no NPDES or MS4 permits that occur in 
the action area that overlap with the ESU/DPS boundaries for these species. Therefore, MS4 and 
NPDES permit, and fish distribution data for these species are not reported in this section. 
However, smolts and adults will be exposed to stressors of the action as fish pass through the 
Columbia River, RM zero to RM 297, and in the Pacific Ocean from the mouth of the Columbia 
River to nautical mile 3.

Table 2.5.2.1.1 through Table 2.5.2.2.4 identify the ESU/DPS, number of populations in Oregon, 
the number of populations in Oregon without direct exposure to MS4 and/or NPDES point 
sources, the number of MS4 and/or NPDES point source discharges, and the compounds 

Exhibit 7a



-116-

associated with each permit type. Figure 2.5.2.1.1 through Figure 2.5.2.1.17 identify the 
approximate location of each MS4 and/or NPDES permits in each watershed, fish habitat 
distribution, fish habitat use, and population.

Table 2.5.2.1.1 SR fall-run Chinook Salmon populations in Oregon. Three of eight
spawning populations occur in Oregon.

ESU/DPS Populations in Oregon
SR fall-run Chinook Snake River—Major Population Group

Grande Ronde
Snake River

Imnaha

Table 2.5.2.1.2 Type, number, and chemicals discharged for MS4 and NPDES permits 
within the SR fall-run Chinook salmon ESU boundary in Oregon.

Type of Permit Number Chemical(s)
MS4 None

NPDES None
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Figure 2.5.2.1.1 MS4 and NPDES permit/point-source discharge spatial distribution and 
fish distribution for SR fall-run Chinook salmon.
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Table 2.5.2.1.3 SRB steelhead populations in Oregon. Five of 24 populations occur in 
Oregon.

ESU/DPS Populations in Oregon
SRB Steelhead Wallowa River

Grande Ronde River Upper Mainstem

Imnaha River

Joseph Creek
Grande Ronde River Lower Mainstem

Table 2.5.2.1.4 Type, number, and chemicals discharged for MS4 and NPDES permits 
within the SRB steelhead DPS boundary in Oregon.

Type of Permit Number Chemical(s)
MS4 2 Copper, Lead, Zinc, Cadmium, Chromium, Nickel, 

Ammonia, Arsenic, Silver, Iron, Mercury, Cyanide, 
Molybdenum, Selenium

NPDES 5 Ammonia, Zinc, Lead, Copper
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Figure 2.5.2.1.2 MS4 and NPDES permit/point-source discharge spatial distribution and 
fish distribution for SRB steelhead.
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Table 2.5.2.1.5 SR spring/summer Chinook salmon populations in Oregon. Eight of 27 
populations occur in Oregon.

ESU/DPS Populations
In Oregon

SR Spring/Summer-Run Chinook Grande Ronde UM

Catherine Creek

Lostine River

Imnaha River

Big Sheep Creek

Minam River

Looking Glass Creek

Wenaha River

Table 2.5.2.1.6 Type, number, and chemicals discharged for MS4 and NPDES permits 
within the SR spring/summer Chinook salmon ESU boundary in Oregon.

Type of Permit Number Chemical(s)
MS4 2 Copper, Lead, Zinc, Cadmium, Chromium, 

Nickel, Ammonia, Arsenic, Silver, Iron, 
Mercury, Cyanide, Molybdenum, Selenium

NPDES 5 Ammonia, Zinc, Lead, Copper
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Figure 2.5.2.1.3 MS4 and NPDES permit/point-source discharge spatial distribution and 
fish distribution for SR spring/summer-run Chinook salmon.
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Table 2.5.2.1.7 MCR steelhead populations in Oregon. Ten of 17 populations occur in 
Oregon.

ESU/DPS Populations
In Oregon

MCR Steelhead Walla Walla 
Umatilla River

John Day Lower Mainstem
John Day North Fork

John Day Middle Fork
John Day Upper Mainstem

John Day South Fork
Deschutes Westside
Deschutes Eastside
Fifteen Mile Creek

Table 2.5.2.1.8 Type, number, and chemicals discharged for MS4 and NPDES permits 
within the MCR steelhead DPS boundary in Oregon.

Type of Permit Number Chemical(s)
MS4 21 Copper, Lead, Zinc, Cadmium, Chromium, 

Nickel, Ammonia, Arsenic, Silver, Iron, Mercury, 
Cyanide, Molybdenum, Selenium

NPDES 11 Ammonia, Lead, Copper, Zinc
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Figure 2.5.2.1.4 MS4 and NPDES permit/point-source discharge spatial distribution and 
fish distribution for MCR steelhead.
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Table 2.5.2.1.9 LCR Chinook salmon populations in Oregon. Nine of 32 populations 
occur in Oregon.

ESU/DPS Populations
In Oregon

LCR Chinook Salmon Hood River (F+S)

Sandy River (F+S)

Lower Gorge Tributaries

Clackamas

Upper Gorge Tributaries

Scappoose 

Clatskanine

Big Creek

Youngs Bay

Table 2.5.2.1.10 Type, number, and chemicals discharged for MS4 and NPDES permits 
within the LCR Chinook salmon ESU boundary in Oregon.

Type of Permit Number Chemical(s)
MS4 654 Copper, Lead, Zinc, Cadmium, Chromium, 

Nickel, Ammonia, Arsenic, Silver, Iron, 
Mercury, Cyanide, Molybdenum, Selenium

NPDES 48 Aluminum, Ammonia, Arsenic, Cadmium, 
Copper, Chromium, Lead, Nickel, 

Pentachlorophenol, Selenium, Silver, 
Tributyltin, Zinc

Exhibit 7a



-125-

Figure 2.5.2.1.5 MS4 and NPDES permit/point-source discharge spatial distribution and 
fish distribution for LCR Chinook salmon.
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Table 2.5.2.1.11 CR chum salmon populations in Oregon. One of 17 populations occurs in 
Oregon (14 of 17 chum populations remain extirpated or nearly so).

ESU/DPS Populations
In Oregon

CR Chum Salmon Lower Gorge Tributaries/Mainstem
Big Creek
Clackamas
Clatskanine

Sandy
Scappose

Upper Gorge Tributaries
Youngs Bay

Table 2.5.2.1.12 Type, number, and chemicals discharged for MS4 and NPDES permits 
within the CR chum salmon ESU boundary in Oregon.

Type of Permit Number Chemical(s)
MS4 654 Copper, Lead, Zinc, Cadmium, 

Chromium, Nickel, Ammonia, Arsenic, 
Silver, Iron, Mercury, Cyanide, 

Molybdenum, Selenium
NPDES 48 Aluminum, Ammonia, Arsenic, 

Cadmium, Copper, Chromium, Lead, 
Nickel, Pentachlorophenol, Selenium, 

Silver, Tributyltin, Zinc
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Figure 2.5.2.1.6 MS4 and NPDES permit/point-source discharge spatial distribution and 
fish distribution for CR chum salmon.
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Table 2.5.2.1.13 LCR coho salmon populations in Oregon. Eight of 27 populations occur in 
Oregon.

ESU/DPS Populations
In Oregon

LCR Coho Salmon Big Creek

Clackamas

Clatskanie

Lower Gorge Tributaries

Upper Gorge and Hood River

Sandy

Scappose

Youngs Bay

Table 2.5.2.1.14 Type, number, and chemicals discharged for MS4 and NPDES permits 
within the LCR coho salmon ESU boundary in Oregon.

Type of Permit Number Chemical(s)
MS4 654 Copper, Lead, Zinc, Cadmium, Chromium, 

Nickel, Ammonia, Arsenic, Silver, Iron, 
Mercury, Cyanide, Molybdenum, 

Selenium
NPDES 48 Aluminum, Ammonia, Arsenic, Cadmium, 

Copper, Chromium, Lead, Nickel, 
Pentachlorophenol, Selenium, Silver, 

Tributyltin, Zinc
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Figure 2.5.2.1.7 MS4 and NPDES permit/point-source discharge spatial distribution and 
fish distribution for LCR coho salmon (map 1 of 2).
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Figure 2.5.2.1.8 MS4 and NPDES permit/point-source discharge spatial distribution and 
fish distribution for LCR coho salmon (map 2 of 2).

Exhibit 7a



-131-

Table 2.5.2.1.15 UWR steelhead populations in Oregon. All five populations occur in 
Oregon.

ESU/DPS Populations
In Oregon

UWR Steelhead Calapooia River

Molalla River

North Santiam

South Santiam

Westside Tributaries

Willamette River—Mainstem

Table 2.5.2.1.16 Type, number, and chemicals discharged for MS4 and NPDES permits 
within the UWR steelhead DPS boundary in Oregon.

Type of Permit Number Chemical(s)
MS4 118 Copper, Lead, Zinc, Cadmium, 

Chromium, Nickel, Ammonia, Arsenic, 
Silver, Iron, Mercury, Cyanide, 

Molybdenum, Selenium
NPDES 50 Aluminum, Ammonia, Arsenic, 

Cadmium, Copper, Chromium, Lead, 
Nickel, Pentachlorophenol, Selenium, 

Silver, Tributyltin, Zinc
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Figure 2.5.2.1.9 MS4 and NPDES permit/point-source discharge spatial distribution and 
fish distribution for UWR steelhead.
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Table 2.5.2.1.17 UWR Chinook salmon populations in Oregon. All seven populations 
occur in Oregon.

ESU/DPS Populations
In Oregon

UWR Chinook Salmon Calapooia

Clackamas

McKenzie

Middle Fork

Molalla

North Santiam

South Santiam

Willamette River—Mainstem

Table 2.5.2.1.18 Type, number, and chemicals discharged for MS4 and NPDES permits 
within the UWR Chinook salmon ESU boundary in Oregon.

Type of Permit Number Chemical(s)
MS4 140 Copper, Lead, Zinc, Cadmium, 

Chromium, Nickel, Ammonia, Arsenic, 
Silver, Iron, Mercury, Cyanide, 

Molybdenum, Selenium
NPDES 55 Aluminum, Ammonia, Arsenic, 

Cadmium, Copper, Chromium, Lead, 
Nickel, Pentachlorophenol, Selenium, 

Silver, Tributyltin, Zinc
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Figure 2.5.2.1.10 MS4 and NPDES permit/point-source discharge spatial distribution and 
fish distribution for UWR Chinook salmon (map 1 of 2).
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Figure 2.5.2.1.11 MS4 and NPDES permit/point-source discharge spatial distribution and 
fish distribution for UWR Chinook salmon, non-core areas (map 2 of 2).
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Table 2.5.2.1.19 LCR steelhead populations in Oregon. Five of 26 populations occur in 
Oregon.

ESU/DPS Populations
In Oregon

LCR Steelhead Clackamas

Hood River

Lower Gorge Tributaries

Upper Gorge Tributaries

Sandy River

Table 2.5.2.1.20 Type, number, and chemicals discharged for MS4 and NPDES permits 
within the LCR steelhead DPS boundary in Oregon.

Type of Permit Number Chemical(s)
MS4 320 Copper, Lead, Zinc, Cadmium, 

Chromium, Nickel, Ammonia, Arsenic, 
Silver, Iron, Mercury, Cyanide, 

Molybdenum, Selenium
NPDES 31 Aluminum, Ammonia, Arsenic, 

Cadmium, Copper, Chromium, Lead, 
Nickel, Pentachlorophenol, Selenium, 

Silver, Tributyltin, Zinc
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Figure 2.5.2.1.12 MS4 and NPDES permit/point-source discharge spatial distribution and 
fish distribution for LCR steelhead (winter).
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Figure 2.5.2.1.13 LCR Steelhead (summer). MS4 and NPDES permit/point-source discharge 
spatial distribution and fish distribution for LCR steelhead (summer).
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Table 2.5.2.1.21 OC coho salmon populations in Oregon. All 56 populations occur in 
Oregon.

ESU/DPS Populations
In Oregon

OC Coho Salmon Necanicum Devils Lake
Ecola Siltcoos

Arch Cape Siletz
Short Sands Tahkenitch

Nehalem Schoolhouse
Spring Threemile

Watseco Fogarty
Netarts Depoe Bay
Rover Lower 

Umpqua
Sand Middle 

Umpqua
Nestucca North Umpqua
Neskowin South Umpqua

Alsea Spencer
Big (near Alsea) Wade

Rocky Big
Vingie Coal
Yachats Tenmile

Cummins Moolack
Bob Coos

Tenmile Creek Big (near 
Yaquina)

Tillamook Bay Coquille
Rock Yaquina
China Johnson
Cape Theil
Berry Twomile

Sutton (Mercer Lake) Beaver
Salmon Floras/New
Siuslaw Sixes

Table 2.5.2.1.22 Type, number, and chemicals discharged for MS4 and NPDES permits 
within the OC coho salmon ESU boundary in Oregon.

Type of Permit Number Chemical(s)
MS4 92 Copper, Lead, Zinc, Cadmium, 

Chromium, Nickel, Ammonia, Arsenic, 
Silver, Iron, Mercury, Cyanide, 

Molybdenum, Selenium
NPDES 43 Ammonia, Arsenic, Cadmium, Copper, 

Chromium, Lead, Nickel, Selenium, 
Silver, Zinc
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Figure 2.5.2.1.14 MS4 and NPDES permit/point-source discharge spatial distribution and 
fish distribution for OC coho salmon (north coast).
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Figure 2.5.2.1.15 MS4 and NPDES permit/point-source discharge spatial distribution and 
fish distribution for OC coho salmon (central coast).
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Figure 2.5.2.1.16 MS4 and NPDES permit/point-source discharge spatial distribution and 
fish distribution for OC coho salmon (south coast).
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Table 2.5.2.1.23 SONCC coho salmon populations in Oregon. Seventeen of 42 populations 
occur in Oregon.

ESU/DPS Populations
In Oregon

SONCC Coho Salmon Bush Creek

Chetco

Elk

Euchre

Hubbard

Hunter

Illinois (OR and CA)

Lower Rouge

Middle Rouge and Applegate

Mill Creek

Mussel Creek

Pistol

Smith (OR and CA)

Upper Klamath (OR and CA)

Upper Rogue

Winchuck River

Brush Creek
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Table 2.5.2.1.24 Type, number, and chemicals discharged for MS4 and NPDES permits 
within the SONCC coho salmon ESU boundary in Oregon.

Type of Permit Number Chemical(s)
MS4 62 Copper, Lead, Zinc, Cadmium, Chromium, 

Nickel, Ammonia, Arsenic, Silver, Iron, 
Mercury, Cyanide, Molybdenum, Selenium

NPDES 12 Ammonia, Arsenic, Cadmium, Copper, 
Chromium, Lead, Nickel, Selenium, Silver, 

Zinc

Figure 2.5.2.1.1.17 MS4 and NPDES permit/point-source discharge spatial distribution and 
fish distribution for SONCC coho salmon (Oregon populations).
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2.5.2.2 Other Anadromous Fishes

2.5.2.2.1. Green Sturgeon

Table 2.5.2.2.1.1 No resident populations occur in Oregon.

ESU/DPS Populations
In Oregon

Green Sturgeon NA

Table 2.5.2.2.1.2 Type, number, and chemicals discharged for MS4 and NPDES permits in 
Oregon that overlap with green sturgeon distribution (migratory).

Type of Permit Number Chemical(s)
MS4 324 Copper, Lead, Zinc, Cadmium, 

Chromium, Nickel, Ammonia, Arsenic, 
Silver, Iron, Mercury, Cyanide, 

Molybdenum, Selenium
NPDES 23 Ammonia, Arsenic, Cadmium, Copper, 

Chromium, Lead, Nickel, Selenium, 
Silver, Tributyltin, Zinc

2.5.2.2.2. Eulachon

Table 2.5.2.2.2.1 Type, number, and chemicals discharged for MS4 and NPDES permits 
within the eulachon DPS boundary in Oregon.

Type of Permit Number Chemical(s)
MS4 327 Copper, Lead, Zinc, Cadmium, 

Chromium, Nickel, Ammonia, Arsenic, 
Silver, Iron, Mercury, Cyanide, 

Molybdenum, Selenium
NPDES 26 Ammonia, Arsenic, Cadmium, Copper, 

Chromium, Lead, Nickel, Selenium, 
Silver, Tributyltin, Zinc

Table 2.5.2.2.2.2. Eulachon populations in Oregon. Six of 24 populations occur in Oregon.

ESU/DPS Populations
In Oregon

Eulachon Chetco
Umpqua

Ten Mile Creek
Hood River
Sandy River

Columbia River
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Table 2.5.2.2.2.3 Regulated and unregulated toxics in the State of Oregon (ODEQ 2003).
Compounds considered in this opinion for approval by EPA are shaded.

Aquatic Life Criteria
Freshwater Freshwater Marine Marine

Acute Criteria Chronic Criteria Acute Criteria
Chronic 
Criteria

Compound ( g/L)
Antimony
Arsenic * 360 190 69 36
Cadmium *** 3.9 1.1 43 9.3
Chromium III *** 1700 210
Chromium VI * 16 11 1100 50
Copper *** 18 12 2.9 2.9
Lead *** 82 3.2 241 5.6
Mercury 2.4 0.012 2.1 0.025
Nickel *** 1400 160 75 8.3
Selenium * 260 35 410 54
Silver ** 4.1 0.12 2.3
Thallium
Zinc *** 120 110 95 86
Cyanide 22 5.2 1 1
Asbestos
Dioxin (2,3,7,8-TCDD)
Acrolein
Acrylonitrile
Benzene
Bromoform
Carbon Tetrachloride
Chlorobenzene
Chlorodibromomethane
Chloroform
Dichlorobromomethane
Dichloroethane 1,2-
Dichloroethylene 1,1-
Dichloropropane 1,2-
Dichloropropene 1,3-
Ethylbenzene
Methyl Bromide
Methylene Chloride
Tetrachloroethane 1,1,2,2-
Tetrachloroethylene
Toluene
Dichloroethylene 1,2-Trans-
Trichloroethane 1,1,2-
Trichloroethylene
Vinyl Chloride
Chlorophenol 2-
Dichlorophenol 2,4-
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Aquatic Life Criteria
Freshwater Freshwater Marine Marine

Acute Criteria Chronic Criteria Acute Criteria
Chronic 
Criteria

Compound ( g/L)
Dimethylphenol 2,4-
Methyl-4,6-Dinitrophenol 2-
Dinitrophenol 2,4-
Pentachlorophenol 20 13 13 7.9
Phenol
Trichlorophenol 2,4,6-
Acenaphthene
Anthracene
Benzidine
BenzoaAnthracene
BenzoaPyrene
BenzobFluoranthene
BenzokFluoranthene
ChloroethylEther, Bis2-
ChloroisopropylEther, Bis2-
EthylhexylPhthalate, Bis2-
Butylbenzyl Phthalate
Chloronaphthalene 2-
Chrysene
Dibenzoa,hAnthracene
Dichlorobenzene 1,2-
Dichlorobenzene 1,3-
Dichlorobenzene 1,4-
Dichlorobenzidine 3,3'-
DiethylPhthalate
Dimethyl Phthalate
Di-n-Butyl Phthalate
Dinitrotoluene 2,4-
Diphenylhydrazine 1,2-
Fluoranthene
Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Ideno1,2,3-cdPyrene
Isophorone
Nitrobenzene
Nitrosodimethylamine, N-
Nitrosodi-n-Propylamine, N-
Nitrosodiphenylamine, N-
Pyrene
Trichlorobenzene 1,2,4-
Aldrin 3.0 1.3
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Aquatic Life Criteria
Freshwater Freshwater Marine Marine

Acute Criteria Chronic Criteria Acute Criteria
Chronic 
Criteria

Compound ( g/L)
BHC, alpha-
BHC, beta-
BHC, gamma- (Lindane) 2 0.08 0.16
Chlordane 2.4 0.0043 0.09 0.004
DDT 4,4'- 1.1 0.001 0.13 0.001
DDE 4,4'-
DDD 4,4'-
Dieldrin 2.5 0.0019 0.71 0.0019
Alpha-Endosulfan
Beta-Endosulfan
Endosulfan Sulfate
Endrin 0.18 0.0023 0.037 0.0023
Endrin Aldehyde
Heptachlor 0.52 0.0038 0.053 0.0036
Heptachlor Epoxide
Polychlorinated biphenyls PCBs: 2 0.014 10 0.03
Toxaphene 0.73 0.0002 0.21 0.0002
Aluminum
Ammonia (mg/L) 6 0.76
Barium
Chloride 860000 230000
Chlorine 19 11 13 7.5
Chlorophenoxy Herbicide 2,4,5,-TP
Chlorophenoxy Herbicide 2,4-D
Chloropyrifos 0.083 0.041 0.011 0.0056
Demeton 0.1 0.1
Ether, Bis Chloromethyl
Guthion 0.01 0.01
Hexachlorocyclo-hexane-Technical
Iron 1000
Malathion 0.1 0.1
Manganese
Methoxychlor 0.03 0.03
Mirex 0.001 0.001
Nitrates
Nitrosamines
Dinitrophenols
Nitrosodibutylamine,N
Nitrosodiethylamine,N
Nitrosopyrrolidine,N
Parathion 0.065 0.013
Pentachlorobenzene
Phosphorus Elemental 0.1
Sulfide-Hydrogen Sulfide 2.0 2.0
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Aquatic Life Criteria
Freshwater Freshwater Marine Marine

Acute Criteria Chronic Criteria Acute Criteria
Chronic 
Criteria

Compound ( g/L)
Tetrachlorobenzene,1,2,4,5
Tributyltin TBT
Trichlorophenol 2,4,5
*       all criteria expressed as dissolved metal
**     all criteria expressed as dissolved metal. FW acute criteria are hardness dependent (concentration shown is 
hardness = 100 mg/L CaCO3)
***   all criteria expressed as dissolved metal. FW criteria are hardness dependent (concentration shown is 
hardness = 100 mg/L CaCO3)

The compounds listed in Table 2.5.2.3 that are not directly part of the proposed action
(unshaded) are, however, part of EPA’s overall approval of Oregon’s water quality standards, 
and are compounds that are part of the environmental baseline. These compounds, either 
individually or in combination, are likely to adversely affect listed species considered in this 
opinion where exposure occurs. For example, concurrent exposure to cyanide and ammonia is 
likely to produce greater than additive effects to acute lethality in rainbow trout, salmon, and 
chub (Smith et al. 1979, Alabaster et al, 1983, and Douderoff 1976), and to sublethal effects to 
growth in rainbow trout (Smith et al. 1979). In rainbow trout and salmon, effects to acute 
lethality were 1.2 and 1.63 times greater than would be expected by additivity. Concurrent 
exposure to cyanide and zinc also resulted in synergistic effects to acute lethality in fathead 
minnows, where toxicity was 1.4 times that predicted by additivity (Smith et al. 1979).

Furthermore, Glubokoy (1990) reported increased mortality (0.7% to 10% above baseline) of 
coho salmon during early ontogeny when exposed to dichloro-diphenyl-trichloroethane (DDT)
over the range of 0.1 μg/L to 10 μg/L, Niimi (1996) determined that 48 hour to 96 hour exposure 
to Polychlorinated biphenyls (PCB) concentrations on the order of 1 μg/L or more resulted in fish 
mortality, and Macek et al. (1969) reported a 96 hour LC50 value of 2.2 μg/L for rainbow trout 
exposed at 12.7 C, pH 7.1 in a static experiment with a 95% aldrin concentration.

2.5.2.2.3 Marine Mammals 

Marine mammals are unlikely to be directly exposed to the subject pollutants, with the exception 
of Steller sea lions.

2.5.2.2.4 Sea Turtles

Sea turtles are unlikely to be directly exposed to the subject pollutants.
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2.5.2.3 General Environmental Baseline Conditions

Columbia River Basin. Major tributaries to the Columbia River include the Snake, 
Willamette, Salmon, Flathead, and Yakima Rivers; smaller rivers include the Owyhee, Grande 
Ronde, Clearwater, Spokane, Methow, Cowlitz, and the John Day Rivers. The Snake River is the 
largest tributary at more than 1,000 miles long; its headwaters originate in Yellowstone National 
Park, Wyoming. The second largest tributary is the Willamette River in Oregon (Kammerer 
1990, Hinck et al. 2004). The average annual discharge at the mouth of the Columbia River is 
265,000 cubic feet per second (Kammerer 1990). A saltwater wedge extends 23 miles upstream 
of the mouth, with tidal influences extending up to 146 miles up river (Hinck et al. 2004). Table 
2.5.2.3.1 provides information on selected tributaries to the Columbia River.

Table 2.5.2.3.1. Select tributaries of the Columbia River

Watershed Approx 
Length (mi)

Basin Size 
(mi2)

Physiographic 
Provinces*

Mean Annual 
Precip. (in)

Mean 
Discharge (cfs)

Snake/Salmon
Rivers

870 108,495 CU, NR, MR, B/R 14 55,267

Willamette River 143 11,478 CS, PB 60 32,384
Data from Carter and Resh 2005
*Physiographic Provinces:  CU = Columbia-Snake River Plateaus, NR = Northern Rocky Mountains, MR = Middle Rocky Mountains, B/R = 
Basin & Range, CS = Cascade-Sierra Mountains, PB = Pacific Border

Human Activities and Their Impacts.

Land Use. More than 50% of the United States portion of the Columbia River Basin is in 
Federal ownership (most of which occurs in high desert and mountain areas), 39% is in private 
land ownership (most of which occurs in river valleys and plateaus), and the remainder is divided 
among tribes, state, and local governments (Hinck et al. 2004) (Table 2.5.2.3.2).

Table 2.5.2.3.2. Land uses and population density in select tributaries of the Columbia
River Basin.

Watershed Land Use Categories (%) Density 
(people/mi2)Agriculture Forest Urban Other

Snake/Salmon Rivers 30 10-15 1 54 scrub/rangeland/barren 39
Willamette River 19 68 5 -- 171
Data from Stanford et al. 2005

The interior Columbia River basin has been altered substantially by humans, causing dramatic 
changes and declines in native fish populations. In general the basin supports a variety of mixed 
uses. Predominant human uses include logging, agriculture, ranching, hydroelectric power 
generation, mining, fishing, a variety of recreational activities, and urban uses. The decline of 
salmon runs in the Columbia River is attributed to loss of habitat, blocked migratory corridors, 
altered river flows, pollution, overharvest, and competition from hatchery fish. Critical 
ecological connectivity (mainstem to tributaries and riparian floodplains) has been disconnected 
by dams and associated activities such as floodplain deforestation and urbanization. The most 
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productive floodplains of the watershed are either flooded by hydropower dams or dewatered by 
irrigation diversions. Portions of the basin are also subject to impacts from cattle grazing and 
irrigation withdrawals. In the Willamette River, riparian vegetation was greatly reduced by land 
conversion. By 1990, only 37 % of the riparian area within 120 meters was forested, 30% was 
agricultural fields and 16 % was urban or suburban lands.

Agriculture and Ranching. Roughly 6% of the annual flow from the Columbia River is 
diverted for the irrigation of 7.3 million acres of croplands within the basin. The vast majority of 
these agricultural lands are located along the lower Columbia River, the Willamette, Hood, and 
Snake rivers, and the Columbia Plateau (Hinck et al. 2004).

Agriculture and ranching increased steadily within the Columbia River basin from the mid to late 
1800. By the early 1900s, agricultural opportunities began increasing at a much more rapid pace 
with the creation of more irrigation canals and the passage of the Reclamation Act of 1902 (NRC 
2004). Today, agriculture represents the largest water user within the basin (>90%). Agriculture, 
ranching, and related services employ more than nine times the national average (19% of the 
households within the basin; NRC 2004).

Ranching practices have increased soil erosion and sediment loads within the Columbia’ River’s 
tributaries, the worst of these effects may have occurred in the late 1800s and early 1900s from 
deliberate burning to increase grass production (NRC 2004). Several measures are in use to 
reduce the impacts of grazing, including restricting grazing in degraded areas, reduced grazing 
allotments, and lower stocking rates. Today, agricultural impacts to water quality within the 
basin are second to large-scale influences of hydromodification projects for both power 
generation and irrigation. Water quality impacts from agricultural activities include alteration of 
the natural temperature regime, insecticide and herbicide contamination, and increased 
suspended sediments.

The USGS has a number of fixed water quality sampling sites throughout various tributaries of 
the Columbia River, many of which have been in place for decades. Water volumes, crop 
rotation patterns, crop type, and basin location are some of the variables that influence the 
distribution and frequency of pesticides within a tributary. Detection frequencies for a particular 
pesticide can vary widely. One study conducted by the USGS between May 1999 and January 
2000 detected 25 pesticide compounds (Ebbert and Embrey 2001). Another study detected at 
least two pesticides or their breakdown products in 91% of the samples collected, with the 
median number of chemicals being eight, and a maximum of 26. The herbicide 2,4-D occurred 
most often in the mixtures, along with azinphos-methyl, the most heavily applied pesticide, and 
atrazine, one of the most mobile aquatic pesticides (Fuhrer et al. 2004). In addition to current-use 
chemicals, these legacy chemicals continue to pose a serious problem to water quality and fish 
communities despite their ban in the 1970s and 1980s (Hinck et al. 2004).

Fish and macroinvertebrate communities exhibit an almost linear decline in condition as the level 
of agriculture intensity increases within a basin (Cuffney et al. 1997, Fuhrer et al. 2004). A study 
conducted in the late 1990s examined 11 species of fish, including anadromous and resident fish 
collected throughout the Columbia River basin for a suite of 132 contaminants, including 51 
semi-volatile chemicals, 26 pesticides, 18 metals, seven PCBs, 20 dioxins, and 10 furans. The 
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study revealed PCBs, metals, chlorinated dioxins and furans (products of wood pulp bleaching 
operations) and other contaminants within fish tissues; white sturgeon tissues contained the 
greatest concentrations of chlorinated dioxins and furans (Hinck et al. 2004).

Urban and Industrial Development. The largest urban area in the basin is the greater 
Portland metropolitan area. Portland’s population exceeds 500,000, and the next largest cities
Salem and Eugene, OR have over 100,000 people (Hinck et al. 2004). Overall, the basin’s 
population density is one-third the national average, and while the basin covers about 8% of 
United States land, only about 1.2% of the United States population lives within the basin (Hinck
et al. 2004).

Discharges from sewage treatment plants, paper manufacturing, and chemical and metal
production represent the top three permitted sources of contaminants within the lower basin 
according to discharge volumes and concentrations (Rosetta and Borys 1996). Rosetta and Borys 
(1996) review of 1993 data indicate that 52% of the point source waste water discharge volume 
is from sewage treatment plants, 39% from paper and allied products, 5% from chemical and 
allied products, and 3% from primary metals. However, the paper and allied products industry 
are the primary sources of the suspended sediment load (71%). Additionally, 26% of the point 
source waste water discharge volume comes from sewage treatment plants and 1% is from the 
chemical and allied products industry. Nonpoint source discharges (urban stormwater runoff) 
account for significant pollutant loading to the lower basin, including most organics and over 
half of the metals. Although rural nonpoint sources contributions were not calculated, Rosetta 
and Borys (1996) surmised that in some areas and for some contaminants, rural areas may 
contribute a large portion of the nonpoint source discharge. This is particularly true for pesticide
contamination in the upper river basin where agriculture is the predominant land use. Water 
quality has been reduced by phosphorus loads and decreased water clarity, primarily along the 
lower and middle sections of the Columbia River Estuary. Although sediment quality is 
generally very good, benthic indices have not been established within the estuary. Fish tissue 
contaminant loads (PCBs, DDT, DDD, DDE, and mercury) are high and present a persistent and 
long lasting effect on estuary biology. Health advisories have been recently issued for people 
eating fish in the area that contain high levels of dioxins, PCBs, and pesticides. Morace (2012) 
reported  waste water treatment plant samples containing anthropogenic organic compounds, 
pharmaceuticals, polybrominated diphenyl ether (PBDEs [brominated flame-retardants]), 
organochlorine or legacy compounds, currently used pesticides, mercury, and estrogenicity.

Habitat Modification. The mainstem habitats of the lower Columbia and Willamette 
rivers have been reduced primarily to a single channel. As a result, floodplain area is reduced, 
off-channel habitat features have been eliminated or disconnected from the main channel, and the 
amount of large woody debris in the mainstem has been reduced. Remaining areas are affected 
by flow fluctuations associated with reservoir management for power generation, flood control,
and irrigation. Overbank flow events, important to habitat diversity, have become rare as a result 
of controlling peak flows and associated revetments. Portions of the basin are also subject to 
impacts from cattle grazing and irrigation withdrawals. Consequently, estuary dynamics have 
changed substantially.

Exhibit 7a



-153-

Habitat loss has fragmented habitat and human density increase has created additional loads of 
pollutants and contaminants within the Columbia River estuary (Anderson, Dugger, and Burke 
2007). About 77 percent of swamps, 57 percent of marshes, and over 20 percent of tree cover 
have been lost to development and industry. The Willamette Basin Valley has been dramatically 
changed by modern settlement. The complexity of the mainstem river and extent of riparian 
forest have both been reduced by 80 percent (PNERC 2002). About 75 percent of what was 
formerly prairie and 60 percent of what was wetland have been converted to agricultural 
purposes. These actions, combined with urban development, bank stabilization, and in-river and 
nearshore gravel mining, have resulted in a loss of floodplain connectivity and off-channel 
habitat (PNERC 2002).

Hydromodification Projects. More than 400 dams exist in the basin, ranging from mega 
dams that store large amounts of water to small diversion dams for irrigation. Every major 
tributary of the Columbia River except the Salmon River is totally or partially regulated by dams 
and diversions. More than 150 dams are major hydroelectric projects, with 18 dams located on 
mainstem Columbia River and its major tributary, the Snake River. The Federal Columbia River 
Power System encompasses the operations of 14 major dams and reservoirs on the Columbia and 
Snake Rivers. These Federal projects are a major source of power in the region, and provide 
flood control, navigation, recreation, fish and wildlife, municipal and industrial water supply, 
and irrigation benefits.

Development of the Pacific Northwest regional hydroelectric power system, dating to the early 
20th century, has had profound effects on the ecosystems of the Columbia River Basin (ISG 
1996). These effects have been especially adverse to the survival of anadromous salmonids. The 
construction of the Federal power system modified migratory habitat of adult and juvenile
salmonids, and in many cases presented a complete barrier to habitat access. Both upstream and 
downstream migrating fish are impeded by the dams, and a substantial number of juvenile
salmonids are killed and injured during downstream migrations. Physical injuries and deaths 
occur as juveniles pass through turbines, bypasses, and spillways. Indirect effects of passage 
through all routes may include disorientation, stress, delays in passage, exposure to high 
concentrations of dissolved gases, warm water, and increased predation. Dams have also flooded 
historical spawning and rearing habitat with the creation of massive water storage reservoirs.
More than 55 percent of the Columbia River Basin that was accessible to salmon and steelhead 
before 1939 has been blocked by large dams (NWPPC 1986).

The mainstem habitats of the lower Columbia and Willamette Rivers have been reduced 
primarily to a single channel. As a result, floodplain area has been reduced, off-channel habitat 
features have been eliminated or disconnected from the main channel, and the amount of large 
woody debris in the mainstem has been reduced. Remaining areas are affected by flow 
fluctuations associated with reservoir management for power generation, flood control and 
irrigation. Overbank flow events, important to habitat diversity, have become rare as a result of 
controlling peak flows and associated revetments. Consequently, estuary dynamics have changed 
substantially.

Artificial Propagation. There are several artificial propagation programs for salmon 
production within the Columbia River basin, many of which were instituted under Federal law to 
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ameliorate the effects of lost natural salmon production within the basin from the dams. The 
hatcheries are operated by Federal, state, and tribal managers. For more than 100 years, 
hatcheries in the Pacific Northwest have been used to produce fish for harvest and replace 
natural production lost to dam construction, and have only minimally been used to protect and 
rebuild naturally produced salmonid population (e.g., Redfish Lake sockeye salmon). In 1987, 95
percent of the coho salmon, 70 percent of the spring Chinook salmon, 80 percent of the summer 
Chinook salmon, 50 percent of the fall Chinook salmon, and 70 percent of the steelhead 
returning to the Columbia River Basin originated in hatcheries (CBFWA 1990). More recent 
estimates suggest that almost half of the total number of smolts produced in the basin come from 
hatcheries (Mann et al. 2005).

The impact of artificial propagation on the total production of Pacific salmon and steelhead has 
been extensive (Hard et al. 1992). Hatchery practices, among other factors, are a contributing 
factor to the 90 percent reduction in natural coho salmon runs in the lower Columbia River over 
the past 30 years (Flagg et al. 1995). Past hatchery and stocking practices have resulted in the 
transplantation of salmon and steelhead from nonnative basins, and the impacts of these practices 
are largely unknown. Adverse effects of these practices likely included loss of genetic variability 
within and among populations (Busack 1990 as cited in Hard et al. 1992, Riggs 1990,
Reisenbichler 1997), disease transfer, increased competition for food, habitat, or mates, increased 
predation, altered migration, and displacement of natural fish (Steward and Bjornn 1990, Fresh 
1997). Species with extended freshwater residence are likely to face higher risk of domestication, 
predation, or altered migration than are species that spend only a brief time in fresh water (Hard 
et al. 1992). Nonetheless, artificial propagation also may contribute to the conservation of listed 
salmon and steelhead although it is unclear whether or how much artificial propagation during 
the recovery process will compromise the distinctiveness of natural population (Hard et al.
1992). 

Currently, NMFS is working on a hatchery reform project in the Columbia River Basin, which 
will include a collaborative review of how harvest and hatcheries (particularly Federally funded 
hatcheries) are affecting the recovery of listed salmon and steelhead in the basin. This effort was 
mandated by Congress in 2005, and is in its early stages. Eventually, the project team would 
create a management approach that allows tribal, state and Federal managers to effectively 
manage Columbia River Basin hatcheries to meet conservation and harvest goals consistent with 
their respective legal responsibilities. 

Mining. Most of the mining in the basin is focused on minerals such as phosphate, 
limestone, dolomite, perlite, or metals such as gold, silver, copper, iron, and zinc. Many of the 
streams and river reaches in the basin are impaired from mining, and several abandoned, and 
former mining sites are designated as Superfund cleanup areas (Stanford et al. 2005, EPA 2007).
According to the United States Bureau of Mines, there are about 14,000 inactive or abandoned 
mines within the Columbia River Basin of which nearly 200 pose a potential hazard to the 
environment (Quigley et al. 1997 as cited in Hinck et al. 2004). Contaminants detected in the 
water include lead and other trace metals. Mining of copper, cadmium, lead, manganese, and 
zinc in the upper Clark Fork River have contributed wastes to this basin since 1880 (Woodward 
et al. 1994). Benthic macroinvertebrates and fish within the basin have bioaccumulated metals, 
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which are suspected of reducing their survival and growth (Farag et al. 1994, Woodward et al.
1994).

Commercial, Recreational, and Subsistence Fishing. During the mid-1800s, an 
estimated 10 to 16 million adult salmon and steelhead of all species entered the Columbia River 
each year. Large harvests of returning adult salmon during the late 1800s (20 to 40 million 
pounds of annually) significantly reduced population productivity (Mann et al. 2005). The 
largest known harvest of Chinook salmon occurred in 1883 when Columbia River canneries 
processed 43 million pounds of salmon (Lichatowich 1999). Commercial landings declined 
steadily from the 1920s to a low in 1993, when just over 1 million pounds were harvested (Mann 
et al. 2005).

Harvested and spawning adults reached 2.8 million in the early 2000s, of which almost half are 
hatchery produced (Mann et al. 2005). Most of the fish caught in the river are steelhead and 
spring/summer Chinook salmon, while ocean harvest consists largely of coho and fall Chinook 
salmon. Most ocean catches are made north of Cape Falcon, Oregon. Over the past five years, 
the number of spring and fall salmon commercially harvested in tribal fisheries has averaged 
between 25,000 and 110,000 fish (Mann 2004 in Mann et al. 2005). Recreational catch in both 
ocean and in-river fisheries varies from 140,000 to 150,000 individuals (Mann et al. 2005).

Interior Columbia River major subbasins: Deschutes, John Day, Umatilla, Walla 
Walla, Grande Ronde, and Imnaha Rivers. Habitat quality in tributary streams in the interior 
Columbia River subbasins varies from excellent in wilderness and roadless areas to poor in areas 
subject to heavy agricultural and urban development (Wissmar et al. 1994, Carmichael 2006). 

Migratory habitat quality in this area has been severely affected by the development and 
operation of the FCRPS dams and reservoirs in the mainstem Columbia River, Bureau of 
Reclamation tributary projects, and privately owned dams in the Snake River. For example, 
construction of Hells Canyon Dam eliminated access to several likely production areas in 
Oregon and Idaho including the Burnt, Powder, Weiser, Payette, Malheur, Owyhee, and Boise 
river basins (Good et al. 2005). Hydroelectric development modified natural flow regimes, 
resulting in higher water temperatures, changes in fish community structure leading to increased 
rates of piscivorous and avian predation on juvenile salmon and steelhead, and delayed migration 
for both adult and juveniles. Physical features of dams such as turbines also kill migrating fish. 
In-river survival is inversely related to the number of hydropower projects encountered by 
emigrating juveniles.

Similarly, development and operation of extensive irrigation systems and dams for water 
withdrawal and storage in tributaries have drastically altered hydrological cycles. A series of 
large regulating dams on the middle and upper Deschutes River affect flow and block access to 
upstream habitat, and have extirpated one or more populations from the Cascades Eastern Slope 
major population (IC-TRT 2003). Similarly, operation and maintenance of large water 
reclamation systems such as the Umatilla Basin and Yakima Projects have significantly reduced 
flows and degraded water quality and physical habitat in this domain. 

Many stream reaches are over-allocated under state water law, with more allocated water rights 
than existing streamflow conditions can support. Irrigated agriculture is common throughout this 
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region and withdrawal of water increases summer stream temperatures, blocks fish migration, 
strands fish, and alters sediment transport (Spence et al. 1996). Reduced tributary stream flow 
has been identified as a major limiting factor for all listed salmon and steelhead species in this 
area except SR fall-run Chinook salmon (NMFS 2005).

North and Middle Oregon Coast. The historical disturbance regime in the central Oregon 
Coast Range was dominated by a mixture of high and low-severity fires, with a natural rotation 
of approximately 271 years. Old-growth forest coverage in the Oregon Coast Range varied from 
25 to 75% during the past 3,000 years, with a mean of 47%, and never fell below 5% (Wimberly 
et al. 2000). Currently the Coast Range has approximately 5% old-growth, almost all of it on 
Federal lands. The dominant disturbance now is logging on a cycle of approximately 30 to 100 
years, with fires suppressed. 

The State of Oregon (2005) completed an assessment of habitat conditions in the range of OC 
coho in 2005. Oregon’s assessment mapped how streams with high intrinsic potential for coho 
salmon rearing are distributed by land ownership categories. Agricultural lands and private 
industrial forests have by far the highest percentage of land ownership in high intrinsic potential 
areas and along all coho stream miles. Federal lands have only about 20% of coho stream miles 
and 10% of high intrinsic potential stream reaches. Because of this distribution, activities in 
lowland agricultural areas are particularly important to the conservation of Oregon coastal coho.

The coho assessment concluded that at the scale of the entire domain, pools are generally 
abundant, although slow-water and off-channel habitat (which are important refugia for coho 
during high winter flows) are limited in the majority of streams when compared to reference 
streams in minimally-disturbed areas. Amounts of large wood in streams are low in all four 
ODFW monitoring areas and land-use types relative to reference conditions. Amounts of fine 
sediment are high in three of the four monitoring areas, and were comparable to reference 
conditions only on public lands. Approximately 62 to 91% of tidal wetland acres (depending on 
estimation procedures) have been lost for functionally and potentially independent populations of 
coho.

As part of the coastal coho assessment, the Oregon Department of Environmental Quality 
(ODEQ) analyzed the status and trends of water quality in the range of OC coho using the 
Oregon water quality index, which is based on a combination of temperature, dissolved oxygen, 
biological oxygen demand, pH, total solids, nitrogen, total phosphates, and bacteria. Using the 
index at the species scale, 42% of monitored sites had excellent to good water quality, and 29% 
show poor to very poor water quality. Within the four monitoring areas, the North Coast had the 
best overall conditions (three sites in excellent or good condition out of nine sites), and the Mid-
South coast had the poorest conditions (no excellent condition sites, and only two out of eight
sites in good condition). For the 10-year period monitored between 1992 and 2002, no sites 
showed a declining trend in water quality. The area with the most improving trends was the 
North Coast, where 66% of the sites (six out of nine) had a significant improvement in index 
scores. The Umpqua River basin, with one out of nine sites (11%) showing an improving trend, 
had the lowest number of improving sites.

Exhibit 7a



-157-

Southern Oregon. Many large and small rivers supporting significant populations of 
coho salmon flow through this area, including the Elk, Rogue, Chetco, Smith and Klamath. The 
following summary of critical habitat information in the Elk, Rogue, and Chetco rivers is also 
applicable to habitat characteristics and limiting factors in other basins in this area. The Elk 
River flows through Curry County, and drains approximately 92 square miles (or 58,678 acres) 
(Maguire 2001). Historical logging, mining, and road building have degraded stream and riparian 
habitats in the Elk River basin. Limiting factors identified for salmon and steelhead production in 
this basin include sparse riparian cover, especially in the lower reaches, excessive fine sediment, 
high water temperatures, and noxious weed invasions (Maguire 2001).

The Rogue River drains approximately 5,160 square miles within Curry, Jackson and Josephine 
counties in southwest Oregon. The mainstem is about 200 miles long and traverses the coastal 
mountain range into the Cascades. The Rogue River estuary has been modified from its historical 
condition. Jetties were built by the Corps in 1960, which stabilized and deepened the mouth of 
the river. A dike that extends from the south shore near Highway 101 to the south jetty was 
completed in 1973. This dike created a backwater for the large shallow area that existed here, 
which has been developed into a boat basin and marina, eliminating most of the tidal marsh. 

The quantity of estuary habitat is naturally limited in the Rogue River. The Rogue River has a 
drainage area of 5,160 square miles, but the estuary at 1,880 acres is one of the smallest in 
Oregon. Between 1960 and 1972, approximately 13 acres of intertidal and 14 acres of subtidal 
land were filled in to build the boat basin dike, the marina, north shore riprap and the other north 
shore developments (Hicks 2005). Jetties constructed in 1960 to stabilize the mouth of the river 
and prevent shoaling have altered the Rogue River, which historically formed a sill during 
summer months (Hicks 2005).

The Lower Rogue Watershed Council’s watershed analysis (Hicks 2005) lists factors limiting
fish production in tributaries to Lower Rogue River watershed. The list includes water 
temperatures, low stream flows, riparian forest conditions, fish passage and over-wintering 
habitat. Limiting factors identified for the Upper Rogue River basin include fish passage barriers, 
high water temperatures, insufficient water quantity, lack of large wood, low habitat complexity, 
and excessive fine sediment (Rogue Basin Coordinating Council 2006).

The Chetco River estuary has been significantly modified from its historical condition. Jetties 
were constructed by the Corps in 1957, which stabilized and deepened the mouth of the river. 
These jetties have greatly altered the mouth of the Chetco River and how the estuary functions as 
habitat for salmon migrating to the ocean. A boat basin and marina were built in the late 1950s 
and eliminated most of the functional tidal marsh. The structures eliminated shallow water 
habitats and vegetation in favor of banks stabilized with riprap. Since then, nearly all remaining 
bank habitat in the estuary has been stabilized with riprap. The factors limiting fish production in 
the Chetco River appear to be high water temperature caused by lack of shade, especially in 
tributaries, high rates of sedimentation due to roads, poor over-wintering habitat due to a lack of 
large wood in tributaries and the mainstem, and poor quality estuary habitat (Maguire 2001).

Summary of Environmental Baseline for Anadromous Fishes. Pacific salmon and 
steelhead, green sturgeon and eulachon are exposed to the impacts of a wide variety of past and 
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present state, Federal or private actions and other human activities that comprise the action area, 
as well as Federal projects in this area that have already undergone formal section 7 consultation, 
and state or private actions that are contemporaneous with this consultation. Here we provide a 
review of major ESA section 7(a)(2) consultations where NMFS predicted effects would occur 
within in the action area.

The NMFS consulted on the effects of EPA’s registration of pestidice products for  chlorpyrifos, 
diazinon, and malathion (NMFS 2008); carbaryl, carbofuran, and methomyl (NMFS 2009); 
azinphos methyl, bensulide, dimethoate, disulfoton, ethoprop, fenamiphos, naled, 
methamidophos, methidathion, methyl parathion, phorate and phosmet (NMFS 2010); and 2,4-D, 
triclopyr BEE, diuron, linuron, captan, and chlorothalonil (NMFS 2011). These consultations 
concluded that registration of these pesticide products would jeopardize the continued existence 
of Pacific salmon and steelhead and/or result in the destruction or adverse modification of their 
critical habitats.

The NMFS consulted on the effects of fishery harvest actions, including 10-year terms of the 
Pacific Salmon Treaty (term of biological opinion from 2009-2018, NMFS 2008e) and the 
United States v. Oregon 2008 Management Agreement (term of biological opinion from 2008-
2017; NMFS 2008f), and the Pacific Coast Salmon Plan fisheries (NMFS 2009a). In these past 
harvest opinions, NMFS characterized the short-term and long-term effects on reductions in 
Chinook abundance that occur during a specified year, and the long-term effects to whales that 
could result if harvest affected viability of the salmon stock over time by decreasing the number 
of fish that escape to spawn. The harvest biological opinions referenced above concluded that the 
harvest actions were not likely to jeopardize the continued existence of listed Chinook salmon. 

The NMFS conducted additional consultations on the effects of hydro-power dams and flood 
control programs on all Columbia River basin salmon and steelhead, green sturgeon, and 
eulachon (NMFS 2008g, NMFS 2008h). As part of the proposed action for the Federal Columbia 
River Power System and the Willamette Flood Control Program, action agencies proposed 
funding hatchery programs in addition to their proposals for dam operations and maintenance. To 
mitigate for the harmful effects of hatchery production on long-term salmon and steelhead 
viability the action agencies committed to a schedule of future hatchery reforms.

2.5.2.4 Southern Resident Killer Whales

Prey Availability. Based on persuasive scientific information that the diet of Southern 
Residents is predominantly composed of Chinook salmon in inland waters (see further discussion 
in section 2.4.4), their diet may equally be predominantly composed of Chinook salmon when
available in coastal waters of the action area. This analysis focuses on Chinook salmon 
abundance in coastal waters of the Southern Residents range. Focusing on Chinook salmon 
provides a conservative estimate of potential effects of the proposed action on Southern 
Residents because the total abundance of all salmon and other potential prey species is orders of 
magnitude larger than the total abundance of Chinook salmon.

When prey is scarce, whales likely spend more time foraging than when it is plentiful. Increased 
energy expenditure and prey limitation can cause nutritional stress. Nutritional stress is the 
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condition of being unable to acquire adequate energy and nutrients from prey resources and as a 
chronic condition can lead to reduced body size and condition of individuals and lower birth and 
survival rates of a population. Ford et al. reported correlated declines in both the Southern 
Resident killer whales and Chinook salmon and suggested the potential for nutritional stress in 
the whales (Ford et al. 2005, Ford et al. 2010b). Food scarcity could also cause whales to draw 
on fat stores, mobilizing contaminants stored in their fat and potentially have the ability to alter 
thyroid homeostasis, reduce immune function, cause neurotoxicity, reproductive failure, and 
restrict the development and growth of the individual (see Table 9 in NMFS 2008a for a review 
of physiological effects resulting from exposure to toxic chemicals in marine mammals). Thus, 
nutritional stress may act synergistically with high contaminant burdens in the whales and result 
in contaminant-induced adverse health effects, higher mortality rates, or lower birth rates.

The availability of Chinook salmon to Southern Residents is affected by a number of natural and 
human actions. Climate effects from Pacific decadal oscillation and the El Nino/Southern 
oscillation conditions and events cause changes in ocean productivity which can affect natural 
mortality of salmon. Predation in the ocean also contributes to natural mortality of salmon.
Salmonids are prey for pelagic fishes, birds, and marine mammals (including Southern 
Residents). Section 2.5 describes the baseline concentrations and sources (both natural and 
through human activities) of metal and elemental pollutants in Oregon waters and the potential 
adverse health effects to fish. Additional human activities and their impacts to salmon include 
land use such as logging, agriculture, ranching, hydroelectric power generation, mining, fishing, 
recreational activities, and urban uses (see section 2.5.2.5 above). Many of these activities have a 
federal nexus and have undergone section 7 consultation. Those actions have all met the standard 
of not jeopardizing the continued existence of the listed salmonids or adversely modifying their 
critical habitat, or if they did not meet that standard, we identified reasonable and prudent 
alternatives. Since the Southern Residents were listed, federal agencies have also consulted on 
impacts to the whales, including impacts to available prey. In addition, the environmental 
baseline is influenced by many actions that pre-date the salmonid listings and that have 
substantially degraded salmon habitat and lowered natural production of Chinook ESUs 
contemplated in this consultation.

Here we provide a review of Southern Resident killer whale determinations in previous ESA 
Section 7(a)(2) consultations where effects occurred in the action area, and where effects resulted 
in a significant reduction in available prey ( i.e., where prey reduction was likely to adversely 
affect or jeopardize the continued existence of the whales).

The NMFS consulted on the effects of fishery harvest actions on Southern Residents, including 
10-year terms of the Pacific Salmon Treaty (term of biological opinion from 2009-2018, NMFS 
2008e) and the United States v. Oregon 2008 Management Agreement (term of biological 
opinion from 2008-2017; NMFS 2008f), and the Pacific Coast Salmon Plan fisheries (NMFS 
2009a). In these past harvest opinions, NMFS characterized the short-term and long-term effects 
on Southern Residents from prey reduction caused by harvest. We considered the short-term 
effects to whales resulting from reductions in Chinook abundance that occur during a specified 
year, and the long-term effects to whales that could result if harvest affected viability of the 
salmon stock over time by decreasing the number of fish that escape to spawn. These past 
analyses suggested that in the short term prey reductions were small relative to remaining prey 
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available to the whales. In the long term, harvest actions have met the conservation objectives of 
harvested stocks, were not likely to appreciably reduce the survival or recovery of listed 
Chinook, and were therefore not likely to jeopardize the continued existence of listed Chinook. 
The harvest biological opinions referenced above concluded that the harvest actions cause prey 
reductions in a given year, but were not likely to jeopardize the continued existence of ESA-
listed Chinook salmon or Southern Residents. New information about the relationship between 
Chinook salmon abundance and Southern Resident killer whale population growth is currently 
under scientific review and will inform future consultations and NMFS consideration of these 
previous conclusions.

NMFS also consulted on the effects of the long-term operations of the Central Valley Project 
(CVP) and State Water Project (SWP) (2008/09022). The NMFS found that the long-term 
operations of the CVP and SWP, as proposed, were likely to jeopardize the continued existence 
of Sacramento River winter-run Chinook salmon, Central Valley spring-run Chinook salmon, 
Central Valley steelhead, Southern DPS of North American green sturgeon, and Southern 
Resident killer whales. The increased risk of extinction of the winter- and spring-run Chinook 
salmon as a long-term consequence of the proposed action diminished the potential for Southern 
Residents to survive and recover. The involved action agencies are implementing actions 
identified as part of the reasonable and prudent alternative over specified time periods starting 
from issuance of the biological opinion.

NMFS conducted additional consultations on the effects of hydro-power dams and flood control 
programs on Southern Residents (NMFS 2008g, NMFS 2008h). As part of the proposed action 
for the Federal Columbia River Power System and the Willamette Flood Control Program, action 
agencies proposed funding hatchery programs in addition to their proposals for dam operations 
and maintenance. For both programs, the proposed actions did not result in a net decrease in 
Chinook salmon prey for Southern Residents in the short term. To mitigate for the harmful 
effects of hatchery production on long-term Chinook salmon viability (and thus killer whale prey 
availability) the action agencies committed to a schedule of future hatchery reforms.

Quality of Prey. As introduced in the above sections, contaminants enter marine waters 
from numerous sources throughout the action area, but are typically concentrated near populated 
areas of high human activity and industrialization. The majority of growth in salmon occurs 
while feeding in saltwater (Quinn 2005). Therefore, the majority (> 96 percent) of persistent 
pollutants in adult salmon are accumulated while feeding in the marine environment (Cullon et 
al. 2009, O’Neill and West 2009). Freshwater contamination is also a concern because it may 
contaminate salmon that are later consumed by the whales in marine waters. Only limited 
information is available for contaminant levels of Chinook in Oregon rivers; however, in general 
Chinook salmon contain higher levels of some contaminants than other salmon species (See 
Table 2.4.4.5 in the Status of the Species). As discussed in the Status of the Species, the marine 
distribution is an important factor affecting pollutant accumulation as is evident across the 
different salmon populations. For example, Chinook populations feeding in close proximity to 
land-based sources of contaminants have higher concentrations (O’Neill et al. 2006).

Vessel Activity and Sound. Commercial, military, recreational and fishing vessels 
traverse the coastal range of Southern Residents. Vessels may affect foraging efficiency, 
communication, and/or energy expenditure by their physical presence and by creating 
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underwater sound (Williams et al. 2006, Holt 2008). Collisions of killer whales with vessels are 
rare, but remain a potential source of serious injury and mortality. Large ships that traverse 
coastal waters of the whales’ range move at relatively slow speeds and are likely detected and 
avoided by Southern Residents. 

Vessel sounds in coastal waters are most likely from large ships, tankers and tugs. Sound 
generated by large vessels is a source of low frequency (5 to 500 Hz) human-generated sound in 
the world’s oceans (National Research Council 2003). While larger ships generate some 
broadband noise in the hearing range of whales, the majority of energy is below their peak 
hearing sensitivity. At close range large vessels can still be a significant source of background 
noise at frequencies important to the whales (Holt 2008). Commercial sonar systems designed 
for fish finding, depth sounding, and sub-bottom profiling are widely used on recreational and 
commercial vessels and are often characterized by high operating frequencies, low power, 
narrow beam patterns, and short pulse length (National Research Council 2003). Frequencies fall 
between 1 and 500 kHz, which is within the hearing range of some marine mammals, including 
killer whales, and may have masking effects.

Non-Vessel Sound. Anthropogenic (human-generated) sound in the range of Southern 
Residents is generated by other sources besides vessels, including oil and gas exploration, 
construction activities, and military operations. Natural sounds in the marine environment 
include wind, waves, surf noise, precipitation, thunder, and biological noise from other marine 
species. The intensity and persistence of certain sounds (both natural and anthropogenic) in the 
vicinity of marine mammals vary by time and location and have the potential to interfere with 
important biological functions (e.g., hearing, echolocation, communication).

In-water construction activities are permitted by the Corps under section 404 of the CWA and 
section 10 of the Rivers and Harbors Act of 1899 and by the State of Washington under its 
Hydraulic Project Approval program. Consultations on these permits have been conducted and 
conservation measures have been included to minimize or eliminate potential effects of in-water 
activities, such as pile driving, on marine mammals. Military sonar also has the potential to 
disturb killer whales. 

Oil Spills. Oil spills have occurred in the coastal range of Southern Residents in the past, 
and there is potential for spills in the future. Oil can be discharged into the marine environment 
in any number of ways, including shipping accidents, at refineries and associated production 
facilities, and pipelines. The magnitude of risk posed by oil discharges in the action area is 
difficult to precisely quantify, but improvements in oil spill prevention procedures since the 
1980s likely provide some reduced risk of spill. New oil spill prevention procedures in the state 
of Washington likely positively contribute to the decrease in spill volume (WDOE 2007).

In marine mammals, acute exposure to petroleum products can cause changes in behavior and 
reduced activity, inflammation of the mucous membranes, lung congestion, pneumonia, liver 
disorders, neurological damage (Geraci and St. Aubin 1990), potentially death, and long-term 
effects on population viability (Matkin et al. 2008). In addition, oil spills have the potential to 
adversely impact habitat and prey populations, and, therefore, may adversely affect Southern 
Residents by reducing food availability.
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Scientific Research. Although research activities are typically conducted between May 
and October in inland waters, some permits include authorization to conduct research in coastal 
waters. In general, the primary objective of this research is population monitoring or data 
gathering for behavioral and ecological studies. In 2006, NMFS issued scientific research 
permits to seven investigators who intend to study Southern Residents (NMFS 2006).
Additionally in 2008, NMFS issued another scientific permit to one investigator intending to 
study Southern Residents (NMFS 2008i). In the biological opinions NMFS prepared to assess the 
impact of issuing the permits, we determined that the effects of these disturbances on Southern 
Residents were likely to adversely affect, but not likely to jeopardize the continued existence of, 
the Southern Residents (NMFS 2006, 2008i). A small portion of the authorized take would occur 
in the coastal range of Southern Residents.

Summary of Southern Residents Environmental Baseline. Southern Residents are 
exposed to a wide variety of past and present state, Federal or private actions and other human 
activities in the coastal waters that comprise the action area, as well as Federal projects in this 
area that have already undergone formal section 7 consultation, and state or private actions that 
are contemporaneous with this consultation. All of the activities discussed in the above section 
are likely to have some level of impact on Southern Residents when they are in the action area. 

No single threat has been directly linked to or identified as the cause of the recent decline of the 
Southern Residents, although the three primary threats are identified as prey availability, 
environmental contaminants, and vessel effects and sound (Krahn et al. 2002). Researchers are 
unsure about which threats are most significant. There is limited information on how these 
factors or additional unknown factors may be affecting Southern Residents when in coastal 
waters. For reasons discussed earlier, it is possible that two or more of these factors may act 
together to harm the whales. The small size of the population increases the level of concern 
about all of these risks (NMFS 2008a).

2.6 Effects of the Action

‘Effects of the action’ means the direct and indirect effects of an action on the species or critical 
habitat, together with the effects of other activities that are interrelated or interdependent with 
that action, that will be added to the environmental baseline (50 CFR 402.02).

EPA’s approval of Oregon’s revised water quality standards would have no direct effects to 
listed species or their habitat—that is, approving new water quality standards, by itself, will not 
directly affect listed species or designated critical habitat, or change the environmental baseline. 
However, there are significant indirect effects of approving the standards, because the approval 
allows the state to implement the standards. The analysis of effects of the proposed action 
assumes that the species of interest are exposed to waters meeting the water quality standards;
however, there are many waters in Oregon that do not meet the current standards and would not 
meet the proposed standards. Implementation and attainment of the standards are key to 
improving the state’s water quality, however, the only action under consideration in this 
consultation is EPA’s proposed approval of Oregon’s revised standards. 
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2.6.1 Issues Common to All Criteria

The following discussion on acute and chronic toxicity data focuses on issues applicable to the 
development of all aquatic life criteria, and provides context for the toxicity data analyses on 
individual compounds provided in this section of the opinion.

Acute Toxicity Data. The acute criteria for aquatic life have been primarily based on 
compilations of toxicity study results reported in terms of the concentration resulting in 50 
percent mortality over a fixed time period [usually 96 hours: e.g., LC50, effects concentration 
(EC)50, EPA 1986a] using EPA’s Guidelines for Deriving Numerical National Water Quality 
Criteria for the Protection of Aquatic Organisms and Their Uses (Stephan et al. 1985) 
(Guidelines). Although there are a number of reasons why data are not included in the data sets 
used to develop criteria, some of the more common ones are that one or more pieces of 
information regarding study methodology or calculation of results needed to assess the reliability 
of the study is missing; data quality of the study is less than acceptable (e.g. unacceptably high 
control mortality); the test species was exposed to a chemical mixture or was previously exposed 
to the test chemical; the study reported effects on an endpoint other than survival, reproduction 
or growth; or the test duration was a non-standard test duration (e.g., fish toxicity test reporting a 
24-hr LC50 instead of the more standard 96-hr LC50). 

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, that indicate 
the concentration at which 50 percent of the test population was killed. However, what is often 
not considered are exposure-related effects such as latent mortality, which can range between 15 
and 35 percent greater than the LC50 predictions compared to the control (Zhao and Newman 
2004, Lee and Lee 2005). Furthermore, because 4- to 8-hour LC50s are about the same as the 96-
hour LC50 for some compounds, e.g., selenium, lead, arsenic (EPA 1991), criteria concentrations 
that do not take fast-acting compounds into consideration are likely to bias the magnitude of 
acute toxic effects. Theses factors create significant uncertainty regarding the reliability and 
predictability of the acute criterion to represent concentrations that are protective against acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on 
fixed durations instead of an exposure-response curve, and challenge the notion that LC50 data 
that is above the acute criterion is protective against acute toxic effects based soley on a
comparison of concentrations.

Acute water quality criteria are calculated by rank ordering the genus mean acute value (GMAV)
values from the lowest LC50 to the highest LC50, and using a formula given in Stephan et al.
(1985) to estimate the 5th percentile of the resulting species sentitive distribution (SSD). This 5th

percentile of measured GMAVs is termed the (final acute value) FAV in the EPA criteria 
development documents. As a criterion based on a concentration causing mortality to 50 percent 
of a test species would not be a protective criterion, EPA divides the FAV by a safety factor of 
2.27 (rounded to a factor of 2 in the below analysis) to convert LC50 values into concentrations 
that EPA projects to be near or below lethality.

The database from which the safety factor was derived was published in the Federal Register in 
1978. Table 10 from the Federal Register notice (43 FR 21506-21518) lumps data for freshwater 
and marine fish and invertebrates. The data are broken out by the chemicals tested. There are 219 
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data points, but a large proportion of them aren't for a specific chemical, but rather for whole 
effluents of various sources—115 of the 219 data points used to derive the acute adjustment 
factor are based on effluent studies where individual pollutants are not measured. Interestingly, 
effluent studies are one of EPA’s “not pertinent” or “reject” categories identified in EPA (2005).

The assumption that dividing an LC50 by 2 will result in effect concentrations near or below 
leathility rests on further assumptions of the steepness of the concentration-response slope. 
Several examples of tests with metals which had a range of response slopes are shown in Figure
2.6.1.1. These examples were selected from data sets that were relevant to salmonid species in 
Oregon and for which the necessary data to evaluate the range of responses could be located 
(Chapman 1975, 1978b, Marr et al. 1995, Marr et al. 1999, Mebane et al. 2010, Windward 
2002). The citations given include both reports with detailed original data as well as the 
summarized, published forms of the same tests. The examples range from tests with some of the 
shallowest concentration-response slopes located to very steep response slopes. In the shallowest 
tests (panels A and E), an LC50/2 concentration would still result in 15 to 20 percent mortality. 

One challenge for deriving acute criteria for short-term exposures is that the great majority of 
available data is for mortality; that is, a concentration that kills 50 percent of a test population. A 
fundamental assumption of EPA’s criteria derivation is that the FAV, which is the LC50 for a 
hypothetical species with a sensitivity equal to the 5th percentile of the SSD, may be divided by 2 
in order to extrapolates from a concentration that would likely be extremely harmful to sensitive 
species in short-term exposures (i.e., kill 50 percent of the population) to a concentration 
expected to kill few, if any, individuals. This assumption must be met for acute criteria to be 
protective of sensitive species. It is difficult to evaluate from published literature if this 
assumption is met because so few studies report the data behind an LC50 test statistic. While 
LC50s are almost universally used in reporting short-term toxicity testing, they are not something 
that can be “measured,” but are statistical model fits. An acute toxicity test is actually a series of 
4 to 6 tests runs in parallel in order to test effects at these (usually) four to six different chemical 
concentrations. An LC50 is estimated by some statistical distribution or regression model, which 
generates an LC50 estimate, and some confidence interval, and then all other information is 
thrown away. Thus, while the original test data included valuable information on what were no, 
low and severe effects concentrations, that information is lost to reviewers unless the 
unpublished, raw, lab data are available. However, a more common pattern with the metals data 
was that an LC50/2 concentration would probably result in about a 5 percent death rate (panels B 
and F), and in many instances, no deaths at all would be expected (panels C and D). 
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Figure 2.6.1.1 Examples of percentages of coho salmon or rainbow trout killed at one-
half their LC50 concentrations and at LC50 concentrations with cadmium, 
copper, and zinc. 

In one of the few additional published sources that gave relevant information, researchers 
happened to include effect-by-concentration information on the acute toxicity of chemical 
mixtures. Rainbow trout and the invertebrate zooplankton Ceriodaphnia dubia were exposed for 
96 and 48 hours respectively to mixture of six metals, each at their presumptively “safe” acute 
CMC concentrations. In combination, the CMC concentrations killed 100% of rainbow trout and 
C. dubia, but 50% of the CMC concentrations killed none (Spehar and Fiandt 1986). This gives 
some support to the assumption that one-half the FAV divided by 2 is likely to kill a low 
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percentage of fish, although it raises questions about the overall protectiveness of criteria 
concentrations in mixtures.

Other relevant reviews include Dwyer et al. (2005b), who evaluated the LC50/2 assumption with 
the results of the acute toxicity testing of 20 species with five chemicals representing a broad 
range of toxic modes of action. In those data, multiplying the LC50 by a factor of 0.56 resulted in 
a low (10%) or no-acute effect concentration. Testing with cutthroat trout and Cd, Pb, and Zn 
singly and in mixtures, Dillon and Mebane (2002) found that the LC50/2 concentration 
corresponded with death rates of 0 to 15 percent.

Summary: Based on this analysis, acute criteria based on LC50 concentrations and the 
acute adjustment factor, instead of acute criteria that are based on an exposure-response curve, 
are likely to underestimate the magnitude of effects for field-exposed fishes. Therefore, the 
shortcomings identified in the above analysis are likely to result in mortality greater than the 
LC50 test predictions and the presumed protection from the acute adjustment factor in deriving 
acute criteria. 

Chronic Toxicity Data. While the Guidelines give a great deal of advice on 
considerations for evaluating chronic or sublethal data (Stephan et al. 1985, at p. 39), those 
considerations were not usually reflected in the individual national EPA-recommended ambient 
water quality criteria documents NMFS reviewed. In practice, for most of the criteria documents 
we reviewed, “chronic values” were simply calculated as the geometric mean of the lowest tested 
concentration that had a statistically significant adverse effect at the 95 percent confidence level 
(LOEC), and the next lower tested concentration (NOEC). The “chronic value” as used in 
individual criteria documents is effectively the same thing as the maximum acceptable toxicant 
concentration6 (MATC) used in much environmental toxicology literature, even though the 
MATC term is never used in the Guidelines. This MATC approach has the potential to seriously 
underestimate effects because the statistical power in typical toxicity tests is fairly low. A bias in 
many ecotoxicology papers is to focus on avoiding “false accusations” of a chemical with 95 
percent accuracy (i.e., Type I error or false positive, the risk of declaring an effect was present 
when in fact there was no effect). Often no consideration whatsoever is given to the companion 
problem, known as Type II error, or false negatives (i.e., declaring no adverse effects occurred 
when in fact they did occur, but because of the limited sample size or variability, they were not 
significant with 95 percent confidence). 

The magnitude of effect that can go undetected with 95 percent confidence in a NOEC statistic 
can be large (greater than 30 percent on average for some endpoints), and much higher for 
individual tests (Crane and Newman 2000). This problem is compounded when the “chronic 
value” or MATC is calculated in its most common form as the geometric mean of a NOEC and 
LOEC. For instance, in one study, 100 percent of juvenile brook died after being exposed to 17 
μg/L copper for 8 months; this was considered the LOEC for the test. The next lowest 
concentration tested (9.5 μg/L) had no reduced survival relative to controls. (McKim and Benoit 
1971). Therefore, the only thing that can be said about the geometric mean of these two effect 
concentrations (i.e., the chronic value of 12.8 μg/L that was used in the chronic copper criteria, 
EPA 1985) is that it represents a concentration that can be expected to kill somewhere between 

6 The MATC is the range between the NOEC and LOEC.
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all and no brook trout in the test population. These factors create significant uncertainty 
regarding the reliability and predictability of the chronic criterion to represent concentrations that 
are protective against chronic toxic effects. Furthermore, these factors highlight the risks of 
toxicity data that are based on statistical hypothesis tests instead of an exposure-response curve 
(because the exposure-response curve describes the relationship between exposure and effect), 
and challenges the supposition that NOEC data that is above the chronic criterion is protective 
against chronic toxic effects based solely on a comparison of concentrations. Therefore, NOEC 
data that is above the chronic criterion does not necessarily ensure that there are no chronic toxic 
effects, but that the criterion concentration may result in chronic toxic effects to a subset of the 
test population, and therefore by inference, field-exposed individuals, relative to the criterion 
concentration in the range of 10 to 34 percent (Crane and Newman 2000). While the range of 
chronic effects predicted in these studies is likely to be less than or greater than the 10 to 34 
percent range depending on compound and species, these studies highlight the inherent flaws 
associated with chronic toxicity tests, and provide evidence for long-term survival implications 
for field-exposed fishes.

Suter et al. (1987) evaluated published chronic tests with fish for a variety of chemicals and 
found that, on average, the MATC represented about a 20 percent death rate and a 40% reduction 
in fecundity. They noted that “although the MATC is often considered to be the threshold for 
effects on fish populations, it does not constitute a threshold or even a negligible level of effect 
in most of the published chronic tests. It corresponds to a highly variable level of effect that can 
only be said to fall between 0 and 90 percent.”  Barnthouse et al. (1989) further extrapolated 
MATC-level effects to population-level effects using fisheries sustainability models and found 
that the MATC systematically undervalued test responses such as fecundity, which are both 
highly sensitive and highly variable.

One implication of this issue is that because the MATC chronic values typically used in the EPA 
water quality criteria documents for aquatic life criteria may cause a substantial adverse effect 
for that test species, the criteria on the whole will be less protective than the Guidelines’ intended 
goal of protecting 95 percent of the species. How much less protective is unclear and probably 
varies among the criteria datasets. One dataset from which a hypothetical NOEC-based chronic 
criterion could readily be recalculated and compared with the usual MATC criteria was a 2006 
cadmium criteria update (Mebane 2006). In this comparison, Mebane determined that the 
MATC-based chronic criteria would protect about 92 percent of the aquatic species in the dataset 
at the NOEC level. Because the NOEC statistic also can reflect a fairly sizable effect (Crane and 
Newman 2000) it may be that at least with cadmium, the true level of protection is closer to 
about 90 percent than the 95 percent intended by the guidelines. 

Summary: Based on this analysis, chronic criteria based on hypothesis tests, instead of 
acute criteria that are based on an exposure-response curve, are likely to underestimate the 
magnitude of effects for field-exposed fishes. Therefore, the shortcomings identified in the above 
analysis are likely to result in sublethal greater than the NOEC/LOEC predictions.
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2.6.2 Freshwater Criteria Toxicity Analysis

The ESA directs that section 7 consultations use the best available scientific and commercial 
data. While EPA conducted an extensive data call and has developed a large database of toxicity 
(ECOTOX), thousands of toxicity studies were rejected by EPA for use in criteria development 
and formulation of the BE. A majority of these toxicity studies were rejected because the test 
duration was non-standard; EPA generally does not consider toxicity tests with non-standard 
durations (e.g., 4-hr LC50 or 192-hr LC50), or endpoint, e.g., behavioral. However, these studies 
may still meet the standard of the “best available scientific data” as defined by the ESA and, as 
warranted, were intergrated into the analysis in this opinion.

NMFS also examined EPA’s BE effects assessment methodology, but NMFS did not use the 
EPA effects assessment methodology or the analysis in the BE for its effects analysis as it 
included too many fundamental problems NMFS identified during preconsultation that EPA did 
not address in the BE submitted to NMFS. These problems include:

LC50 toxicity data interpretation and application
NOEC toxicity data interpretation and application
Exclusion of published toxicity data in the BE analysis
High uncertainty with use of the acute adjustment factor
Lack of a sublethal effects analysis
Lack of a chemical mixture analysis
Scale of effect determinations—effects of the action as a whole verses effects 
based on individual criterion

Instead, NMFS used a much more extensive toxicity data set, including toxicity studies from the 
ECOTOX database that were excluded by EPA, for its analysis, and included an extensive 
sublethal effects analysis for each compound (where data was available), a chemical mixtures 
analysis, a direct mortality and population model for the freshwater acute criteria, and a synthesis 
of effects of the action as a whole.

In this opinion, NMFS also examined EPA’s Guidelines for Deriving Numerical National Water 
Quality Criteria for the Protection of Aquatic Organisms and Their Uses (Stephan et al. 1985), 
as it forms the basis for how EPA derives aquatic life criteria. That analysis is provided in 
Apprendix 1 of this opinion. 

The analysis on freshwater criteria starts with a review of the chemical and toxicological 
concepts, principals, and factors that influence toxicity for each compound, and an assessment of 
critical exposure-response factors pertinent to the overall analysis. The data analysis in this 
section has five general components: (1) Available toxicity data presented in table format by 
endpoint; (2) a summary statistical analysis performed for each endpoint data set consisting of
the arithmetic mean, the geometric mean, and the harmonic mean to assess the distribution of the 
data for each data set, and the statistical analysis is used later in the analysis on chemical 
mixtures; (3) a relative mortality analysis for the acute criteria; (4) a sublethal effects analysis on 
the chronic criteria, and (5) an analysis on food items (when data was available).
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The toxicity data for salmonid fishes includes data for listed and non-listed salmonid fishes, e.g.,
rainbow trout are used to directly assess toxicity effects on steelhead as the resident form is 
indistinguishable from the anadromous form in juvenile life stages. Other salmonid fishes, e.g.,
brook trout (Salvelinus fontinalis) and cutthroat trout (Oncorhynchus clarki), are used in addition 
to the species-specific toxicity data and/or as a surrogate for listed species where toxicity data is 
not available for listed species to analyze effects on additional endpoints. Our analysis                                          
of surrogate species toxicity data showed no difference in the range of concentrations when 
compared to the toxicity data for listed species. Furthermore, toxicity data for green sturgeon and 
eulachon was limited or non-existent for most of the compounds in Table 1.1. Therefore, NMFS 
used the salmonid fishes toxicity data as a surrogate for these two species, as salmonid fishes 
were the closest taxonomic group for which data were available.

The effects analysis on Southern Resident killer whales follows the analysis on salmon, 
steelhead, green sturgeon, and eulachon as the Southern Resident killer whale effects analysis is 
dependent upon the effects analysis and conclusions on salmon and steelhead addressed in this 
opinion

The summary conclusions provided in this section are based on an analysis of toxicity exposure-
response potential for each listed species considered in this opinion and for each freshwater 
compound listed in Table 1.1. The NMFS based these analyses exclusively on an examination of 
the available toxicity data from exposure to a single compound. The NMFS also rated the 
magnitude of effects for each endpoint. The NMFS used a scale of low intensity increase in 
toxicity effects on listed species at the scale of individuals or groups of individuals, moderate 
intensity increase in toxicity effects on listed species at the scale of individuals or groups of 
individuals, moderately-high-intensity increase in toxicity effects on listed species at the scale of 
individuals or groups of individuals, but not at the scale of any population, and high-intensity
increase in toxicity effects on listed species that affects one or more population attribute as a
means to qualitatively assess the magnitude of acute or chronic toxics effects associated with the 
toxicity data. The summary conclusions do not take into account effects to the listed species 
considered in this opinion from exposure to multiple compounds. The issue of chemical 
mixtures, as well as criteria development issues, direct mortality population modeling, etc., are 
examined in the Integration and Synthesis.

Toxicity Data Sources

The following is a list of data sources used in this opinion. 

Data Set ECOTOX — all data are from ECOTOX and were provided to NMFS by EPA. The 
first data set provided to NMFS by EPA only included the rank ordered LC50 data and ranked 
ordered NOEC data. The NMFS also requested EPA provide the core data files for the 
compounds subject to this consultation, which were provided to NMFS. The core data files 
contain all toxicity data available in ECOTOX for the subject conmpounds at the time of the data 
requests. The EPA only used the rank ordered data for the analysis in their BE. On the other 
hand, NMFS used the core data files for its analysis in this opinion. Additionally, NMFS made 
several data requests to EPA for the reference sources listed in the core data files. The EPA only 
provided NMFS with the reference sources for the rank ordered data and did not provide the 
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reference sources for the core data files. The NMFS cross-walked the rank ordered data with the 
references sources for data quality assurance. For the remainder of the core data, NMFS relied on 
the toxicity data as provided by EPA in the core data files. Reference sources for the ECOTOX 
data used in this opinion are provided in Appendix 2.

ECOTOX data selection: EPA used the concentration mean values (geometric mean) for the 
analysis in their BE. The NMFS used either the concentration mean value (geometric mean), the 
concentration minimum value (lower 95th percentile confidence interval), or the concentration 
maximum value (upper 95th percentile confidence interval). The NMFS also used statistically 
determined toxicity data, e.g., LC50 values, as many toxicity tests results are based on a 
regression analysis. When available, NMFS selected the concentration minimum value, i.e.,
lower 95th percentile confidence interval of the LC50, as it is the best available statistical estimate
of the actual reported LC50 value (in order to assess the uncertainty of the LC50 value as LC50

endpoints typically do not indicate the point at which listed fish could be killed or harmed) for a 
particular chemical-species combination and therefore represents the best available science in 
evaluating potential effects. 

For the ECOTOX data set, the life stage (organism comment) information in each of the 
criterion-specific tables can be found in the ECOTOX code list document (EPA 2008).

Data Set 2 — all data indentified in tables with “Data Set 2” are from the NMFS’ biological 
opinion (draft) for the proposed approval of Idaho’s water quality criteria for toxic substances.

Data Set 3 — all data indentified in tables with “Data Set 3” are from NOAA Technical 
memorandums.

Data Set 4 — all data indentified in tables with “Data Set 4” are from the toxicity data for 
sturgeon (Section 4, Literature Cited).

Data Set BE — all data indentified in tables with “Data Set BE” are from the BE (saltwater data 
for cadmium, arsenic, heptachlor epoxide, nickel, pentachlorophenol, and lead).

Other data sources used in the opinion are cited directly in the text (Section 4, Literature Cited).
The tables in section 2.6.2 and 2.6.3 provide information on compound concentration, life stage 
and exposure duration.

2.6.2.1 Organic Pollutants: Analysis of Individual Compounds

In this section, we identify the effects of each compound listed in Table 1.1 , and compare the 
proposed criteria with available toxicity data. The analysis identifies the potential effects on 
listed species and their critical habitats of each of the criteria that we would expect to occur if 
water concentrations were equal to the proposed criteria. Where possible, we also identify 
sublethal effects, effects related to bioaccumulation, and effects on the food sources of listed 
species. 
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Organic Pollutants—Toxicity and Exposure

Eisler’s series of synoptic reviews (1970), EPA’s criteria documents, and the World Health 
Organization’s environmental health criteria documents (e.g., WHO 1984) were used to provide 
the following summary of sources, pathways, and toxic effects of organic pollutants. Most of the 
organic compounds considered in the proposed action are organochlorine pesticides (e.g.,
dieldrin, lindane, heptachlor), used in the past for a variety of agricultural applications, as well as 
for controlling insects considered hazardous to human health. The remainder are industrial 
chemicals (e.g., PCP, TBT) that have been used widely in the past but are now banned or 
restricted in the United States. Of the organic contaminants included in the proposed action, only 
lindane, endosulfan, heptachlor, and pentachlorophenol are still used at all United States, and 
permitted applications for lindane and heptachlor are very limited. They generally enter the 
aquatic environment attached to organic and inorganic particulate matter. However, because they 
are not highly water soluble and persistent in the environment, they remain sequestered in 
sediments and provide a continual source of potential exposure. This is of particular relevance 
when contaminated streambed sediments are disturbed as part of in-channel work. Organic 
pollutants may also enter the aquatic environment through non-point surface runoff from 
contaminated agricultural areas where they have been used in the past. Although the levels of 
most of these compounds have declined since their use was banned in the 1970s, they are still 
widely distributed in the environment and found in tissues of aquatic organisms.

Organic contaminants are rarely found alone in discharges or in the environment. Usually, 
several compounds are found together in areas where there has been extensive agricultural or 
industrial activity. In industrialized areas, other classes of contaminants (such as metals or 
aromatic hydrocarbons from petroleum products). For instance, the chemical forms of most 
organic pesticides and PCBs are mixtures that may contain a large number of isomers and 
congeners of each compound, of which the toxicity and persistence in the environment can vary 
considerably.

The most direct exposure pathway for dissolved organic compounds to aquatic organisms is via 
the gills. Dissolved organic compounds are also taken up directly by bacteria, algae, plants, and 
planktonic and benthic invertebrates. Organic pollutants can also adsorb to particulate matter in 
the water column and enter organisms through various routes. Planktonic and benthic 
invertebrates can ingest particulate-bound organic compounds from the water column and 
sediments and then be eaten by other organisms. Thus, dietary exposure may be a significant 
source of organic toxic pollutants for aquatic and aquatic-dependent organisms.

Although organic contaminants bound to sediments are generally less bioavailable to organisms, 
they are nonetheless present, and changes in the environment (e.g., dredging, storm events, 
temperature, lower water levels, biotic activity) can significantly alter their bioavailability. 
Feeding habits of fish can determine the amount of uptake of certain organic contaminants; for 
example, where piscivorous fish are exposed to different levels of organics than are omnivorous 
or herbivorous fish.

Organic pollutants can have a wide variety of effects on organisms. Exposure to organochlorines 
can result in damage to gut tissues, disrupt nervous system operation, and alter liver and kidney 
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functions, and impair the immune system. Elevated concentrations of many organochlorine 
compounds can cause growth inhibition, impaired reproduction, and developmental defects that 
may affect not only the target organisms themselves, but can also impact the growth and survival 
of predator species farther up the food chain. A number of these compounds are promoters that 
increase the risk of cancer. They may also disrupt immune function and increase the affected 
animal’s susceptibility to infectious disease. Impacts from organic contamination can shift 
species composition and abundance towards more pollution-tolerant species. For each of the 
organic pollutants, we analyze these effects in subsequent sections.

2.6.2.1.1 Dieldrin

Dieldrin Criteria. The proposed acute and chronic criteria for dieldrin are 0.24 μg/L and 
0.056 μg/L, respectively.

Tables 2.6.2.1.1.1 through 2.6.2.1.1.6 report toxicity data from the ECOTOX database for 
freshwater dieldrin, except where noted. Each table identifies the respective endpoint for the data 
set, toxicity test concentration, species life stage, test duration, toxicity-associated water quality 
parameters (when available), the arithmetic mean, the geometric mean, and the harmonic mean 
of each data set.

Table 2.6.2.1.1.1 LC50 toxicity data for salmonid fishes, eulachon and green sturgeon for 
freshwater dieldrin.

Criterion
Freshwater Dieldrin

Data Set 
ECOTOX

Criterion Concentration Acute 
0.24 Micrograms Liter-1

Temperature
7.4-12° Celsius

Arithmetic Mean
635

Criterion Concentration Chronic 
0.056 Micrograms Liter-1

Hardness
40-272 mg/L CaCO3

Geometric Mean
27

Endpoint/Effect
LC50/Mortality

pH
7.1-7.54

Harmonic Mean
5

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.56 UNDERYEARLING 96H
0.9 1.4G 96H
1 0.8G 96H

1.1
1.4

1.6 UNDERYEARLING 72H
1.8 0.8G 96H
2 EARLY FRY, 77 D 96H

2.3 UNDERYEARLING 24H
2.4

4.55 1.1G 96H

4.55 1.1G 96H
5.3 JUVENILE 96H
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Criterion
Freshwater Dieldrin

Data Set 
ECOTOX

Criterion Concentration Acute 
0.24 Micrograms Liter-1

Temperature
7.4-12° Celsius

Arithmetic Mean
635

Criterion Concentration Chronic 
0.056 Micrograms Liter-1

Hardness
40-272 mg/L CaCO3

Geometric Mean
27

Endpoint/Effect
LC50/Mortality

pH
7.1-7.54

Harmonic Mean
5

Concentration 
Micrograms Liter-1 Life-Stage

Duration

5.3 JUVENILE 24H
6.1 51-114 MM, 1.45-5 G 96H
9.9 51-79 MM, 3.2 G 72H
9.9

9.9 51-79 MM, 3.2 G 96H

9.9 51-79 MM, 3.2 G 72H

10 UNDERYEARLING 48H
10.8 57-76 MM, 2.7-4.1 G 96H
10.8

10.8 57-76 MM, 2.7-4.1 G 96H

11.5 1.1G 96H

13 51-79 MM, 3.2 G 48H

14.4 57-76 MM, 2.7-4.1 G 96H

15.3 57-76 MM, 2.7-4.1 G 96H

15.7 51-79 MM, 3.2 G 24H

17.5 57-76 MM, 2.7-4.1 G 96H

20 FINGERLING, 50.8 MM, 1.71 G 24H

20 FINGERLING, 52.6 MM, 1.87 G 96H

50 FINGERLING, 51.8 MM, 1.85 G 96H

50 FINGERLING, 50.8 MM, 1.71 G 96H

50 FINGERLING, 52.6 MM, 1.87 G 96H

50 FINGERLING, 51.8 MM, 1.85 G 24H

50 FINGERLING, 51.8 MM, 1.85 G 96H

98.4 SPERM 96H

100 FINGERLING, 53.1 MM, 1.86 G 24H

100 FINGERLING, 49.3 MM, 1.52 G 24H

100 FINGERLING, 49.2 MM, 1.55 G 96H

100 FINGERLING, 49.2 MM, 1.55 G 96H

100 FINGERLING, 49.2 MM, 1.55 G 24H

100 FINGERLING, 53.1 MM, 1.86 G 72H

100 FINGERLING, 53.1 MM, 1.86 G 48H

250 FINGERLING, 47.4 MM, 1.31 G 12D

250 FINGERLING, 50.4 MM, 1.64 G 24H
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Criterion
Freshwater Dieldrin

Data Set 
ECOTOX

Criterion Concentration Acute 
0.24 Micrograms Liter-1

Temperature
7.4-12° Celsius

Arithmetic Mean
635

Criterion Concentration Chronic 
0.056 Micrograms Liter-1

Hardness
40-272 mg/L CaCO3

Geometric Mean
27

Endpoint/Effect
LC50/Mortality

pH
7.1-7.54

Harmonic Mean
5

Concentration 
Micrograms Liter-1 Life-Stage

Duration

250 FINGERLING, 53.4 MM, 1.94 G 96H

250 FINGERLING, 50.4 MM, 1.64 G 96H

250 FINGERLING, 53.4 MM, 1.94 G 96H

500 FINGERLING, 52.5 MM, 1.91 G 24H

500 FINGERLING, 51.5 MM, 1.87 G 48H

1000 FINGERLING, 54.7 MM, 2.02 G 96H

1000 FINGERLING, 52.7 MM, 1.89 G 24H

10000 5-10 CM 96H

10000 5-10 CM 96H

10000 5-10 CM 96H

Table 2.6.2.1.1.2 Mortality toxicity data for salmonid fishes, Eulachon and green sturgeon 
for freshwater dieldrin.

Criterion
Freshwater Dieldrin

Data Set 
ECOTOX

Criterion Concentration Acute 
0.24 Micrograms Liter-1

Temperature
7.4-12° Celsius

Arithmetic Mean
2509

Criterion Concentration Chronic 
0.056 Micrograms Liter-1

Hardness
40-272 mg/L CaCO3

Geometric Mean
54

Endpoint/Effect
Mortality

pH
7.1-7.54

Harmonic Mean
0.19

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.006 YEARLING, 29.5 G 24H

0.04 NR 24H

0.23 UNDERYEARLING 18D

0.55 NR 90D

0.9 1.4G 4H

0.91 NR 16H

0.97 NR 12H

1.3 0.8G 43D

1.8 0.8G 0.5H

2 EARLY FRY, 77 D 1D

2 6 MO, JUVENILE, 1.8 G 43D

3.3 0.8G 3.5H
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Criterion
Freshwater Dieldrin

Data Set 
ECOTOX

Criterion Concentration Acute 
0.24 Micrograms Liter-1

Temperature
7.4-12° Celsius

Arithmetic Mean
2509

Criterion Concentration Chronic 
0.056 Micrograms Liter-1

Hardness
40-272 mg/L CaCO3

Geometric Mean
54

Endpoint/Effect
Mortality

pH
7.1-7.54

Harmonic Mean
0.19

Concentration 
Micrograms Liter-1 Life-Stage

Duration

6.1 51-114 MM, 1.45-5 G 12H

6.1 51-114 MM, 1.45-5 G 4H

6.4 JUVENILE 100D

6.7 51-114 MM, 1.45-5 G 4H

7.9 51-114 MM, 1.45-5 G 24H

9.4 0.8G 4H

43 ADULT, 175 G 1D

43 ADULT, 175 G 50D

100 JUVENILE, 1-1.5 YR 1D

125 JUVENILE, 1-1.5 YR 2D

250 JUVENILE, 1-1.5 YR 2D

250 JUVENILE, 1-1.5 YR 55D

250 JUVENILE, 1-1.5 YR 42D

250 JUVENILE, 1-1.5 YR 1D

500 FINGERLING, 7.6-10.2 CM 55D

1000 FINGERLING,7.6-10.2 CM 2D

5000 6 WK 30D

5000 6 WK 5D

5000 100-200 G 24H

10000 FERTILIZED EGG, 0 H 45D

10000 FERTILIZED EGG, 24 H 20D

10000 EARLY EYED EGG, 14 D 3D

10000 LATE-EYED EGG, 28 D 5D

10000 SAC FRY, 42 D 5D

10000 5-10 CM 12H

10000 5-10 CM 24H

10000 5-10 CM 4H
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Table 2.6.2.1.1.3 NOEC toxicity data for salmonid fishes, Eulachon and green sturgeon for 
freshwater dieldrin.

Criterion
Freshwater Dieldrin

Data Set 
ECOTOX

Criterion Concentration Acute
0.24 Micrograms Liter-1

Temperature
7.4-12° Celsius

Arithmetic Mean
0.3

Criterion Concentration Chronic
0.056 Micrograms Liter-1

Hardness
40-272 mg/L CaCO3

Geometric Mean
0.3

Endpoint/Effect
NOEC/Growth

pH
7.1-7.54

Harmonic Mean
0.3

Concentration
Micrograms Liter-1 Life-Stage

Duration

0.12

0.55 90D

Table 2.6.2.1.1.4 Growth toxicity data for salmonid fishes, Eulachon and green sturgeon for 
freshwater dieldrin.

Criterion
Freshwater Dieldrin

Data Set 
ECOTOX

Criterion Concentration Acute 
0.24 Micrograms Liter-1

Temperature
7.4-12° Celsius

Arithmetic Mean
0.4

Criterion Concentration Chronic 
0.056 Micrograms Liter-1

Hardness
40-272 mg/L CaCO3

Geometric Mean
0.8

Endpoint/Effect
Growth

pH
7.1-7.54

Harmonic Mean
0.09

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.04 7 MO, JUVENILE, 3.0-5.1 G 12M

0.087 7 MO, JUVENILE, 3.0-5.1 G 16W

0.19 6 MO, JUVENILE, 2.8 G 130D

1.2 1.4G 300D
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Table 2.6.2.1.1.5 Physiological toxicity data for salmonid fishes, Eulachon and green 
sturgeon for freshwater dieldrin.

Criterion
Freshwater Dieldrin

Data Set 
ECOTOX

Criterion Concentration Acute 
0.24 Micrograms Liter-1

Temperature
7.4-12° Celsius

Arithmetic Mean
1.4

Criterion Concentration Chronic 
0.056 Micrograms Liter-1

Hardness
40-272 mg/L CaCO3

Geometric Mean
0.8

Endpoint/Effect
Physiological

pH
7.1-7.54

Harmonic Mean
0.2

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.04 7 MO, JUVENILE, 3.0-5.1 G

1 0.8G

1.3 0.8G

2.2 0.8G

2.3 0.8G

Table 2.6.2.1.1.6 Reproductive toxicity data for salmonid fishes, Eulachon and green 
sturgeon for freshwater dieldrin.

Criterion
Freshwater Dieldrin

Data Set 
ECOTOX

Criterion Concentration Acute 
0.24 Micrograms Liter-1

Temperature
7.4-12° Celsius

Arithmetic Mean
7

Criterion Concentration Chronic 
0.056 Micrograms Liter-1

Hardness
40-272 mg/L CaCO3

Geometric Mean
7

Endpoint/Effect
Reproductive

pH
7.1-7.54

Harmonic Mean
7

Concentration 
Micrograms Liter-1 Life-Stage

Duration

7 JUVENILE 60MIN

Dieldrin Toxicity Data Summary. In order to understand the context of the toxicity data 
and its relationship to the criteria, NMFS not only considered the toxicity test concentrations in 
comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range 
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
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Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes.
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

To assess the potential magnitude of acute toxic effects from exposure to dieldrin, NMFS added 
an additional step to its analysis for dieldrin to look at the relationship of the acute criterion to 
the LC50 data in terms of predicting the magnitude of acute toxic effects. To do this, NMFS 
calculated an acute toxicity ratio or relative percent mortality. This assessment involved taking 
the acute criterion of 0.24 μg/L and dividing it by each LC50 concentrations in Table 2.6.2.1.1.1
to calculate a ratio, i.e., a prediction of the relative percent mortality of the criterion to the acute 
toxicity data. This ratio, relative to the LC50 data set in Table 2.6.2.1.1.1, predicts a magnitude of 
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effect ranging from a low of an LCzero at a concentration of 10,000 μg/L to a high of an LC21 at a 
concentration of 0.56 μg/L. In other words, the acute criterion of 0.24 μg/L has an equivalent 
toxicity potential predicted to kill zero percent to 21 percent, with a median toxicity potential of 
an LC0.7, of the exposed test population, and therefore by inference, field-exposed individuals.

In summary, a number of toxicity studies reported concentrations that are less than the acute and 
chronic criteria concentrations for dieldrin, which implies that listed species exposed to waters 
equal to criteria concentrations will suffer acute or chronic toxic effects. Conversely, a number of 
toxicity studies reported concentrations that are greater than the acute and chronic criteria 
concentrations for dieldrin, which implies that listed species exposed to waters equal to criteria 
concentrations may not suffer acute or chronic toxic effects. When the available information is 
equivocal, NMFS gives the benefit of the doubt in its analysis to the listed species. Based on this 
principle and the considerations of the shortcomings and implications of laboratory-derived 
toxicity tests, the relative percent mortality analysis, and the ecological consequences for field-
exposed fishes, listed species exposed to waters equal to the acute or chronic criteria 
concentrations will suffer acute and chronic toxic effects.

Sublethal Effects. Dieldrin is a synthetic cyclic chlorinated hydrocarbons called 
cyclodienes, and was used extensively in the 1950s and 1960s as a soil insecticide. At that time, 
dieldrin (and aldrin), were two of the most widely used domestic pesticides in the United States 
(EPA 1980a). However, the EPA cancelled the registration for both compounds in 1975 
(Biddinger and Gloss 1984). 

Once aldrin has been applied to any aerobic and biologically active soil, it rapidly undergoes a 
metabolic epoxidation reaction that converts it to dieldrin (EPA 1980a, and Wolfe and Seiber 
1993). In fish, the epoxidation of aldrin to dieldrin occurs via a mixed-function oxidase system, 
which has been demonstrated in golden shiners, mosquitofish, green sunfish, bluegill sunfish and 
channel catfish (as cited in Chambers and Yarbrough 1976). Dieldrin can be further modified 
when exposed to sunlight, via cyclization to photodieldrin (Wolfe and Seiber 1993).

Dieldrin has extremely low volatility and low solubility in water. It is more environmentally 
stable than aldrin, and is probably the most stable of the cyclodiene insecticides (EPA 1980a,
Wolfe and Seiber 1993). For this reason, dieldrin is more frequently observed in the environment 
than aldrin (Biddinger and Gloss 1984). One study, conducted on the environmental fate and 
transport of dieldrin in the Coralville Reservoir in eastern Iowa, revealed that 10% of the entire
input of dieldrin into the reservoir was taken up by fish, 40% entered the sediment, and 50% was 
exported from the reservoir in the outflow. Moreover, of the portion of dieldrin that was present 
specifically in the water column, 74% occurred in fish, 25% was dissolved in water, and less 
than 1% was adsorbed to suspended solids (Schnoor 1981).

Acute toxicity of dieldrin reported in rainbow trout and other fish includes effects on cardiac 
muscles, as well as inhibition of oxygen uptake, the central respiratory center, bronchial muscles, 
and the central nervous system (Lunn et al. 1976). Aldrin and dieldrin are similarly toxic to fish, 
although aldrin is more toxic to cladocerans than dieldrin (EPA 1980a). Additionally, 
photodieldrin is more toxic than dieldrin (Wolfe and Seiber 1993).
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Because it is extremely a-polar, dieldrin that is present in fish has a particularly high affinity for 
fat. However, although it can be mobilized from tissue when the fish is placed in clean water, the 
dieldrin that has been eliminated then re-enters the water, making it available for subsequent 
uptake by other organisms (EPA 1980a). In channel catfish, approximately 50% of the dieldrin 
that had accumulated in dorsal muscle due to water-born exposure was eliminated after 14 days
post-exposure, with total depuration by 28 days post-exposure. However, dieldrin that had 
accumulated in tissue due to dietary exposure was eliminated more slowly at 28 days post-
exposure; approximately one third of the original dieldrin in muscle tissue was still present 
(Shannon 1977a). For rainbow trout, the predicted time to eliminate 50% of the dieldrin 
accumulated via dietary exposure is 40 days (Macek et al. 1970). In contrast, Daphnia sp.
required four days to eliminate 50% of the photodieldrin that was accumulated in a water-born 
exposure study (Khan et al. 1975) and goldfish required less than 12 hours (Khan and Khan 
1974). For the freshwater mussel Lampsilis siliquoidea, the half life of dieldrin was 4.7 days 
(Bedford and Zabik 1973). Khan and Khan (1974) noted that the initial elimination of dieldrin or 
photodieldrin from goldfish or Daphnia was due to excretion into the surrounding water.

A study by Van Leeuwen et al. (1985) examined the effects of water-borne dieldrin on rainbow 
trout at various early life stages, including fertilized eggs, early and late eye point eggs, sac fry 
and early fry. In the egg, the yolk acted as a temporary ‘toxicant sink’, but later in development, 
during the early sac fry stage, dieldrin was delivered from the yolk and began to accumulate in 
the fish tissue. The highest concentration in tissue was reached at the end of the sac fry stage. 
The second highest concentration in tissue was reached at the early fry stage, when susceptibility 
to dieldrin toxicity is most pronounced in early life stages. 

The scope of the toxic properties of dieldrin is reinforced by the other studies reported above that 
involved other salmonid species for which lethality occurred at levels that were also below or 
slightly above the proposed acute criterion for dieldrin. Two of the trout studies (Van Leeuwen et 
al. 1985, Shubat and Curtis 1986) were more recent than the listed species studies. Also, two 
trout studies were done in flow-through experiments with measured dieldrin concentrations,
which are likely to reflect more accurate estimates of toxicity than static experiments with 
nominal dieldrin concentrations (Chadwick and Shumway 1969, Shubat and Curtis 1986). The 
more recent and flow-through studies reported lethality concentrations that were below or near 
the proposed acute criterion for dieldrin, suggesting that this criterion could kill listed salmonid 
species.

Phillips and Buhler (1979) exposed fingerling rainbow trout to 0.18 μg/L dieldrin for 
61 days under flow-through conditions and measured dieldrin concentrations. This resulted in a 
reduction in the rate of fat accumulation in fish that were fed a relatively high-fat diet (tubificid 
worms). Whole wet fish tissue concentration that corresponded to this effect was 0.82 or 1.32 
mg/kg dieldrin. The effect of dieldrin exposure on fat accumulation was not apparent when fish 
were fed a relatively low fat diet (moist pellets), thus demonstrating that dieldrin toxicity can be 
affected by diet composition.

These limited results suggest that the proposed chronic criterion for dieldrin may avoid harming 
listed salmon subjected to short-term, water-borne exposure. However, they do not indicate 
whether the proposed chronic criterion is protective against bioaccumulation-related effects. To 
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address this, several dietary exposure studies were evaluated that reported dieldrin tissue 
concentrations and chronic effects. If a specific chronic effect is associated with a specific tissue 
concentration and the BCF for dieldrin is known, then the tissue concentration and BCF can be 
used to back-calculate an estimate of the aqueous dieldrin exposure concentration resulting in an 
equivalent tissue concentration, and thus an equivalent chronic effect.

Two BCF values were identified: 1,700 whole body BCF for early fry rainbow trout (Van 
Leeuwen et al. 1985) and 8,875 whole body BCF for juvenile rainbow trout (calculated from 
Shubat and Curtis 1986). These BCF values are assumed to represent the low and high range for 
salmonid BCFs. Using these BCFs and data presented in the following studies, equivalent 
aqueous (i.e., water-borne only) dieldrin concentrations NMFS estimated to be between 0.89 and 
65 times the proposed chronic criterion of 0.056 μg/L for dieldrin.

Hendricks et al. (1979) reported repressed growth in juvenile rainbow trout exposed to 5 
ppm dieldrin in their diet for 12 months at 12°C, with a corresponding tissue 
concentration of approximately 1.6 mg dieldrin/kg whole fish. The corresponding 
concentration for dieldrin in a water-borne-only exposure experiment was estimated here 
to be between 0.18 μg/L and 0.94 μg/L.

Mehrle et al. (1971) reported alteration of the serum concentration of 11 amino acids in 
rainbow trout exposed to 1 mg dieldrin/kg body weight per week in their diet for 140 
days at 16°C, with a corresponding tissue concentration of 1.8 mg dieldrin/kg whole fish. 
The corresponding concentration for dieldrin in a water-borne-only exposure experiment 
was estimated here to be between 0.2 μg/L and 1.1 μg/L. The results suggested that the
utilization of five of the amino acids was inhibited by dieldrin, possibly due to an effect 
on enzymes which are responsible for the utilization and energy transformation of these 
specific amino acids.

Kilbey et al. (1972) conducted a 300-day dietary exposure study using rainbow trout held 
at 17°C. Effects that were observed included increased blood phenylalanine levels, 
decreased liver phenylalanine hydroxylase activity, and increased concentration of urine 
phenylpyruvic acid when dieldrin was present in the diet at 14 μg/L to 430 μg/L 
dieldrin/kg body weight/day (0.36μg/L to 10.8μg/L dieldrin/g of food). The 
corresponding dieldrin tissue concentration was 0.41 mg/kg to 6.23 mg/kg wet weight. 
Based on these tissue concentrations, a corresponding concentration for dieldrin in a 
water-borne only exposure experiment was estimated to be between 0.05 μg/L and 
3.66 μg/L. The three effects observed parallel those seen in phenylketonuria, an inherited 
defect in human phenylalanine metabolism that is also characterized by mental 
deficiency. Although the study did not address analogous effects, it is possible that fish 
adaptability, behavior, and survival may be compromised based on biochemical 
similarities.

There are numerous additional studies on tissue exposure of salmonids to dieldrin. However, 
they have low utility for the purpose of evaluating the proposed chronic criterion, either because 
necessary data and findings were not reported, whole body tissue concentration could not be 
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estimated, or test specimens were exposed to a mixture of compounds (e.g., Macek et al. 1970,
Mehrle and Bloomfield 1974, Poels et al. 1980, Shubat and Curtis 1986).

Salmonid fishes and other freshwater fish species strongly bioaccumulated dieldrin from the 
water column in laboratory exposure studies. Van Leeuwen et al. (1985) exposed early fry 
rainbow trout to dieldrin for 24 hours and reported a steady state BCF of 1,700. Chadwick and 
Shumway (1969) reported a whole body BCF equal to approximately 3,200 for newly hatched 
steelhead trout alevins after 35 days of exposure.

Whole body or lipid BCF calculated from information provided in other studies on exposure 
concentration, duration, and tissue residue concentration are also indicative of the tendency of 
dieldrin to bioaccumulate. Shubat and Curtis (1986) exposed juvenile rainbow trout to 0.04 μg/L 
dieldrin for 16 weeks in a flow-through experiment with a measured dieldrin concentration, and 
indicated a whole body tissue residue level of 120 to 320 ng dieldrin/g fish tissue, or 7.1 ng to 11 
ng dieldrin/mg lipid. This translates into a whole body BCF of approximately 3,000 to 8,000, or 
a lipid BCF of 178,000 to 275,000. For fish exposed to 0.08 μg/L, the calculated whole body 
BCF becomes 2,500 to 8,900, and the lipid BCF 225,000, indicating slightly higher 
bioaccumulation rates at higher water concentrations.

The only other freshwater fish for which laboratory-derived bioaccumulation information was 
found is the channel catfish Ictalurus punctatus. Shannon (1977a) conducted a 28-day exposure 
to 0.075 μg/L of an 87% dieldrin formulation in a flow-through experiment with measured 
concentrations of dieldrin. Based on reported tissue concentrations, the calculated dorsal muscle 
BCF is 2,333 for smaller fish and 3,653 for larger fish. Although Shannon (1977a) suggests that 
the higher bioaccumulation observed for the larger fish in this study could be due to a higher fat 
content, this notion was not supported by results from a field study where larger fish did not 
consistently harbor higher residue concentrations (Kellogg and Bulkley 1976). In another 
experiment, a 70-day exposure to 0.013 μg/L dieldrin resulted in a calculated dorsal muscle BCF 
of 2,385, with equilibrium being reached more rapidly at lower level exposures than at higher 
levels (Shannon 1977b). These laboratory BCF values for catfish are roughly comparable to 
BCFs determined for salmonids. However, they are approximately 10 fold below the BCF values 
reported in channel catfish from field studies. Leung et al. (1981) sampled fish and water from 
the Des Moines River in Iowa in June and August 1973, during a time when aldrin was being 
used on area cropland. The corresponding calculated muscle tissue BCF values range from 2,220 
to 22,200. The authors did not discuss the possibility that the tissue residue levels could reflect 
dieldrin accumulation from food and sediment as well as water. However, Chadwick and 
Brocksen (1969 as cited in Shannon 1977a) noted that, when selected fish were tested for 
accumulation of dieldrin from food or water, most of the dieldrin in the tissue came from water.
The reported information from additional field studies conducted in the Des Moines River can be 
used to calculate the BCF values for various other freshwater fish, yielding estimated BCFs of up 
to 1,600 for carpsucker, 10,200 for sand shiner, 15,500 for spotfin shiner, or 7,500 for bluntnose 
minnow (Kellogg and Bulkley 1976).

No laboratory derived BCF values were available for any aquatic insect species that are prey for 
salmonids. Reinert (1972) noted a BCF of approximately 14,000 for Daphnia magna exposed to 
dieldrin for 3 days. Kellog and Bulkley (1986) conducted a field study from which reported 
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tissue and water concentrations of dieldrin can be used to calculate BCF values for various 
insect, crustacean, or fish prey species used by salmonids. Water samples contained 0.004 μg/L 
to 0.012 μg/L dieldrin, and aquatic organisms had tissue levels ranging from 2 ppb to 61 ppb 
from the Des Moines River in Iowa in 1973. Corresponding calculations result in BCF values 
that are on the order of 1,500 for the stonefly Pteronarcys, 5,100 for the mayfly Potamanthus,
3,500 for Chironomidae, 3,600 for Trichoptera, and 1,300 for the crayfish Oronectes rusticus.

For photodieldrin, BCF values derived from laboratory studies on various freshwater fish are 
approximately an order of magnitude lower than laboratory dieldrin BCF values determined for 
salmonids and catfish. For example, after a one 1-day exposure to 20 μg/L photodieldrin in a 
static experiment with measured dieldrin concentrations, BCF values were 133 for bluegill 
(Lepomis machrochirus), 150 for minnow (Lebistes reticulata), 609 for goldfish (Carassius 
auratus), and 820 for guppy (Gambia affinis) (Khan and Khan 1974). The data of Khan and 
Khan (1974) also indicated a BCF around 1,200 for a Gammarid exposed for four days at 
10 μg/L.

Statham and Lech (1975) noted that dieldrin may interact synergistically with carbaryl. In a 
water-borne exposure study with fingerling rainbow trout, a 4-hour exposure to dieldrin at 
1,000 μg/L caused 16% mortality, but when 1 mg/L carbaryl was added to the mixture, the 
resulting mortality level was 94%, which was greater than the sum of effects for either 
compound alone. No mechanism for this interaction was determined or suggested. Based on this 
information, natural freshwater areas that are known to contain both carbaryl (or other carbamate 
insecticides) and dieldrin may require special consideration with respect to synergistic toxicity to 
fish.

Interaction between dieldrin and DDT varies depending on the toxicity endpoint considered. 
Macek et al. (1970) conducted an experiment with rainbow trout fed dieldrin and DDT for 140 
days. This was sufficient time for equilibrium to be reached with respect to tissue residue 
accumulation of the two compounds. A significant increase in lipogenesis was seen with either 
contaminant alone, but, after several months, an additive effect also was apparent in fish that 
were fed both contaminants. In the pyloric caecae, the accumulation rate of DDT was increased 
by the presence of dieldrin, while that of dieldrin decreased. Further, elimination of DDT 
decreased markedly, while elimination of dieldrin remained unchanged. The results from this 
study suggest the possibility of increased bioaccumulation of DDT when dieldrin and DDT are 
present together in the environment. In contrast, Mayer et al. (1972) noted an antagonistic effect 
in rainbow trout that were fed dieldrin at non-lethal levels and DDT at lethal levels for 6 days. 
The fish died at about half the rate as with DDT alone. The mechanism of this interaction was 
not determined in this study. From an environmental perspective, this observation may be 
important only when high (lethal) levels of DDT are bioavailable.

An antagonistic interaction also was suggested by Hendricks et al. (1979) between dieldrin and 
aflatoxin B1. In juvenile rainbow trout fed with both compounds for 12 months, the observed 
growth inhibition was similar to that caused by dieldrin alone, thus indicating a reduction in the 
growth inhibitory effect of Aflatoxin B1.
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Sublethal Effects Summary. The available evidence indicates that the chronic criterion is 
likely to result in sublethal effects to listed species considered in this opinion.

Toxicity to Food Organisms. Acute toxicity data available identified effects of dieldrin
on aquatic invertebrates ranging from 0.5 μg/L to 3.7 μg/L:  

Sanders and Cope (1968) reported 96 hour LC50 values of 0.5 μg/L for the 
stonefly naiads Pteronarcys californica and Pteronarcella badia, and 0.58 μg/L 
for the stonefly naiad Claassenia sabulosa, in static experiments performed at 
around 15.5°C and pH 7.1.
Karnak and Collins (1974) reported a 24 hour LC50 of 0.7 μg/L for the midge 
larvae Chironomus tentans, using 85% dieldrin at 22°C.
Bowman et al. (1981) reported an 18-hour LD50 value of 3.7 μg/L for the glass 
shrimp Palaemonetes kadiakensis at 23°C in a static experiment.

Reports could not be found in the toxicological literature that indicate adverse effects from 
dieldrin occur to salmonid prey species at levels below the proposed chronic criterion of 
0.056 μg/L. Results for three aquatic insects and three crustaceans demonstrate that adverse 
effects are manifest at the individual or population level only when dieldrin concentrations are 
much higher, ranging between 9 and 66 times the criterion (Jensen and Gaufin 1966, Adema 
1978, Daniels and Allan 1981, Phipps et al. 1995).

Summary on Toxicity to Food Organisms. The available evidence indicates that the 
chronic criterion is unlikely to appreciably affect invertebrate productivity and abundance.

Summary of Effects: Dieldrin. The available evidence for dieldrin indicates that listed 
species exposed to waters equal to the acute or chronic criteria concentrations will suffer acute 
and chronic toxic effects including mortality (moderate intensity), reduced growth (moderate
intensity), physiological trauma (moderate intensity), and reproduction (low intensity).

2.6.2.1.2 Endosulfan-alpha and Endosulfan-beta

Endosulfan Criteria. The proposed acute and chronic criteria for endosulfan-alpha and 
endosulfan-beta are 0.22 μg/L and 0.056 μg/L, respectively. 

Tables 2.6.2.1.2.1 through 2.6.2.1.2.2 report toxicity data from the ECOTOX database for 
freshwater endosulfan, except where noted. Each table identifies the respective endpoint for the 
data set, toxicity test concentration, species life stage, test duration, toxicity-associated water 
quality parameters (when available), the arithmetic mean, the geometric mean, and the harmonic 
mean of each data set.
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Table 2.6.2.1.2.1 LC50 toxicity data for salmonid fishes, Eulachon and green sturgeon for 
freshwater endosulfan-alpha and endosulfan-beta.

Criterion
Freshwater Endosulfan-alpha and Endosulfan-beta

Data Set 
ECOTOX

Criterion Concentration Acute 
0.22 Micrograms Liter-1

Temperature
NR

Arithmetic Mean
0.88

Criterion Concentration Chronic 
0.056 Micrograms Liter-1

Hardness
30-255 mg/L CaCO3

Geometric Mean
0.66

Endpoint/Effect
LC50/Mortality

pH
NR

Harmonic Mean
0.51

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.17 NEWBORN 96H

0.24 NEWBORN 96H

0.26 NEWBORN 96H

0.26 NEWBORN 96H

0.27 NEWBORN 96H

0.29 NEWBORN 96H

0.3 NEWBORN 96H

0.3 NEWBORN 96H

0.32 NEWBORN 96H

0.41 NEWBORN 96H

0.42 NEWBORN 96H

0.49 NEWBORN 96H

0.63 NEWBORN 96H

0.69 NEWBORN 96H

0.79 NEWBORN 96H

0.8 NEWBORN 96H

0.8 NEWBORN 96H

0.81 NEWBORN 96H

0.86 NEWBORN 96H

0.94 NEWBORN 96H

1.21 NEWBORN 96H

1.3 NEWBORN 96H

1.34 NEWBORN 96H

1.5 NEWBORN 96H

1.63 NEWBORN 96H

1.69 NEWBORN 96H

1.7 NEWBORN 96H

2.43 NEWBORN 96H

2.6 NEWBORN 96H
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Table 2.6.2.1.2.2 NOEC toxicity data for salmonid fishes, Eulachon and green sturgeon for 
freshwater endosulfan-alpha and endosulfan-beta.

Criterion
Freshwater Endosulfan-alpha and Endosulfan-beta

Data Set BE

Criterion Concentration Acute 
0.22 Micrograms Liter-1

Temperature
NR

Arithmetic Mean
0.88

Criterion Concentration Chronic 
0.056 Micrograms Liter-1

Hardness
30-255 mg/L CaCO3

Geometric Mean
0.66

Endpoint/Effect
NOEC

pH
NR

Harmonic Mean
0.51

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.016

0.02

0.063

0.075

0.078

0.17

Water Quality Parameters as Predictors of Endosulfan Acute Toxicity. Schoettger 
(1970) tested various water quality parameters to determine their effect on the toxicity of 
endosulfan to several fish species. Variations in calcium and magnesium salts did not alter the 
acute toxicity to western white suckers, nor did changes in pH between 6.4 and 8.4. However, 
experiments with rainbow trout indicated that temperature changes did have an effect on toxicity. 
In three different studies, endosulfan toxicity increased with increasing temperature. Two other 
studies using rainbow trout also reported a temperature effect. Sunderam et al. (1992) 
determined that the 96-hour LC50 changed from 1.6 μg/L at 4oC to 0.7 μg/L at 12oC, using static 
conditions, pH 7.5, and measured concentrations of endosulfan. Macek et al. (1969) reported 96-
hour LC50s of 2.6 μg/L, 1.7 μg/L, and 1.5 μg/L at 1.6oC, 7.2oC, or 12.7oC, respectively, under 
static conditions at pH 7.1 and nominal endosulfan concentrations.

Endosulfan Toxicity Data Summary. In order to understand the context of the toxicity 
data and its relationship to the criteria, NMFS not only considered the toxicity test concentrations 
in comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
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studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

To assess the potential magnitude of acute toxic effects from exposure to endosulfan-alpha and 
endosulfan-beta, NMFS added an additional step to its analysis for endosulfan-alpha and 
endosulfan-beta to look at the relationship of the acute criterion to the LC50 data in terms of 
predicting the magnitude of acute toxic effects. To do this, NMFS calculated an acute toxicity 
ratio or relative percent mortality. This assessment involved taking the acute criterion of 0.22
μg/L and dividing it by each LC50 concentrations in Table 2.6.2.1.2.1 to calculate a ratio, i.e., a 
prediction of the relative percent mortality of the criterion to the acute toxicity data. This ratio, 
relative to the LC50 data set in Table 2.6.2.1.2.1, predicts a magnitude of effect ranging from a 
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low of an LC4.2 at a concentration of 2.6 μg/L to a high of an LC65 at a concentration of 0.17
μg/L. In other words, the acute criterion of 0.24 μg/L has an equivalent toxicity potential 
predicted to kill 4.2 percent to 65 percent, with a median toxicity potential of an LC13.9, of the 
exposed test population, and therefore by inference, field-exposed individuals.

In summary, a number of toxicity studies reported concentrations that are less than the acute and 
chronic criteria concentrations for endosulfan-alpha and endosulfan-beta, which implies that 
listed species exposed to waters equal to criteria concentrations will suffer acute or chronic toxic 
effects. Conversely, a number of toxicity studies reported concentrations that are greater than the
acute and chronic criteria concentrations for endosulfan-alpha and endosulfan-beta, which 
implies that listed species exposed to waters equal to criteria concentrations may not suffer acute 
or chronic toxic effects. When the available information is equivocal, NMFS gives the benefit of 
the doubt in its analysis to the listed species. Based on this principle and the considerations of the 
shortcomings and implications of laboratory-derived toxicity tests, the relative percent mortality 
analysis, and the ecological consequences for field-exposed fishes, listed species exposed to 
waters equal to the acute or chronic criteria concentrations will suffer acute and chronic toxic 
effects.

Sublethal Effects. Endosulfan is a broad-spectrum polychlorinated cyclodiene 
insecticide. It is used to control over 100 agricultural pests and 60 food and non-food crops, and 
does not occur naturally in the environment. It was first developed in Germany by Hoechst in 
1954 under the registered trade name Thiodan. In its pure form, endosulfan exists in two 
different conformations: I (alpha) and II (beta). Technical endosulfan, the form which is most 
often used in laboratory toxicity studies, is 94% to 96% pure, with an approximate ratio of 7:3 
alpha:beta isomers (Naqvi and Vaishnavi 1993).

Endosulfan is virtually insoluble in water, but is readily dissolved in organic solvents before its 
addition to aqueous formulations (Geobel et al. 1982, Naqvi and Vaishnavi 1993). In alkaline 
water, hydrolysis is the primary process for degradation, with the beta isomer hydrolyzing more 
rapidly than the alpha isomer (Peterson and Batley 1993). Endosulfan diol is the main product of 
chemical hydrolysis, but it is also oxidized to endosulfan sulfate (Naqvi and Vaishnavi 1993). In 
solution, the alpha isomer is more abundant than the beta isomer or endosulfan sulfate. Also, in 
the aquatic environment, endosulfan beta and endosulfan sulfate are more likely to be bound to 
sediment and particulates than endosulfan alpha (Peterson and Batley 1993).

Endosulfan acts as a central nervous system poison (Naqvi and Vaishnavi 1993). Of the 
organochlorine insecticides, it is one of the most toxic to aquatic organisms (EPA 1976; EPA 
1980g). In general, freshwater fish are more sensitive to endosulfan than freshwater  
invertebrates (EPA 1980g), and marine organisms are more sensitive than freshwater ones 
(Naqvi and Vaishnavi 1993). The toxicities of endosulfan and endosulfan sulfate are roughly 
equivalent (Naqvi and Vaishnavi 1993). However, comparisons of the toxicity of individual 
isomers of endosulfan indicate that the alpha form is generally more toxic than the beta. The 
other biological metabolites of endosulfan that do not contain sulfur, such as endosulfan diol, 
endosulfan ether, and endosulfan lactone, are considerably less toxic than either the sulfur-
containing endosulfan sulfate or alpha or beta isomers.
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Most endosulfan toxicity studies on aquatic organisms have evaluated direct water-borne 
exposure. Studies reported by Barry et al. (1995) indicated that, for the cladoceran Daphnia 
carinata, water-borne exposure is the most toxic route. Toxicity towards D. carinata also
increase at higher food concentrations. This may be due to a higher level of persistence of 
endosulfan in the water column, or increased uptake of the compound by the test organisms due 
to elevated metabolism. Similar toxicity studies that assessed food concentration or route of 
exposure for fish were not found in the literature. However, there are other aspects of study 
design that can influence toxicity outcome. Static flow or semi-static assay conditions are more 
likely to underestimate toxicity when compared with the more environmentally relevant constant 
flow assays. Studies that include nominal, or unmeasured, test compound concentrations during 
the exposure period also are more likely to underestimate toxicity compared with those with 
measured concentrations (Naqvi and Vaishnavi 1993). The toxic effects of endosulfan on fish are 
influenced by water temperature, with increased toxicity generally observed at higher 
temperatures. The influence of temperature is discussed further below.

The available information on the chronic effects of endosulfan on salmonids or other freshwater 
fish is limited. Arnold et al. (1996) observed sublethal effects at concentrations between 0.2 
times and 1.8 times the proposed chronic criterion. Mature male rainbow trout that were exposed 
for 28 days to 0.01 μg/L endosulfan (measured) in a flow-through assay at 14.5oC developed 
qualitative hepatic cytological ultrastructural alterations. This dose was the LOEC. At 0.05 μg/L 
and 0.1 μg/L, degenerative subcellular effects such as dilation of intermembranous spaces in 
mitochondria and deformation of mitochondria were observed. Other subcellular effects included 
proliferation of smooth endoplasmic reticulum (SER), circular arrays of rough endoplasmic 
reticulum (RER), and an increase in lysosomal elements. The SER and RER effects were 
probably an indication of the activity of mixed-function oxygenases. These type of structural 
alterations have been shown by many investigators to be highly selective and sensitive 
biomarkers of chronic toxicity, although specific effects on fish health have not been elucidated.

Toxicity studies on other freshwater fish species have indicated adverse effects when exposure 
concentrations ranged between 0.8 times and 3.6 times the chronic criterion:

Verma et al. (1981) exposed the freshwater catfish Mystus vittatus to 0.045, 0.067, and 
0.13 u/L endosulfan for 30 days at 24oC in a nominal, static renewal assay. This treatment 
caused alterations in acid phosphatase, alkaline phosphatase, and glucose-6-phospatase in 
liver, kidney, and gills. Although the reason for these alterations is not clear, they may be 
due to uncoupling of oxidative phosphorylation or structural alterations of lysosomes.
Sastry and Siddiqui (1982) exposed the freshwater murrel Channa punctatus to 0.2 μg/L 
endosulfan for 15 and 30 days at 20oC, pH 7.4 in a static renewal assay. This resulted in a
reduction in the rate of glucose absorption by the intestine, possibly due to structural 
damage to the intestinal mucosa, or a decrease in the activity of enzymes that are 
involved in nutrient absorption, such as Na+-K+ ATPase and alkaline phosphatase.

The results of several studies indicate adverse effects can occur when concentrations are below 
or near the proposed chronic criterion after an exposure period less than 96 hours. Effects were 
evident at concentrations that were between 0.9 times and 1.8 times the proposed chronic 
criterion, suggesting that chronic toxic effects could occur to salmonids under the proposed 
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criterion, assuming effects are equal among species. These studies are described below:

Murty and Devi (1982) exposed the freshwater snakehead fish Channa punctata (Bloch) 
to 0.05 μg/L endosulfan alpha for 4 days at 27oC in a nominal, continuous flow assay. 
The lipid content and glycogen concentration of liver, muscle, and brain were 
significantly altered, as was the protein content of muscle and kidney.
Nowak (1996) exposed the freshwater catfish Tandanus tandanus to 0.1 μg/L endosulfan 
for 24 hours in a nominal, static assay. Effects observed included dark atrophied 
hepatocytes (usually a sign of cell necrosis resulting from chronic injury); structural 
(necrotic) changes in liver tissue; proliferation, dilation, and vesiculation of the RER 
(possibly due to inhibition of protein synthesis); concentric bodies (a possible sign of 
cytologic regeneration); and residue levels in liver tissue up to 80 ppb.
Nowak (1992) exposed Tandanus tandanus to 0.1 μg/L endosulfan for 24 hours in a 
measured, static assay. This resulted in edema and lifting and hyperplasia of lamellar 
epithelium in the gills, and also increased in respiratory diffusion distance. Although this 
may allow separation of blood from the toxicant, it can also damage gills, having 
deleterious effects on fish physiology.
Rao et al. (1980) exposed the Indian major carp Labeo rohita to 0.1 μg/L endosulfan for 
1 hour at 28oC, pH 8.4 in a nominal, static assay. An increase in oxygen consumption was 
observed.

Information on uptake, metabolism, and elimination of endosulfan was not available for 
salmonid fishes. However, the following is a brief overview of information available for other 
freshwater fish species, including the spotted snakehead Channa punctata (Devi et al. 1981), the 
rohi Labeo rohita (Rao et al. 1980), the Indian carp Catla catla (Rao 1989), the climbing perch 
Anabus testudineus (Rao and Murty 1980), and goldfish and western white sucker (Schoettger 
1970).

The unaltered alpha and beta forms of endosulfan were detected in Channa punctata, Anabus 
testudineus, and Catla catla in one or more tissues, including brain, gills, kidney, liver, and 
muscle. In Catla catla in particular, muscle was found to be the principle storage site of 
unaltered endosulfan.

The principal metabolites of endosulfan in Catla catla, Channa punctata, or Labeo rohita were 
reported to be endosulfan alcohol, endosulfan ether, or endosulfan lactone. Other metabolites 
that were detected in various fish included endosulfan alpha-hydroxyether and endosulfan 
sulfate. The liver was cited as either the principal detoxifying organ or the site where uptake 
appeared to be considerably higher than for other tissues in Labeo rohita, the western white 
sucker Catostomus commersoni, and the goldfish Carassius auratus auratus. This differed 
somewhat from the climbing perch, in which both the liver and kidneys were reported as being 
the principal sites of detoxification.

Both Endosulfan and endosulfan sulfate are known to bioconcentrate, and thought to 
bioaccumulate (EPA 1999), which is in accord with log Kow values of 4.10, 3.83, and 4.52 for 
technical endosulfan, isomer I and isomer II, respectively (Karickhoff and Long 1995). Toxicity 
of endosulfan to aquatic biota is influenced by water temperature (increased toxicity with 
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increased temperature), and type of isomer (EPA 1999). Of the organochlorine insecticides, it is 
one of the most toxic to aquatic organisms (EPA 1980f). The primary mode of action of 
endosulfan is disruption of nerve function in the central nervous system (Casarett and Doull 
2001). In general, freshwater fish are more sensitive to endosulfan than freshwater invertebrates 
(EPA 1980f). Effects of endosulfan toxicity to freshwater organisms include anoxic stress, 
altered calcium deposition, blood disease, altered gill structure, and reduced survival (EPA 
1999). 

Reports on the bioconcentration of endosulfan in salmonids were not available, although limited 
information for other freshwater fish was found, indicating that the BCF can vary greatly 
between species. Ramaneswari and Rao (2000) exposed Channa punctata to 0.141 μg/L 
endosulfan (alpha or beta isomers) for 1 month and measured a whole body BCF of 13. A similar 
exposure of Labeo rohita yielded a BCF of 37 for alpha endosulfan and 55 for beta endosulfan. 
The exposure concentration used (0.141 μg/L) was 2.5 times the proposed chronic criterion. 
These BCF values were much lower than those obtained for yellow tetra (Hyphessobrycon 
bifasciatus), in which the whole body BCF was 11,600 after a 21 day exposure to 0.3 μg/L 
endosulfan at 22oC, pH 7.1 under static-renewal conditions (Jonsson and Toledo 1993). In this 
study, the total residues in fish increased with increasing time, and the authors indicated that a 
steady state had not been reached. The biological half-life was estimated at 1.8 days, which is 
similar to the half-life in goldfish (Oeser et al. 1971 as cited in Geobel et al. 1982).

Only two reports of endosulfan bioaccumulation were found for salmonid prey species. 
Sabaliunas et al. (1998) exposed the lake mussel Anodonta piscinalis to 1.5 μg/L endosulfan in a 
continuous flow experiment at 10oC with measured contaminant concentration. They noted a 
whole BCF of 750 under conditions that may not have reached steady state. Finally, a field study 
was conducted using paired oyster whole body tissue samples and water samples from the 
Patuxent River, which discharges into the Chesapeake Bay in Maryland (Lehotay et al. 1999). In
oyster tissue, more endosulfan sulfate was present compared to the alpha or beta isomers. In the 
water samples, more of the beta isomer was present than the alpha isomer or endosulfan sulfate 
(even though beta is less soluble than alpha and constitutes only 30% of the endosulfan mixture 
that is commonly used). Based on the average concentration of endosulfan alpha, beta, or sulfate 
in oyster tissue (0.037 ng/g to 0.13 ng/g) or in water samples (0.5 ng/L to1.0 ng/L), one can 
calculate the BCF range as 37 to 260.

Sublethal Effects Summary. Although the data regarding sublethal effects on fishes 
exposed to endosulfan-alpha and endosulfan-beta is available, there are no chronic toxicity 
studies available for juvenile salmonid fishes. If the mechanism and mode of actions are similar 
for salmonid fishes, salmonid fishes will suffer chronic toxic effects. 

Toxicity to Food Organisms. Most toxicity studies indicate lethal effects do not occur on 
salmonid prey species until concentrations are between 19 and 2,232 times the proposed acute 
criterion. These species include the freshwater scud Gammarus lacustris, with 96-hour LC50

values of 4.1 μg/L or 5.8 μg/L (Johnson and Finley 1980; Sanders 1969 as cited in EPA 1980g);
the cladoceran Daphnia magna, with LC50 values of 56 μg/L to 271 μg/L (Schoettger 1970,
Nebeker et al. 1983, EPA 1976); damselfly naiad 96-hour LC50 of 71.8 μg/L to 107 μg/L 
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(Schoettger 1970); and a 48 hour LC50 of 215 μg/L for Moinodaphnia macleayi or 491 μg/L for 
Ceriodaphnia dubia.

Chronic exposure studies reported in the scientific literature appear to include only cladocerans, 
and all of these studies report chronic effects at concentrations well above the proposed chronic 
criterion. For example, D. magna exhibited reduced survival after 22 days of exposure to 7 μg/L 
endosulfan or reduced reproduction in the second generation at 37.7 μg/L (EPA 1976), the 
LOEC for decrease in number of young for C. dubia was 20 μg/L after 14 days exposure, or 40 
μg/L for M. macleay (Sunderam et al. 1994), and reduction of brood size and body length for 
Daphnia carinata was observed after 6 days at 320 μg/L (Barry et al. 1995).

Summary on Toxicity to Food Organisms. The available evidence indicates that the 
chronic criterion is unlikely to appreciably affect invertebrate productivity and abundance. 

Summary of Effects: Endosulfan-alpha and Endosulfan-beta. The available evidence
indicates that listed species exposed to waters equal to the acute criterion concentration will 
suffer acute toxic effects including mortality (moderate intensity). There are no chronic toxicity 
studies available for juvenile salmonid fishes. However, the NOEC analysis suggests that 
salmonid fishes will suffer chronic toxic effects—sublethal effects— (moderate intensity).
Furthermore, if the mechanism and/or mode of actions for the fish species with sublethal toxicity 
data are similar for salmonid fishes, salmonid fishes will suffer sublethal effects (moderate
intensity).

2.6.2.1.3 Endrin

Endrin Criteria. The proposed acute and chronic criteria for endrin are 0.086 μg/L and 
0.036 μg/L, respectively. 

Tables 2.5.2.1.3.1 through 2.5.2.1.3.5 report toxicity data from the ECOTOX database for 
freshwater endrin, except where noted. Each table identifies the respective endpoint for the data 
set, toxicity test concentration, species life stage, test duration, toxicity-associated water quality 
parameters (when available), the arithmetic mean, the geometric mean, and the harmonic mean 
of each data set.
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Table 2.6.2.1.3.1 LC50 toxicity data for salmonid fishes, Eulachon and green sturgeon for 
freshwater endrin.

Criterion
Freshwater Endrin

Data Set 
ECOTOX

Criterion Concentration Acute 
0.086 Micrograms Liter-1

Temperature
1.6-20° Celsius

Arithmetic Mean
167

Criterion Concentration Chronic 
0.036 Micrograms Liter-1

Hardness
44-272 mg/L CaCO3

Geometric Mean
1.1

Endpoint/Effect
LC50/Mortality

pH
6-7.95

Harmonic Mean
0.3

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.02 22 D, 32.3 MM, PTERYGIO LARVA 72H
0.02 29 D, 34.1 MM, PTERYGIO LARVA 48H

0.06 29 D, 34.1 MM, PTERYGIO LARVA 72H

0.089 FINGERLING 96H
0.095 .37 G 96H
0.113

0.117 .37 G 72H
0.12 22 D, 32.3 MM, PTERYGIO LARVA 48H

0.12 71 D, 46.2 MM, JUVENILE 48H
0.12 71 D, 46.2 MM, JUVENILE 72H
0.167 1.30 G 96H

0.192 .37 G 48H
0.192
0.218 1.30 G 48H
0.25 15 D, 31.0 MM, PROTOPTERYGIO LARVA 48H

0.25 15 D, 31.0 MM, PROTOPTERYGIO LARVA 72H

0.27 1.9 G, 2.5 IN 96H

0.27

0.3 1.9 G, 2.5 IN 72H

0.3 1.44 G 96H
0.317 1.15 G 96H

0.327 1.24 G 96H
0.343 1.15 G 72H
0.355

0.4 8 D, 29.2 MM, ELEUTER EMBRYO 72H
0.405
0.432 1.15 G 48H
0.451 1.24 G 72H

0.464 2.04 G 96H

0.5 22 D, 32.3 MM, PTERYGIO LARVA 24H
0.5 2.04 G 72H

0.51
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Criterion
Freshwater Endrin

Data Set 
ECOTOX

Criterion Concentration Acute 
0.086 Micrograms Liter-1

Temperature
1.6-20° Celsius

Arithmetic Mean
167

Criterion Concentration Chronic 
0.036 Micrograms Liter-1

Hardness
44-272 mg/L CaCO3

Geometric Mean
1.1

Endpoint/Effect
LC50/Mortality

pH
6-7.95

Harmonic Mean
0.3

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.52 57-76 MM, 2.7-4.1 G 72H
0.55 29 D, 34.1 MM, PTERYGIO LARVA 24H
0.56 1.9 G, 2.5 IN 48H

0.568 1.24 G 48H

0.58 51-79 MM, 3.2 G 48H
0.58 51-79 MM, 3.2 G 72H
0.58 51-79 MM, 3.2 G 96H

0.58
0.63 1G 96H
0.64 1G 96H
0.64 1.4G 96H

0.643 1.50 G 96H
0.674 1.50 G 72H
0.7 15 D, 31.0 MM, PROTOPTERYGIO LARVA 24H
0.7 22 D, 32.3 MM, PTERYGIO LARVA 12H

0.7 71 D, 46.2 MM, JUVENILE 24H
0.76 FINGERLING 24H
0.76
0.79 57-76 MM, 2.7-4.1 G 96H

0.79 51-79 MM, 3.2 G 24H
0.8 57-76 MM, 2.7-4.1 G 48H
0.9 1 G, 1.625-2.25 IN 96H

0.9 1G 24H
0.9

0.906 2.04 G 48H
0.92 6-8 G 96H

0.92
0.97 1.4G 96H

1 1G 24H
1 1G 96H
1 1G 24H

1.01 6-8 G 72H
1.02 1.15 G 24H

1.1

1.116 1.50 G 48H
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Criterion
Freshwater Endrin

Data Set 
ECOTOX

Criterion Concentration Acute 
0.086 Micrograms Liter-1

Temperature
1.6-20° Celsius

Arithmetic Mean
167

Criterion Concentration Chronic 
0.036 Micrograms Liter-1

Hardness
44-272 mg/L CaCO3

Geometric Mean
1.1

Endpoint/Effect
LC50/Mortality

pH
6-7.95

Harmonic Mean
0.3

Concentration 
Micrograms Liter-1 Life-Stage

Duration

1.12 1 G, 1.625-2.25 IN 72H
1.2 1.4G 96H

1.2 51-114 MM, 1.45-5 G 48H
1.2 51-114 MM, 1.45-5 G 72H
1.2 51-114 MM, 1.45-5 G 96H

1.2

1.3 8 D, 29.2 MM, ELEUTER EMBRYO 48H
1.3 15 D, 31.0 MM, PROTOPTERYGIO LARVA 12H

1.3 1.4G 24H
1.3 57-76 MM, 2.7-4.1 G 24H

1.45 1 G, 1.625-2.25 IN 48H
1.5 6-8 G 48H
2 71 D, 46.2 MM, JUVENILE 12H
2 1.4G 96H

2 51-114 MM, 1.45-5 G 24H

2.17 1 G, 1.625-2.25 IN 24H

2.2 0.6-1.5 G 96H

2.355 1.50 G 24H

2.6 1.4G 24H
2.7 29 D, 34.1 MM, PTERYGIO LARVA 12H
2.9 8 D, 29.2 MM, ELEUTER EMBRYO 24H

4.6 1.4G 24H
5.2 2 D, 25.5 MM, ELEUTER EMBRYO 72H
6.3 8 D, 29.2 MM, ELEUTER EMBRYO 12H

7.7 1 D, 25.3 MM, ELEUTER EMBRYO 72H

11.9 1.4G 24H
12 1.9 G, 2.5 IN 24H

14.5 2 D, 25.5 MM, ELEUTER EMBRYO 48H
16.8 1 D, 25.3 MM, ELEUTER EMBRYO 48H
32.7 2 D, 25.5 MM, ELEUTER EMBRYO 24H
36.1 1 D, 25.3 MM, ELEUTER EMBRYO 24H

206 2 D, 25.5 MM, ELEUTER EMBRYO 12H

10000 5-10 CM 24H
10000 5-10 CM 24H
10000 5-10 CM 24H
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Table 2.6.2.1.3.2 Mortality toxicity data for salmonid fishes, Eulachon and green sturgeon 
for freshwater endrin.

Criterion
Freshwater Endrin

Data Set 
ECOTOX

Criterion Concentration Acute 
0.086 Micrograms Liter-1

Temperature
2-20° Celsius

Arithmetic Mean
6364

Criterion Concentration Chronic 
0.036 Micrograms Liter-1

Hardness
44-272 mg/L CaCO3

Geometric Mean
283

Endpoint/Effect
Mortality

pH
6-7.95

Harmonic Mean
1.4

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.317 1.15 G 96H

0.464 2.04 G 96H

0.7 48H

0.906 2.04 G 48H

10000 5-10 CM 24H

10000 5-10 CM 24H

10000 5-10 CM 24H

10000 5-10 CM 24H

10000 5-10 CM 24H

10000 5-10 CM 24H

10000 5-10 CM 24H
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Table 2.6.2.1.3.3 Physiological toxicity data for salmonid fishes, Eulachon and green 
sturgeon for freshwater endrin.

Criterion
Freshwater Endrin

Data Set 
ECOTOX

Criterion Concentration Acute 
0.086 Micrograms Liter-1

Temperature
1.6-20° Celsius

Arithmetic Mean

Criterion Concentration Chronic 
0.036 Micrograms Liter-1

Hardness
44-272 mg/L CaCO3

Geometric Mean

Endpoint/Effect
Physiological

pH
6-7.95

Harmonic Mean

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.043 430-520 G 26H

0.12 55-80 G, 12-18 CM 30D

0.12 12-15 CM, 55-80 G 30D

0.343 1.15 G 72H

0.432 1.15 G 48H

0.5 2.04 G 72H

1.02 1.15 G 24H

120 NR 30D

Table 2.6.2.1.3.4 Reproductive toxicity data for salmonid fishes, Eulachon and green 
sturgeon for freshwater endrin.

Criterion
Freshwater Endrin

Data Set 
ECOTOX

Criterion Concentration Acute 
0.086 Micrograms Liter-1

Temperature
2-20° Celsius

Arithmetic Mean
0.22

Criterion Concentration Chronic 
0.036 Micrograms Liter-1

Hardness
44-272 mg/L CaCO3

Geometric Mean
0.22

Endpoint/Effect
Reproductive

pH
6-7.95

Harmonic Mean
0.22

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.218 1.30 G 48H
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Table 2.6.2.1.3.5 Cellular toxicity data for salmonid fishes, Eulachon and green sturgeon for 
freshwater endrin.

Criterion
Freshwater Endrin

Data Set 
ECOTOX

Criterion Concentration Acute 
0.086 Micrograms Liter-1

Temperature
1.6-20° Celsius

Arithmetic Mean
10

Criterion Concentration Chronic 
0.036 Micrograms Liter-1

Hardness
44-272 mg/L CaCO3

Geometric Mean
4.3

Endpoint/Effect
Cellular

pH
6-8

Harmonic Mean
1.6

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.92 6-8 G 96H

20 FINGERLING, 7 MO, 7.5-8.0 G 0.5H

Endrin Toxicity Data Summary. In order to understand the context of the toxicity data 
and its relationship to the criteria, NMFS not only considered the toxicity test concentrations in 
comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range 
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.
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The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

To assess the potential magnitude of acute toxic effects from exposure to endrin, NMFS added 
an additional step to its analysis for endrin to look at the relationship of the acute criterion to the 
LC50 data in terms of predicting the magnitude of acute toxic effects. To do this, NMFS 
calculated an acute toxicity ratio or relative percent mortality. This assessment involved taking 
the acute criterion of 0.086 μg/L and dividing it by each LC50 concentrations in Table 2.6.2.1.3.1
to calculate a ratio, i.e., a prediction of the relative percent mortality of the criterion to the acute 
toxicity data. This ratio, relative to the LC50 data set in Table 2.6.2.1.3.1, predicts a magnitude of 
effect ranging from a low of an LCzero at a concentration of 10,000 μg/L to a high of an LC100 at a 
concentration of 0.02 μg/L. In other words, the acute criterion of 0.086 μg/L has an equivalent 
toxicity potential predicted to kill zero percent to 100 percent, with a median toxicity potential of 
an LC5.4, of the exposed test population, and therefore by inference, field-exposed individuals.

In summary, a number of toxicity studies reported concentrations that are less than the criterion
concentration for endrin, which implies that listed species exposed to waters equal to criterion 
concentrations will suffer acute toxic effects. Conversely, a number of toxicity studies reported 
concentrations that are greater than the acute and chronic criteria concentrations for endrin,
which implies that listed species exposed to waters equal to criteria concentrations may not 
suffer acute or chronic toxic effects. When the available information is equivocal, NMFS gives 
the benefit of the doubt in its analysis to the listed species. Based on this principle and the 
considerations of the shortcomings and implications of laboratory-derived toxicity tests, the 
relative percent mortality analysis, and the ecological consequences for field-exposed fishes,
listed species exposed to waters equal to the acute or chronic criteria concentrations will suffer 
acute toxic effects, but may not suffer chronic toxic effects.
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Sublethal Effects. Endrin is a chlorinated pesticide that is a stereoisomer of dieldrin. It is 
no longer manufactured in the United States. Endrin ketone and endrin aldehyde are variants that 
occur as impurities or degradation products of endrin in commercial  preparations of the 
insecticide. Endrin was first used in 1951 to control insects and rodents on cotton, apples, 
sugarcane, tobacco, and grain (IARC 1974, EPA 1980h, HSDB 1995). Its toxicity to migrant 
populations of migratory birds was the main reason for its cancellation as a pesticide in 1986 
(EPA 1992b). It was still used as a toxicant on bird perches for several years, but this use was 
also banned in 1991 (EPA 1992b). There are no current releases of endrin in the United States

Exposure to endrin has been noted to result in adverse neurologic, liver, kidney, and 
miscellaneous endocrine and tissue weight effects (Treon et al. 1955 as cited in EPA 1980; 
Deichmann et al. 1970 as cited in EPA 1980, NCI 1978 as cited in HHS 1996). There are some 
indications that endrin may have genotoxic effects, including increased DNA damage in 
hepatocytes due to oxidative injury (Bagchi et al. 1992a, 1993a,1993c as cited in HHS 1996;
Hassoun et al. 1993 as cited in HHS 1996). However, most studies suggest that endrin is not 
carcinogenic (NCI 1978 as cited in HHS 1996; EPA 1980h).

There is limited data available regarding chronic effects of water-borne exposure to endrin in 
salmonids (Tables 2.6.2.1.3.5 to 2.6.2.1.3.9). In other species, adverse effects have not been 
reported unless water concentrations were more than 10 times the proposed chronic criterion of 
0.036 μg/L (e.g., Hansen et al. 1977, Jarvenen and Tyo 1978, Jarvenin et al. 1988). However, 
there are some data available on tissue concentrations of endrin associated with a variety of 
sublethal adverse effects in rainbow trout, which is the non-anadromous form of steelhead trout.
Grant and Mehrle (1973) determined that tissue levels associated with effects in rainbow trout 
included: alteration of plasma parameters, suppression of cortisol secretion and inhibited 
carbohydrate metabolism after a swim challenge at 0.01 mg/kg to 0.02 mg/kg, hyperexcitability 
at 0.12 mg/kg, and hyperglycemia and reduction in growth at 0.12 mg/kg to 0.22 mg/kg. No 
effects were seen at tissue concentrations at or below 0.00025 mg/kg (Grant and Mehrle 1973).

Laboratory exposure studies also suggest that exposure to endrin may affect immune 
responsiveness in rainbow trout. Bennet and Wolke (1987a,b) exposed rainbow trout for 30 days 
to sublethal concentrations of endrin (0.12 μg/L to 0.15 μg/L) and found that several immune 
responses (migration inhibition factor assay (MIF), plaque forming cell assay (PFC), and serum 
agglutination titres (SAG) were inhibited when fish were exposed to the bacterium Yersinia 
ruckeri O-antigen. Serum cortisol concentrations were found to be significantly elevated in 
endrin-exposed fish. Fish receiving cortisol in the diet al.so showed reduced immune 
responsiveness, suggesting that elevated serum cortisol concentration obtained in endrin-exposed 
fish has a central  role in repression of the immune response. Fish were exposed to only one dose 
of endrin in this experiment, however, so there is no information on the threshold endrin 
concentration for immunosuppressive effects. Exposure to water-borne endrin from agricultural 
runoff has been associated with an increased prevalence of parasitic infections in cultured sand 
goby (Supamataya 1988), but the fish were also exposed at the same time to dieldrin, DDTs, and 
possibly stress due to changes in dissolved oxygen and water temperature.
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Singh and Singh (1980) reported total lipid levels in ovary and liver and cholesterol 
concentrations in ovary, liver and blood serum in the fossil catfish Heteropneustes fossilis after 4 
weeks exposure to endrin at  concentrations of 0.0006 μg/L and 0.008 μg/L during different 
phases of the annual reproductive cycle. Even the lower concentrations of endrin induced a 
significant decrease in liver lipid  during the preparatory and late post-spawning phases. An 
appreciable increase in ovarian cholesterol was noticed during the pre-spawning and spawning. 
Serum cholesterol values demonstrated a significant increase in the preparatory and late post-
spawning phases after exposure to endrin at all concentrations. This study suggests that exposure 
to endrin concentrations below the proposed chronic criterion could affect lipid and cholesterol 
balance in gravid salmon.

Studies show that endrin is bioaccumulated significantly by fish and other aquatic organisms  
(ASTDR 1996, EPA 1980h, Metcalf et al. 1973). Although specific BCFs are not available for 
salmonids, for other fish they range from 1,640 to 15,000 (EPA 1980h, Hansen et al. 1977).
Endrin is also taken up by invertebrate prey species of salmonids, although bioconcentration 
factors are typically lower than those for fish. Anderson and DeFoe (1980) report pesticide 
accumulation in stoneflies, an invertebrate prey species, of 350 to 1150 times greater than the 
water concentrations after a 28-day exposure. However, biomagnification of endrin with 
increasing trophic level is less than that for some other chlorinated pesticides (Leblanc 1995,
Metcalf et al. 1973).

Endrin in the diet may be an important source of uptake for fish species. Jarvinen and Tyo (1978) 
found that endrin in the food at a concentration of 0.63 mg/kg significantly reduced survival of 
fathead minnows in whole life cycle exposure tests, and residues contributed by food-borne 
endrin appeared to be additive to those contributed by water. Based on available BCF estimates 
for endrin, however, prey items would not accumulate endrin at this level under the proposed 
criterion.

Because endrin is no longer in use in the United States, the major source of this compound will 
be not through point source discharges into surface water bodies, but from repositories of the 
contaminant that are persistent in sediments. This means that endrin can occur through the water 
column, through direct contact with sediments, or through the diet. Thus, studies evaluating the 
effects of water-borne exposure alone are likely to underestimate actual exposure of organisms in 
the field.

Sublethal Effects Summary. The available evidence indicates that the chronic criterion 
for endrin is likely to result in sublethal effects to listed species considered in this opinion.

Toxicity to Food Organisms. Invertebrates tend to be more tolerant of endrin than fishes. 
Anderson and DeFoe (1980) exposed stoneflies, caddis-flies, isopods, and snails to endrin in a 
flowing-water test system for 28 days, increased mortality was observed at concentration in the 
30,000 μg/L to 150,000 μg/L range. These values are at least two orders of magnitude above the 
acute criterion and at least four orders of magnitude above the chronic criterion. However, the 
available information is limited and may not account for exposure through other routes of 
exposure, such as sediments, or other invertebrate taxa.
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Summary on Toxicity to Food Organisms. The available evidence indicates that the 
chronic criterion is unlikely to appreciably affect invertebrate productivity and abundance. 

Summary of Effects: Endrin. The available evidence for endrin indicates that listed 
species exposed to waters equal to the acute or chronic criteria concentrations will suffer acute 
and chronic toxic effects including mortality (moderate intensity), cellular trauma (low
intensity), physiological trauma (low intensity), and reproductive failure (low intensity).

2.6.2.1.4 Heptachlor Epoxide

Heptachlor Criteria. The proposed acute and chronic criteria for heptachlor are 
0.52 μg/L and 0.0038 μg/L, respectively.

Tables 2.6.2.1.4.1 through 2.6.2.1.4.3 report toxicity data from the ECOTOX database for 
freshwater heptachlor, except where noted. Each table identifies the respective endpoint for the 
data set, toxicity test concentration, species life stage, test duration, toxicity-associated water 
quality parameters (when available), the arithmetic mean, the geometric mean, and the harmonic 
mean of each data set.

Table 2.6.2.1.4.1 LC50 toxicity data for salmonid fishes, Eulachon and green sturgeon for 
freshwater heptachlor epoxide.

Criterion
Freshwater Heptachlor Epoxide

Data Set 
ECOTOX

Criterion Concentration Acute 
0.52 Micrograms Liter-1

Temperature
13° Celsius

Arithmetic Mean
14.7

Criterion Concentration Chronic 
0.0038 Micrograms Liter-1

Hardness
44 mg/L CaCO3

Geometric Mean
13.6

Endpoint/Effect
LC50/Mortality

pH
7.1

Harmonic Mean
12.3

Concentration 
Micrograms Liter-1 Life-Stage

Duration

6.7 0.8G 96H

16 1.2G 96H

16 1.2G 96H

20 1.2G 96H
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Table  2.6.2.1.4.2 NOEC toxicity data for salmonid fishes, Eulachon and green sturgeon for 
freshwater heptachlor epoxide.

Criterion
Freshwater Heptachlor Epoxide

Data Set BE

Criterion Concentration Acute 
0.52 Micrograms Liter-1

Temperature
13° Celsius

Arithmetic Mean
0.5

Criterion Concentration Chronic 
0.0038 Micrograms Liter-1

Hardness
44 mg/L CaCO3

Geometric Mean
0.47

Endpoint/Effect
NOEC

pH
7.1

Harmonic Mean
0.44

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.25 96H

0.46 96H

0.47 96H

0.53 96H

0.81 96H

Heptachlor Epoxide Toxicity Data Summary. In order to understand the context of the 
toxicity data and its relationship to the criteria, NMFS not only considered the toxicity test 
concentrations in comparison to the criterion/criteria concentrations in determining whether or 
not listed species exposed to waters equal to criteria concentrations will result in acute or chronic 
toxic effects, but the shortcomings and implications of laboratory-derived toxicity tests and the 
ecological consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 

Exhibit 7a



-204-

criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

To assess the potential magnitude of acute toxic effects from exposure to heptachlor epoxide, 
NMFS added an additional step to its analysis for heptachlor epoxide to look at the relationship 
of the acute criterion to the LC50 data in terms of predicting the magnitude of acute toxic effects. 
To do this, NMFS calculated an acute toxicity ratio or relative percent mortality. This assessment 
involved taking the acute criterion of 0.52 μg/L and dividing it by each LC50 concentrations in 
Table 2.6.2.1.4.1 to calculate a ratio, i.e., a prediction of the relative percent mortality of the 
criterion to the acute toxicity data. This ratio, relative to the LC50 data set in Table 2.6.2.1.4.1,
predicts a magnitude of effect ranging from a low of an LC1.3 at a concentration of 20 μg/L to a 
high of an LC4 at a concentration of 6.7 μg/L. In other words, the acute criterion of 0.52 μg/L has 
an equivalent toxicity potential predicted to kill 1.3 percent to 4 percent, with a median toxicity 
potential of an LC1.6, of the exposed test population, and therefore by inference, field-exposed 
individuals.

In summary, the available evidence for heptachlor epoxide indicates that listed species exposed 
to waters equal to the acute and chronic criteria concentrations will suffer acute toxic effects, but 
may not suffer chronic toxic effects.

Sublethal Effects. Heptachlor is an organochlorine cyclodiene insecticide first isolated 
from technical chlordane in 1946 (ATSDR 1993). During the 1960s and 1970s, it was commonly 
used for crop pest control and by exterminators and home owners to kill termites. In 1976, it was 
prohibited from home and agricultural use, although commercial applications to control insects 
continued. In 1988, its use for termite control was banned, and currently its only permitted 
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commercial use in the United States is fire ant control in power transformers (ATSDR 1993, 
Leber and Benya 1994 as cited in EPA 2008).

The principal metabolite of heptachlor is heptachlor epoxide, an oxidation product formed by 
many plant and animal species and through breakdown of heptachlor in the environment. The 
epoxide degrades more slowly and, as a result, is more persistent than heptachlor. Both 
heptachlor and heptachlor epoxide adsorb strongly to sediments, and both are bioconcentrated in 
terrestrial and aquatic organisms (EPA 1980i, ATSDR 1993). 

In fishes heptachlor is readily taken up through the skin, lungs or gills, and gastrointestinal tract 
(ATSDR 1993). Once absorbed, it is distributed systemically and moves into body fat and is 
readily converted to its most persistent and toxic metabolite, heptachlor epoxide, in mammalian 
livers (Smith 1991, ATSDR 1993). Heptachlor is also metabolized to some extent by fish, 
although most evidence points to it being stored in the body predominantly as heptachlor rather 
than heptachlor epoxide (Feroz and Khan 1979).

Heptachlor and heptachlor epoxide are considered highly to moderately toxic to mammals, birds, 
and fish. The primary adverse health effects associated with acute exposure are central nervous 
system and liver effects (Smith 1991, ATSDR 1993, Akay and Alp 1981, Buck et al. 1959). 
Chronic exposure to heptachlor may cause some of the same neurological effects as acute 
exposure. An increased prevalence of neurological symptoms in humans has been associated 
with environmental exposure to heptachlor in epidemiological studies (Dayal et al. 1995), and in 
laboratory exposure where effects were noted on functional observational ability and motor
activity (Moser et al. 1995). There is also evidence from epidemiological and laboratory studies 
that heptachlor alters the expression and function of dopamine transporters (Miller et al. 1999). 
Heptachlor may also affect immune function by inhibiting normal chemotactic responses of 
neutrophils and monocytes (Miyagi et al. 1998) or promoting necrosis of lymphocytes in the 
spleen and thymus (Berman et al. 1995). 

Heptachlor does not appear to be a primary carcinogen, and laboratory tests indicate that neither 
heptachlor nor heptachlor epoxide are mutagenic (WHO 1984, ATSDR 1993). Heptachlor 
toxicity can be influenced by the presence of other compounds in the environment, but its 
interactions with other contaminants have not been well-studied. 

As part of our data search, NMFS did not find any chronic toxicity data on salmonid fishes 
exposed to heptachlor epoxide, therefore we used the available toxicity for fishes as an surrogate 
for potential adverse effects on listed species considered in this opinion. Carr et al. (1999) 
reported that in channel catfish, heptachlor epoxides, and to a lesser extent heptachlor, bind to 
the gamma-aminobutyric acid (GABA) receptor and may thus suppress the activity of inhibitory 
neurons in the central nervous system. However, because this was an in vitro study, the exposure 
concentrations associated with this effect in live animals are not clear. Hiltibran (1982) 
investigated the effects heptachlor on the metal-ion-activated hydrolysis of ATP by liver 
mitochondria in by bluegill (Lepomis macrochirus) and found that it significantly inhibited ATP 
hydrolysis in an in-vitro assay. The lowest effective concentration was 0.00056 g/ml of reaction 
medium, but how that would compare to water concentrations affecting a live animal is not clear.
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Chronic toxicity data are correspondingly lacking for evaluating the protectiveness of the chronic 
criterion for salmonids. Exposure studies conducted with other species generally report effects at 
concentrations well above the proposed chronic criterion. For example, a study conducted on 
fathead minnow (Macek et al. 1976) showed 100% mortality after 60 days at 1.84 μg/L, with 
effects on sublethal endpoints at 0.86 μg/L. Similarly, Goodman et al. (1976) found effects of 
heptachlor on growth and survival of embryos and fry of the saltwater sheepshead minnow to 
occur when heptachlor concentrations exceeded 1.2 μg/L. Hansen and Parrish (1977) tested the 
chronic toxicity of heptachlor to sheepshead minnow in an 18-week partial life cycle exposure
begun with juveniles, and observed decreased embryo production at 0.71 μg/L, but dose-
response relationships were not consistent for this study so the data may not be accurate. The 
histological studies revealed conspicuous pathological changes in the liver. Other studies with 
non-salmonids report pathological effects on the liver and kidney, altered enzyme levels, 
inhibited fin regeneration, and mortality at higher concentrations (3 μg/L to 70 μg/L) with 
exposures ranging from 5 to 60 days (EPA 1980g, Azharbig et al. 1990, Rao et al. 1980).

In contrast to studies involving strictly water-borne exposure, other evidence suggests that 
adverse effects may occur when tissue concentrations are below the 0.34 mg/kg limit used to 
develop the chronic criterion. For example, Bishop et al. (1995) reported increased rearing 
mortality with heptachlor concentrations of 0.0279 mg/kg in Chinook salmon eggs. However, 
this was a field study, concentrations were measured in the eggs versus whole body tissues, and 
other contaminants may have been present. Tests with other species also suggest that some 
effects could occur at tissue residue levels in the 0.016 mg/kg to 0.3 mg/kg range. In spot 
(Leistomus xantharus), tissue concentrations of 0.654 mg/kg were associated with 25% mortality 
in test fish, and there are reports of increased long-term mortality at concentrations as low as 
0.022 mg/kg in sheepshead minnow and 0.01 mg/kg in spot (Schimmel et al. 1976). It should be 
noted that there are some problems with analyses on which fish tissue heptachlor concentrations 
associated with the chronic criterion were based, particularly with respect to uncertainty about 
the applicability of a standardized BCF of 5,220 to salmonids.

Heptachlor is lipophilic, log Kow of 6.26 (Karickhoff and Long 1995 as cited in BE), 
bioconcentrates and bioaccumulates in fish, animals, and milk (EPA 1999b as cited in BE). 
Heptachlor epoxide, log Kow of 5.00 (Karickhoff and Long 1995 as cited in BE), would likewise 
be expected to bioconcentrate and bioaccumulate. Toxicity of heptachlor may be altered by a 
number of factors including temperature, duration of exposure (Johnson and Finley 1980), and 
presence of mixtures. Heptachlor is readily taken up in fish through the skin, lungs, gills, and 
gastrointestinal tract (ATSDR 1993). Heptachlor and its primary metabolite are considered to be 
moderately to highly toxic to fish (ATSDR 1993). Effects of heptachlor toxicity to freshwater 
organisms include reduced growth, inhibited ATPase activity, and reduced survival (EPA 1999b
as cited in BE).

Both heptachlor and heptachlor epoxide have been shown to bioconcentrate in aquatic organisms 
such as fish, mollusks, insects, plankton, and algae (ATSDR 1989). They have been found in the 
fat of fish, mollusks, and other aquatic species at concentrations of 200 to 37,000 times the 
concentration of heptachlor in the surrounding waters (WHO 1984, ATSDR 1989). A wide range 
of BCFs have been determined in laboratory studies using fish (EPA 1980i). No BCF values are 
available for salmonids, but values for fathead minnow range from 9,500 to 14,400 (Veith et al.
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1979, EPA 1980i), and Goodman et al. (1976) reported average bioconcentration factors for 
heptachlor of 3,600 for sheepshead minnow. Because heptachlor is no longer in use in the United 
States, except for selected special applications, the major source of this compound will be not 
through point source discharges into surface water bodies, but from repositories of the 
contaminant that are persistent in sediments. This means that heptachlor and heptachlor epoxide 
will be taken up not only through the water column, but also through direct contact with 
sediments or through the diet. Thus, studies evaluating the effects of water-borne exposure alone 
are likely to under-estimate actual exposure of organisms in the field.

If it is assumed that sediments are a major source of heptachlor, the sediment-heptachlor 
concentrations that would result in heptachlor concentrations in the water column at or below the 
criteria are: For heptachlor, log10 (Kow) = 6.26, log10 (Koc) = 6.15, and Fcv = 0.0038, resulting in 
SQCoc = 5.37 mg/kg organic carbon7. This would mean that for sediment total organic carbon 
(TOC) levels of 1% to 5% percent, the sediment heptachlor concentrations would range from 54 
ng/g to 269 ng/g sediment. These levels bracket the sediment screening guideline of 10 ng/g dry 
wet established by the U.S. Corps of Engineers (Corps) for in-water disposal of dredged 
sediment (Corps 1998), and are above the interim Canadian freshwater sediment guidelines of 
0.6 ng/g to 2.74 ng/g dry wet sediment. The higher of these values is a probable effect level, 
based on spiked sediment toxicity testing and associations between field data and biological 
effects (CCREM 2001b). This indicates a potential for adverse effects on aquatic life.

Because there has been very little research on the toxicity of sediment-associated heptachlor to 
salmonids, the sediment concentrations that cause adverse effects are not well defined. The 
BSAFs have not been determined for salmonids, so it is difficult to estimate the likely tissue 
concentrations of heptachlor that would be associated with sediment heptachlor concentrations 
permissible under the proposed criteria. 

Sublethal Effects Summary. Although the data regarding sublethal effects on fishes 
exposed to endosulfan-alpha and endosulfan-beta is available, there are no chronic toxicity 
studies available for fishes subject to this consultation. If the mechanism and modes of actions 
are similar for fishes subject to this consultation to those described above, then fishes considered 
in this opinion may not be protected from chronic toxic effects. 

Toxicity to Food Organisms. Heptachlor epoxide is acutely toxic to freshwater aquatic 
invertebrates at concentrations comparable to those that are lethal to fish (Johnson and Finley 
1980). Reported LC50 values for freshwater invertebrate species have include 0.9 to 2.8 μg/L for 
stoneflies (Sanders and Cope 1968), 29 mg/kg to 47 mg/kg for gammarid amphipods (Sanders 
1969, 1972), and 42 μg/L to 78 μg/L for daphnid cladocerans (Macek et al. 1976, Sanders and 
Cope 1966). These values were derived from static tests in which heptachlor concentrations were 
unmeasured. Tests using saltwater species using flow-through tests yielded lower LC50 values for 
grass shrimp and pink shrimp (0.03 μg/L to 0.11 μg/L) than static tests for shrimp and crayfish 
(1.8 μg/L to 7.8 μg/L; Sanders 1972; Schimmel et al. 1976), suggesting that the static tests 
underestimate the toxicity of heptachlor to aquatic invertebrates.

7 SQCoc SQC stands for sediment quality criteria and oc stands for organic carbon content.
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Sublethal effects of acute exposure have also been reported for some invertebrate species at 
concentrations close to the proposed criteria, although these studies were not conducted in 
salmonid prey. When the criteria for heptachlor were developed (EPA 1980i), no data were 
available on chronic effects of this compound on invertebrate species, and little additional 
information has been generated since that time. Lowest heptachlor concentrations at which
effects are reported have been above 0.01 μg/L. For example, a concentration of 0.04 μg/L was 
associated with increased mortality in the pink shrimp, Penaeus duoraum (Schimmel et al.
1976), which is well above the proposed chronic criterion.

Summary on Toxicity to Food Organisms. The available evidence indicates that the 
chronic criterion is unlikely to appreciably affect invertebrate productivity and abundance. 

Summary of Effects: Heptachlor Epoxide. The available evidence for heptachlor 
epoxide indicates that listed species exposed to waters equal to the acute criterion concentration 
will suffer acute toxic effects including mortality (moderate intensity). As part of our data search,
NMFS did not find any chronic toxicity data on salmonid fishes exposed to heptachlor epoxide.
However, the NOEC analysis suggests that listed species exposed to waters equal to the chronic 
criterion concentration will suffer chronic toxic effects (low intensity). Furthermore, if the 
mechanism and modes of actions are similar for fishes subject to this consultation to those 
described above in the Sublethal Effects analysis, then fishes considered in this opinion will
suffer sublethal effects (low intensity).

2.6.2.1.5 Lindane (gamma-BHC)

Lindane Criteria. The proposed acute criterion for lindane is 0.95 μg/L.

Tables 2.6.2.1.5.1 through 2.6.2.1.5.4 report toxicity data from the ECOTOX database for 
freshwater lindane, except where noted. Each table identifies the respective endpoint for the data 
set, toxicity test concentration, species life stage, test duration, toxicity-associated water quality 
parameters (when available), the arithmetic mean, the geometric mean, and the harmonic mean 
of each data set.
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Table 2.6.2.1.5.1 LC50 toxicity data for salmonid fishes, Eulachon and green sturgeon for 
freshwater lindane.

Criterion
Freshwater Lindane

Data Set 
ECOTOX

Criterion Concentration Acute 
0.95 Micrograms Liter-1

Temperature
12-20° Celsius

Arithmetic Mean
757

Hardness
40-314 mg/L CaCO3

Geometric Mean
17

Endpoint/Effect
LC50/Mortality

pH
6.8-8.1

Harmonic Mean
0.04

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.0022 312 G 96D

0.0022 175-312 G 96D

0.019 175 G 24D

0.019 183 G 96D

0.019 277 G 24D

0.019 284 G 96D

0.019 262 G 24D

0.019 288 G 48D
1 NR 96H

16 1.1G 96H

16 1G 24H
18 FINGERLING 96H
19 0.6G 96H
20 1.1G 96H

20 1G 24H

20 1G 24H
22 FRY, 3.0 CM 96H
22 0.5G 96H

22 FRY, 3.0 CM 96H

23 FRY,3 CM 96H

23 FRY, 3.0 CM 96H
24 0.7G 96H

24 JUVENILE, 0.69 G 96H

27 1G 96H

27 1G 96H

27 1G 96H
29 1G 96H
30 FRY,3 CM 96H

30 YEARLING,107.8 G,22.4 CM 96H

30 FRY,3 CM 24H

32 1G 96H
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Criterion
Freshwater Lindane

Data Set 
ECOTOX

Criterion Concentration Acute 
0.95 Micrograms Liter-1

Temperature
12-20° Celsius

Arithmetic Mean
757

Hardness
40-314 mg/L CaCO3

Geometric Mean
17

Endpoint/Effect
LC50/Mortality

pH
6.8-8.1

Harmonic Mean
0.04

Concentration 
Micrograms Liter-1 Life-Stage

Duration

32.7 5.2 G 96H

34 1G 96H

34 1G 24H

37 YEARLING,107.8 G,22.4 CM 48H

37 FRY,3 CM 24H

37 FRY, 3.0 CM 96H
38 51-79 MM, 3.2 G 96H

38 51-79 MM, 3.2 G 24H

39 JUVENILE, 0.69 G 48H

39 51-79 MM, 3.2 G 96H
40 51-114 MM, 1.45-5 G 96H

41 51-79 MM, 3.2 G 24H

42 51-79 MM, 3.2 G 96H

42 51-114 MM, 1.45-5 G 96H

42 51-114 MM, 1.45-5 G 24H

42 51-114 MM, 1.45-5 G 48H

44 1G 96H
50 57-76 MM, 2.7-4.1 G 96H

50 ADULT, 175-250 G 48H

56 YEARLING,107.8 G,22.4 CM 24H

56 51-114 MM, 1.45-5 G 72H

56 86 D, 77 MM 48H

500 YOUNG, 9-11 CM 24H

1000 YOLK SAC FRY, STAGE 30-31, 33-34/ 11D

1000 ALEVIN 24H

1000 YOLK SAC FRY, STAGE 30-31, 33-34/ 96D

1000 8 H POST HATCH,FRY 24D

10000 5-10 CM 72H

10000 5-10 CM 96H

10000 5-10 CM 96H
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Table 2.6.2.1.5.2 Mortality toxicity data for salmonid fishes, Eulachon and green sturgeon 
for freshwater lindane.

Criterion
Freshwater Lindane

Data Set 
ECOTOX

Criterion Concentration Acute 
0.95 Micrograms Liter-1

Temperature
12-20° Celsius

Arithmetic Mean
19

Hardness
40-314 mg/L CaCO3

Geometric Mean
13

Endpoint/Effect
Mortality

pH
6.8-8.1

Harmonic Mean
5.8

Concentration 
Micrograms Liter-1 Life-Stage

Duration

1 YEARLING 1D

1 YEARLING 24D

4.1 YEARLING 72D

8.8 YEARLING 24D

16 1.1G NR

16.6 YEARLING 24D

18 FINGERLING 72H

19 5.2 G 24D

19 FINGERLING 2H

20 1.1G 24H

22 0.5G 25H

24 0.7G 25H

26 0.5G NR

30 1 G, 3.0-4.0 CM, JUVENILE 24H

30 1.1G 24H

30 0.7G 72H

32.7 5.2 G 24H

Table 2.6.2.1.5.3 NOEC toxicity data for salmonid fishes, Eulachon and green sturgeon for 
freshwater lindane.

Criterion
Freshwater Lindane

Data Set 
ECOTOX

Criterion Concentration Acute 
0.95 Micrograms Liter-1

Temperature
12-20° Celsius

Arithmetic Mean
10000

Hardness
40-314 mg/L CaCO3

Geometric Mean
10000

Endpoint/Effect
NOEC/Mortality

pH
6.8-8.1

Harmonic Mean
10000

Concentration 
Micrograms Liter-1 Life-Stage

Duration

10000 5-10 CM 3H
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Table 2.6.2.1.5.4 Physiological toxicity data for salmonid fishes, Eulachon and green 
sturgeon for freshwater lindane.

Criterion
Freshwater Lindane

Data Set 
ECOTOX

Criterion Concentration Acute 
0.95 Micrograms Liter-1

Temperature
12-20° Celsius

Arithmetic Mean
16

Hardness
40-314 mg/L CaCO3

Geometric Mean
7.9

Endpoint/Effect
Physiological

pH
6.8-8.1

Harmonic Mean
3.9

Concentration 
Micrograms Liter-1 Life-Stage

Duration

2.1 YEARLING 2D

30 1.1G NR

Lindane Toxicity Data Summary. In order to understand the context of the toxicity data 
and its relationship to the criteria, NMFS not only considered the toxicity test concentrations in 
comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range 
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.
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The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

To assess the potential magnitude of acute toxic effects from exposure to lindane, NMFS added 
an additional step to its analysis for lindane to look at the relationship of the acute criterion to the 
LC50 data in terms of predicting the magnitude of acute toxic effects. To do this, NMFS 
calculated an acute toxicity ratio or relative percent mortality. This assessment involved taking 
the acute criterion of 0.95 μg/L and dividing it by each LC50 concentrations in Table 2.6.2.1.5.1
to calculate a ratio, i.e., a prediction of the relative percent mortality of the criterion to the acute 
toxicity data. This ratio, relative to the LC50 data set in Table 2.6.2.1.5.1, predicts a magnitude of 
effect ranging from a low of an LCzero at a concentration of 10,000 μg/L to a high of an LC100 at a 
concentration of 0.0022 μg/L. In other words, the acute criterion of 0.95 μg/L has an equivalent 
toxicity potential predicted to kill zero percent to 100 percent, with a median toxicity potential of 
an LC1.5, of the exposed test population, and therefore by inference, field-exposed individuals.

In summary, a number of toxicity studies reported concentrations that are less than the acute 
criterion concentration for lindane, which implies that listed species exposed to waters equal to 
criteria concentrations will suffer acute toxic effects. Conversely, a number of toxicity studies 
reported concentrations that are greater than the acute criterion concentration for lindane, which 
implies that listed species exposed to waters equal to criteria concentrations may not suffer acute 
toxic effects. When the available information is equivocal, NMFS gives the benefit of the doubt 
in its analysis to the listed species. Based on this principle and the considerations of the 
shortcomings and implications of laboratory-derived toxicity tests, the relative percent mortality 
analysis, and the ecological consequences for field-exposed fishes, listed species exposed to 
waters equal to the acute criterion concentration will suffer acute toxic effects.

Sublethal Effects. Lindane is one of the few chlorinated hydrocarbon insecticides 
considered in the proposed action that is still in use for pharmaceutical products (EPA 2002). It 
is used primarily for treating wood-inhabiting beetles and seeds, and in a more restricted manner 
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for soil treatment and as an insecticide on fruit and vegetable crops, timber, and ornamental 
plants. It is also used as a dip for fleas and lice on pets, and in lotions, creams, and shampoos for 
the control of lice and mites in humans. It is rated as a "moderately toxic (toxicity class II)" 
compound by EPA. Labels for products containing it must bear warning labels, and some 
formulations are classified as RUPs that may only be purchased and used by certified pesticide 
applicators. Lindane is no longer manufactured, but is still formulated, in the United States, and 
aerial application of the pesticide has been prohibited. Lindane has been listed as a pollutant of 
concern to EPA’s Great Waters Program due to its persistence in the environment, potential to 
bioaccumulate, and toxicity to humans and the environment.

Lindane has been sold under a number of trade names, including gamma-
Hexachlorocyclohexane, Exagamma, Forlin, Gallogamma, Gammaphex, Inexit, Kwell, 
Lindagranox, Lindaterra, Lovigram, and Silvanol . Technical-grade lindane is comprised of the 
gamma-isomer of hexachlorocyclohexane (HCH). Five other isomers (molecules with a unique 
structural arrangement, but identical chemical formulas) of HCH are commonly found in 
technical lindane, but the gamma-isomer is the predominant one, comprising at least 99% of the 
mixture of isomers.

Lindane is moderately water soluble and may accumulate in sediments. It is relatively persistent 
and experiences significant degradation only under anaerobic conditions. Lindane is readily 
absorbed into the body, but in mammals is metabolized to some extent through conversion to tri-
and tetra-chlorophenols, and conjugation with sulfates or glucuronides. Other pathways involve 
the ultimate formation of mercapturates. These water soluble end-products are eliminated via the 
urine (Smith 1991). Of the isomers, g-HCH is stored to the greatest extent in fat (Smith 1991).

Few chronic toxicity data are available for salmonids exposed to lindane in the water column. 
Macek et al. (1976) exposed brook trout for 261 days to 16.6 μg/L lindane. While survival was 
not affected, a reduction was observed in fish weight and length. Some disruption in reproductive 
activity was also recorded during the same experiment (Macek et al. 1976). Mendiola et al.
(1981) determined decreased efficiency of protein utilization in rainbow trout exposed to lindane
at concentrations of 1 μg/L to 10 μg/L for 21 days.

Some additional information is available on the effects of lindane associated with specific 
measured tissue residues in test fish. For example, in immature brook trout, Macek et al. (1976) 
found that growth rates were decreased, and observed abnormal spawning behavior in females, 
when muscle tissue concentrations were 1.2 mg/kg. However, there was no effect on survival. 
Other fish species also show effects of lindane at relatively low tissue concentrations. For 
example, in the gudgeon (Gobio gobio) the lowest tissue concentration at which a significant 
increase in mortality could be observed within 96 hours was 0.l9 mg/kg in muscle (Marcelle and 
Thorne 1983). Similarly, in bluegill, the proposed no observable effect level (NOEL) for growth 
and mortality was 0.297 mg/kg (Macek et al. 1976). For other fish species, adverse biological 
effects occur at somewhat higher levels. Macek et al. (1976) observed decreased growth and 
increased mortality of fathead minnow at a concentration of 9.53 mg/kg in the carcass. In pinfish, 
the effective dose (ED)50 for growth effects was 5.22 mg/kg (Schimmel et al. 1976).
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The likely tissue concentrations of lindane in fish exposed to the concentrations of lindane in the 
water column specified by the criteria can be calculated from EPA’s estimated BCFs for lindane.
Multiplying the proposed chronic criterion by the geometric mean of BCF values for lindane of 
1400 (EPA 1980q) and a percent lipid of 15% (default value for freshwater fish) results in an 
estimated maximum allowable tissue concentration of 1.68 mg/kg lindane. For lower lipid values 
(5% to 10%) the values would be on the order of 0.56 mg/kg to 1.12 mg/kg. It should be noted 
that the normalized BCF value is based primarily on data for fathead and sheepshead minnow, 
not on studies with salmonids, so it may not reflect uptake in the species of concern. Also, 
because these BCFs were determined in the laboratory, they may underestimate lindane uptake 
by animals in the field. Assuming that the BCF values are in a reasonable range, it appears that 
tissue concentrations of lindane associated with biological effects (Macek et al. 1976, Marcelle 
and Thorne 1983) are relatively close to those predicted based on the proposed chronic criterion 
(1.68 mg/kg).

Some studies have also been conducted in which lindane was administered through feeding or 
injection studies. For example, Dunier et al. (1994, 1995) report that lindane modified non-
specific immune responses in rainbow trout fed lindane for 30 days at a dose of 1 mg/kg. 
Aldegunde et al. (1999) observed lower body weights, increased serum cortisol levels and 
changes in the serotonergic brain activity after 18 days in rainbow trout implanted with 
0.005 mg/kg body weight of lindane in coconut oil. These studies suggest the potential for 
sublethal effects on growth, metabolism, and immune function at tissue concentrations 
comparable or lower than those associated with the water quality criteria, but more information 
on the uptake ratio of lindane would be needed to evaluate these studies.

Lindane will accumulate slightly in fish and shellfish. Uptake of lindane by aquatic organisms is 
influenced by a number of environmental and water quality factors, including concentrations of 
organic particulate matter in the water column, turbidity, pH, and season of the year. Residue 
concentrations may also vary considerably between fish species. However, biological 
accumulation and persistence of lindane are low when compared to compounds such as DDT or 
dieldrin (Wilson 1965, Gakstatter and Weiss 1967). Lindane bioconcentrates to some extent in 
aquatic organisms such as fish, mollusks, insects, plankton, and algae (ATSDR 1989). Lindane
has been found in the fat of fish, mollusks, and other aquatic species at concentrations up to 1400 
times the concentration in the surrounding waters (WHO 1984, ATSDR 1989, Ulman 1972). 
Bioconcentration factors determined in laboratory studies with fish have ranged from 35 to 486, 
with the 486 value determined for rainbow trout (EPA 1980q). 

Because lindane use in the United States is limited, one of the sources of this compound will be 
from repositories of the contaminant that are persistent in sediments. These means that lindane
will be taken up not only through the water column, but also through direct contact with 
sediments or through the diet. Thus, studies evaluating the effects of water-borne exposure alone 
are likely to under estimate actual exposure of organisms in the field. However, because the 
value of the octanol/water partitioning coefficient of lindane (log10 (Kow) = 3.3) is relatively low 
in comparison to compounds such as DDTs and PCBs, adsorption and accumulation in sediments 
is also generally lower.
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The quantity and quality of available data raise concerns about the validity of the proposed acute 
criteria. Based on testing procedures and results from available studies that are not specific to 
listed species considered in this opinion and their prey, it is possible that mortality could result to 
both listed species and invertebrate prey under the proposed acute criterion, and adverse effects 
in listed fish, such as increased long-term mortality, growth reduction, increased cortisol levels, 
and changes in immune function. There are also a few studies suggesting that increased long-
term mortality or sublethal effects could take place at lindane tissue concentrations close to those 
that might be expected in fish exposed to lindane at levels allowed under the acute aquatic life 
criteria. 

Sublethal Effects Summary. The available evidence indicates that the acute criterion for 
lindane is likely to result in sublethal effects to listed species considered in this opinion. 

Toxicity to Food Organisms. Available data on the acute toxicity of Lindane to aquatic 
invertebrates suggest that the proposed acute criterion of 0.95 μg/L may be protective of most 
types of salmonid invertebrate prey. Reported 96-hour LC50 values are on the order of 
approximately 5 to 7 times the criteria, including 4.5 μg/L for stoneflies Pteronarcys, and 
6.3 μg/L for mysids (Mysidopsis bahia; Johnson and Finley 1980). For other prey species, such 
as Daphnia, LC50 values are substantially higher, e.g., 460 μg/L to1460 μg/L (Fernando et al.
1995), or as high as 20,000 μg/L for rotifers (Janssen et al.1994). For amphipods, reported LC50

values have ranged from 5 μg/L to 80 μg/L (Gammarus pulix, McLoughlin et al. 2000, Abel 
1980, Stephenson 1983, Taylor et al. 1991; Gammarus lacutris and G. fasciatus, Sanders 1972,
Hyalella azteca, Blockwell et al. 1998).

Only one study was found that reported effects on aquatic macroinvertebrates at lindane
concentrations that were below the chronic criterion; Schulz and Liess (1995) reported reduced 
emergence of caddisfly larvae after 90 days of exposure to concentrations of lindane as low as 
0.0001 μg/L. However, most studies of the chronic effects of lindane exposure on aquatic 
invertebrates have reported effects occurring at levels that ranged from 2 to 28 times the 
proposed criterion of 0.95 μg/L. For example, for the amphipod, Hyalella azteca, Blockwell et 
al. (1998) reported 240-hour LC50s of 26.9 μg/L and 9.8 μg/L for adults and neonates, 
respectively. In the amphipod Gammarus pulix, growth was reduced after a 14 day exposure to 
concentrations between 2.7 μg/L and 6.1 μg/L (Blockwell et al. 1996). Taylor et al. (1998) 
reported alterations in haeme biosynthesis in Gammarus pulex after a 240 hour exposure to 
lindane at 4.5 μg/L. Similarly, in mesocosm experiments involving exposures of 2 to 4 weeks, 
some zooplankton species, such as copepod and cyclopod nauplii and midge larvae, experienced 
significant mortality at lindane concentrations in the 2 μg/L to 12 μg/L range (Fliedner and Klein 
1996, Peither et al. 1996). In contrast, effects were not observed on survival, reproduction and 
growth of Daphnia magna after 21 days of exposure until concentrations were 250 μg/L or 
higher (Ferrando et al.1995). Available data suggest that the proposed chronic criterion for 
lindane could adversely affect selected sensitive life stages of certain salmonid prey species. 

Summary on Toxicity to Food Organisms. The available evidence indicates that the acute
criterion is likely to adversely affect invertebrate productivity and abundance. 
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Summary of Effects: Lindane. The available evidence for lindane indicates that listed 
species exposed to waters equal to the acute criterion concentration will suffer acute toxic 
effects, i.e., mortality (moderately-high-intensity).

2.6.2.1.6 Pentachlorophenol (PCP)

Pentachlorophenol Criteria. To determine the freshwater criteria as a function of pH the 
following equation is used:

CMC = exp (1.005 x pH – 4.83 (μg/L)
CCC = exp (1.005 x pH – 5.29 (μg/L)

At a pH of 7.8, the corresponding proposed criteria are 19 μg/L and 15 μg/L for acute and 
chronic criteria, respectively.

Tables 2.6.2.1.6.1 through 2.6.2.1.6.3 report toxicity data from the ECOTOX database for 
freshwater pentachlorophenol, except where noted. Each table identifies the respective endpoint 
for the data set, toxicity test concentration, species life stage, test duration, toxicity-associated 
water quality parameters (when available), the arithmetic mean, the geometric mean, and the 
harmonic mean of each data set.

Table 2.6.2.1.6.1 LC50 toxicity data for salmonid fishes, Eulachon and green sturgeon for 
freshwater pentachlorophenol.

Criterion
Freshwater Pentachlorophenol

Data Set 
ECOTOX

pH-adjusted
Criterion Concentration Acute 

19 Micrograms Liter-1
Temperature

6-16.5° Celsius
Arithmetic Mean

103
Criterion Concentration Chronic 

15 Micrograms Liter-1
Hardness

5-272 mg/L CaCO3

Geometric Mean
87

Endpoint/Effect
LC50/Mortality

pH
5.7-8.19

Harmonic Mean
64

Concentration 
Micrograms Liter-1 Life-Stage

Duration

10 0.31 G 96H

11 1.3G 96H

11 1.3G 96H

11 1.3G 96H

32 YOLK-SAC FRY, 0.3G 96H

33 0.3G 96H

35 2.14 G, 5.80 CM 96H

36 1G 96H

41 2.14 G, 5.80 CM 96H

49 1 g 96H
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Criterion
Freshwater Pentachlorophenol

Data Set 
ECOTOX

pH-adjusted
Criterion Concentration Acute 

19 Micrograms Liter-1
Temperature

6-16.5° Celsius
Arithmetic Mean

103
Criterion Concentration Chronic 

15 Micrograms Liter-1
Hardness

5-272 mg/L CaCO3

Geometric Mean
87

Endpoint/Effect
LC50/Mortality

pH
5.7-8.19

Harmonic Mean
64

Concentration 
Micrograms Liter-1 Life-Stage

Duration

49 .81 g 96H

53 1 g 96H

54 0.68 G 96H

54 0.68 G 96H

55 1G 96H

56 1.90 G, 5.80 CM 96H

56 1.90 G, 5.80 CM 96H

58 1G 96H

60 1 g 96H

61 1G 96H

64 1.39 G, 4.84 CM 96H

66 1.39 G, 4.84 CM 96H

67 0+ PARR 96H

68 0+ PARR 96H

68 0+ PARR 96H

69 1 g 96H

70 FRY, 10 WK, 264 MG, 33 MM 96H

70 JUVENILE, 2.7 G 96H

71 FINGERLING, 1G 96H

72 1G 96H

72 YEARLING, UNDER YEARLING 96H

75 0+ PARR 96H

83 1.0 G, 32 MM 96H

84 1.31 G 96H

87 0+ PARR 96H

93 0+ PARR 96H

95 1.0 G, 32 MM 96H

102 4.61 G, 7.40 CM 96H

103 2.84 G, 5.98 CM 96H

103 0+ PARR 96H

107 4.61 G, 7.40 CM 96H
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Criterion
Freshwater Pentachlorophenol

Data Set 
ECOTOX

pH-adjusted
Criterion Concentration Acute 

19 Micrograms Liter-1
Temperature

6-16.5° Celsius
Arithmetic Mean

103
Criterion Concentration Chronic 

15 Micrograms Liter-1
Hardness

5-272 mg/L CaCO3

Geometric Mean
87

Endpoint/Effect
LC50/Mortality

pH
5.7-8.19

Harmonic Mean
64

Concentration 
Micrograms Liter-1 Life-Stage

Duration

107 0.87 G, 4.28 CM 96H

107 0.87 G, 4.28 CM 96H

107 0.62 G 96H

108 0+ PARR 96H

108 0+ PARR 96H

108 0.3-0.4 G FINGERLING 96H

110 2.84 G, 5.98 CM 96H

111 1.52 G, 5.24 CM 96H

114 2.48 G 96H

118 1.52 G, 5.24 CM 96H

118 0+ PARR 96H

118 0+ PARR 96H

118 0+ PARR 96H

121 2.2G 96H

122 0+ PARR 96H

124 0+ PARR 96H

124 0+ PARR 96H

127 ADULT, 18 MO, 218.0 MM, 101.0 G 152H

128 YOLK-SAC FRY 96H

129 0+ PARR 96H

132 1.38 G, 5.05 CM 96H

132 1.38 G, 5.05 CM 96H

132 0+ PARR 96H

132 0+ PARR 96H

133 0+ PARR 96H

135 1.9G 96H

136 ADULT, 18 MO, 218.0 MM, 101.0 G 96H

139 0+ PARR 96H

139 0+ PARR 96H

141 0+ PARR 96H

146 0+ PARR 96H
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Criterion
Freshwater Pentachlorophenol

Data Set 
ECOTOX

pH-adjusted
Criterion Concentration Acute 

19 Micrograms Liter-1
Temperature

6-16.5° Celsius
Arithmetic Mean

103
Criterion Concentration Chronic 

15 Micrograms Liter-1
Hardness

5-272 mg/L CaCO3

Geometric Mean
87

Endpoint/Effect
LC50/Mortality

pH
5.7-8.19

Harmonic Mean
64

Concentration 
Micrograms Liter-1 Life-Stage

Duration

156 0.71 G 96H

158 1.2-3.8 G, 4.6-6.4 CM, STD LENGTH 96H

161 0+ PARR 96H

166 0.46 G 96H

169 YOLK-SAC FRY 96H

174 SWIMUP FRY 96H

174 0.3G 96H

179 9G 96H

192 3.09 G, 6.3 CM 96H

220 1.2-7.9 G 96H

264 SWIMUP FRY, 0.5G 96H

316 EYED EGG 96H

Table 2.6.2.1.6.2 LC50 toxicity data for green sturgeon for freshwater pentachlorophenol.

Criterion
Freshwater Pentachlorophenol

Data Set 4
pH-adjusted

Criterion Concentration Acute 
19 Micrograms Liter-1

Temperature
22° Celsius

Arithmetic Mean
135

Criterion Concentration Chronic 
15 Micrograms Liter-1

Hardness
160-180 mg/L CaCO3

Geometric Mean
134

Endpoint/Effect
LC50

pH
8.4

Harmonic Mean
134

Concentration 
Micrograms Liter-1 Life-Stage

Duration

149 JUVENILE 12H

121 JUVENILE 24H
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Table 2.6.2.1.6.3 NOEC toxicity data for salmonid fishes, Eulachon and green sturgeon for 
freshwater pentachlorophenol.

Criterion
Freshwater Pentachlorophenol

Data Set BE
pH-adjusted

Criterion Concentration Acute
19 Micrograms Liter-1

Temperature
6-16.5° Celsius

Arithmetic Mean
26

Criterion Concentration Chronic
15 Micrograms Liter-1

Hardness
5-272 mg/L CaCO3

Geometric Mean
21

Endpoint/Effect
NOEC/Growth

pH
7.22-7.54

Harmonic Mean
16

Concentration
Micrograms Liter-1 Life-Stage

Duration

6.27

11.6 EGG 72D

12.8

24

25

31

31

67

Pentachlorophenol Toxicity Data Summary. In order to understand the context of the 
toxicity data and its relationship to the criteria, NMFS not only considered the toxicity test 
concentrations in comparison to the criterion/criteria concentrations in determining whether or 
not listed species exposed to waters equal to criteria concentrations will result in acute or chronic 
toxic effects, but the shortcomings and implications of laboratory-derived toxicity tests and the 
ecological consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50
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data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

To assess the potential magnitude of acute toxic effects from exposure to pentachlorophenol,
NMFS added an additional step to its analysis for pentachlorophenol to look at the relationship 
of the acute criterion to the LC50 data in terms of predicting the magnitude of acute toxic effects. 
To do this, NMFS calculated an acute toxicity ratio or relative percent mortality. This assessment 
involved taking the acute criterion of 19 μg/L and dividing it by each LC50 concentrations in 
Table 2.6.2.1.6.1 to calculate a ratio, i.e., a prediction of the relative percent mortality of the 
criterion to the acute toxicity data. This ratio, relative to the LC50 data set in Table 2.6.2.1.6.1,
predicts a magnitude of effect ranging from a low of an LC3 at a concentration of 319 μg/L to a 
high of an LC95 at a concentration of 10 μg/L. In other words, the acute criterion of 19 μg/L has 
an equivalent toxicity potential predicted to kill 3 percent to 95 percent, with a median toxicity 
potential of an LC0.09, of the exposed test population, and therefore by inference, field-exposed 
individuals.

In summary, a number of toxicity studies reported concentrations that are less than the acute and 
chronic criteria concentrations for pentachlorophenol, which implies that listed species exposed 
to waters equal to criteria concentrations will suffer acute or chronic toxic effects. Conversely, a 
number of toxicity studies reported concentrations that are greater than the acute and chronic 
criteria concentrations for pentachlorophenol, which implies that listed species exposed to waters 
equal to criteria concentrations may not suffer acute or chronic toxic effects. When the available 
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information is equivocal, NMFS gives the benefit of the doubt in its analysis to the listed species. 
Based on this principle and the considerations of the shortcomings and implications of 
laboratory-derived toxicity tests, the relative percent mortality analysis, and the ecological 
consequences for field-exposed fishes, listed species exposed to waters equal to the acute or 
chronic criteria concentrations will suffer acute and chronic toxic effects.

Sublethal Effects. Pentachlorophenol (PCP) is a chlorinated hydrocarbon that is used 
primarily as an insecticide and fungicide, but also secondarily as an herbicide, molluscicide, and 
bactericide (Eisler 1989 as cited in EPA 2008). Technical grade PCP is approximately 86% pure 
and historically has been contaminated with dioxins and hexachlorobenzene. Pentachlorophenol 
does not occur naturally in the environment. It is produced by the chlorination of phenol. In pure 
form, it exists as colorless crystals and has a very sharp characteristic odor when hot. Impure 
pentachlorophenol is a dark gray to brown dust, beads, or flakes. 

Pentachlorophenol rapidly degrades in air, on land, and in water. Pentachlorophenol is 
teratogenic but evidence of its mutagenic or carcinogenic properties is incomplete (Williams 
1982 as cited in EPA 2008). It bioconcentrates, and bioaccumulates in predatory species (Eisler 
1989 as cited in EPA 2008). Toxicity of PCP may be altered by a number of factors including 
pH, temperature, chemical composition (which congeners are present), organic matter, and 
presence of mixtures (Eisler 1989 as cited in EPA 2008). Toxicity of pure, reagent grade PCP is 
less than that of commercial PCP due to toxicity of some of the impurities present in commercial 
formulations (Cleveland et al. 1982). Many of the available toxicity tests have been conducted 
with reagent grade PCP and may thus underestimate toxic effects of commercial PCP releases 
into the environment. In general, fish are more sensitive to PCP than are other aquatic organisms 
(FWS 2000 as cited in EPA 2008). Coldwater species are generally more sensitive than 
warmwater species in acute lethal toxicity tests (EPA 1995 as cited in EPA 2008). Effects of 
PCP toxicity to algae include chlorosis inhibition, reduced cell numbers, reduced or inhibited 
growth, and reduced survival (Eisler 1989). Effects of PCP toxicity to freshwater invertebrates 
include reduced populations, reduced locomotion or immobilization, abnormal larvae 
development, reduced reproduction (decreased production of eggs or young), decrease in 
periphyton biomass, larval drift, and suppression of community metabolism in invertebrates 
(Eisler 1989 as cited in EPA 2008). Effects of PCP toxicity to freshwater fish include reduced 
growth, increased alevin mortality, reduced food conversion efficiency, reduced ability to 
capture and consume prey, fin erosion, cranial malformations, reduced activity, reduced egg 
survival, rapid swimming at the water surface and increased opercular movements, loss of 
balance, and reduced survival (Eisler 1989 as cited in EPA 2008).

Like other organic pollutants, PCP exhibits a tendency to be bioaccumulated by fish. Van den 
Heuvel et al. (1991) reported BCFs for rainbow trout exposed to PCP (pH 7.6) to be between 
411 and 482. Similar values (350 to 764) were reported by Servizi et al. (1988) for pink salmon 
(Oncorhynchus gorbuscha) exposed to PCP at pH 7.75. Metabolism of PCP is relatively rapid in 
rainbow trout (McKim et al. 1986; Glickman et al. 1977), and this is likely true in other 
salmonids as well. Nevertheless, the elimination rate of this compound is sufficiently slow that it
takes 11.7 days for tissue concentrations to reach 95% steady state (McKim et al. 1986). 
According to the data provided in McKim et al. (1986) a 96-hour exposure will produce tissue 
concentrations that are only 63% of steady state. Therefore, any assessment of the maximum 
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attainable tissue concentration and resulting biological response for a given exposure 
concentration must consider a longer time period (e.g., 12 days) to reach that level. An estimate 
of the steady-state wet-weight BCF for salmonids is 4,600 using the octanol-water partition 
coefficient for PCP (log10 (Kow) = 5). Bioaccumulation of PCP is pH dependant, because pH 
determines the proportions of ionized and unionized PCP, which is directly related to 
bioaccumulation potential. The ionic form of PCP is less likely to bioaccumulate in organisms in 
large part because it is less likely to be taken up in the first place (Spehar et al. 1985). 

PCP has a strong propensity to associate with the organic carbon of sediment and the lipids of 
organisms, as represented by a relatively high value octanol-water partition coefficient (log10

(Kow) = 5; Eisler 1989). One of the primary toxicity mechanisms of PCP is inhibition of 
oxidative phosphorylation, which causes a decrease in the production of ATP in plants and 
animals. One consequence of this impairment is increased basal metabolism, resulting in 
increased oxygen consumption and high fat utilization. The effects of PCP may reduce the 
availability of energy for maintenance and growth, thus reducing survival of larval fish and 
ability of prey to escape from a predator (Brown et al. 1985, Johansen et al. 1985, Eisler 1989). 
PCP is known to cause several types of adverse effects in animals including dysfunction of the 
reproductive, nervous, and immune systems, hormone alterations, and impaired growth. In 
general, fish growth and behavioral endpoints have been shown to be sensitive indicators of PCP 
exposure (Webb and Brett 1973, Hodson and Blunt 1981, Dominquez and Chapman 1984, 
Brown et al. 1985). 

The criteria for pentachlorophenol established by the EPA are pH dependent. In general, the 
toxicity of PCP increases with decreasing pH. At pH 4.74, half of PCP molecules are ionized 
(anions) and half are non-ionized. At pH 6, the ratio between the ionic and non-ionized forms is 
18 (i.e., the concentration of the ionized form is 18 times greater than the non-ionized form), and 
at pH 7 the ratio is 182. Studies have concluded that the ionic form of PCP is less toxic, 
primarily because it is less likely to cross membranes (Spehar et al. 1985). A correction factor is 
therefore needed for assessing bioaccumulation and toxicity to account for the effect of pH on 
the speciation of PCP. 

Iwama et al. (1986) exposed juvenile Chinook salmon to 3.9 μg/L of PCP and found altered 
blood urea and glucose levels. Nagler et al. (1986) found oocyte impairment at 22 μg/L (pH 7.5). 
There is also evidence of sublethal effects occurring during relatively long-term exposures to 
PCP concentrations that are below the chronic criterion. Webb and Brett (1973) determined that 
juvenile sockeye salmon experienced decreased growth rates and food conversion efficiencies at 
PCP EC50s of approximately 1.8 μg/L at pH 6.8 when exposed for 2 to 8 weeks. Hodson and 
Blunt (1981) also observed reduced weight, growth rate, and biomass in rainbow trout exposed 
over 4 weeks from embryo to fry stages. Mortality of rainbow trout eggs has also been observed 
at levels below the PCP chronic criterion when dissolved oxygen fell to low levels of 3 mg/L to 5 
mg/L (Chapman and Shumway 1978). 

Little et al. (1990) examined post-exposure behavioral effects in rainbow trout at exposure 
concentrations that were from 10 to 100 times less than the acute criterion of 19 μg/L. A 
statistically significant reduction in the percent survival of trout that were preyed on by 
largemouth bass occurred at an exposure concentration of 0.2 μg/L. A similar response may be 
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expected for salmon if the mode of action is similar between species. Survival of trout was 32% 
to 55% in these predation studies compared to the control at 72%. This equals reductions in fish 
numbers of 28% to 55% in treatments compared to the control condition. Statistically significant 
reductions were also observed in the number of Daphnia sp. consumed and swimming activity 
when fish were exposed to a PCP concentration of 2 μg/L and a significant decrease in the strike 
frequency by trout on Daphnia sp. occurred at 20 μg/L. The exposures in Little et al. (1990) 
were conducted for 96 hours under static test conditions, and were based on nominal 
concentrations. The authors also expressed some concern about contaminants in the formulation 
used (technical grade PCP). Acetone was used as a carrier for PCP exposure in treatments and 
controls, which is very common in such experiments, but it is not likely to have contributed to 
toxicity; the concentration of acetone was 41 μg/L, which is very low. Acetone produces very 
low toxicity in salmonids (Majewski et al. 1978) and it is volatized or biodegraded in a matter of 
hours (Rathbun et al. 1982), implying that acetone was not likely a factor in the observed results.

Sublethal Effects Summary. The available evidence indicates that the chronic criterion 
for pentachlorophenol is likely to result in sublethal effects to listed species considered in this 
opinion.

Toxicity to Food Organisms. Eisler (1989) reviewed the effects of PCP on invertebrate 
growth, survival, and reproduction and reported adverse effects in the range of 3μg/L to 
100 μg/L. It appears that most invertebrates are less sensitive than fish to PCP concentrations in 
water. There are, however, studies showing adverse effects to invertebrates exposed to water 
concentrations below the chronic criterion. Hedtke et al. (1985) determined reproductive 
impairment in a daphnid at 4 μg/L and pH 7.3. Tagatz et al. (1981) found a reduction in the 
number of species and organism abundance at PCP concentrations of 16 μg/L. The pH was not 
stated for this study but was likely between 7.5 and 8 because seawater was used. 

Summary on Toxicity to Food Organisms. The available evidence indicates that the 
chronic criterion is likely to adversely affect invertebrate productivity and abundance. 

Summary of Effects: Pentachlorophenol. The available evidence for pentachlorophenol 
indicates that listed species exposed to waters equal to the acute or chronic criteria 
concentrations will suffer acute and chronic toxic effects including mortality (moderatel-high-
intensity) and reduced growth (moderate intensity).

2.6.2.1.7 Ammonia

Ammonia Criteria. At a pH of 8.0, the corresponding proposed criteria are 5.6 mg/L and 
1.7 mg/L as N (NH3-nitrogen) for acute and chronic criteria, respectively.

Tables 2.6.2.1.7.1 through 2.6.2.1.7.14 report toxicity data from the ECOTOX database for 
freshwater ammonia, except where noted. Each table identifies the respective endpoint for the 
data set, toxicity test concentration, species life stage, test duration, toxicity-associated water 
quality parameters (when available), the arithmetic mean, the geometric mean, and the harmonic 
mean of each data set. 
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Table 2.6.2.1.7.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater ammonia.

Criterion
Freshwater Ammonia

Data Set
ECOTOX

pH-adjusted
Criterion Concentration Acute

5.6 Milligrams Liter-1
Temperature

2.1-18.7° Celsius
Arithmetic Mean

34
Criterion Concentration Chronic

1.7 Milligrams Liter-1
Hardness

NR
Geometric Mean

32
Endpoint/Effect

LC50

pH
6.00-9.46

Harmonic Mean
29

Concentration
Milligrams Liter-1 Life-Stage

Duration

7.3 40.0 G; SWIMMING FISH NR

12.6 22.4 G NR

14.0 LARVAE NR

18.4 1.42 G NR

22.4 10.9 G NR

22.4 JUVENILE (4.8-9.2 CM) NR

22.7 3.3 G NR

23.0 JUVENILE (40 D) NR

23.6 JUVENILE NR

23.7 LARVAE NR

24.4 1.30 G NR

25.0 10.3 G NR

25.6 1.30 G NR

26.0 JUVENILE NR

27.0 1 D OLD SAC FRY NR

27.0 1 D OLD SAC FRY NR

27.0 JUVENILE NR

27.2 1.01 G NR

27.7 JUVENILE NR

27.8 1.11 G NR

27.9 1.26 G NR

28.7 0.90 G NR

28.8 1.13 G NR

30.6 1.44 G NR

31.6 0.40 G NR

32.1 14.0 G NR

32.2 0.78 G NR

32.6 JUVENILE (4.8-9.2 CM) NR

32.7 0.60 G NR
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Criterion
Freshwater Ammonia

Data Set
ECOTOX

pH-adjusted
Criterion Concentration Acute

5.6 Milligrams Liter-1
Temperature

2.1-18.7° Celsius
Arithmetic Mean

34
Criterion Concentration Chronic

1.7 Milligrams Liter-1
Hardness

NR
Geometric Mean

32
Endpoint/Effect

LC50

pH
6.00-9.46

Harmonic Mean
29

Concentration
Milligrams Liter-1 Life-Stage

Duration

33.7 1.50 G NR

33.7 1.40 G NR

33.8 1.64 G NR

33.8 0.90 G NR

34.0 1.00 G NR

34.8 0.63 G NR

35.5 LARVAE NR

36.1 1.38 G NR

36.5 0.80 G NR

37.0 1.60 G NR

37.4 0.80 G NR

37.7 0.80 G NR

37.8 JUVENILE NR

39.4 0.90 G NR

39.4 1.30 G NR

40.5 JUVENILE (4.8-9.2 CM) NR

41.0 2.01 G NR

42.6 1.26 G NR

43.3 LARVAE NR

46.4 JUVENILE NR

47.0 40.0 G; RESTING FISH NR

48.8 JUVENILE (4.8-9.2 CM) NR

49.5 JUVENILE NR

56.1 JUVENILE (4.8-9.2 CM) NR

65.8 JUVENILE (4.8-9.2 CM) NR

68.6 JUVENILE (4.8-9.2 CM) NR

89.3 JUVENILE (4.8-9.2 CM) NR
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For Tables 2.6.2.1.7.2 through 2.6.2.1.7.10 NMFS only selected toxicity data in the core data file 
with a reported concentration type of total ammonia. Since total ammonia is the sum of the two 
forms of ammonia (NH4

+ and NH3), NMFS assumes that the data with a reported concentration 
type of total ammonia were normalized by EPA. For these toxicity studies, temperature and pH 
were not reported in the core data files; therefore verification regarding normalization was not 
possible (note: the acute criterion is not temperature-dependent). In Tables 2.6.2.1.7.5 through 
2.6.2.1.7.9 NMFS reported the toxicity data as no other toxicity data was available for an 
analysis of chronic endpoints for ammonia, and therefore serves as the best available data. Table 
2.6.2.1.7.10 through Table 2.6.1.7.13 are the ACR-NOEC analysis for the chronic criterion.

Table 2.6.2.1.7.2 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater ammonia.

Criterion
Freshwater Ammonia

Data Set 
ECOTOX

Criterion Concentration Acute
5.6 Milligrams Liter-1

Temperature
NR

Arithmetic Mean
0.55

Criterion Concentration Chronic
1.7 Milligrams Liter-1

Hardness
NR

Geometric Mean
0.53

Endpoint/Effect
LC50

pH
NR

Harmonic Mean
0.51

Concentration
Milligrams Liter-1 Life-Stage

Duration

0.380 8H

0.460 8H

0.560 8H

0.790 8H

Table 2.6.2.1.7.3 LD50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater ammonia.

Criterion
Freshwater Ammonia

Data Set 
ECOTOX

Criterion Concentration Acute
5.6 Milligrams Liter-1

Temperature
NR

Arithmetic Mean
22

Criterion Concentration Chronic
1.7 Milligrams Liter-1

Hardness
NR

Geometric Mean
22

Endpoint/Effect
LD50

pH
NR

Harmonic Mean
22

Concentration
Milligrams Liter-1 Life-Stage

Duration

22 2D
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Table 2.6.2.1.7.4 Mortality toxicity data for salmonid fishes, Eulachon, and green sturgeon 
for freshwater ammonia.

Criterion
Freshwater Ammonia

Data Set 
ECOTOX

Criterion Concentration Acute
5.6 Milligrams Liter-1

Temperature
NR

Arithmetic Mean
3.3

Criterion Concentration Chronic
1.7 Milligrams Liter-1

Hardness
NR

Geometric Mean
1.2

Endpoint/Effect
Mortality

pH
NR 

Harmonic Mean
0.3

Concentration
Milligrams Liter-1 Life-Stage

Duration

0.05 21D

0.2 2.5D

0.3 120D

0.4 2.4H

1.6 289D

4.9 2D

6 4D

6.3 1D

10 90D

Table 2.6.2.1.7.5 Growth toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater ammonia.

Criterion
Freshwater Ammonia

Data Set 
ECOTOX

Criterion Concentration Acute
5.6 Milligrams Liter-1

Temperature
NR

Arithmetic Mean
1.5

Criterion Concentration Chronic
1.7 Milligrams Liter-1

Hardness
NR

Geometric Mean
1.2

Endpoint/Effect
Growth

pH
NR 

Harmonic Mean
0.9

Concentration
Milligrams Liter-1 Life-Stage

Duration

0.3 120D

0.9 365D

1.2 365D

1.3 365D

1.6 365D

3.5 85D
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Table 2.6.2.1.7.6 Biochemical toxicity data for salmonid fishes, Eulachon, and green 
sturgeon for freshwater ammonia.

Criterion
Freshwater Ammonia

Data Set 
ECOTOX

Criterion Concentration Acute
5.6 Milligrams Liter-1

Temperature
NR

Arithmetic Mean
0.6

Criterion Concentration Chronic
1.7 Milligrams Liter-1

Hardness
NR

Geometric Mean
0.1

Endpoint/Effect
Biochemical

pH
NR 

Harmonic Mean
0.004

Concentration
Milligrams Liter-1 Life-Stage

Duration

0.001 1D

0.22 84D

0.7 4H

1.6 4H

Table 2.6.2.1.7.7 Behavioral toxicity data for salmonid fishes, Eulachon, and green sturgeon 
for freshwater ammonia.

Criterion
Freshwater Ammonia

Data Set 
ECOTOX

Criterion Concentration Acute
5.6 Milligrams Liter-1

Temperature
NR

Arithmetic Mean
27.1

Criterion Concentration Chronic
1.7 Milligrams Liter-1

Hardness
NR

Geometric Mean
8.4

Endpoint/Effect
Behavioral

pH
NR 

Harmonic Mean
1.7

Concentration
Milligrams Liter-1 Life-Stage

Duration

0.4 4.8H
4.5 2.4H
6 2D

62.3 NR

62.3 NR
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Table 2.6.2.1.7.8 Cellular toxicity data for salmonid fishes, Eulachon, and green sturgeon 
for freshwater ammonia.

Criterion
Freshwater Ammonia

Data Set 
ECOTOX

Criterion Concentration Acute
5.6 Milligrams Liter-1

Temperature
NR

Arithmetic Mean
0.3

Criterion Concentration Chronic
1.7 Milligrams Liter-1

Hardness
NR

Geometric Mean
0.3

Endpoint/Effect
Cellular

pH
NR 

Harmonic Mean
0.3

Concentration
Milligrams Liter-1 Life-Stage

Duration

0.3 120D

Table 2.6.2.1.7.9 Physiological toxicity data for salmonid fishes, Eulachon, and green 
sturgeon for freshwater ammonia.

Criterion
Freshwater Ammonia

Data Set 
ECOTOX

Criterion Concentration Acute
5.6 Milligrams Liter-1

Temperature
NR

Arithmetic Mean
0.23

Criterion Concentration Chronic
1.7 Milligrams Liter-1

Hardness
NR

Geometric Mean
0.23

Endpoint/Effect
Physiological

pH
NR 

Harmonic Mean
0.23

Concentration
Milligrams Liter-1 Life-Stage

Duration

0.23 42D

0.23 42D

As mentioned above, NMFS only selected chronic toxicity data in the core data file with a 
reported concentration type of total ammonia. Since total ammonia is the sum of the two forms 
of ammonia (NH4

+ and NH3), NMFS assumes that the data with a reported concentration type of 
total ammonia were normalized by EPA. For these toxicity studies, temperature and pH were not 
reported in the core data files; therefore verification regarding normalization was not possible 
and creates uncertainty. Therefore, as an additional step to address this uncertainty and to assess 
the potential for chronic toxic effects of ammonia to the listed species considered in this opinion
using an additional line of evidence, NMFS used four ACRs to estimate a NOEC for ammonia:

(1) The rank ordered ACR of 3.26 for ammonia used in EPA’s BE, Table 
2.6.2.1.7.10.

Based on the ACR used in EPA’s BE, and using the minimum species mean 
salmonid fish LC50 test concentration for ammonia in Table 2.6.2.1.7.1 and 
divided that concentration to derive an estimated NOEC concentration to 
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assess the potential for chronic toxic effects, NMFS calculated an estimated 
NOEC of 2.2 mg/L.

(2) The EPA reassessment of the 3.26 ACR used in the BE of 4.26 for ammonia,
Table 2.6.2.1.7.11.

Based on the EPA reassessment ACR of 4.26, and using minimum species 
mean salmonid fish LC50 test concentration for ammonia in Table 2.6.2.1.7.1 
and divided that concentration to derive an estimated NOEC concentration to 
assess the potential for chronic toxic effects, NMFS calculated an estimated 
NOEC of 1.7 mg/L.

(3) The ranked ordered data only for fishes—instead of the fish and invertebrate 
rank ordered data EPA used to calculate the ammonia ACR of 3.26 in the BE 
as NMFS considers a fish-based ACR the best scientific surrogate to estimate 
a NOEC for fishes for ammonia, Table 2.6.2.1.7.12.

Based on the adjusted ACR calculation, NMFS calculated an ACR of 5.8. The 
NMFS then selected minimum species mean salmonid fish LC50 test 
concentration for ammonia in Table 2.6.2.1.7.1 and divided that concentration 
by the adjusted ACR to derive an estimated NOEC concentration to assess the 
potential for chronic toxic effects, NMFS calculated an estimated NOEC of
1.3 mg/L. 

(4) The ranked ordered data for fishes, without the catfish ACR value, instead of 
the fish and invertebrate rank ordered data EPA used to calculate the ammonia 
ACR of 3.26 in the BE as NMFS considers a fish-based ACR the best 
scientific surrogate to estimate a NOEC for fishes for ammonia, Table 
2.6.2.1.7.13.

Based on the adjusted ACR calculation, without the catfish ACR value,
NMFS calculated an ACR of 3.6. The NMFS then selected minimum species 
mean salmonid fish LC50 test concentration for ammonia in Table 2.6.2.1.7.1 
and divided that concentration by the adjusted ACR to derive an estimated 
NOEC concentration to assess the potential for chronic toxic effects, NMFS 
calculated an estimated NOEC of 1.3 mg/L.

NMFS selected the minimum species mean value from the salmonid fishes LC50 test 
concentration for ammonia as it represents the lowest acute toxicity concentration that predicts 
the greatest risk of adverse toxic effects to field-exposed fishes, predicted at 38.4 percent (Table 
2.6.2.1.7.14), ), and therefore permits an assessment that considers the “worst case” exposure 
scenario.

The results of the ACR-NOEC analysis produced one NOEC below the chronic criterion, one 
NOEC equal to the chronic criterion, and two NOECs above the chronic chronic criterion.
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Table 2.6.2.1.7.10 ACR-NOEC toxicity analysis for salmonid fishes, eulachon, and green 
sturgeon for freshwater ammonia.

Criterion
Freshwater Ammonia

Data Set 
BE

pH-adjusted

Criterion Concentration Acute
5.6 Milligrams Liter-1

Temperature
16.6

ACR
3.26

Criterion Concentration Chronic
1.7 Milligrams Liter-1

Hardness
NR

Salmonid LC50

7.3 Milligrams Liter-1

Endpoint/Effect
ACR-NOEC

pH
6.97

ACR EPA BE 

Concentration
Milligrams Liter-1 Life-Stage

2.2 40.0 G; SWIMMING FISH

Table 2.6.2.1.7.11 ACR-NOEC toxicity analysis for salmonid fishes, Eulachon, and green 
sturgeon for freshwater ammonia.

Criterion
Freshwater Ammonia

Data Set 
BE

pH-adjusted

Criterion Concentration Acute
5.6 Milligrams Liter-1

Temperature
16.6

ACR
4.26

Criterion Concentration Chronic
1.7 Milligrams Liter-1

Hardness
NR

Salmonid LC50

7.3 Milligrams Liter-1

Endpoint/Effect
ACR-NOEC

pH
6.97

ACR EPA Reassessment

Concentration
Milligrams Liter-1 Life-Stage

1.7 40.0 G; SWIMMING FISH

Table 2.6.2.1.7.12 ACR-NOEC toxicity analysis for salmonid fishes, Eulachon, and green 
sturgeon for freshwater ammonia.

Criterion
Freshwater Ammonia

Data Set 
BE

pH-adjusted

Criterion Concentration Acute
5.6 Milligrams Liter-1

Temperature
16.6

ACR
5.8

Criterion Concentration Chronic
1.7 Milligrams Liter-1

Hardness
NR

Salmonid LC50

7.3 Milligrams Liter-1

Endpoint/Effect
ACR-NOEC

pH
6.97

ACR Fish Only

Concentration
Milligrams Liter-1 Life-Stage

1.3 40.0 G; SWIMMING FISH
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Table 2.6.2.1.7.13 ACR-NOEC toxicity analysis for salmonid fishes, Eulachon, and green 
sturgeon for freshwater ammonia.

Criterion
Freshwater Ammonia

Data Set 
BE

pH-adjusted

Criterion Concentration Acute
5.6 Milligrams Liter-1

Temperature
16.6

ACR
3.6

Criterion Concentration Chronic
1.7 Milligrams Liter-1

Hardness
NR

Salmonid LC50

7.3 Milligrams Liter-1

Endpoint/Effect
ACR-NOEC

pH
6.97

ACR Fish Only (without 
catfish ACR value)

Concentration
Milligrams Liter-1 Life-Stage

2 40.0 G; SWIMMING FISH

Ammonia Toxicity Data Summary. In order to understand the context of the toxicity data 
and its relationship to the criteria, NMFS not only considered the toxicity test concentrations in 
comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range 
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.
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The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

In summary, at face value, none of toxicity studies reported LC50 concentrations that are less 
than the acute criterion concentration for ammonia, which implies that listed species exposed to 
waters equal to criterion concentrations may not suffer acute toxic effects. However, since some 
of the LC50 data had concentrations near the acute criterion concentration, NMFS added an 
additional step to its analysis for ammonia to look at the relationship of the acute criterion to the 
LC50 data in terms of predicting the magnitude of acute toxic effects. To do this, NMFS 
calculated an acute toxicity ratio or relative percent mortality (Table 2.6.2.1.7.14). This 
assessment involved taking the acute criterion of 5.6 mg/L and dividing it by each LC50

concentration in Table 2.6.2.1.7.1 to calculate a ratio, i.e., a prediction of the relative percent 
mortality of the criterion to the acute toxicity data. This ratio, relative to the LC50 data set in 
Table 2.6.2.1.7.1, predicts a magnitude of effect ranging from a low of an LC3.2 at a 
concentration of 89.3 mg/L to a high of an LC38.4 at a concentration of 7.3 mg/L. In other words, 
the acute criterion of 5.6 mg/L has an equivalent toxicity potential predicted to kill 3.2 percent to 
38.4 percent, with a median toxicity potential of an LC8.6, of the exposed test population, and 
therefore by inference, field-exposed individuals.
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Table 2.6.2.1.7.14 Relative percent mortality analysis for salmonid fishes, Eulachon, and 
green sturgeon for freshwater ammonia.

Criterion
Freshwater Ammonia

Data Set 
ECOTOX

pH-adjusted
Criterion Concentration Acute

5.6 Milligrams Liter-1
Temperature

2.1-18.7° Celsius
Criterion Concentration Chronic

1.7 Milligrams Liter-1
Hardness

NR
Endpoint/Effect

LC50

pH
6.00-9.46

Concentration
Milligrams Liter-1

Relative Percent Mortality
(acute criterion/LC50)

7.3 38.4

12.6 22.5

14.0 20.0

18.4 15.2

22.4 12.5

22.4 12.5

22.7 12.3

23.0 12.2

23.6 11.9

23.7 11.8

24.4 11.5

25.0 11.2

25.6 11.0

26.0 10.8

27.0 10.4

27.0 10.4

27.0 10.4

27.2 10.3

27.7 10.1

27.8 10.1

27.9 10.1

28.7 9.8

28.8 9.7

30.6 9.2

31.6 8.9

32.1 8.7

32.2 8.7

32.6 8.6

32.7 8.6
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Criterion
Freshwater Ammonia

Data Set 
ECOTOX

pH-adjusted
Criterion Concentration Acute

5.6 Milligrams Liter-1
Temperature

2.1-18.7° Celsius
Criterion Concentration Chronic

1.7 Milligrams Liter-1
Hardness

NR
Endpoint/Effect

LC50

pH
6.00-9.46

Concentration
Milligrams Liter-1

Relative Percent Mortality
(acute criterion/LC50)

33.7 8.3

33.7 8.3

33.8 8.3

33.8 8.3

34.0 8.3

34.8 8.1

35.5 7.9

36.1 7.8

36.5 7.7

37.0 7.6

37.4 7.5

37.7 7.5

37.8 7.4

39.4 7.1

39.4 7.1

40.5 6.9

41.0 6.9

42.6 6.6

43.3 6.5

46.4 6.1

47.0 6.0

48.8 5.8

49.5 5.7

56.1 5.0

65.8 4.3

68.6 4.1

89.3 3.2

For the chronic criterion assessment, a number of chronic toxicity studies reported 
concentrations that are less than the chronic criterion concentration for ammonia, which implies 
that listed species exposed to waters equal to criteria concentrations will suffer chronic toxic 
effects. The NMFS only selected chronic toxicity data in the core data file with a reported 
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concentration type of total ammonia. For these toxicity studies, temperature and pH were not 
reported in the core data file, therefore verification regarding normalization was not possible and 
creates uncertainty. Nonetheless, the toxicity assessments in Table 2.6.2.1.7.10, which produced 
a concentration less than the chronic criterion concentration, through Table 2.6.2.1.7.13, with 
one NOEC equal to the chronic criterion, and two NOECs above the chronic criterion, indicates 
that listed species exposed to waters equal to chronic criterion concentrations will suffer chronic 
toxic effects.

When the available information is equivocal, NMFS gives the benefit of the doubt in its analysis 
to the listed species. Based on this principle, the considerations of the shortcomings and 
implications of laboratory-derived toxicity tests and the ecological consequences for field-
exposed fishes, the relative percent mortality analysis, and the chronic toxicity assessment, listed 
species exposed to waters equal to the acute or chronic criteria concentrations will suffer acute 
and chronic toxic effects.

Sublethal Effects. The chemical form of ammonia in water consists of two species, a 
larger component which is the ammonium ion (NH4

+) and a smaller component which is the non-
dissociated or un-ionized ammonia (NH3) molecule. The sum of the two forms is usually 
expressed as total ammonia-nitrogen. The ratio of un-ionized ammonia to ammonium ion, 
dependent upon both pH and temperature, generally increases 10-fold for each rise of a single pH 
unit, and approximately 2-fold for each 10°C rise in temperature over the 0 to 30°C range 
(Erickson 1985 as cited in EPA 2008). Toxicity of ammonia to aquatic life was initially thought 
to arise largely from the small uncharged NH3 molecule (Wuhrmann and Woker 1948, Downing 
and Merkens 1955 as cited in EPA 2008), however more recent information indicates that 
ammonia is more toxic as the hydrogen ion concentration [H+] increases (pH decreases), at least 
below a pH of 7.3 (Armstrong et al. 1978, Tomasso et al. 1980 as cited in EPA 2008). 

Acute effects likely are primarily neurological in origin resulting from severe metabolic 
alterations of the central nervous system (Smart 1978, Levi et al. 1974 as cited in EPA 2008). 
The toxic symptoms observed in fish acutely exposed to ammonia include hyper-excitability, 
coma, convulsions and hyperventilation. Sublethal effects can be quite extensive, and include 
reduced food uptake and growth inhibition, diuresis and ion imbalance, inflammation and 
degeneration of the gills and other tissues, changes in the oxygen-carrying capacity of the blood, 
and increased susceptibility to disease (Russo 1985 as cited in EPA 2008).

Physiological effects on salmonid fishes has been reported to occur at concentrations as low as 
0.005 mg/L (42-day exposure) (Burrows 1964), but other studies on mortality recorded 
thresholds as varied as 0.03 mg/L (2-day exposure) (Herbert 1956) and 5 mg/L (3-day exposure) 
(Holland et al. 1960). The physiological harm recorded in Burrows’ study (1964) was gill 
hyperplasia that may additionally result in bacterial gill disease. Gill hyperplasia is a response by 
epithelial cells and lamellae in the gills of fishes to irritations that may include uncontrolled cell 
growth, thinning, and fusion of lamellae (Burrows 1964, Post 1971, Dauba et al. 1992). 

Reductions in growth on rainbow trout may occur as low as 0.0023 mg/L (120-day exposure) 
(Soderberg et al. 1983) or as high as 1.3 mg/L (365-day exposure) (Smith 1972). The NMFS
assumes that growth reductions occurred throughout the exposure during the Soderberg et al.
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study (1983) and that gill hyperplasia occurred throughout the exposure in Burrows’ study 
(1964).

Sublethal Effects Summary. The available evidence indicates that the chronic criterion 
for ammonia is likely to result in sublethal effects to listed species considered in this opinion.

Summary of Effects: Ammonia. The available evidence for indicates that listed species 
exposed to water equal to the acute or chronic criteria concentrations will suffer acute and 
chronic toxic effects including mortality (high-intensity), reduced growth (high-intensity),
impairment of essential behaviors related to successful rearing and migration (moderately-high-
intensity), cellular trauma (high-intensity), physiological trauma (high-intensity), impairment of 
biochemical processes (high-intensity), and sublethal effects—ACR-NOEC analysis—
(moderately-high-intensity to high-intensity).

2.6.2.2 Metal and Elemental Pollutants: Analysis of Individual Compounds

In this section, the effects of each metal and elemental toxic substance listed in Table 1.1 are 
identified, and the proposed criteria are compared with available toxicity data that describe the 
results of toxicity tests. The analysis identifies potential effects on listed species and their critical 
habitat of each of the criteria that would be expected to occur if water concentrations were equal 
to or less than the proposed criteria. Where possible, effects on the food sources of listed species, 
and effects related to bioaccumulation, are also identified. The following analysis focuses on 
each parameter individually.

2.6.2.2.1 Aluminum8

Aluminum Criteria. The proposed criteria concentrations of aluminum are 750 μg/L and 
87 μg/L for acute and chronic criteria, respectively.

Tables 2.6.2.2.1.1 through 2.6.2.2.1.9 report toxicity data from the ECOTOX database for 
freshwater aluminum, except where noted. Each table identifies the respective endpoint for the 
data set, toxicity test concentration, species life stage, test duration, toxicity-associated water 
quality parameters (when available), the arithmetic mean, the geometric mean, and the harmonic 
mean of each data set. 

8 On August 9, 2012, EPA sent NMFS a letter withdrawing their request for consultation on Oregon’s acute 
and chronic aluminum criteria as “EPA has determined that the BE submitted to NMFS in January 2008 
incorrectly described the proposed federal action under consultation for aluminum (i.e., CW A § 303(c)(3) 
approval of Oregon's submission of aluminum criteria). Specifically, Oregon’s submitted description of the 
pollutant refers to aluminum in waters with a pH of 6.5- 9.0, but a footnote in the criterion itself indicates 
that the criterion is meant to apply to waters with pH less than 6.6 and hardness less than 12 mg/L (as 
CaCO3).” Due to the court-ordered deadline of August 14, 2012, NMFS did not have time to modify its 
opinion to exclude acute and chronic aluminum from the document. The NMFS acknowledges EPA’s 
revision to the proposed action, however, and notes it does not anticipate EPA will carry out the RPA for 
aluminum in light of this change. The NMFS will await a further request from EPA relating to EPA’s 
potential future actions regarding Oregon's aluminum criteria.
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Table 2.6.2.2.1.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater aluminum.

Criterion
Freshwater Aluminum

Data Set 
ECOTOX

Criterion Concentration Acute
750 Micrograms Liter-1

Temperature
12-15.7° Celsius

Arithmetic Mean
4684

Criterion Concentration Chronic
87 Micrograms Liter-1

Hardness
6.6-115.8 mg/L CaCO3

Geometric Mean
2247

Endpoint/Effect
LC50

pH
6.5-8.58

Harmonic Mean
867

Concentration
Micrograms Liter-1 Life-Stage

Duration

170
FERTILIZATION THROUGH 4 DAY 

POST/ 28D
400 EGGS 28D
400 EGGS 28D
445 ALEVINS 96H
510 EGG 28D

1620 JUVENILE, 1-3 G 96H
2860 JUVENILE, 1-3 G 96H
3600 JUVENILE
5310 JUVENILE, 1-3 G 96H
5330 JUVENILE, 1-3 G 96H
6220 JUVENILE, 1-3 G 96H
7400 24H
7900
9600 5.52 CM, 33 G 24H

18500 NR 48H

Exhibit 7a



-241-

Table 2.6.2.2.1.2 Mortality toxicity data for salmonid fishes, Eulachon, and green sturgeon 
for freshwater aluminum.

Criterion
Freshwater Aluminum

Data Set 
ECOTOX

Criterion Concentration Acute
750 Micrograms Liter-1

Temperature
1-15° Celsius

Arithmetic Mean
2870

Criterion Concentration Chronic
87 Micrograms Liter-1

Hardness
17-280 mg/L CaCO3

Geometric Mean
408

Endpoint/Effect
Mortality

pH
6.5-8.7

Harmonic Mean
134

Concentration
Micrograms Liter-1 Life-Stage

Duration

20 EYED EGG STAGE 8D

20 CLEAVAGE EMBRYO, EYED 
O O /

8D

50 CLEAVAGE EMBRYO, EYED 8D

57 EYED EGG 15D

57 EYED EMBRYO - LARVAE 30D

57 FRY 45D

57 FRY 60D

88 EYED EMBRYO - LARVAE 15D

90 118-355 G, 22-31 CM FORK LENGTH 96H

100 CLEAVAGE EMBRYO, EYED 8D

100 CLEAVAGE EMBRYO, EYED 8D

100 SMOLT, 1 YR, 65 G, 195 MM 23D

169 EYED EMBRYO - LARVAE 15D

169 EYED EMBRYO - LARVAE 30D

169 FRY 45D

242 EYED EGG 15D

242 EYED EGG 15D

242 EYED EGG 15D

242 EYED EGG 30D

242 37 D, JUVENILE 15D

268 0.2 G, 30 D 56H

283 EYED EMBRYO - LARVAE 60D

330 ADULT, 1518 G, 51.5 CM TL 48H

350 EYED EGG 15D

350 EYED EMBRYO - LARVAE 30D

350 FRY 45D

350 FRY 60D

500 CLEAVAGE EMBRYO, EYED 8D

720 JUVENILE, 1-3 G 16D

910 118-355 G, 22-31 CM FORK LENGTH 24H

910 118-355 G, 22-31 CM FORK LENGTH 48H

910 118-355 G, 22-31 CM FORK LENGTH 72H
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Criterion
Freshwater Aluminum

Data Set 
ECOTOX

Criterion Concentration Acute
750 Micrograms Liter-1

Temperature
1-15° Celsius

Arithmetic Mean
2870

Criterion Concentration Chronic
87 Micrograms Liter-1

Hardness
17-280 mg/L CaCO3

Geometric Mean
408

Endpoint/Effect
Mortality

pH
6.5-8.7

Harmonic Mean
134

Concentration
Micrograms Liter-1 Life-Stage

Duration

910 118-355 G, 22-31 CM FORK LENGTH 96H

1000 CLEAVAGE EMBRYO, EYED 8D

1680 JUVENILE, 1-3 G 16D

9100 118-355 G, 22-31 CM FORK LENGTH 24H

9100 118-355 G, 22-31 CM FORK LENGTH 48H

10000 5-10 CM 24H

10000 5-10 CM 24H

10000 5-10 CM 24H

10000 5-10 CM 24H

50000 50-80 MM 96H

Table 2.6.2.2.1.3 LT50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater aluminum.

Criterion
Freshwater Aluminum

Data Set 
ECOTOX

Criterion Concentration Acute
750 Micrograms Liter-1

Temperature
NR

Arithmetic Mean
4245

Criterion Concentration Chronic
87 Micrograms Liter-1

Hardness
NR

Geometric Mean
3261

Endpoint/Effect
LT50

pH
6.52-8.99

Harmonic Mean
1837

Concentration
Micrograms Liter-1 Life-Stage

Duration/Days

513 11 WK 43.9

5140 FINGERLINGS, 6 WK 7.5

5140 11 WK 38.9

5200 FINGERLINGS, 6 WK 2.98

5230 6 MO 31.96
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Table 2.6.2.2.1.4 NOEC toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater aluminum.

Criterion
Freshwater Aluminum

Data Set 
ECOTOX

Criterion Concentration Acute
750 Micrograms Liter-1

Temperature
12° Celsius

Arithmetic Mean
182

Criterion Concentration Chronic
87 Micrograms Liter-1

Hardness
245-255 mg/L CaCO3

Geometric Mean
148

Endpoint/Effect
NOEC/Growth/Behavioral

pH
6.5-6.6

Harmonic Mean
121

Concentration
Micrograms Liter-1 Life-Stage

Duration

57 EYED EMBRYO - LARVAE 30D

88 FRY 45D

88 FRY 60D

169 FRY EYED EMBRYO - LARVAE 30D

169 FRY 60D

350 EYED EMBRYO - LARVAE 30D

350 FRY 60D
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Table 2.6.2.2.1.5 Growth toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater aluminum.

Criterion
Freshwater Aluminum

Data Set 
ECOTOX

Criterion Concentration Acute
750 Micrograms Liter-1

Temperature
11-19° Celsius

Arithmetic Mean
191

Criterion Concentration Chronic
87 Micrograms Liter-1

Hardness
15-280 mg/L CaCO3

Geometric Mean
103

Endpoint/Effect
Growth

pH
6.52-8.99

Harmonic Mean
1.1

Concentration
Micrograms Liter-1 Life-Stage

Duration

0.05 FINGERLINGS, 6-24 WK 222H

38.1 JUVENILE, 7.5-8.5 G 34D

52 6 WK-6 MO 113D

57 FRY 30D

57 FRY 45D

57 FRY 60D

88 FRY 30D

88 FRY 45D

88 FRY 60D

100 SMOLT, 1 YR, 65 G, 195 MM 16D

169 FRY 30D

169 FRY 45D

169 FRY 60D

242 EYED EGG 15D

242 EYED EGG 30D

242 37 D, JUVENILE 15D

268 0.2 G, 30 D 3D

283 EYED EMBRYO - LARVAE 45D

350 FRY 30D

350 FRY 45D

350 FRY 60D

740 JUVENILE, 1-3 G 16D

Exhibit 7a



-245-

Table 2.6.2.2.1.6 Behavioral toxicity data for salmonid fishes, Eulachon, and green sturgeon 
for freshwater aluminum.

Criterion
Freshwater Aluminum

Data Set 
ECOTOX

Criterion Concentration Acute
750 Micrograms Liter-1

Temperature
11-13° Celsius

Arithmetic Mean
270

Criterion Concentration Chronic
87 Micrograms Liter-1

Hardness
15-103.5 mg/L CaCO3

Geometric Mean
200

Endpoint/Effect
Behavioral

pH
6.5-8.14

Harmonic Mean
148

Concentration
Micrograms Liter-1 Life-Stage

Duration

57 FRY 60D

88 FRY 60D

169 FRY 60D

242 EYED EGG 30D

242 37 D, JUVENILE 15D

350 FRY 60D

740 JUVENILE, 1-3 G 16D

Table 2.6.2.2.1.7 Cellular toxicity data for salmonid fishes, Eulachon, and green sturgeon 
for freshwater aluminum.

Criterion
Freshwater Aluminum

Data Set 
ECOTOX

Criterion Concentration Acute
750 Micrograms Liter-1

Temperature
11.5-19° Celsius

Arithmetic Mean
100

Criterion Concentration Chronic
87 Micrograms Liter-1

Hardness
NR

Geometric Mean
100

Endpoint/Effect
Cellular

pH
7.2

Harmonic Mean
100

Concentration
Micrograms Liter-1 Life-Stage

Duration

100 SMOLT, 1 YR, 65 G, 195 MM 16D

100 SMOLT, 1 YR, 65 G, 195 MM 16D

100 SMOLT, 1 YR, 65 G, 195 MM 16D
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Table 2.6.2.2.1.8 Physiological toxicity data for salmonid fishes, Eulachon, and green 
sturgeon for freshwater aluminum.

Criterion
Freshwater Aluminum

Data Set 
ECOTOX

Criterion Concentration Acute
750 Micrograms Liter-1

Temperature
1-19° Celsius

Arithmetic Mean
149

Criterion Concentration Chronic
87 Micrograms Liter-1

Hardness
NR

Geometric Mean
105

Endpoint/Effect
Physiological

pH
6.5-7.1

Harmonic Mean
81

Concentration
Micrograms Liter-1 Life-Stage

Duration

59 SMOLT, 30 G 48H

59 SMOLT, 30 G 2D

330 ADULT, 1518 G, 51.5 CM TL 48H

Aluminum Toxicity Data Summary. In order to understand the context of the toxicity 
data and its relationship to the criteria, NMFS not only considered the toxicity test concentrations 
in comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range 
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.
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The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

To assess the potential magnitude of acute toxic effects from exposure to aluminum, NMFS 
added an additional step to its analysis for aluminum to look at the relationship of the acute 
criterion to the LC50 data in terms of predicting the magnitude of acute toxic effects. To do this, 
NMFS calculated an acute toxicity ratio or relative percent mortality (Table 2.6.2.2.1.9). This 
assessment involved taking the acute criterion of 750 μg/L and dividing it by each 24H, 48H, 
and 96H duration LC50 concentrations in Table 2.6.2.2.1.1 to calculate a ratio, i.e., a prediction of 
the relative percent mortality of the criterion to the acute toxicity data. This ratio, relative to the 
LC50 data set in Table 2.6.2.2.1.1, predicts a magnitude of effect ranging from a low of an LC2 at 
a concentration of 18,500 μg/L to a high of an LC84 at a concentration of 445 μg/L. In other 
words, the acute criterion of 750 μg/L has an equivalent toxicity potential predicted to kill 2
percent to 84 percent, with a median toxicity potential of an LC15, of the exposed test population,
and therefore by inference, field-exposed individuals.

Exhibit 7a



-248-

Table 2.6.2.2.1.9 Relative percent mortality analysis for salmonid fishes, eulachon, and 
green sturgeon for freshwater aluminum.

Criterion
Freshwater Aluminum

Data Set 
ECOTOX

Criterion Concentration Acute
750 Micrograms Liter-1

Temperature
12° Celsius

Criterion Concentration Chronic
87 Micrograms Liter-1

Hardness
6.6-115.8 mg/L CaCO3

Endpoint/Effect
LC50

pH
6.5-8.58

Concentration
Micrograms Liter-1

Relative Percent Mortality
(acute criterion/LC50)

445 84
1620 23
2860 26
5310 7
5330 7
6220 6
7400 5
9600 4

18500 2

In summary, a number of toxicity studies reported concentrations that are less than the acute and 
chronic criteria concentrations for aluminum, which implies that listed species exposed to waters 
equal to criteria concentrations will suffer acute or chronic toxic effects. Conversely, a number of 
toxicity studies reported concentrations that are greater than the acute and chronic criteria 
concentrations for aluminum, which implies that listed species exposed to waters equal to criteria 
concentrations may not suffer acute or chronic toxic effects. When the available information is 
equivocal, NMFS gives the benefit of the doubt in its analysis to the listed species. Based on this 
principle and the considerations of the shortcomings and implications of laboratory-derived 
toxicity tests, the relative percent mortality analysis, and the ecological consequences for field-
exposed fishes, listed species exposed to waters equal to the acute or chronic criteria 
concentrations will suffer acute and chronic toxic effects.

Sublethal Effects. Aluminum is one of the most abundant elements in the earth's crust 
and occurs in many rocks and ores, but never as a pure metal. The presence of aluminum ions in 
streams may result from industrial wastes but is more likely to come from the wash water of 
drinking water treatment plants. Many aluminum salts are readily soluble; however, there are 
some that are very insoluble. Those that are insoluble will not exist long in surface water, but 
will precipitate and settle. Waters containing high concentrations of aluminum can become toxic 
to aquatic life if the pH is lowered (as in acid rain).

Aluminum, like other metals, generally acts as a surface active toxicant, exerting its damage by 
binding to anionic sites on respiratory surfaces of aquatic animals, such as a fish gill (Wood et al.
1997 as cited in EPA 2008). The physiological manifestation of these deleterious surface effects 
at the gill include both ionoregulatory and respiratory effects. Ionoregulatory effects of 
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aluminum predominate at low pH (e.g., less than pH 5.0) and include a mechanism similar to 
hydrogen ion toxicity alone, i.e., sodium uptake blockade (Playle et al. 1989 as cited in EPA 
2008). In moderately acidic water, it is generally the respiratory effects of aluminum that 
predominate. Respiratory effects are likely the result of the physical coating of the gills which 
occurs when aluminum-rich water passes into the more basic gill microenvironment (Gensemer 
and Playle 1999 as cited in EPA 2008). Overall, chronic aluminum toxicity to fish species is 
substantially greater at low pH, particularly for salmonids. For many fish, aluminum toxicity 
increases with early life stage such that eggs and endogenously-feeding alevins are generally less 
sensitive than exogenous-feeding swim-up larvae (Buckler et al. 1985, DeLonay et al. 1993 as
cited in EPA 2008). Holtze (1984) concluded that rainbow trout were most sensitive to 
aluminum during the yolk sac and swim-up fry stages and least sensitive to aluminum during the 
cleavage stage. Holtze (1984) also concluded that aluminum was beneficial to the survival of 
cleavage embryos at pH 4.5. Therefore, aluminum at extreme low pH (pH <5) can protect against 
the direct toxic effects, and aluminum criteria based on higher pH values may undermine embryo 
survival. Several factors ameliorate aluminum toxicity at low pH, including, but probably not 
limited to: calcium ion (Brown 1983, Ingersoll et al. 1990 as cited in EPA 2008), silicic acid 
(Birchall et al. 1989 as cited in EPA 2008), fluoride (Wilkinson et al. 1990 as cited in EPA 
2008), and dissolved and natural organic matter (Parkhurst et al. 1990; Roy and Campbell 1997
as cited in EPA 2008). 

Sublethal Effects Summary. The available evidence indicates that the chronic criterion 
for aluminum is likely to result in sublethal effects to listed species considered in this opinion.

Summary of Effects: Aluminum. The available evidence for indicates that listed species 
exposed to waters equal to the acute or chronic criteria concentrations will suffer acute and 
chronic toxic effects including mortality (high-intensity), reduced growth (high-intensity),
impairment of essential behaviors related to successful rearing and migration (moderately-high-
intensity), cellular trauma (moderate intensity), and physiological trauma (moderately-high-
intensity).

2.6.2.2.2 Arsenic

Arsenic Criteria. The proposed criteria for dissolved concentrations of trivalent arsenic 
equal 340 μg/L and 150 μg/L for acute and chronic criteria, respectively.

Tables 2.6.2.2.2.1 through 2.6.2.2.2.5 report toxicity data from the ECOTOX database for 
freshwater arsenic, except where noted. Each table identifies the respective endpoint for the data 
set, toxicity test concentration, species life stage, test duration, toxicity-associated water quality 
parameters (when available), the arithmetic mean, the geometric mean, and the harmonic mean 
of each data set.
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Table 2.6.2.2.2.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater arsenic.

Criterion
Freshwater Arsenic

Data Set 
ECOTOX

Criterion Concentration Acute
340 Micrograms Liter-1

Temperature
5.4-15.1° Celsius

Arithmetic Mean
57845

Criterion Concentration Chronic
150 Micrograms Liter-1

Hardness
44-343 mg/L CaCO3

Geometric Mean
16698

Endpoint/Effect
LC50

pH
7.4-10.2

Harmonic Mean
342

Concentration
Micrograms Liter-1 Life-Stage

Duration

10 NR 96H

25 NR 24H

25 57 G 24H

170
FERTILIZATION THROUGH 4 DAY 

POST 28H

420 EGGS 28H

420 EGGS 144H

490 NR 24H

490 EGG 4H

1400 FINGERLING, 5.7 G 22H
3510 FRY 96H
3830 JUVENILE, 7-8 WK, 0.20 G 96H
4050 JUVENILE, 7-8 WK, 0.34 G 96H

5000 EGG 96H

7500 NR 96H

8200 FINGERLING, 5.7 G 96H

8200 FINGERLING, 5.7 G 30H
10800 YY, 2 mo, 51-76 MM TL 96H

10800 YY, 2 mo, 51-76 MM TL 96H
11600 JUVENILE, 45.5 MM, 0.51 G 96H
12200 3.5 G 144H

12200 3.5 G 96H
12700 JUVENILE, 64.3 MM, 2.49 G 96H

12700 JUVENILE, 64.3 MM, 2.49 G 28H

13500 2.6G 96H
14500 JUVENILE, 39.0 MM, 0.41 G 96H

14500 JUVENILE, 39.0 MM, 0.41 G 24H

17700 FINGERLING, 5.7 G 24H
18100 FRY, 1.99 G 96H

18100 FRY, 1.99 G 96H
19300 FRY, 0.50 G 96H

19300 FRY, 0.50 G 96H
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Criterion
Freshwater Arsenic

Data Set 
ECOTOX

Criterion Concentration Acute
340 Micrograms Liter-1

Temperature
5.4-15.1° Celsius

Arithmetic Mean
57845

Criterion Concentration Chronic
150 Micrograms Liter-1

Hardness
44-343 mg/L CaCO3

Geometric Mean
16698

Endpoint/Effect
LC50

pH
7.4-10.2

Harmonic Mean
342

Concentration
Micrograms Liter-1 Life-Stage

Duration

21900 JUVENILE, 7-11 WK, 1.85 G 96H
23700 ADULT, 18 MO, 200.0 MM, 84.7 G 96H
25300 JUVENILE, 7-11 WK, 0.97 G 96H
25600 3.5 G 144H

25600 3.5 G 144H
32500 JUVENILE, 10-12 WK, 0.41 G 96H

32500 JUVENILE, 10-12 WK, 0.41 G 28H

34000 YOUNG OF YR, 0.5-3.0 G 24H
35000 JUVENILE, 5-6 WK, 0.85 G 96H

42100 ALEVIN, 29.8 MM, 0.24 G 96H

46000 FRY, 1.99 G 24H

47000 FRY, 1.03 G 24H
49400 JUVENILE, 18-22 WK, 0.47 G 96H

49400 JUVENILE, 18-22 WK, 0.47 G 24H

50300 FRY, 0.50 G 24H
55400 FRY, 0.50 G 96H

55400 FRY, 0.50 G 96H

56000 JUVENILE, 18-22 WK, 0.47 G 96H
56100 JUVENILE, 7-10 WK, 1.04 G 96H

56100 JUVENILE, 7-10 WK, 1.04 G 24H

62900 FRY 24H

69900 ALEVIN, 20.8 MM, 0.10 G 96H
70000 FRY, 0.50 G 96H

70000 FRY, 0.50 G 96H

70600 2.6G 96H

74000 JUVENILE, 10-12 WK, 0.41 G 96H

118000 JUVENILE, 7-10 WK, 1.04 G 96H
120000 FRY, 1.03 G 96H
120000 FRY 96H

120000 FRY, 1.03 G 96H

120000 FRY 96H

130000 FRY, 0.50 G 24H

216000 ALEVIN 24H

224000 FRY 24H
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Criterion
Freshwater Arsenic

Data Set 
ECOTOX

Criterion Concentration Acute
340 Micrograms Liter-1

Temperature
5.4-15.1° Celsius

Arithmetic Mean
57845

Criterion Concentration Chronic
150 Micrograms Liter-1

Hardness
44-343 mg/L CaCO3

Geometric Mean
16698

Endpoint/Effect
LC50

pH
7.4-10.2

Harmonic Mean
342

Concentration
Micrograms Liter-1 Life-Stage

Duration

360000 ALEVIN 96H

360000 ALEVIN 24H

547000 ALEVIN 96H

Table 2.6.2.2.2.2 Mortality toxicity data for salmonid fishes, Eulachon, and green sturgeon 
for freshwater arsenic.

Criterion
Freshwater Arsenic

Data Set 
ECOTOX

Criterion Concentration Acute
340 Micrograms Liter-1

Temperature
5.4-15.1° Celsius

Arithmetic Mean
69883

Criterion Concentration Chronic
150 Micrograms Liter-1

Hardness
44-343 mg/L CaCO3

Geometric Mean
62625

Endpoint/Effect
Mortality

pH
7.4-10.2

Harmonic Mean
57167

Concentration
Micrograms Liter-1 Life-Stage

Duration

35000 JUVENILE, 5-6 WK, 0.85 G 11W

43300 JUVENILE, 7-11 WK, 0.97 G 4D

60000 ALEVIN 11W

61000 JUVENILE, 5-6 WK, 0.85 G 40D

75000 ALEVIN 10D

145000 ALEVIN 4D
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Table 2.6.2.2.2.3 Growth toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater arsenic.

Criterion
Freshwater Arsenic

Data Set 
ECOTOX

Criterion Concentration Acute
340 Micrograms Liter-1

Temperature
5.4-15.1° Celsius

Arithmetic Mean
31332

Criterion Concentration Chronic
150 Micrograms Liter-1

Hardness
44-343 mg/L CaCO3

Geometric Mean
14894

Endpoint/Effect
Growth

pH
7.4-10.2

Harmonic Mean
9305

Concentration
Micrograms Liter-1 Life-Stage

Duration

3510 FRY 11W

3830 JUVENILE, 7-8 WK, 0.20 G 12W

4050 JUVENILE, 7-8 WK, 0.34 G 12W

6630 JUVENILE, 7-8 WK, 0.34 G 8W

9200 JUVENILE, 7-8 WK, 0.20 G 12W

11600 JUVENILE, 45.5 MM, 0.51 G 8W

17100 ADULT, 18 MO, 200.0 MM, 84.7 G 8W

21100 FRY 11W

23500 ALEVIN, 15.0 MM, 0.02 G 2W

23900 ADULT, 18 MO, 200.0 MM, 84.7 G 4D

25300 JUVENILE, 7-11 WK, 0.97 G 2W

41600 JUVENILE, 7-11 WK, 1.85 G 8W

216000 ALEVIN 8W

Table 2.6.2.2.2.4 Behavioral toxicity data for salmonid fishes, Eulachon, and green sturgeon 
for freshwater arsenic.

Criterion
Freshwater Arsenic

Data Set 
ECOTOX

Criterion Concentration Acute
340 Micrograms Liter-1

Temperature
5.4-15.1° Celsius

Arithmetic Mean
19933

Criterion Concentration Chronic
150 Micrograms Liter-1

Hardness
44-343 mg/L CaCO3

Geometric Mean
19764

Endpoint/Effect
Behavioral

pH
7.4-10.2

Harmonic Mean
19605

Concentration
Micrograms Liter-1 Life-Stage

Duration

17800 ADULT, 18 MO, 200.0 MM, 84.7 G 8W

18300 ADULT, 18 MO, 200.0 MM, 84.7 G 8W

23700 ADULT, 18 MO, 200.0 MM, 84.7 G 12W
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Table 2.6.2.2.2.5 Physiological toxicity data for salmonid fishes, Eulachon, and green 
sturgeon for freshwater arsenic.

Criterion
Freshwater Arsenic

Data Set 
ECOTOX

Criterion Concentration Acute
340 Micrograms Liter-1

Temperature
5.4-15.1° Celsius

Arithmetic Mean
21900

Criterion Concentration Chronic
150 Micrograms Liter-1

Hardness
44-343 mg/L CaCO3

Geometric Mean
21900

Endpoint/Effect
Physiological

pH
7.4-10.2

Harmonic Mean
21900

Concentration
Micrograms Liter-1 Life-Stage

Duration

21900 JUVENILE, 7-11 WK, 1.85 G 1D

Arsenic Toxicity Data Summary. In order to understand the context of the toxicity data 
and its relationship to the criteria, NMFS not only considered the toxicity test concentrations in 
comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range 
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.
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The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

To assess the potential magnitude of acute toxic effects from exposure to arsenic, NMFS added 
an additional step to its analysis for arsenic to look at the relationship of the acute criterion to the 
LC50 data in terms of predicting the magnitude of acute toxic effects. To do this, NMFS 
calculated an acute toxicity ratio or relative percent mortality. This assessment involved taking 
the acute criterion of 340 μg/L and dividing it by each LC50 concentrations in Table 2.6.2.2.2.1
to calculate a ratio, i.e., a prediction of the relative percent mortality of the criterion to the acute 
toxicity data. This ratio, relative to the LC50 data set in Table 2.6.2.2.2.1, predicts a magnitude of 
effect ranging from a low of an LCzero at a concentration of 547,000 μg/L to a high of an LC100 at 
a concentration of 10 μg/L. In other words, the acute criterion of 340 μg/L has an equivalent 
toxicity potential predicted to kill zero percent to 100 percent, with a median toxicity potential of 
an LC0.7, of the exposed test population, and therefore by inference, field-exposed individuals.

In summary, a number of toxicity studies reported concentrations that are less than the acute 
criterion concentration for arsenic, which implies that listed species exposed to waters equal to 
criteria concentrations will suffer acute or chronic toxic effects. Conversely, a number of toxicity 
studies reported concentrations that are greater than the acute and chronic criteria concentrations 
for arsenic, which implies that listed species exposed to waters equal to criteria concentrations 
may not suffer acute or chronic toxic effects. When the available information is equivocal, 
NMFS gives the benefit of the doubt in its analysis to the listed species. Based on this principle 
and the considerations of the shortcomings and implications of laboratory-derived toxicity tests, 
the relative percent mortality analysis, and the ecological consequences for field-exposed fishes,
listed species exposed to waters equal to the acute or chronic criteria concentrations will suffer 
acute toxic effects, but may not suffer chronic toxic effects.

Sublethal Effects. Arsenic occurs naturally in aquatic environments in trace amounts. 
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Ramamoorthy 1984). Mining, smelting, manufacturing, electric power plants, pesticides, 
agricultural defoliants, and battery manufacturing and reclamation plants are all significant 
anthropogenic sources of arsenic (Sorensen 1991). 

Arsenic is a suspected carcinogen in fish. It is associated with necrotic and fibrous tissues and 
cell damage, especially in the liver. Arsenic can result in immediate death through increased 
mucus production and suffocation. Other effects include anemia and gallbladder inflammation. 
The toxicity of arsenic is influenced by a number of factors including fish size, water 
temperature, pH, redox potential, organic matter, phosphate content, suspended solids, presence 
of other toxicants, speciation of the chemical itself, and the duration of exposure (Dabrowski 
1976, Eisler 1988a, McGeachy and Dixon 1989, Sorensen 1991, Cockell et al. 1992, Rankin and 
Dixon 1994, Woodward et al. 1994). Juvenile salmonids have been determined to be more 
sensitive to arsenic toxicity than alevins (Buhl and Hamilton 1990, 1991). Trivalent arsenic 
(arsenite) tends to be more toxic than other forms of arsenic, and inorganic forms of arsenic 
(including pentavalent) are typically more toxic than organic forms (EPA 1985b, Eisler 1988a,
Sorensen 1991). Chronic toxicity in fish appears to be inversely proportional to water 
temperature under certain experimental conditions (McGeachy and Dixon 1990). Relatively little 
data exists that would allow establishment of separate standards for the multiple forms of arsenic 
that can occur in the aquatic environment. 

Arsenic is bioconcentrated by organisms but is not biomagnified through the food chain (Eisler 
1988a). Toxic effects of arsenic to aquatic life are significantly modified by numerous biological 
and abiotic factors (EPA 1985b as cited in EPA 2008) such as water temperature, hardness, pH, 
organic content, phosphate concentration, suspended solids, etc. (Eisler 1988a as cited in EPA 
2008). In general, inorganic forms of arsenic are more toxic than organic forms to aquatic biota 
(EPA 1999). Early life stages are most sensitive, and large interspecies differences are recorded, 
even among those closely related taxonomically (Eisler 1988a as cited in EPA 2008). In fish, 
tolerance of arsenic appears to increase with temperature (McGeachy and Dixon 1990 as cited in
EPA 2008), whereas in invertebrates the opposite is true (Bryant et al. 1985 as cited in EPA 
2008). Effects of arsenic toxicity to aquatic biota include: avoidance and immobility in 
freshwater snails; and anemia, gall bladder inflammation, liver degeneration, reduced 
hemoglobin, and reduced success in seaward migration of fish.

Birge et al. (1981) reported an LC10 of 134 μg/L for rainbow trout embryos after a 28-day 
exposure (Birge et al. 1981). However, it is likely that the corresponding 4-day (the longest 
duration that a concentration can be between the acute and chronic criteria) LC10 would be 
higher, because in general test organisms mortality increases with exposure duration. Also, those 
results could have been influenced by bioaccumulation, such that the toxicity response was 
chronic rather than acute in nature. The studies reviewed indicate that acute toxicity, including to 
alevins, occurs at concentrations that are significantly higher than the proposed acute criterion 
(e.g., Buhl and Hamilton 1990). 

The results of Birge et al. (1978, 1981) suggests that chronic arsenic toxicity occurs to 
developing embryos of salmonids at concentrations below the proposed chronic criterion. For 
example, rainbow trout embryos exposed to arsenic for 28 days (4 days post-hatching) at 12°C 
to13°C and a hardness of 93 mg/L to 0.5 mg/L CaCO3 in static tests (Birge et al. 1978, 1981) at 
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concentrations of 40 μg/L to 42 μg/L were associated with the onset of embryo mortality. 
Acclimation appears to enhance resistance to chronic arsenic toxicity (Dixon and Sprague 1981,
EPA 1985b), which may explain in part why no studies were found by NMFS that indicate 
chronic toxicity occurs to juvenile and adult salmonids at concentrations near or below the 
proposed chronic criterion. Studies reviewed in Eisler (1988) and EPA (1985a) indicate that 
chronic effects do not occur in other life stages until concentrations are at least about an order of 
magnitude higher than the levels determined by Birge et al. (1978, 1981) to be detrimental to 
developing embryos. 

Chronic exposure results in bioaccumulation of arsenic to toxic levels in fish, with most 
accumulating in the liver, pancreas, spleen, and kidneys, and relatively little in muscle tissues. 
Trivalent arsenic appears to bioaccumulate more readily than pentavalent, but there is no 
consistent relation with fish size or condition (EPA 1985b, Sorensen 1991). The inorganic 
pentavalent form appears to be the most stable in aquatic systems (Eisler 1988a). 
Bioaccumulation rates vary with fish species, where planktivorous fish are more likely to 
concentrate arsenic than omnivorous or piscivorous fishes (Hunter et al. 1981, Sorensen 1991). 
Diet appears to be a significant pathway for arsenic accumulation in salmonids (Oladimeji et al.
1984), although developing embryos have also been documented to uptake arsenic (Dabrowski 
1976). Spehar et al. (1980) determined that rainbow trout did not accumulate arsenic 
significantly at concentrations above the proposed criteria. Similarly, Robinson et al. (1995) 
found no evidence of arsenic uptake or accumulation from water in rainbow and brown trout. 

Sublethal Effects Summary. The available evidence indicates that the chronic criterion 
for arsenic is likely to result in sublethal effects to listed species considered in this opinion.

Toxicity to Food Organisms. Data on arsenic toxicity to aquatic macroinvertebrates are 
limited. What information does exist (EPA 1980b, 1985b; Eisler 1988a; Canivet et al. 2001) 
suggests that the proposed criterion should not result in acute or chronic toxicity to most aquatic 
macroinvertebrate taxa. Results reported in Eisler (1988a) suggest that gammarid amphipods 
may experience acute toxicity at concentrations of trivalent arsenic that are below the chronic 
criterion. Canivet et al. (2001) similarly determined greater sensitivity of a gammarid amphipod 
compared with other taxa tested, with a 240-hour LC50 of 200 μg/L, which is higher than the 
proposed chronic criterion. There is evidence that benthic invertebrate communities respond to 
elevated chronic arsenic levels by shifting community composition to pollution-tolerant taxa, 
while overall biomass does not change significantly (Canfield et al. 1994; Beltman et al. 1999).
A shift to pollution tolerant taxa could change the availability of forage items. Primary aquatic 
invertebrate taxa used for food by rearing juvenile Chinook and steelhead  (e.g., stoneflies, 
mayflies, and caddisflies; EPA 1980b, 1985b; Canivet et al. 2001) do not appear to exhibit 
chronic effects at concentrations below the proposed chronic criterion. Irving et al. (2008)
exposed mayfly nymphs to tri- and pentavalent arsenic in water-only exposures for 12 days. For 
trivalent arsenic, the threshold of growth effects was about 100 μg/L. However, arsenic levels 
accumulated by the mayfly nymphs in their study (1.2 to 
those reported from stream locations with far lower water concentrations of arsenic but that had 
elevated arsenic in diet or sediments, suggesting that the water-only exposures may have 
underrepresented likely environmental exposures.
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Summary on Toxicity to Food Organisms. The available evidence indicates that the 
chronic criterion is unlikely to appreciably affect invertebrate productivity and abundance. 

Summary of Effects: Arsenic. The available evidence for arsenic indicates that listed 
species exposed to waters equal to the acute or chronic criteria concentrations will suffer acute 
and chronic toxic effects including mortality (moderate intensity), interference in physiochemical 
processes (moderate intensity), interruption of ecological interactions (low intensity), and 
changes in pathological stress (low intensity).

2.6.2.2.3 Cadmium

Cadmium Criteria. The proposed acute and chronic criteria for cadmium are 2.0 μg/L 
and 0.25 μg/L, respectively, at a hardness of 100 mg/L CaCO3.

Tables 2.6.2.2.3.1 through 2.6.2.2.3.7 report toxicity data from the ECOTOX database for 
freshwater cadmium, except where noted. Each table identifies the respective endpoint for the 
data set, toxicity test concentration, species life stage, test duration, toxicity-associated water 
quality parameters (when available), the arithmetic mean, the geometric mean, and the harmonic 
mean of each data set.
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Table 2.6.2.2.3.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater cadmium.

Criterion
Freshwater Cadmium

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

2 Micrograms Liter-1
Temperature

9.6-17.3° Celsius
Arithmetic Mean

18
Criterion Concentration Chronic 

0.25 Micrograms Liter-1
Hardness

9.2-410.5 mg/L CaCO3

Geometric Mean
9

Endpoint/Effect
LC50

pH
6.84-7.63

Harmonic Mean
5.5

Concentration 
Micrograms Liter-1 Life-Stage

Duration

1.16 45 MM, 36 G 96H

1.32 3 MO, 0.21 G 96H

1.62 3 MO, 0.21 G 96H

1.64 50 MM 96H

1.77 50 MM 96H

1.84 3 MO, 0.21 G 72H

2.2 45 MM, 36 G 96H

2.29 45 MM, 36 G 96H

2.31 45 MM, 36 G 96H

2.51 3 MO, 0.21 G 72H

2.69 3 MO, 0.21 G 72H

2.71 3 MO, 0.21 G 24H

2.78 JUVENILE, 5 MO, 3.0 G, 7.0 CM 120H

2.81 1-2 G, JUVENILE 96H

2.89 50 MM 96H

3.08 PARR, 6.96 G, 8.6 CM 200H

3.16 ALEVIN, 20.8 MM, 0.10 G 96H

3.3 3 MO, 0.21 G 48H

3.35 50 MM 96H

3.68 2.36-3.01 G 96H

3.68 2.36-3.01 G 168H

4.06 3.9-6.8 CM FORK LENGTH 96H

4.45 SWIM-UP, 0.17 G 96H

4.45 SWIM-UP, 0.17 G 200H

4.62 0.5 G, JUVENILE 96H

4.66 130 MM 96H

4.77 3 MO, 0.21 G 96H

4.97 45 MM, 36 G 96H

5.06 45 MM, 36 G 96H
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Criterion
Freshwater Cadmium

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

2 Micrograms Liter-1
Temperature

9.6-17.3° Celsius
Arithmetic Mean

18
Criterion Concentration Chronic 

0.25 Micrograms Liter-1
Hardness

9.2-410.5 mg/L CaCO3

Geometric Mean
9

Endpoint/Effect
LC50

pH
6.84-7.63

Harmonic Mean
5.5

Concentration 
Micrograms Liter-1 Life-Stage

Duration

5.17 3 MO, 0.21 G 48H

5.36 50 MM 96H

5.47 SWIM-UP, 0.23 G 200H

5.47 SMOLT, 68.19 G, 18.8 CM 200H

5.54 3 MO, 0.21 G 48H

5.59 50 MM 96H

5.92 8.8 G 96H

5.92 8.8 G 72H

5.96 3 MO, 0.21 G 72H

6.16 SWIM-UP, 0.23 G 96H

6.84 PARR, 11.58 G, 9.6 CM 200H

7.1 ALEVINS-BUTTONED-UP FRY 96H

7.17 JUVENILE, 41.6-45.8 MM/ 96H

7.87 SMOLT, 32.46 G, 14.4 CM 200H

7.89 8.8 G 48H

7.99 136 MM 96H

8.21 135 MM 96H

8.43 JUVENILE, 6.42-6.66 MM/ 96H

8.71 NR 408H

9.2 2.36-3.01 G 96H

9.92 SMOLT, 68.19 G, 18.8 CM 96H

9.92 SMOLT, 32.46 G, 14.4 CM 96H

10.46 NR 96H

11.97 PARR, 11.58 G, 9.6 CM 96H

12.12 ALEVIN, 14.3 MM, 0.01 G 96H

12.65 ALEVIN 29.8 MM, 0.24 G 96H

13.13 NR 215H

14.26 0.5 G, JUVENILE 96H

15.5 3 MO, 0.21 G 24H

15.54 40 MM 96H

16.85 1.0 G, 32 MM 96H
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Criterion
Freshwater Cadmium

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

2 Micrograms Liter-1
Temperature

9.6-17.3° Celsius
Arithmetic Mean

18
Criterion Concentration Chronic 

0.25 Micrograms Liter-1
Hardness

9.2-410.5 mg/L CaCO3

Geometric Mean
9

Endpoint/Effect
LC50

pH
6.84-7.63

Harmonic Mean
5.5

Concentration 
Micrograms Liter-1 Life-Stage

Duration

21 3.9-6.8 CM FORK LENGTH 96H

23 PARR, 6.96 G, 8.6 CM 96H

23 SWIM-UP, 0.17 G 96H

23 SWIM-UP, 0.23 G 96H

23 PARR 96H

23 SMOLT, 32.46 G, 96H

23 PARR, 11.58 G, 9.6 CM 96H

23 96H

23 ADULT 96H

23 ALEVIN, 0.05 G 96H

23 ALEVIN 96H

25 96H

25.84 3 MO, 0.21 G 48H

31 130 MM 96H

41 ALEVIN, 20.8 MM, 0.10 G 96H

41 JUVENILE, 96H

41 ALEVIN 29.8 MM, 0.24 G 96H

43.5 1-2 G, JUVENILE 96H

43.5 0.5 G, JUVENILE 96H

44 3 MO, 0.21 G 96H

44 ALEVIN, 14.3 MM, 0.01 G 96H

44.4 8.8 G 96H

83.1 FRY, 0.14 G 7D

90 YEARLING 96H

140 JUVENILE 96H

211 FRY, 1.03 G 96H
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Table 2.6.2.2.3.2 NOEC toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater cadmium.

Criterion
Freshwater Cadmium

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

2 Micrograms Liter-1
Temperature

9.6-17.3° Celsius
Arithmetic Mean

5
Criterion Concentration Chronic 

0.25 Micrograms Liter-1
Hardness

29-410.5 mg/L CaCO3

Geometric Mean
3

Endpoint/Effect
NOEC/Mortality/Growth/Reproduction

pH
6.84-7.63

Harmonic Mean
2

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.80 50 MM 100D

1.25 JUVENILE 100D

1.29 50 MM 100D

2.10 JUVENILE 100D

2.15 50 MM 100D

2.34 L. Superior

2.74 JUVENILE 100D

3.06 YEARLING, 50-70 G

4.29 2 YR, FEMALE ADULT 60W

6.83 2 YR, FEMALE ADULT

7.37 West Coast 100D

26.66 NR 10D

Exhibit 7a



-263-

Table 2.6.2.2.3.3 NOEC toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater cadmium.

Criterion
Freshwater Cadmium

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

2 Micrograms Liter-1
Temperature
5-20° Celsius

Arithmetic Mean
27

Criterion Concentration Chronic 
0.25 Micrograms Liter-1

Hardness
9.2-427 mg/L CaCO3

Geometric Mean
4

Endpoint/Effect
NOEC/Mortality

pH
6.6-8.28

Harmonic Mean
2

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.58 50 MM 100D

0.94 JUVENILE 100D

1.14 50 MM 100D

1.55 JUVENILE 100D

2.29 136 MM 1M
2.29 130 MM 96H

2.37 NR 1M

2.75 50 MM 100D

2.95 136 MM 1M

3.63 130 MM 96H

3.69 EGG 2M

3.83 YEARLING, 50-70 G 33M

3.86 JUVENILE 100D

5.17 1.0 G, 32 MM 96H

5.43 1.0 G, 32 MM 96H

11.5 EGGS 19M

12.8 EGGS 1M

41.55 NR 10D

407.7 NR 10D
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Table 2.6.2.2.3.4 Growth toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater cadmium.

Criterion
Freshwater Cadmium

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

2 Micrograms Liter-1
Temperature
5-20° Celsius

Arithmetic Mean
21

Criterion Concentration Chronic 
0.25 Micrograms Liter-1

Hardness
20-390 mg/L CaCO3

Geometric Mean
1.8

Endpoint/Effect
Growth

pH
6.6-8.28

Harmonic Mean
0.3

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.02 EMBRYO

0.10 NR 84D

0.47 ALEVIN 46D

0.59 18.2-23.5 CM, 51.2-114.9 G 112D

0.71 JUVENILE, 59 G 30D

0.71 JUVENILE, 59 G 30D

0.98 NR 84D

1 24 H, ALEVIN 13W

1.38 ALEVIN 46D

1.98 JUVENILE 30D

2.82 EGG-FRY 12W

3.59 EGG-FRY 12W

4 FINGERLING, 7.8 G 10W

4 FINGERLING, 7.8 G 10W

6.16 ALEVIN, 21 D 21D

6.4 ADULT, 375 G, 31.0 CM 178D

7.15 ADULT, 582 G 30D

7.15 ADULT, 582 G 30D

341 80 G 1W

Exhibit 7a



-265-

Table 2.6.2.2.3.5 Physiological toxicity data for salmonid fishes, Eulachon, and green 
sturgeon for freshwater cadmium.

Criterion
Freshwater Cadmium

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

2 Micrograms Liter-1
Temperature
5-20° Celsius

Arithmetic Mean
79

Criterion Concentration Chronic 
0.25 Micrograms Liter-1

Hardness
10.1-320 mg/L CaCO3

Geometric Mean
24

Endpoint/Effect
Physiological

pH
6.6-8.28

Harmonic Mean
2

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.27 200-250 G 120D

1.98 JUVENILE 30D

12.7 NR 24H

67 20.01 CM FL, 101.54 G 48H

77.9 3-4 YR 7D

77.9 3-4 YR 24H

128 15-20 CM 24H

267 56 G 24H

Table 2.6.2.2.3.6 Reproductive toxicity data for salmonid fishes, Eulachon, and green 
sturgeon for freshwater cadmium.

Criterion
Freshwater Cadmium

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

2 Micrograms Liter-1
Temperature
5-20° Celsius

Arithmetic Mean
1

Criterion Concentration Chronic 
0.25 Micrograms Liter-1

Hardness
44-250 mg/L CaCO3

Geometric Mean
0.9

Endpoint/Effect
Reproductive

pH
6.6-8.28

Harmonic Mean
0.8

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.56 270 D, ADULT, FEMALE 65W

0.63 270 D, ADULT, FEMALE 65W

1.13 YEARLING, 50-70 G 33M

1.96 270 D, ADULT, FEMALE 80W
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Cadmium Toxicity Data Summary. In order to understand the context of the toxicity data 
and its relationship to the criteria, NMFS not only considered the toxicity test concentrations in 
comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
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than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

To assess the potential magnitude of acute toxic effects from exposure to cadmium, NMFS 
added an additional step to its analysis for cadmium to look at the relationship of the acute 
criterion to the LC50 data in terms of predicting the magnitude of acute toxic effects. To do this, 
NMFS calculated an acute toxicity ratio or relative percent mortality. This assessment involved 
taking the acute criterion of 2 μg/L and dividing it by each LC50 concentrations in Table 
2.6.2.2.3.1 to calculate a ratio, i.e., a prediction of the relative percent mortality of the criterion to 
the acute toxicity data. This ratio, relative to the LC50 data set in Table 2.6.2.2.3.1, predicts a 
magnitude of effect ranging from a low of an LC0.5 at a concentration of 211 μg/L to a high of an 
LC86 at a concentration of 1.16 μg/L (Table 2.6.2.2.3.7). In other words, the acute criterion of 2
μg/L has an equivalent toxicity potential predicted to kill 0.5 percent to 86 percent, with a 
median toxicity potential of an LC12.7, of the exposed test population, and therefore by inference, 
field-exposed individuals.

Table 2.6.2.2.3.7 Relative percent mortality analysis for salmonid fishes, eulachon, and 
green sturgeon for freshwater cadmium.

Criterion
Freshwater Cadmium

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

2 Micrograms Liter-1
Temperature

9.6-17.3° Celsius
Criterion Concentration Chronic 

0.25 Micrograms Liter-1
Hardness

9.2-410.5 mg/L CaCO3

Endpoint/Effect
LC50

pH
6.84-7.63

Concentration 
Micrograms Liter-1

Relative Percent Mortality
(acute criterion/LC50)

1.16 86.2

1.32 75.8

1.62 61.7

1.64 61.0

1.77 56.5

1.84 54.3

2.2 45.5

2.29 43.7

2.31 43.3

2.51 39.8

2.69 37.2

2.71 36.9

2.78 36.0

2.81 35.6
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Criterion
Freshwater Cadmium

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

2 Micrograms Liter-1
Temperature

9.6-17.3° Celsius
Criterion Concentration Chronic 

0.25 Micrograms Liter-1
Hardness

9.2-410.5 mg/L CaCO3

Endpoint/Effect
LC50

pH
6.84-7.63

Concentration 
Micrograms Liter-1

Relative Percent Mortality
(acute criterion/LC50)

2.89 34.6

3.08 32.5

3.16 31.6

3.3 30.3

3.35 29.9

3.68 27.2

3.68 27.2

4.06 24.6

4.45 22.5

4.45 22.5

4.62 21.6

4.66 21.5

4.77 21.0

4.97 20.1

5.06 19.8

5.17 19.3

5.36 18.7

5.47 18.3

5.47 18.3

5.54 18.1

5.59 17.9

5.92 16.9

5.92 16.9

5.96 16.8

6.16 16.2

6.84 14.6

7.1 14.1

7.17 13.9

7.87 12.7

7.89 12.7

7.99 12.5
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Criterion
Freshwater Cadmium

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

2 Micrograms Liter-1
Temperature

9.6-17.3° Celsius
Criterion Concentration Chronic 

0.25 Micrograms Liter-1
Hardness

9.2-410.5 mg/L CaCO3

Endpoint/Effect
LC50

pH
6.84-7.63

Concentration 
Micrograms Liter-1

Relative Percent Mortality
(acute criterion/LC50)

8.21 12.2

8.43 11.9

8.71 11.5

9.2 10.9

9.92 10.1

9.92 10.1

10.46 9.6

11.97 8.4

12.12 8.3

12.65 7.9

13.13 7.6

14.26 7.0

15.5 6.5

15.54 6.4

16.85 5.9

21 4.8

23 4.3

23 4.3

23 4.3

23 4.3

23 4.3

23 4.3

23 4.3

23 4.3

23 4.3

23 4.3

25 4.0

25.84 3.9

31 3.2

41 2.4

41 2.4

Exhibit 7a



-270-

Criterion
Freshwater Cadmium

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

2 Micrograms Liter-1
Temperature

9.6-17.3° Celsius
Criterion Concentration Chronic 

0.25 Micrograms Liter-1
Hardness

9.2-410.5 mg/L CaCO3

Endpoint/Effect
LC50

pH
6.84-7.63

Concentration 
Micrograms Liter-1

Relative Percent Mortality
(acute criterion/LC50)

41 2.4

43.5 2.3

43.5 2.3

44 2.3

44 2.3

44.4 2.3

83.1 1.2

90 1.1

140 0.7

211 0.5

In summary, a number of toxicity studies reported concentrations that are less than the acute and 
chronic criteria concentrations for cadmium, which implies that listed species exposed to waters 
equal to criteria concentrations will not be protected from acute or chronic toxic effects. 
Conversely, a number of toxicity studies reported concentrations that are greater than the acute 
and chronic criteria concentrations for cadmium, which implies that listed species exposed to 
waters equal to criteria concentrations will be protected from acute or chronic toxic effects. 
When the available information is equivocal, NMFS gives the benefit of the doubt in its analysis 
to the listed species. Based on this principle and the considerations of the shortcomings and 
implications of laboratory-derived toxicity tests, the relative percent mortality analysis, and the 
ecological consequences for field-exposed fishes, listed species exposed to waters equal to the 
acute or chronic criteria concentrations will suffer acute and chronic toxic effects.

Sublethal Effects. Cadmium occurs naturally in the aquatic environment, and is 
considered one of the most toxic of metals to fish (Sorensen 1991). Uses of cadmium include 
electroplating, pigments, plastic stabilizers, batteries, and electronic components. In aquatic 
systems, cadmium is taken up quickly by sediments but is readily remobilized through a variety 
of physical, chemical, and biological processes, and can even be transported from aquatic to 
terrestrial food webs by emerging insects (Currie et al. 1997). Cadmium is a known teratogen, 
carcinogen and a probable mutagen to which freshwater organisms are considered the most 
sensitive. Effects of cadmium toxicity on freshwater organisms include spinal deformities;
inhibited respiration; blood plasma and other hematological changes, decreased growth, inhibited 
reproduction and immune response; temporary immobility; and population alterations. Salmonid 
species are particularly sensitive to cadmium compared to other fish species (Sorensen 1991,
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Brent and Herricks 1998, Sanchez-Dardon et al. 1999). Chronic sublethal exposure to cadmium 
does not appear to significantly influence growth in juvenile salmonids (Hollis et al. 2000b). 

Toxicity of cadmium to aquatic organisms varies with the type and life stage of organisms, 
presence of other toxicants, duration of exposure, and hardness. Acute mechanisms of cadmium 
toxicity to fish do not appear to be the same as chronic mechanisms. In acute tests cadmium 
accumulates in gill tissue to a greater extent than elsewhere, whereas in chronic tests at lower 
concentrations, cadmium accumulates more in liver and kidney tissue. The principal acute effect 
is gill toxicity leading to an aquatic organism’s inability to breathe. Cadmium toxicity increases 
with water temperature (Moore and Ramamoorthy 1985, Eisler 1985a, EPA 1985c, Sorensen 
1991), which is known to also stress listed species in many parts of Oregon. The presence of 
zinc, which has similar chemical properties, and selenium have been shown to antagonize 
cadmium toxicity, whereas other metals do not appear to compete with cadmium for enzyme 
receptors in aquatic organisms. 

Stubblefield et al. (1999) determined that adult rainbow trout that were acclimated to elevated 
cadmium levels would survive sudden increases to higher concentrations at a higher rate than 
fish that were not acclimated. The non-acclimated fish exhibited an incipient lethal level (ILL:
threshold level of exposure to toxic substances beyond which 50% of a test population of 
organisms cannot survive) of 6.1μg/L at a hardness of 280 mg/L, which is below the proposed 
acute criterion. However, the ILL was determined to occur after 187 hours of exposure, which is 
more than the maximum permitted under the proposed criterion (96 hours under the chronic 
criterion). On the basis of this study, therefore, an adverse effect would be expected at the 
proposed concentration if the concentrations occurred unmonitored or uncorrected for more than 
7 days in waters where background concentrations are well below the chronic criterion. Young-
of-year rainbow trout fared better and were determined to be less sensitive than adults 
(Stubblefield et al. 1999). Older (age 1+) fish were not tested, but could exhibit a response 
between that of the young of year and adult test fish, and thus also be susceptible to acute 
toxicity at cadmium levels below the proposed acute criterion when they are not suitably 
acclimated to background levels. 

Birge et al. (1981) determined reduced survival (52% vs. 90% for control) of 4 day old larvae of 
rainbow trout after their parents were exposed to a concentration of 0.2 μg/L at 102 mg/L 
hardness for 18 months, which is well below the proposed chronic criterion. The exposed parents 
had tissue concentrations that were roughly seven times that of the control fish, indicating the 
potential for bioaccumulative effects on subsequent reproductive success.

Cadmium has been shown to cause neurotoxic effects in fish. These neurotoxic effects may 
manifest themselves through altered behavior, which in turn may predict more serious effects 
including reduced growth, reproductive failure, and death. Hyperactivity probably is the most 
widely observed maladaptive behavior reported from cadmium exposed fish, with several reports 
involving a variety of fish species during long-term cadmium exposures. Most fish that exhibited 
hyperactive behavior in long-term exposures ultimately died. Hyperactivity is detrimental to 
small fish because it makes them more likely to be seen and attacked by predatory fish. 
Similarly, hyperactive predatory fish have lower success rates in detecting, orienting to, 
attacking, and swallowing prey. 
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Cadmium is bioconcentrated by organisms but is not biomagnified through the food chain (Eisler 
1985a as cited in EPA 2008). Toxicity of cadmium to aquatic organisms varies with water 
hardness, alkalinity, the type and life stage of organisms, presence of organic matter, presence of 
other toxicants, and the duration of exposure (EPA 1999 as cited in EPA 2008). Cadmium is a 
known teratogen, carcinogen, and a probable mutagen to freshwater organisms (Eisler 1985a as
cited in EPA 2008). Effects of cadmium toxicity to freshwater organisms include spinal 
deformities, inhibited respiration, immune response, temporary immobility, decreased growth, 
inhibited reproduction, decreased survival, and population alterations (Sorensen 1991, Eisler 
1985a, Brent and Herricks 1998, Sanchez-Dardon et al. 1999 as cited in EPA 2008). A known 
mechanism of cadmium toxicity to fish is suppression of calcium uptake (Verbost et al. 1987 as
cited in EPA 2008). Calcium is vital for growth in fish (Pelgrom et al. 1997) as cited in EPA 
2008, and bone repair mechanisms are probably inhibited due to the hypocalcemic effect of 
cadmium (DWAF, 1996 as cited in EPA 2008).

Cadmium bioaccumulates in numerous fish species including salmonids, where tissue 
concentrations reflect exposure levels and duration, hardness, and presence of other ions (e.g.,
zinc). Besser et al. (2001) determined a mean bioaccumulation factor of 3.4 from aquatic 
macroinvertebrates to trout. Omnivorous fish tend to accumulate higher levels of cadmium than 
carnivorous fish, such as salmonid fishes, and bottom-feeding fish tend to accumulate more 
cadmium than free-swimming fish feeding in the water column. Evidence suggests that 
significant biomagnification is exhibited predominantly by species at lower trophic levels in 
aquatic ecosystems, whereas fish are able to depurate cadmium rapidly (Eisler 1985a, Sorensen 
1991). Uptake occurs through both dissolved and particulate forms (Enk and Mathis 1977,
Sorensen 1991). Cadmium tends to form stable complexes with metallothionein that have long 
half-lives and a tendency to accumulate with age in exposed organisms. Accumulation appears to 
occur primarily in the gills, liver, kidneys, and gastrointestinal tract (Sorenson 1991, Besser et al.
2001. Hollis et al. 2001). As such, long lived species tend to be at a higher risk from chronic 
low-level dietary cadmium exposure. Rainbow trout exposed to cadmium have been determined 
to contain residues in kidney, spleen, gill, muscle, and bone tissues that increase in concentration 
with duration of exposure (Camusso and Balestrini 1995). In contrast, Saiki et al. (1995) found 
no evidence of cadmium biomagnification in steelhead on the Upper Sacramento River. McGeer 
et al. (2000) reported evidence that cadmium accumulates inside rainbow trout continuously over 
time with continued exposure, because it not as actively regulated as copper and zinc are by the 
organism. McGeer used concentrations below the proposed criteria. It is unknown whether 
bioaccumulation also occurs when concentrations are below the proposed criteria for extended 
periods, but the possibility appears to exist.

Sublethal Effects Summary. The available evidence indicates that the chronic criterion 
for cadmium is likely to result in sublethal effects to listed species considered in this opinion.

Toxicity to Food Organisms. Amphipods are sometimes abundant in lakes and slow-
moving rivers. Amphipods are benthic crustaceans that occupy an intermediate position in 
aquatic food webs between detritus and predators, such as salamanders and salmonids (Mathias 
1971). Aquatic macroinvertebrates, which serve as significant food sources for early life stages 
of listed species as well as for other aquatic organisms that are in turn prey items, are sensitive to 
both dissolved and particulate cadmium. Invertebrate communities in rivers appear to respond to 
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elevated cadmium levels in sediments and water by changing composition to pollution-tolerant 
taxa, rather than by reducing overall biomass (Canfield et al. 1994, Clements and Kiffney 1994).
Hare and Shooner (1995) determined that population densities of the two most abundant 
colonizing insects (chironomidae) in a small lake were unrelated to cadmium gradients in 
sediments, even though they accumulated the metal in proportion to its concentration in the 
sediment. Interstitial water cadmium concentrations ranged up to 17 μg/L, suggesting that the 
two taxa were relatively insensitive to exposure to cadmium levels less than that. Larvae of 
another chironomid were negatively correlated with cadmium gradient. These tests suggest that 
the lower abundance at high concentrations is more likely due to toxicity effects than avoidance 
of cadmium-rich sediments. It is not clear if these effects also occur at water-borne cadmium 
levels that are below the proposed chronic criterion, although this possibility should not be 
discounted because of the potential for bioaccumulation.

Cadmium contained in bed sediments appears to be bioavailable to benthic invertebrates, was
found to be elevated in benthic invertebrates in field studies conducted in metals-contaminated 
streams (e.g., Enk and Mathis 1977, Woodward et al. 1994). Kiffney and Clements (1996) 
determined an inverse relation existed between aquatic macroinvertebrate body size and survival 
at water-borne cadmium levels in excess of the proposed acute criterion, which could partially 
counter the effects of bioaccumulation when invertebrates are exposed to contaminated 
sediments. Indirect effects of elevated cadmium levels to listed species therefore include reduced 
production of larger invertebrate taxa that could influence the availability of food for larger 
juvenile salmonids, and ingestion of bioconcentrated cadmium by fry and juveniles of all sizes. It
is unknown if similar effects occur at concentrations below the proposed chronic criterion.

Salmonids and other fish readily prey upon amphipods, probably consuming them in rough 
proportion to their abundance relative to other vulnerable invertebrates. For example, in the 
lower Snake River in Washington and Idaho, amphipods contributed 2.7 and 7.9 percent of 
identifiable prey categories found in the stomachs of juvenile Chinook salmon and steelhead,
respectively from Lower Granite Reservoir, (7th and 5th most important prey categories, 
respectively) (Karchesky and Bennett 1999).

One invertebrate, the amphipod Hyalella azteca, seems particularly sensitive to cadmium. It is 
the only species with a species mean chronic value that is lower than the NTR of 2.2 μg/L. Six 
chronic tests with Hyalella were analyzed by Mebane (2006). In all six tests, adverse effects 
would be expected at a concentration of 1 μg/L. Mebane (2006) attempted to evaluate several 
lines of evidence to evaluate if the predicted effects to this species would have appreciable 
adverse effects on fish populations or other indirect effects on aquatic ecosystems in the Pacific 
Northwest. These efforts included (1) reviews of role of Hyalella azteca in aquatic food chains, 
(2) occurrences of Hyalella azteca in waters with elevated cadmium concentrations, and (3) 
simulating effects of cadmium to a natural, coldwater Hyalella azteca population.

Potential effects of cadmium at chronic criteria concentrations on wild populations of Hyalella 
azteca were also estimated using mathematical population models that integrate toxicity testing 
results with ecological theory. The modeling predicted that at the NTR chronic criteria (2.2 μg/L 
at the scenario hardness of 280 mg/L), quasi-extinction of the population was highly likely, with 
>80% probability of a >98% population decline occurring during the 6-year modeling scenario. 
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Applying these modeling results to the Oregon chronic criterion (0.25 μg/L) results in a marginal 
increased extinction risk.

Toxicity to Food Organisms Summary. The available evidence indicates that the chronic 
criterion for cadmium is likely to result in sublethal effects to listed species considered in this 
opinion.

Summary of Effects: Cadmium. The available evidence for indicates that listed species 
exposed to waters equal to the acute or chronic criteria concentrations will suffer acute and 
chronic toxic effects including mortality (high intensity), reduced growth (moderately-high-
intensity), impairment of essential behaviors related to successful rearing and migration
(moderate intensity), physiological trauma (moderate intensity), and reproductive failure
(moderate intensity).

2.6.2.2.4. Chromium (III)

Chromium (III) Criteria. The proposed acute and chronic criteria for chromium (III) are 
570 μg/L and 74 μg/L, respectively, at a hardness of 100 mg/L CaCO3.

Tables 2.6.2.2.4.1 through 2.6.2.2.4.2 report toxicity data from the ECOTOX database for 
freshwater CR (III), except where noted. Each table identifies the respective endpoint for the data 
set, toxicity test concentration, species life stage, test duration, toxicity-associated water quality 
parameters (when available), the arithmetic mean, the geometric mean, and the harmonic mean 
of each data set.

Table 2.6.2.2.4.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater chromium III.

Criterion
Freshwater Chromium III

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

570 Micrograms Liter-1
Temperature

11.9-14.5° Celsius
Arithmetic Mean

10099
Criterion Concentration Chronic 

74 Micrograms Liter-1
Hardness

25-44 mg/L CaCO3

Geometric Mean
9825

Endpoint/Effect
LC50

pH
5.45-7.33

Harmonic Mean
9558

Concentration 
Micrograms Liter-1 Life-Stage

Duration

7762 NR 96H

12436 NR 96H

Exhibit 7a



-275-

Table 2.6.2.2.4.2 NOEC toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater chromium III.

Criterion
Freshwater Chromium III

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

570 Micrograms Liter-1
Temperature

11.9-14.5° Celsius
Arithmetic Mean

53
Criterion Concentration Chronic 

74 Micrograms Liter-1
Hardness

25 mg/L CaCO3

Geometric Mean
53

Endpoint/Effect
NOEC/Growth/Mortality

pH
5.45-7.33

Harmonic Mean
53

Concentration 
Micrograms Liter-1 Life-Stage

Duration

53 NR 72H

2.6.2.2.5 Chromium (VI)

Chromium (VI) Criteria. The proposed acute and chronic criteria for chromium (VI) are 
570 μg/L and 74 μg/L, respectively.

Tables 2.6.2.2.5.1 through 2.6.2.2.5.2 report toxicity data from the ECOTOX database for 
freshwater CR (VI), except where noted. Each table identifies the respective endpoint for the 
data set, toxicity test concentration, species life stage, test duration, toxicity-associated water 
quality parameters (when available), the arithmetic mean, the geometric mean, and the harmonic 
mean of each data set.

Table 2.6.2.2.5.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater chromium VI.

Criterion
Freshwater Chromium VI

Data Set 
ECOTOX

Criterion Concentration Acute 
16 Micrograms Liter-1

Temperature
3.5-19° Celsius

Arithmetic Mean
98129

Criterion Concentration Chronic 
11 Micrograms Liter-1

Hardness
34-46 mg/L CaCO3

Geometric Mean
68333

Endpoint/Effect
LC50/Mortality

pH
7-8

Harmonic Mean
44884

Concentration 
Micrograms Liter-1 Life-Stage

Duration

12079 NR 96H
27201 NR 96H
27496 NR 96H
37905 NR 96H
69722 NR 96H
74239 NR 96H
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Criterion
Freshwater Chromium VI

Data Set 
ECOTOX

Criterion Concentration Acute 
16 Micrograms Liter-1

Temperature
3.5-19° Celsius

Arithmetic Mean
98129

Criterion Concentration Chronic 
11 Micrograms Liter-1

Hardness
34-46 mg/L CaCO3

Geometric Mean
68333

Endpoint/Effect
LC50/Mortality

pH
7-8

Harmonic Mean
44884

Concentration 
Micrograms Liter-1 Life-Stage

Duration

98200 NR 96H
109002 NR 96H
141408 NR 96H
201310 NR 96H
280852 NR 96H

Table 2.6.2.2.5.2 NOEC toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater chromium VI.

Criterion
Freshwater Chromium VI

Data Set 
ECOTOX

Criterion Concentration Acute 
16 Micrograms Liter-1

Temperature
3.5-19° Celsius

Arithmetic Mean
100

Criterion Concentration Chronic 
11 Micrograms Liter-1

Hardness
34-46 mg/L CaCO3

Geometric Mean
52

Endpoint/Effect
NOEC/Growth

pH
7-8

Harmonic Mean
24

Concentration 
Micrograms Liter-1 Life-Stage

Duration

9.6 EG-JV 7M

10 EG-JV 7M

10 EG-JV 7M

13 LV-JV 110D

13 LV-JV 110D

49 NR

49 NR

192 NR

192 NR

192 NR

192 NR

192 NR

192 NR
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Chromium III and Chromium VI Toxicity Data Summary. In order to understand the 
context of the toxicity data and its relationship to the criteria, NMFS not only considered the 
toxicity test concentrations in comparison to the criterion/criteria concentrations in determining 
whether or not listed species exposed to waters equal to criteria concentrations will result in 
acute or chronic toxic effects, but the shortcomings and implications of laboratory-derived 
toxicity tests and the ecological consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range 
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
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than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

To assess the potential magnitude of acute toxic effects from exposure to chromium (III) and 
chromium (VI), NMFS added an additional step to its analysis for chromium (III) and chromium 
(VI) to look at the relationship of the acute criterion to the LC50 data in terms of predicting the 
magnitude of acute toxic effects. To do this, NMFS calculated an acute toxicity ratio or relative
percent mortality. This assessment involved taking the acute criterion of 570 μg/L for chromium 
(III) and 16 μg/L for chromium (VI) and dividing it by each LC50 concentrations in Table 
2.6.2.2.4.1 and Table 2.6.2.2.5.1, respectively, to calculate a ratio, i.e., a prediction of the relative 
percent mortality of the criterion to the acute toxicity data. This ratio, relative to the LC50 data set 
in Table 2.6.2.2.4.1 and Table 2.6.2.2.5.1, respectively, predicts a magnitude of effect ranging 
from a low of an LC2.3 at a concentration of 12,436 μg/L to a high of an LC3.7 at a concentration 
of 7,762 μg/L for chromium (III), and a magnitude of effect of an LCzero at a concentration of 
12,074 μg/L and 280,852 μg/L for chromium (VI). In other words, the acute criterion of 570
μg/L for chromium (III) has an equivalent toxicity potential predicted to kill 2.3 percent to 3.7
percent, with a median toxicity potential of an LC3, of the exposed test population, and therefore 
by inference, field-exposed individuals. The acute criterion of 16 μg/L for chromium (VI) has an 
equivalent toxicity potential predicted to kill zero percent.

In summary, none of toxicity studies reported concentrations that are less than the acute criterion
concentration for chromium (III), which implies that listed species exposed to waters equal to 
criterion concentrations may not suffer acute toxic effects. Conversely, the single toxicity data
reported for chronic effects is less than the chronic criterion concentration for chromium (III),
which implies that listed species exposed to waters equal to criteria concentrations will suffer 
chronic toxic effects. When the available information is equivocal, NMFS gives the benefit of 
the doubt in its analysis to the listed species. Based on this principle and the considerations of the 
shortcomings and implications of laboratory-derived toxicity tests, the relative percent mortality 
analysis, and the ecological consequences for field-exposed fishes, listed species exposed to 
waters equal to the acute criterion concentration will suffer acute and chronic toxic effects.

None of the toxicity studies reported concentrations that are less than the acute criterion for 
chromium (VI), which implies that listed species exposed to waters equal to the acute criterion 
concentration may not suffer acute toxic effects. A number of toxicity studies reported 
concentrations that are less than the chronic criteria for chromium (VI), and a number of toxicity 
studies reported concentrations that are greater than the chronic criterion for chromium (VI),
which implies that listed species exposed to waters equal to the chronic criterion concentration 
will suffer chronic toxic effects. When the available information is equivocal, NMFS gives the 
benefit of the doubt in its analysis to the listed species. Based on this principle and the 
considerations of the shortcomings and implications of laboratory-derived toxicity tests, the 
relative percent mortality analysis, and the ecological consequences for field-exposed fishes,
listed species exposed to waters equal to the acute criterion concentration may not suffer acute 
toxic effects, but will suffer chronic toxic effects.
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Sublethal Effects (Chromium III and Chromium VI). Chromium (III) (the trivalent 
form) is much less toxic than chromium (VI) (the hexavalent form), which is a strong oxidizing 
agent and reduces readily to the former. Younger life stages of aquatic biota tend to be more 
sensitive to the toxic effects of chromium (VI). Effects of toxicity include abnormal enzyme 
activities, altered blood chemistry, lowered resistance to disease, reduced growth, behavioral 
modifications, disrupted feeding, cell damage in the gills and other tissues, and osmoregulatory 
upset in outmigrating smolts. The toxicity of chromium is influenced by pH, water temperature, 
concentrations of other contaminants, and fish age and sex (EPA 1980d, Eisler 1986).

chromium (III) toxicity is influenced by water hardness. It is unclear is the same if true for 
chromium (VI), which is significantly more toxic. Hexavalent chromium exists in solution in an 
anionic rather than cationic form, and therefore does not precipitate in an alkaline solution. 

The acute standards for chromium (III) are unique from analogous standards for the other metals 
of concern because the total recoverable to dissolved conversion factor (0.316) is substantially 
smaller. Depending on the sampling location and the receiving water characteristics (that may 
promote dissolution of particulate chromium), this means that the proposed criterion could 
permit discharge of total recoverable chromium (III) at levels that result in higher than assumed, 
and potentially toxic, dissolved levels downstream.

Chromium may be present in the environment in both inorganic and organic forms. Inorganic 
forms do not biomagnify; it is unknown whether organic forms of chromium biomagnify (Eisler 
1986). Chromium toxicity to aquatic biota is significantly influenced by abiotic variables such as 
water hardness, temperature, pH, salinity, species, life stage, and presence of mixtures (Eisler 
1986). Sensitivity to chromium varies widely, even among closely related species (Eisler 1986). 
Effects of chromium toxicity to freshwater organisms include reduced survival in freshwater 
invertebrates (including molluscs), and reduced growth, reduced disease resistance, behavioral 
modifications, disrupted feeding, cell damage in the gills, osmoregulatory upset in outmigrating 
smolts, and reduced reproduction and survival in freshwater fish (Anestis and Neufeld 1986, 
Eisler 1986 and EPA 1999).

Hexavalent chromium is more toxic than the trivalent form because its oxidizing potential is high 
and it easily penetrates biological membranes (Steven et al. 1976, Taylor and Parr 1978 as cited 
in EPA 2008). At high concentrations, both forms of chromium can be a mutagen, teratogen, and 
carcinogen (Eisler 1986b as cited in EPA 2008). Although CrIII is the most common form found 
in nature, the known harmful effects of chromium is speculated to be related to the reduction of 
hexavalent chromium (chromium VI) to chromium III intracellularly as it crosses the cell 
membrane and forms complexes with intracellular macromolecules (Danielsson et al. 1982,
R.O.W. Sciences, 1997 as cited in EPA 2008). 

There are more toxicity test data available for the hexavalent form of chromium (VI), probably 
reflecting its greater toxicity. Insufficient data are available to evaluate the potential harm of the 
chromium (III) criterion for salmonids specifically. Toxicity data for salmonid fishes indicate 
that acute and chronic toxicity of chromium (VI) is likely to occur to juvenile salmonids when 
dissolved concentrations are at or below the chromium (VI) numeric criteria.
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Billard and Roubaud (1985) determined that the viability of rainbow trout sperm (but not ova) 
were adversely affected when exposed directly to a chromium (VI) concentration equal to 
5 μg/L, which is well below the chronic criterion of 11 μg/L. Reproductive effectiveness is likely 
to be reduced if this water concentration occurs during spawning.

There is evidence that invertebrates and fishes bioaccumulate hexavalent chromium when 
exposed to ambient water concentrations that are above the chronic criterion. Uptake is 
influenced by water temperature, pH, other contaminant concentrations, fish age and sex, and 
tissue type (EIFAC 1983, Eisler 1986). Calamari et al. (1982) determined that liver, kidney, and 
muscle tissue concentrations of chromium were elevated in rainbow trout after 30, 90, and 180 
days of exposure to 200 μg/L. The fish subsequently were able to depurate some, but not all, of 
the accumulated chromium within 90 days after exposure ended. At higher concentrations 
(>2000 μg/L), chromium is known to also accumulate in gill and digestive tract tissues of 
rainbow trout (Eisler 1986). Gill accumulation appears to continue with exposure, whereas the 
other tissues may achieve equilibrium in 2 to 4 days. Residues tend to remain high in the liver 
and kidneys in test fish during post-exposure periods. Eisler (1986) reported that tissue 
concentrations in excess of 4 mg/kg dry weight were presumptive evidence of chromium
contamination, but the biological significance was not clear.

Sublethal Effects Summary. The available evidence indicates that the chronic criterion 
for chromium (III) and chromium (VI) is likely to result in sublethal effects to listed species 
considered in this opinion.

Toxicity to Food Organisms. Aquatic invertebrates other than cladocerans have been 
determined in a limited number of studies to experience acute and chronic effects at 
concentrations below the acute and chronic criterion, respectively, for both chromium (III) and 
(VI). Data in EPA (1980d) indicate reduced survival and reproductive impairment of daphnids at 
chromium (III) and (VI) concentrations as low as 4 and 10 μg/L, respectively. These 
concentrations are less than the proposed chronic criterion for each respective valency. Most 
studies have determined toxicity to daphnids occurs at higher concentrations than the criterion, 
however. Data summarized in EPA (1980d), EIFAC (1983), and Eisler (1986) suggest that other 
invertebrate taxa that juvenile fishes may feed on generally died at chromium (III) and (VI) 
concentrations that are well above the acute criterion. More recently, Canivet et al. (2001) 
determined 240-hour chromium (VI) LC50s for larvae of a trichopteran and an ephemeropteran 
that were well above the proposed acute and chronic criteria.

Summary on Toxicity to Food Organisms. The available evidence indicates that the 
chronic criterion for chromium (III) and chromium (VI) are unlikely to appreciably affect 
invertebrate productivity and abundance. 

Summary of Effects: Chromium (III) and Chromium (VI). The available evidence for 
chromium (III) and chromium (VI), respectively, indicates that listed species exposed to waters 
equal to the acute or chronic criteria concentrations will suffer acute and chronic toxic effects 
including mortality (moderate intensity, for chromium III, and low intensity for chromium VI)
and reduced growth (moderately-high-intensity, for chromium III and chromium VI).
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2.6.2.2.6 Copper

Copper Criteria. The proposed acute and chronic criteria for copper are 13 μg/L and 
9 μg/L, respectively, at a hardness of 100 mg/L CaCO3.

Tables 2.6.2.2.6.1 through 2.6.2.2.6.11 report toxicity data from the ECOTOX database for 
freshwater copper, except where noted. Each table identifies the respective endpoint for the data 
set, toxicity test concentration, species life stage, test duration, toxicity-associated water quality 
parameters, the arithmetic mean, the geometric mean, and the harmonic mean of each data set.

Table 2.6.2.2.6.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater copper.

Criterion
Freshwater Copper

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

13 Micrograms Liter-1
Temperature

4.4-16° Celsius
Arithmetic Mean

145
Criterion Concentration Chronic 

9 Micrograms Liter-1
Hardness

8-495 mg/L CaCO3

Geometric Mean
96

Endpoint/Effect
LC50/Mortality

pH
4.7-8.0

Harmonic Mean
59

Concentration 
Micrograms Liter-1 Life-Stage

Duration

5.70 4.2 G, 7.4 CM 96H

5.96 4.2 G, 7.4 CM 96H

9.14 YEARLING, 10-18 MO 96H

9.14 LARVAE 96H

11.56 PA 4D

12.85 10 G 96H

18.03 2.6 G 96H

19.32 1.7 G 96H

20.62 YEARLING, 10-18 MO 96H

21.20 LARVAE 96H

23.90 4.3 G 96H

25.45 PA 4D

25.49 3 MO, 1.35 G 96H

25.65 25.6 G, 13.4 CM 96H

27.55 FRY, 0.139 G, 2.87 CM 96H

30.13 2-3 YR 96H

30.48 176 MM 96H

31.26 FRY, 0.66 G 96H

31.61 2.2 G 96H

32.86 ALEVIN 96H
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Criterion
Freshwater Copper

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

13 Micrograms Liter-1
Temperature

4.4-16° Celsius
Arithmetic Mean

145
Criterion Concentration Chronic 

9 Micrograms Liter-1
Hardness

8-495 mg/L CaCO3

Geometric Mean
96

Endpoint/Effect
LC50/Mortality

pH
4.7-8.0

Harmonic Mean
59

Concentration 
Micrograms Liter-1 Life-Stage

Duration

33.35 2.7 G 96H

33.41 2.5 G, 6.1 CM 96H

34.31 1.0 G 96H

35.15 ALEVIN 96H

36.39 FRY, 0.138 G, 2.96 CM 96H

37.88 4.4 G, 7.7 CM 96H

38.18 YEARLING, 10-18 MO 96H

38.58 160 MM 96H

39.63 3.1 G 96H

40.66 FRY, 0.87 G 96H

42.63 1.4 G 96H

42.83 1.0 G 96H

43.86 FY 4D

43.88 SMOLT, 5.5 G 96H

44.23 0.71 G 96H

45.86 9.7 G, 8.8 CM 96H

45.87 5.2 G, 8.5 CM 96H

46.38 3 MO, 1.35 G 96H

47.01 AD, MALE 96H

48.10 EM 96H

48.36 SMOLT, 4.69 G, 8.35 CM 96H

50.59 9.4 G, 9.2 CM 96H

51.40 9.4 G, 9.2 CM 96H

52.79 3 MO, 1.35 G 96H

52.79 24.9 G, 13.5 CM 96H

52.86 FRY, 1 G 96H

52.96 ALEVIN 96H

53.76 3.9-6.8 CM FORK LENGTH 96H

56.10 SWIM-UP, 0.17 G 96H

56.39 FRY, 1 G 96H

59.23 SMOLT, 4.8 G 96H
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Criterion
Freshwater Copper

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

13 Micrograms Liter-1
Temperature

4.4-16° Celsius
Arithmetic Mean

145
Criterion Concentration Chronic 

9 Micrograms Liter-1
Hardness

8-495 mg/L CaCO3

Geometric Mean
96

Endpoint/Effect
LC50/Mortality

pH
4.7-8.0

Harmonic Mean
59

Concentration 
Micrograms Liter-1 Life-Stage

Duration

59.70 FRY, 0.132 G, 2.95 CM 96H

59.89 FRY, 0.136 G, 2.97 CM 96H

61.06 ALEVIN 96H

61.68 ALEVIN 96H

61.87 PA 4D

63.79 4.4 G, 8.1 CM 96H

64.68 3.2 G, 7.0 CM 96H

65.18 FY 4D

65.54 PA 4D

65.81 PA 4D

66.26 1.8 G 96H

67.63 YEARLING, 10-18 MO 96H

68.31 22.6 G, 11.8 CM 96H

69.01 4.0 G, 7.3 CM 96H

70.11 AD, MALE, ~2.7 KG 96H

70.46 JUVENILE, 5-6 WK, 0.85 G 96H

70.53 5.7 G, 8.9 CM 96H

71.12 SU, <3 mo, 32.1 MM, 0.23 G 96H

71.23 2.2 G 96H

71.38 JUVENILE, 7-8 WK, 0.20 G 96H

72.13 FRY, 1 G 96H

72.85 SMOLT, 4.63 G, 8.07 CM 96H

73.87 SU, <3 mo, 29.1 MM, 0.23 G 96H

73.96 167 MM 96H

74.56 1.1 G 96H

75.30 SMOLT, 68.19 G, 18.8 CM 96H

79.51 FINGERLING, 2.31 G, 6.61 CM 96H

81.10 JV, 14 mo 96H

84.84 PA 4D

86.51 YEARLING, 10-18 MO 96H

86.89 SMT 4D
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Criterion
Freshwater Copper

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

13 Micrograms Liter-1
Temperature

4.4-16° Celsius
Arithmetic Mean

145
Criterion Concentration Chronic 

9 Micrograms Liter-1
Hardness

8-495 mg/L CaCO3

Geometric Mean
96

Endpoint/Effect
LC50/Mortality

pH
4.7-8.0

Harmonic Mean
59

Concentration 
Micrograms Liter-1 Life-Stage

Duration

87.12 3 MO, 1.35 G 96H

87.55 ALEVIN 96H

88.37 11.3 G, 9.7 CM 96H

88.91 ALEVIN 96H

90.44 3 MO, 1.35 G 96H

92.43 4.3 G 96H

92.74 4.4 G, 7.7 CM 96H

93.28 ALEVIN 96H

95.28 9.7 G, 8.8 CM 96H

99.44 PARR, 6.96 G, 8.6 CM 96H

99.68 2.7 G, 6.8 CM 96H

99.68 FINGERLING, 3.90 G, 7.17 CM 96H

99.68 25.6 G, 13.4 CM 96H

101.29 PA 4D

107.35 SMT 4D

108.15 0.80 G 96H

108.89 24.9 G, 13.5 CM 96H

111.19 FY, 2.36-3.01 G 96H

112.21 PARR, 11.58 G, 9.6 CM 96H

113.63 JV, 14 mo 96H

113.77 SU, <3 mo, 30.4 MM, 0.26 G 96H

114.29 11.5 G, 9.9 CM 96H

122.21 3.2 G 96H

123.91 4.9 CM 96H

124.94 2.1 G, 6.0 CM 96H

128.87 1.5 G 96H

130.72 JUVENILE, 18-22 WK, 0.87 G 96H

133.67 4.4 G, 8.1 CM 96H

138.04 1.6 G 96H

138.78 FRY, 1 G 96H

140.88 5.2 G, 8.5 CM 96H
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Criterion
Freshwater Copper

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

13 Micrograms Liter-1
Temperature

4.4-16° Celsius
Arithmetic Mean

145
Criterion Concentration Chronic 

9 Micrograms Liter-1
Hardness

8-495 mg/L CaCO3

Geometric Mean
96

Endpoint/Effect
LC50/Mortality

pH
4.7-8.0

Harmonic Mean
59

Concentration 
Micrograms Liter-1 Life-Stage

Duration

145.69 11 CM, 13 G 96H

147.81 FRY 96H

148.58 1 G 96H

149.08 100.4(90-115)MM TL,10.6(7.5-14.5) G 96H

150.03 ALEVIN, NEWLY HATCHED 96H

150.52 ALEVINS-BUTTONED-UP FRY 96H

155.59 3 MO, 1.35 G 96H

163.37 16.47 CM FL, 53.85 G 96H

163.44 SU, <3 mo, 30.1 MM, 0.25 G 96H

171.44 2.7 G, 6.8 CM 96H

174.10 3.2 G, 7.0 CM 96H

174.36 JUVENILE 96H

177.75 JUVENILE, 7-10 WK, 0.60 G 96H

179.14 SU, <3 mo, 34.4 MM, 0.29 G 96H

179.91 3 MO, 1.35 G 96H

181.82 6.6 G 96H

183.34 FRY, 1 G 96H

184.58 JUVENILE, 6 G 96H

185.37 SU, <3 mo, 28.4 MM, 0.23 G 96H

189.35 ALEVIN 96H

194.30 3.2 G, 6.9 CM 96H

194.76 SU, <3 mo, 33.4 MM, 0.25 G 96H

199.96 JUVENILE, 7-8 WK, 0.34 G 96H

201.19 SMOLT, 32.46 G, 14.4 CM 96H

210.45 JUVENILE, 10-12 WK, 0.41 G 96H

212.83 FRY 96H

217.16 JUVENILE,29.1G WET WT,6.76 G DRY WT 96H

217.16 SMOLT, 5.5 G 96H

222.22 0.90 G 96H

227.44 SWIM-UP, 0.23 G 96H

228.59 ALEVIN, NEWLY HATCHED 96H
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Criterion
Freshwater Copper

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

13 Micrograms Liter-1
Temperature

4.4-16° Celsius
Arithmetic Mean

145
Criterion Concentration Chronic 

9 Micrograms Liter-1
Hardness

8-495 mg/L CaCO3

Geometric Mean
96

Endpoint/Effect
LC50/Mortality

pH
4.7-8.0

Harmonic Mean
59

Concentration 
Micrograms Liter-1 Life-Stage

Duration

229.06 FRY 96H

233.38 FINGERLING, 2.13 G, 6.67 CM 96H

240.00 ADULT, 16-18 CM 96H

240.02 18.7 G, 11.8 CM 96H

244.76 2.36-3.01 G 96H

250.22 5.7 G, 8.9 CM 96H

254.62 ALEVIN 200H

255.80 3 MO, 1.35 G 96H

264.28 PA 4D

266.36 FY, 2.36-3.01 G 96H

271.32 2.1 G, 6.0 CM 96H

274.31 3.2 G, 6.9 CM 96H

288.82 SU, <3 mo, 30.0 MM, 0.25 G 96H

289.33 12-16 CM 96H

301.90 3.2 G 96H

310.51 JUVENILE, 18-22 WK, 0.47 G 96H

313.32 FINGERLING, 3.28 G, 7.26 CM 96H

322.75 3 MO, 1.35 G 96H

326.37 3300 MG 96H

333.58 11.5 G, 9.9 CM 96H

346.63 JUVENILE, 10-12 WK, 0.81 G 96H

355.82 1.4 G 96H

376.54 YEARLING, 10-18 MO 96H

404.21 ALEVIN 96H

447.01 1.5 G 96H

447.48 ALEVIN, 0.05 G 96H

467.01 JUVENILE,3.9 G WET WT,0.94 G DRY WT 96H

475.90 1 G 96H

489.25 ALEVIN 96H

533.72 3 MO, 1.35 G 96H

533.72 JUVENILE,176 G WET WT,46.0 G DRY WT 96H
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Criterion
Freshwater Copper

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

13 Micrograms Liter-1
Temperature

4.4-16° Celsius
Arithmetic Mean

145
Criterion Concentration Chronic 

9 Micrograms Liter-1
Hardness

8-495 mg/L CaCO3

Geometric Mean
96

Endpoint/Effect
LC50/Mortality

pH
4.7-8.0

Harmonic Mean
59

Concentration 
Micrograms Liter-1 Life-Stage

Duration

599.98 FRY, 1.60 G 96H

600.44 SMOLT, 5.5 G 96H

1160.10 2.6 G 96H

Table 2.6.2.2.6.2 NOEC toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater copper.

Criterion
Freshwater Copper

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

13 Micrograms Liter-1
Temperature

4.4-16° Celsius
Arithmetic Mean

58
Criterion Concentration Chronic 

9 Micrograms Liter-1
Hardness

16-405 mg/L CaCO3

Geometric Mean
35

Endpoint/Effect
NOEC/Growth

pH
4.7-8.0

Harmonic Mean
25

Concentration 
Micrograms Liter-1 Life-Stage

Duration

6.57   
8   

9.5
MX, EG-YE, EXPOSED OR 

UNEXPOSED PAR
8M

11.4   
12 EGGS 6M

12 SACFRY, 9-11 D, 102.4-110.3 MG WT 15D

12 NR 24M

13.14   
14 FY OR SMT 30D

16 FY OR SMT 10D

16   
17 PA 29D

17.91
MX, EG-YE, EXPOSED OR 

UNEXPOSED PAR
8M

18 PA 8D

18 PA 29D
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Criterion
Freshwater Copper

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

13 Micrograms Liter-1
Temperature

4.4-16° Celsius
Arithmetic Mean

58
Criterion Concentration Chronic 

9 Micrograms Liter-1
Hardness

16-405 mg/L CaCO3

Geometric Mean
35

Endpoint/Effect
NOEC/Growth

pH
4.7-8.0

Harmonic Mean
25

Concentration 
Micrograms Liter-1 Life-Stage

Duration

18 SWIM-UP, 0.23 G 96H

20 3 MO, 1.35 G 96H

20 3 MO, 1.35 G 96H

20.8   
21 PA 8D

21 PA 29D

21 PA 30D

21 FY OR SMT 60D

21.49   
22 PA 60D

22   
22.3   
23 SMOLT, 32.46 G, 14.4 CM 96H

24 ALEVIN, 0.05 G 96H

25 SACFRY, 9-11 D, 102.4-110.3 MG WT 15D

28 PA 60D

30 3 MO, 1.35 G 96H

30 3 MO, 1.35 G 96H

35 PARR, 11.58 G, 9.6 CM 96H

38 PA 9D

39.21   
40 PA 8D

40 FRY, 0.87 G 96H

41 FRY, 0.66 G 96H

41.47   
42.04   

50 3 MO, 1.35 G 96H

50 3 MO, 1.35 G 96H

54.69 FY OR SMT 60D

70.5 PA 60D

75 8 mo 10D

75 8 mo 10D
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Criterion
Freshwater Copper

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

13 Micrograms Liter-1
Temperature

4.4-16° Celsius
Arithmetic Mean

58
Criterion Concentration Chronic 

9 Micrograms Liter-1
Hardness

16-405 mg/L CaCO3

Geometric Mean
35

Endpoint/Effect
NOEC/Growth

pH
4.7-8.0

Harmonic Mean
25

Concentration 
Micrograms Liter-1 Life-Stage

Duration

78.1 PA 60D

79 8 mo 10D

95 SMOLT, 4.69 G, 8.35 CM 96H

100 3 MO, 1.35 G 96H

100 3 MO, 1.35 G 96H

150 3 MO, 1.35 G 96H

200 FRY, 0.136 G, 2.97 CM 96H

200 3 MO, 1.35 G 96H

202 FINGERLING, 3.90 G, 7.17 CM 96H

213 FRY, 0.132 G, 2.95 CM 96H

216 SMOLT, 4.63 G, 8.07 CM 96H

240 SMOLT, 4.8 G 96H

312 8 mo 10D

Table 2.6.2.2.6.3 Behavioral toxicity data for salmonid fishes, Eulachon, and green sturgeon 
for freshwater copper.

Criterion
Freshwater Copper

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

13 Micrograms Liter-1
Temperature

4.4-18° Celsius
Arithmetic Mean

91
Criterion Concentration Chronic 

9 Micrograms Liter-1
Hardness

135 mg/L CaCO3

Geometric Mean
91

Endpoint/Effect
Behavioral

pH
4.7-8.54

Harmonic Mean
91

Concentration 
Micrograms Liter-1 Life-Stage

Duration

65.8 SACFRY,9-11 D,102.4-110.3 MG WET WT 15D
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Table 2.6.2.2.6.4 Behavioral toxicity data for salmonid fishes, Eulachon, and green sturgeon 
for freshwater copper. 

Criterion
Freshwater Copper

Data Set 3

Criterion Concentration Acute 
13 Micrograms Liter-1

Temperature
6.9-16.5° Celsius

Arithmetic Mean
6

Criterion Concentration Chronic 
9 Micrograms Liter-1

Hardness
20-240 mg/L CaCO3

Geometric Mean
2

Endpoint/Effect
Behavioral/Olfaction

pH
7.2-7.6

Harmonic Mean
0.98

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.18 JUVENILE 3H

0.59 JUVENILE 3H

0.75 JUVENILE 20MIN

0.79 JUVENILE 3H

1.6 JUVENILE 20MIN

2 JUVENILE 21D

2.1 JUVENILE 3H

2.4 JUVENILE 20MIN

5 JUVENILE 6D

10 ADULT INDEFINITE

20 ADULT INDEFINITE

25 ADULT INDEFINITE
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Table 2.6.2.2.6.5 Sublethal toxicity data for salmonid fishes, Eulachon, and green sturgeon 
for freshwater copper.

Criterion
Freshwater Copper

Data Set 2

Criterion Concentration Acute 
13 Micrograms Liter-1

Temperature
4-21° Celsius

Arithmetic Mean
4

Criterion Concentration Chronic 
9 Micrograms Liter-1

Hardness
20-120 mg/L CaCO3

Geometric Mean
2

Endpoint/Effect
Sublethal/Olfaction

pH
6.9-8.0

Harmonic Mean
1

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.18 JUVENILE 3H

0.59 JUVENILE

0.6 JUVENILE 3H

0.75 JUVENILE 20 MIN

0.79 JUVENILE

1.1 JUVENILE 60D

1.6 JUVENILE 20 MIN

1.9 JUVENILE 120D

2 JUVENILE 21D

2 JUVENILE

2.1 JUVENILE 3H

2.8 JUVENILE 60D

3.1 JUVENILE 23W

5 JUVENILE 6D

8.5 JUVENILE 3M

17 JUVENILE 3M

17 JUVENILE 22M
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Table 2.6.2.2.6.6 Cellular toxicity data for salmonid fishes, Eulachon, and green sturgeon 
for freshwater copper.

Criterion
Freshwater Copper

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

13 Micrograms Liter-1
Temperature

4.4-18° Celsius
Arithmetic Mean

136
Criterion Concentration Chronic 

9 Micrograms Liter-1
Hardness

20-306 mg/L CaCO3

Geometric Mean
58

Endpoint/Effect
Cellular

pH
4.7-8.54

Harmonic Mean
21

Concentration 
Micrograms Liter-1 Life-Stage

Duration

29.2 YEARLING 15D

30.6 YEARLING, 140 MM 5W

32.2 ALEVIN 37W

32.2 EMBRYO, 14 D POST-FERTILIZATION 41W

45 17.8 CM TL, 65.0 G 96H

60.4 16.47 CM FL, 53.85 G 24H

167.3 FINGERLING, 4.1 G, 6.2 CM 2H

171.8 YEARLING 25H

217 15.5-20.0 CM 24H

1492.4 21.5 CM, 126 G 1H

Table 2.6.2.2.6.7 Growth toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater copper.

Criterion
Freshwater Copper

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

13 Micrograms Liter-1
Temperature

4.4-18° Celsius
Arithmetic Mean

110
Criterion Concentration Chronic 

9 Micrograms Liter-1
Hardness

16-380 mg/L CaCO3

Geometric Mean
18

Endpoint/Effect
Growth

pH
4.7-8.54

Harmonic Mean
6

Concentration 
Micrograms Liter-1 Life-Stage

Duration

1.1 EM 96H

2.2 FRY, 83.3-91.5 MG WET WT 10D

3.3 SWIM UP FRY, 0.120 G, 25.7 MM 20D

3.5 JUVENILE, 8 G 42D

3.6 YE, YEAR-CLASS I, 15 CM, 27 G MALE 8M

3.6 YE, YEAR-CLASS I, 15 CM, 27 G FEMAL 8M

3.6 YE, YEAR-CLASS I, 15 CM, 27 G FEMAL 8M
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Criterion
Freshwater Copper

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

13 Micrograms Liter-1
Temperature

4.4-18° Celsius
Arithmetic Mean

110
Criterion Concentration Chronic 

9 Micrograms Liter-1
Hardness

16-380 mg/L CaCO3

Geometric Mean
18

Endpoint/Effect
Growth

pH
4.7-8.54

Harmonic Mean
6

Concentration 
Micrograms Liter-1 Life-Stage

Duration

3.6
EG, FROM 8 MO COPPER EXPOSED 

PARENT 100D

3.6
EG, FROM 8 MO COPPER EXPOSED 

PARENT 100D

3.6 YE, YEAR-CLASS I, 15 CM, 27 G 8M

3.6 EG, UNEXPOSED PARENTS 1W

5.1 YEARLING, 10-18 MO 37D

8.3 1.7-3.3 G 21D

12.1 EGG, 0-1 D 95D

16.1 1.7-3.3 G 21D

19.6 YEARLING, 14-16 CM, 30-42 G/ 720D

25.5 5.6 G, 7.8 CM 100D

25.8 EGG-FRY 14W

25.8 MX, EGG-FRY 14W

30.6 YEARLING, 140 MM 40W

37.2 EMBRYO, 6 H POST-FER 85D

40 ALEVINS-BUTTONED-UP FRY 96H

45 5.74 G, 8.4 CM 30D

63.8 55.5 G 40D

217 15.5-20.0 CM 20.5H

356.8 8 mo 10D

476.7 8 mo 10D

818 8 mo 10D

930 8 mo 10D
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Table 2.6.2.2.6.8 Growth toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater copper.

Criterion
Freshwater Copper

Data Set 3

Criterion Concentration Acute 
13 Micrograms Liter-1

Temperature
6.9-16.5° Celsius

Arithmetic Mean
18

Criterion Concentration Chronic 
9 Micrograms Liter-1

Hardness
20-240 mg/L CaCO3

Geometric Mean
8

Endpoint/Effect
Growth

pH
7.2-7.6

Harmonic Mean
4

Concentration 
Micrograms Liter-1 Life-Stage

Duration

1.9 NR 120D

2.8 NR 120D

21 NR 60D

45 NR 60D

Table 2.6.2.2.6.9 Physiological toxicity data for salmonid fishes, Eulachon, and green 
sturgeon for freshwater copper.

Criterion
Freshwater Copper

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

13 Micrograms Liter-1
Temperature

4.4-18° Celsius
Arithmetic Mean

114
Criterion Concentration Chronic 

9 Micrograms Liter-1
Hardness

10.1-320 mg/L CaCO3

Geometric Mean
36

Endpoint/Effect
Physiological

pH
4.7-8.54

Harmonic Mean
9

Concentration 
Micrograms Liter-1 Life-Stage

Duration

1.3 200-250 G 120D

11.2 17 G 42D

33.1 NR 24H

36.4 8 MO, 3-8 G 7D

44.9 5.74 G, 8.4 CM 30D

60.4 20.01 CM FL, 101.54 G 96H

65.8 SACFRY, 9-11 D, 102.4-110.3 MG WT 15D

94.1 YEARLING 2H

99.8 YEARLING 78H

100 8 MO, 3-8 G 7D

313.6 75-100 G 8H

500 56 G 24H
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Table 2.6.2.2.6.10 Reproductive toxicity data for salmonid fishes, Eulachon, and green 
sturgeon for freshwater copper.

Criterion
Freshwater Copper

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

13 Micrograms Liter-1
Temperature

4.4-18° Celsius
Arithmetic Mean

1724
Criterion Concentration Chronic 

9 Micrograms Liter-1
Hardness

40-48 mg/L CaCO3

Geometric Mean
57

Endpoint/Effect
Reproductive

pH
4.7-8.54

Harmonic Mean
4

Concentration 
Micrograms Liter-1 Life-Stage

Duration

3.5 YE, YEAR-CLASS I, 15 CM, 27 G FEMAL 8M
3.5 YE, YEAR-CLASS I, 15 CM, 27 G FEMAL 8M

3.5 YE, YEAR-CLASS I, 15 CM, 27 G FEMAL 8M

3.5 YE, YEAR-CLASS I, 15 CM, 27 G FEMAL 8M

8.8 YEARLING, 14-16 CM, 30-42 G/ 720D

Copper Toxicity Data Summary. In order to understand the context of the toxicity data 
and its relationship to the criteria, NMFS not only considered the toxicity test concentrations in 
comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range 
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
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criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

To assess the potential magnitude of acute toxic effects from exposure to copper, NMFS added 
an additional step to its analysis for copper to look at the relationship of the acute criterion to the 
LC50 data in terms of predicting the magnitude of acute toxic effects. To do this, NMFS 
calculated an acute toxicity ratio or relative percent mortality. This assessment involved taking 
the acute criterion of 13 μg/L and dividing it by each LC50 concentrations in Table 2.6.2.2.6.1 to 
calculate a ratio, i.e., a prediction of the relative percent mortality of the criterion to the acute 
toxicity data. This ratio, relative to the LC50 data set in Table 2.6.2.2.6.1, predicts a magnitude of 
effect ranging from a low of an LC0.6 at a concentration of 1160 μg/L to a high of an LC100 at a 
concentration of 5.7 μg/L (Table 2.6.2.2.6.11). In other words, the acute criterion of 13 μg/L has 
an equivalent toxicity potential predicted to kill 0.6 percent to 100 percent, with a median 
toxicity potential of an LC7, of the exposed test population, and therefore by inference, field-
exposed individuals.
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Table 2.6.2.2.6.11 Relative percent mortality analysis for salmonid fishes, eulachon, and 
green sturgeon for freshwater copper.

Criterion
Freshwater Copper

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

13 Micrograms Liter-1
Temperature

4.4-16° Celsius
Criterion Concentration Chronic 

9 Micrograms Liter-1
Hardness

8-495 mg/L CaCO3

Endpoint/Effect
LC50/Mortality

pH
4.7-8.0

Concentration 
Micrograms Liter-1

Relative Percent Mortality
(acute criterion/LC50)

5.70 114.0

5.96 109.1

9.14 71.1

9.14 71.1

11.56 56.2

12.85 50.6

18.03 36.1

19.32 33.6

20.62 31.5

21.20 30.7

23.90 27.2

25.45 25.5

25.49 25.5

25.65 25.3

27.55 23.6

30.13 21.6

30.48 21.3

31.26 20.8

31.61 20.6

32.86 19.8

33.35 19.5

33.41 19.5

34.31 18.9

35.15 18.5

36.39 17.9

37.88 17.2

38.18 17.0

38.58 16.8

39.63 16.4
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Criterion
Freshwater Copper

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

13 Micrograms Liter-1
Temperature

4.4-16° Celsius
Criterion Concentration Chronic 

9 Micrograms Liter-1
Hardness

8-495 mg/L CaCO3

Endpoint/Effect
LC50/Mortality

pH
4.7-8.0

Concentration 
Micrograms Liter-1

Relative Percent Mortality
(acute criterion/LC50)

40.66 16.0

42.63 15.2

42.83 15.2

43.86 14.8

43.88 14.8

44.23 14.7

45.86 14.2

45.87 14.2

46.38 14.0

47.01 13.8

48.10 13.5

48.36 13.4

50.59 12.8

51.40 12.6

52.79 12.3

52.79 12.3

52.86 12.3

52.96 12.3

53.76 12.1

56.10 11.6

56.39 11.5

59.23 11.0

59.70 10.9

59.89 10.9

61.06 10.6

61.68 10.5

61.87 10.5

63.79 10.2

64.68 10.0

65.18 10.0

65.54 9.9
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Criterion
Freshwater Copper

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

13 Micrograms Liter-1
Temperature

4.4-16° Celsius
Criterion Concentration Chronic 

9 Micrograms Liter-1
Hardness

8-495 mg/L CaCO3

Endpoint/Effect
LC50/Mortality

pH
4.7-8.0

Concentration 
Micrograms Liter-1

Relative Percent Mortality
(acute criterion/LC50)

65.81 9.9

66.26 9.8

67.63 9.6

68.31 9.5

69.01 9.4

70.11 9.3

70.46 9.2

70.53 9.2

71.12 9.1

71.23 9.1

71.38 9.1

72.13 9.0

72.85 8.9

73.87 8.8

73.96 8.8

74.56 8.7

75.30 8.6

79.51 8.2

81.10 8.0

84.84 7.7

86.51 7.5

86.89 7.5

87.12 7.5

87.55 7.4

88.37 7.4

88.91 7.3

90.44 7.2

92.43 7.0

92.74 7.0

93.28 7.0

95.28 6.8
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Criterion
Freshwater Copper

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

13 Micrograms Liter-1
Temperature

4.4-16° Celsius
Criterion Concentration Chronic 

9 Micrograms Liter-1
Hardness

8-495 mg/L CaCO3

Endpoint/Effect
LC50/Mortality

pH
4.7-8.0

Concentration 
Micrograms Liter-1

Relative Percent Mortality
(acute criterion/LC50)

99.44 6.5

99.68 6.5

99.68 6.5

99.68 6.5

101.29 6.4

107.35 6.1

108.15 6.0

108.89 6.0

111.19 5.8

112.21 5.8

113.63 5.7

113.77 5.7

114.29 5.7

122.21 5.3

123.91 5.2

124.94 5.2

128.87 5.0

130.72 5.0

133.67 4.9

138.04 4.7

138.78 4.7

140.88 4.6

145.69 4.5

147.81 4.4

148.58 4.4

149.08 4.4

150.03 4.3

150.52 4.3

155.59 4.2

163.37 4.0

163.44 4.0
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Criterion
Freshwater Copper

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

13 Micrograms Liter-1
Temperature

4.4-16° Celsius
Criterion Concentration Chronic 

9 Micrograms Liter-1
Hardness

8-495 mg/L CaCO3

Endpoint/Effect
LC50/Mortality

pH
4.7-8.0

Concentration 
Micrograms Liter-1

Relative Percent Mortality
(acute criterion/LC50)

171.44 3.8

174.10 3.7

174.36 3.7

177.75 3.7

179.14 3.6

179.91 3.6

181.82 3.6

183.34 3.5

184.58 3.5

185.37 3.5

189.35 3.4

194.30 3.3

194.76 3.3

199.96 3.3

201.19 3.2

210.45 3.1

212.83 3.1

217.16 3.0

217.16 3.0

222.22 2.9

227.44 2.9

228.59 2.8

229.06 2.8

233.38 2.8

240.00 2.7

240.02 2.7

244.76 2.7

250.22 2.6

254.62 2.6

255.80 2.5

264.28 2.5
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Criterion
Freshwater Copper

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

13 Micrograms Liter-1
Temperature

4.4-16° Celsius
Criterion Concentration Chronic 

9 Micrograms Liter-1
Hardness

8-495 mg/L CaCO3

Endpoint/Effect
LC50/Mortality

pH
4.7-8.0

Concentration 
Micrograms Liter-1

Relative Percent Mortality
(acute criterion/LC50)

266.36 2.4

271.32 2.4

274.31 2.4

288.82 2.3

289.33 2.2

301.90 2.2

310.51 2.1

313.32 2.1

322.75 2.0

326.37 2.0

333.58 1.9

346.63 1.9

355.82 1.8

376.54 1.7

404.21 1.6

447.01 1.5

447.48 1.5

467.01 1.4

475.90 1.4

489.25 1.3

533.72 1.2

533.72 1.2

599.98 1.1

600.44 1.1

1160.10 0.6
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In summary, a number of toxicity studies reported concentrations that are less than the acute and 
chronic criteria concentrations for copper, which implies that listed species exposed to waters 
equal to criteria concentrations will suffer acute or chronic toxic effects. Conversely, a number of 
toxicity studies reported concentrations that are greater than the acute and chronic criteria 
concentrations for copper, which implies that listed species exposed to waters equal to criteria 
concentrations may not suffer acute or chronic toxic effects. When the available information is 
equivocal, NMFS gives the benefit of the doubt in its analysis to the listed species. Based on this 
principle and the considerations of the shortcomings and implications of laboratory-derived 
toxicity tests, the relative percent mortality analysis, and the ecological consequences for field-
exposed fishes, listed species exposed to waters equal to the acute or chronic criteria 
concentrations will suffer acute and chronic toxic effects.

Sublethal Effects. Copper toxicity is influenced by chemical speciation, hardness, pH, 
alkalinity, total and dissolved organic content in the water, previous exposure and acclimation, 
fish species and life stage, water temperature, and presence of other metals and organic 
compounds that may interfere with or increase copper toxicity. Synergistic toxicity is suggested 
for mixtures of copper and aluminum, iron, zinc, mercury, anionic detergents, or various 
organophosphorus insecticides (Eisler 1998a). 

The distinction between copper deficiency and toxicity is small in organisms such as algae and 
invertebrates that lack effective mechanisms to control absorption (EPA 1999 as cited in EPA 
2008). Copper is not strongly bioconcentrated in vertebrates but is more strongly bioconcentrated 
in invertebrates (EPA 1999 as cited in EPA 2008). Toxicity of copper to aquatic organisms is 
dependent on pH, temperature, alkalinity, hardness, and concentrations of bicarbonate, sulfide, 
and organic ligands (EPA 1980b as cited in EPA 2008), as well as the type and life stage of 
exposed organism (EPA 1999 as cited in EPA 2008). Copper is among the most toxic of the 
heavy metals to freshwater biota (Schroeder et al. 1966, Betzer and Yevich 1975 as cited in EPA 
2008). In general, mortality of tested aquatic species is greatest under conditions of low water 
hardness, starvation, elevated water temperatures, and among early developmental stages (Eisler 
1998a as cited in EPA 2008). Effects of copper toxicity to freshwater organisms include valve 
closure, reduction in filtration rates, impaired structure and function of cellular membranes, and 
cardiac inhibition in mussels. Impaired disease resistance, disrupted migration (via avoidance 
behavior of copper-contaminated areas), hyperactivity, impaired respiration, disrupted 
osmoregulation, pathology of kidneys, liver, and gills, impaired function of olfactory organs and 
brain, altered blood chemistry, and enzyme activity have been documented in fish (Eisler 1998a
as cited in EPA 2008). 

Biological copper toxicity has a diversity of systemic effects including reduced growth and 
survival rates and altered hematology, respiratory, and cardiac physiology. Reproductive effects, 
including reduced frequency of spawning, reduced egg production, reduced survival of young, 
and increased deformity of fry, have been reported (Sorensen 1991, Eisler 1998a). Elevated 
copper levels also influence the immune system and vulnerability to disease. For example, 
Carballo et al. (1995) determined that rainbow trout were more susceptible to the microbial 
parasite, Saprolegnia parasitica, and Dethloff and Bailey (1998) determined physiological 
changes in immune system characteristics at elevated copper concentrations . Hansen et al.
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(1999b) determined that cellular damage occurred to the olfactory system of juvenile Chinook 
salmon and rainbow trout that were exposed to high concentrations of copper.

Copper toxicity appears to be inversely related to the tendency of the metal to bind with the 
external gill surface via ionic interactions. In other words, a lower affinity of the gill surface to 
copper leads to a greater likelihood of disruption of intracellular processes, which may lead to 
gill dysfunction (Reid and McDonald 1991). Some studies have examined the disruption of gill 
processes by copper. For example, gill Na+, K+- ATPase activity in Chinook salmon parr was 
unaffected after an 18-hour exposure to stream water with elevated copper levels of 48 μg/L 
(hardness = 13.3 mg/L as CaCO3). With the same exposure, significant inhibition of gill Na+, K+-
ATPase activity was observed in smolts. Significant increases in hematocrit and plasma glucose 
were also observed in both parr and smolts resulting from the same 18-hour exposure (Beckman 
and Zaugg 1988). Sola et al. (1995) determined that divalent copper (Cu2+) totally suppressed 
gill Na+, K+- ATPase activity and produced significant cell damage, edema, mucus production, 
smoothing of apical membranes, swelling of tubular system and destruction of mitochondria in 
rainbow trout at high concentrations of CuCl2 (3.5 and 134.5 mg/L). They concluded that 
bioavailable copper, such as divalent copper, immediately damages the hydromineral balance of 
rainbow trout and causes morphological modifications that are irreversible.

Sauter et al. (1976) determined reduced growth in brook trout fry occurred between 3 μg/L and 
5 μg/L, at a hardness of approximately 38 mg/L. The resulting chronic value from that study was 
3.9 μg/L, which is below the proposed chronic criterion (4.9 μg/L). At a hardness of 187 mg/L, 
the effect occurred between 5 μg/L and 8 μg/L with a resulting chronic value of 6.3 μg/L, which 
is well below the proposed chronic criterion of 19 μg/L.

Munoz et al. (1991) observed rapid elevations of plasma cortisol, an indicator of stress, in 
rainbow trout after a 1-hour exposure to approximately 0.2 μg/L of copper at a hardness of 12 
mg/L. The elevated plasma cortisol levels were maintained throughout the experiment’s duration 
of 21 days. This concentration is 45 times the chronic criterion, with no corresponding adverse 
physiological effects detected in association with the elevated cortisol levels. However, elevated 
plasma cortisol levels are indicative of stress, and potentially represent a diversion of energy 
from normal physiological processes that may render salmonids more vulnerable to disease. 
Dethloff et al. (2001) also determined that exposure to copper concentrations below the proposed 
chronic criterion was associated with decreased levels of hematocrit, leukocrit, and lymphocyte 
percentage in the blood in wild rainbow trout, but condition factors and other biochemical 
parameters tested did not show a significant difference compared with fish from reference sites.

There is tremendous variation between fish species in the amount of copper that is accumulated 
for a given exposure. Copper is more strongly bioconcentrated in invertebrates than in fish, and 
is more commonly found in tissues of herbivorous fish than in carnivorous fish from the same 
location. In salmonids, copper has been determined to accumulate in liver, gill, muscle, kidney, 
pyloric caecae, and spleen tissues and the concentrations of copper in fish tissues reflect the 
amount of bioavailable copper in the environment (Peterson et al. 1991, Farag et al. 1994,
Camusso and Balestrini 1995, Saiki et al. 1995, Sorensen 1991). The kidneys and gills are not 
thought to play a significant role in copper detoxification (Sorensen 1991). Both dissolved and 
dietary pathways have been associated with bioaccumulation in salmonids, whereas the case for 
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particulate copper pathways is less clear. However, rainbow trout appear to be able to ingest 
more copper than cadmium, lead, or zinc without significant effects to survival or growth, and 
elevated copper levels in their gills and livers have been found to be measures of chronic 
exposure but not of significant toxic effects (Mount et al. 1994, Dethloff and Bailey 1998, Taylor 
et al. 2000). 

Chemosensory and Behavioral Effects. In aquatic systems, chemoreception is one of 
oldest and most important sensory systems used by animals to collect information on their 
environment and generate behaviors involved in growth, reproduction, and survival (Pyle and 
Mirza 2007). These behaviors include recognition of conspecifics, mates and predators, food 
search, defense, schooling, spawning and migration. Stimuli are perceived by sensory structures 
and converted to electrical signals that are conducted to the central nervous system where the 
information is integrated and appropriate behavioral responses are generated (Baatrup 1991). 
Detection of chemical signals involves not only recognition of a spectrum of unique compounds 
or mixtures but also their spatial and temporal distribution in the medium (Atema 1995). Sensory 
receptors are in direct contact with the environment, and therefore pollutants may disrupt normal 
chemosensory function by masking or counteracting biologically relevant chemical signals or by 
causing direct morphological and physiological damage to the receptors (Baatrup 1991). 

Impairment of olfaction can be measured by electrophysiological techniques called 
electroolfactograms (EOGs) (e.g., Evans and Hara 1985, Baldwin et al. 2003) or 
electroencephalograms (EEGs) (e.g., Hansen et al. 1999a, Sandahl et al. 2004). In fish, EOGs 
measure the response along the midline of a rosette within the fish’s olfactory chamber (nose), 
EEGs record the response from the olfactory bulb (forebrain) (Sandahl et al. 2004, p. 406). Each 
rosette contains ciliated olfactory receptor neurons (ORNs) that respond to stimuli as water 
passes through the olfactory chamber and over the rosette. The EOG measures responses of an 
assemblage of ORNs. Reductions in or elimination of the EOG and EEG amplitude of exposed 
fish compared to unexposed fish reflect the in sensory ability.

Copper has been known to disrupt the normal function of the olfactory system in salmonids for 
over 45 years (Sprauge et al. 1965, Hara et al. 1976). More recent studies using EOGs and EEGs 
have shown disruption at concentrations of dissolved copper at or slightly above background 
concentrations (Baldwin et al. 2003, Sandahl et al. 2004). Hecht et al. (2007) defines 
background as surface waters equal to imental waters had 

to whether certain fish species are more sensitive than others to the olfactory neurotoxicity of 
copper. In experiments using EEG recordings, Hansen et al. (1999a) found that rainbow trout (O. 
mykiss) were more vulnerable than juvenile Chinook salmon (O. tshawytscha). Thus, while there 
may be modest differences in sensitivity for some species, the available evidence suggests that 
copper is a general olfactory toxicant for all freshwater fish. Although chemoreception is 
probably a fundamental function in most, if not all, fishes (Tierney et al. 2010), many of these 
studies evaluated copper avoidance or copper-induced olfactory impairment in salmonid fishes 
(e.g., Hansen et al. 1999a,b; Baldwin et al. 2003, 2011; Sandahl et al. 2007; McIntyre et al.
2008a). 
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Most behavioral studies on toxicity to chemoreception (i.e., avoidance, food attraction, and alarm 
response) are problematic because it is difficult to separate olfactory toxicity from other forms of 
toxicity (Tierney et al. 2010). Behavioral responses can integrate many inputs, which may 
introduce uncertainty when attributing olfactory impairment to altered behavioral responses 
(Tierney et al. 2010). A few olfactory toxicological studies have related effects across 
organizational levels and these can be divided into two categories: 1) those that relate changes in 
electrochemical responses to physiological responses or to behavioral responses; and 2) those 
that relate olfactory-mediated physiologic responses to behavioral responses (Tierney et al.
2010). For copper, Sandahl et al. (2007) demonstrated that the relationship between loss of 
sensory function (EOG) and behavioral impairment was highly correlated. Alarm pheromone (a 
substance released during fish injuries) triggered an average reduction in swimming speed of 
74% and elicited a mean EOG response of 1.2 mV in unexposed salmon. Salmon exposed to 2 to 

both EOG (50-92%) and in alarm response (Hecht et al.
2007, Sandahl et al. 2007). Statistically significant reductions in EOG response to skin extract 

reductions in swimming speed (majority of fish did not become motionless) occurred at higher 
ahl et al. 2007). In fish, direct exposure to 

dissolved copper can impair and destroy ORNs, although the precise mechanism remains
unknown (Hecht et al. 2007). 

Given the importance of sensory perception, impaired olfaction may in many cases be of more 
immediate survival concern than other physiological impairments (Tierney et al. 2010). The 
studies reviewed in this section illustrate several important aspects of copper toxicity to the 
olfactory system:  1) neurotoxic effects of copper can occur within minutes of exposure; 2) low 
concentrations can elicit responses; 3) at low concentrations, inhibition is transient and recovery 
can be seen within hours or when the toxicant is removed; and 4) incomplete or time-sensitive 
recovery of olfactory system to food-based, conspecific and predator-related odors, and 
reproductive pheromones. 

Several studies indicate that thresholds exist between neurological, physiological and behavioral 
responses, and more than sufficient information exists to indicate that for fishes, olfaction is 
indispensible and sensitive to contaminants. Tierney et al. (2010) reviewed the ramifications for 
extrapolating neurological and physiological data to behavioral and ecological impacts as 
straightforward: lower order measures (e.g., EOG) may underestimate the impact of toxicity to 
higher order biological responses (e.g., mating). Tierney et al. (2010) report that setting 
regulations below where negative responses are observed in olfactory-based systems is not 
warranted until effects relevant to populations are better established.

Acute copper toxicity is known to disrupt osmoregulation in fishes by interfering with sodium 
uptake in the gill. Metal toxicity varies due to various physicochemical characteristics of the 
exposure water (e.g., either laboratory or field), namely hardness, alkalinity, pH, and dissolved 
organic matter (Niyogi and Wood 2004). These constituents can protect against toxicity either by 
competing at the binding sites of the sodium transporter or by reducing the bioavailability of 
copper by complexation (McIntyre et al. 2008a). In 2007, the EPA updated the ambient water 
quality criteria for copper and employed a biotic ligand model (BLM) to derive copper criteria 
(EPA 2007). The BLM differs from the previous hardness-based criterion by incorporating the 

Exhibit 7b



-307-

water chemistry parameters (e.g., pH, temperature, cations, and dissolved organic carbon) to 
predict lethality caused by copper binding to the gill (EPA 2007). 

Due to the differences in structure and physiological function between the gill and olfactory 
epithelium, the extent to which the BLM can be used to estimate sublethal, neurobehavioral 
toxicity is unclear (McIntyre et al. 2008a). McIntyre et al. (2008a) used electrophysiological 
recordings from juvenile coho salmon to investigate the impacts of copper on the olfactory 
epithelium in freshwater with different chemical properties. Results showed olfactory function 
was 1) not affected by change in pH (8.6-7.6), 2) slightly protected by increasing water hardness 
(0.2-1.6 mM Ca) and alkalinity (0.2-3.2 mM HCO3

-), and 3) partially restored by increasing 
dissolved organic carbon (0.1-6 mg/L; McIntyre et al. 2008a).

Since olfactory and behavioral endpoints were not used while deriving either the BLM- or 
hardness-based criteria, concerns have arisen that existing state water quality criteria for copper 
may not be protective of olfactory impairment especially in the western U.S. (McIntyre et al.
2008a). Using data from McIntyre et al. (2008a,b), Meyer and Adams (2010) parameterized an 
olfactory-based BLM and calculated IC20s to evaluate whether the USEPA’s BLM-based criteria 
for copper would be protective of neurological impairment in juvenile salmon. Of the 16 
different laboratory test waters (data from Green et al. 2010; Hansen et al., 1999a,b; and 
McIntyre et al. 2008a,b), the acute and chronic BLM-based copper criteria protected against at 
least 20% avoidance of copper and 20% olfactory impairment while the hardness-based criteria 
were considerably under protective in many of the same exposure waters (Meyer and Adams 
2010). 

McIntyre et al. (2012) calculated survival probabilities for copper exposures relative to controls
for coho salmon that ranged from 10 percent at 20 μg/L to 17 percent at 5 μg/L. McIntyre et al.
(2012) also determined that relatively brief (3 hours) exposures to copper ranging from 5 to 20 
μg/L eliminated the behavioral alarm response in coho salmon prey, leading in turn to increased 
detection, reduced evasion, and reduced survival during predation trials.

Experimental data suggests that significant amelioration of olfactory toxicity due
to hardness is unlikely in typical Pacific salmonid freshwater habitats (Hecht et al. 2007). The 
experiment showed that hardness at 20, 120, and 240 mg/L Ca (experimentally introduced as 
CaCl2) did not significantly protect juvenile coho salmon from olfactory toxicity following 30 

(Baldwin et al. 2003).

Hecht et al. (2007) calculated an acute CMC using the Biotic Ligand Model (BLM) (EPA 2007). 
Interestingly, the estimated acute CMC based on the BLM using measured and estimated water 
quality parameters from Sandahl et al.
while the EPA hardness- g/L. Because the BLM-based 
acute criterion is sensitive to pH and DOC, the range of measured test pH values (6.5–7.1) and 
the range of estimated DOC values (0.3–1.5 mg/L) produced this range of BLM-based acute 
criterion values. It is also interesting that the acute CMC range (0.34–
the olfactory-based BMC range (0.18–
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Sublethal Effects Summary. The available evidence indicates that the chronic criterion 
for copper is likely to result in sublethal effects to listed species considered in this opinion.

Toxicity to Food Organisms. Copper is highly toxic to most freshwater invertebrates 
(Moore and Ramamoorthy 1984). Aquatic macroinvertebrates are sensitive to both dissolved and 
particulate copper, and some taxa can be more sensitive than salmonids (e.g., Kemble et al.
1994). Data in EPA (1985d) indicate that the proposed criteria are usually protective of 
invertebrates that juvenile listed species feed on, although in one case (Dave 1984 as cited in
EPA 1985d) a cladoceran exhibited an LC50 that was lower than the acute and chronic criteria at 
high hardness. Invertebrate communities in rivers appear to respond to elevated copper in the 
sediments by changing composition to pollution-tolerant taxa, rather than by reducing overall 
biomass (Canfield et al. 1994, Clements and Kiffney 1994, Beltman et al. 1999). The biological 
significance of such species change to listed species is unknown.

Copper contained in bed sediments was elevated in benthic invertebrates in field studies 
conducted in metals-contaminated streams (e.g., Ingersoll et al. 1994, Woodward et al. 1994,
Beltman et al. 1999, Besser et al. 2001). Uptake by invertebrates is strongly influence by the 
presence of acid-volatile sulfide in the sediments (Besser et al. 1995). However, Kiffney and 
Clements (1996) determined an inverse relationship existed between aquatic macroinvertebrate 
body size and survival at copper levels in excess of the proposed chronic criterion, which may 
partially counter the effects of bioaccumulation. Indirect effects of elevated copper levels on
listed species therefore likely include reductions in the availability of larger invertebrates as food 
for larger juvenile fishes, and ingestion of bioconcentrated copper by fry and juveniles of all 
sizes.

Summary on Toxicity to Food Organisms. The available evidence indicates that the 
chronic criterion for copper is likely to appreciably affect invertebrate productivity and 
abundance. 

Summary of Effects: Copper. The available evidence for copper indicates that listed 
species exposed to waters equal to the acute or chronic criteria concentrations will suffer acute 
and chronic toxic effects including mortality (moderately-high-intensity), reduced growth (high-
intensity), impairment of essential behaviors related to successful rearing and migration (high-
intensity), cellular trauma (moderate intensity), physiological trauma (moderately-high-
intensity), reproductive failure (high-intensity), and sublethal effects (high-intensity).

2.6.2.2.7 Lead

Lead Criteria. The proposed acute and chronic criteria for lead are 65 μg/L and 2.5 μg/L, 
respectively, at a hardness of 100 mg/L CaCO3.

Tables 2.6.2.2.7.1 through 2.6.2.2.7.8 report toxicity data from the ECOTOX database for 
freshwater lead, except where noted. Each table identifies the respective endpoint for the data 
set, toxicity test concentration, species life stage, test duration, toxicity-associated water quality 
parameters (when available), the arithmetic mean, the geometric mean, and the harmonic mean 
of each data set.
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Table 2.6.2.2.7.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater lead.

Criterion
Freshwater Lead

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

65 Micrograms Liter-1
Temperature
12-20° Celsius

Arithmetic Mean
78742

Criterion Concentration Chronic 
2.5 Micrograms Liter-1

Hardness
40-314 mg/L CaCO3

Geometric Mean
14675

Endpoint/Effect
LC50/Mortality

pH
6.8-8.1

Harmonic Mean
2277

Concentration 
Micrograms Liter-1 Life-Stage

Duration

320 ALEVIN 96H

1000 FRY 96H

1700 JUVENILE, 7-11 WK, 0.97 G 96H

2100 JUVENILE, 18-22 WK, 0.94 G 24H

2670 72 WK, 102 G 96H

4100 JUVENILE, 7-10 WK, 0.60 G 96H

4500 145 MM 96H

12000 JUVENILE, 7-8 WK, 0.34 G 96H

170000 JUVENILE, 18-22 WK, 0.94 G 96H

170000 ALEVIN 96H

170000 ALEVIN 96H

170000 JUVENILE, 10-12 WK, 0.41 G 96H

170000 ALEVIN 96H

224000 JUVENILE, 5-6 WK, 0.85 G 96H
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Table 2.6.2.2.7.2 Growth toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater lead.

Criterion
Freshwater Lead

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute

65 Micrograms Liter-1
Temperature

2-20.5° Celsius
Arithmetic Mean

113
Criterion Concentration Chronic

2.5 Micrograms Liter-1
Hardness

23.95-385 mg/L CaCO3

Geometric Mean
29

Endpoint/Effect
Growth

pH
6.5-8.1

Harmonic Mean
9

Concentration
Micrograms Liter-1 Life-Stage

Duration

1 NR 19M

6 SEXUALLY MATURING MALES 2 YR 12D

6
SEXUALLY MATURING, 2 YR, 

FEMALE 12D

6
SEXUALLY MATURING, 2 YR, 

FEMALE 12D

6
SEXUALLY MATURING, 2 YR, 

FEMALE 12D

6
SEXUALLY MATURING, 2 YR, 

FEMALE 12D

13 NR 141D

14 JUVENILE, 0.38 G WET WT/ 29D

16 NR 19M

16 NR 19M

18 EGGS 19M

21 EYED EGGS 19M

36 FRY, 25 MM 19MIN

38 EGGS 7M

39 EMBRYO-ADULT, SPAWNING, F1, 2, 3 38W

77 EGGS/ 7M

134 ALEVIN, 21 D 21D

149 F2, EMBRYO-12 WK JUVENILE 6M

154
EMBRYO-ADULT, SPAWNING, F1, 2, 3 

38W

213 EMBRYO-ADULT, SPAWNING, F1, 2, 3 38W

305 F2, EMBRYO-12 WK JUVENILE 6M

1216 F1, EMBRYO-ADULT SPAWNING 2.25Y
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Table 2.6.2.2.7.3 NOEC toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater lead.

Criterion
Freshwater Lead

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute

65 Micrograms Liter-1
Temperature

2-20.5° Celsius
Arithmetic Mean

14011
Criterion Concentration Chronic

2.5 Micrograms Liter-1
Hardness

16-350 mg/L CaCO3

Geometric Mean
1575

Endpoint/Effect
NOEC/Mortality/Growth

pH
6.5-8.1

Harmonic Mean
75

Concentration
Micrograms Liter-1 Life-Stage

Duration

18 EGGS 19M

32 NR 19M

150 NR 19M

13526 NR 10D

21811 NR 10D

25461 NR 10D

37079 NR 10D

Table 2.6.2.2.7.4 Behavioral toxicity data for salmonid fishes, Eulachon, and green sturgeon 
for freshwater lead.

Criterion
Freshwater Lead

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

65 Micrograms Liter-1
Temperature

2-20.5° Celsius
Arithmetic Mean

4
Criterion Concentration Chronic 

2.5 Micrograms Liter-1
Hardness

50-135 mg/L CaCO3

Geometric Mean
4

Endpoint/Effect
Behavioral

pH
6.5-8.1

Harmonic Mean
3

Concentration 
Micrograms Liter-1 Life-Stage

Duration

3 NR 1200S

3 NR 1200S

3 NR 1200S

6 EGG 210D
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Table 2.6.2.2.7.5 Biochemical toxicity data for salmonid fishes, Eulachon, and green 
sturgeon for freshwater lead.

Criterion
Freshwater Lead

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute

65 Micrograms Liter-1
Temperature

2-20.5° Celsius
Arithmetic Mean

501
Criterion Concentration Chronic

2.5 Micrograms Liter-1
Hardness

42.3-95 mg/L CaCO3

Geometric Mean
190

Endpoint/Effect
Biochemical

pH
6.5-8.1

Harmonic Mean
45

Concentration
Micrograms Liter-1 Life-Stage

Duration

9 6-18 MO 2W
12 NR 28D
25 JUVENILE, 0.38 G WET WT/ 1D
157 YEARLING 14D

157 YEARLING 56D

83 6-18 MO 2W

367 ALEVIN, 21 D 21D

1438 ALEVIN, 21 D 21D

762 6-8 MO 20D

1000 240 G 3D

1000 240 G 6D

1000 240 G 11H

Table 2.6.2.2.7.6 Cellular toxicity data for salmonid fishes, Eulachon, and green sturgeon 
for freshwater lead.

Criterion
Freshwater Lead

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute

65 Micrograms Liter-1
Temperature

2-20.5° Celsius
Arithmetic Mean

414
Criterion Concentration Chronic

2.5 Micrograms Liter-1
Hardness

121-150 mg/L CaCO3

Geometric Mean
65

Endpoint/Effect
Cellular

pH
6.5-8.1

Harmonic Mean
17

Concentration
Micrograms Liter-1 Life-Stage

Duration

6
SEXUALLY MATURING MALES 2 

YR 12D

6
SEXUALLY MATURING, 2 YR, 

FEMALE 12D

6
SEXUALLY MATURING, 2 YR, 

FEMALE 12D

454 28 CM, 240 G, FEMALE 26D
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Table 2.6.2.2.7.7 Physiological toxicity data for salmonid fishes, Eulachon, and green 
sturgeon for freshwater lead.

Criterion
Freshwater Lead

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute

65 Micrograms Liter-1
Temperature
12-20° Celsius

Arithmetic Mean
38

Criterion Concentration Chronic
2.5 Micrograms Liter-1

Hardness
40-314 mg/L CaCO3

Geometric Mean
15

Endpoint/Effect
Physiological

pH
6.8-8.1

Harmonic Mean
6

Concentration
Micrograms Liter-1 Life-Stage

Duration

3 NR 191D

72 NR 191D

Table 2.6.2.2.7.8 Reproductive toxicity data for salmonid fishes, Eulachon, and green 
sturgeon for freshwater lead.

Criterion
Freshwater Lead

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute

65 Micrograms Liter-1
Temperature

2-20.5° Celsius
Arithmetic Mean

395
Criterion Concentration Chronic

2.5 Micrograms Liter-1
Hardness

17-314 mg/L CaCO3

Geometric Mean
375

Endpoint/Effect
Reproductive

pH
6.5-8.1

Harmonic Mean
354

Concentration
Micrograms Liter-1 Life-Stage

Duration

751 F1, EMBRYO-ADULT SPAWNING 2.25Y

1514 F1, EMBRYO-ADULT SPAWNING 2.25Y

1517
YEARLING, 50-70 G, ADULT 

SPAWNING 38W

Lead Toxicity Data Summary. In order to understand the context of the toxicity data and 
its relationship to the criteria, NMFS not only considered the toxicity test concentrations in 
comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
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Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

To assess the potential magnitude of acute toxic effects from exposure to lead, NMFS added an
additional step to its analysis for lead to look at the relationship of the acute criterion to the LC50

data in terms of predicting the magnitude of acute toxic effects. To do this, NMFS calculated an 
acute toxicity ratio or relative percent mortality. This assessment involved taking the acute 
criterion of 65 μg/L and dividing it by each LC50 concentrations in Table 2.6.2.2.7.1 to calculate 
a ratio, i.e., a prediction of the relative percent mortality of the criterion to the acute toxicity data. 
This ratio, relative to the LC50 data set in Table 2.6.2.2.7.1, predicts a magnitude of effect 
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ranging from a low of an LCzero at a concentration of 224,000 μg/L to a high of an LC10 at a 
concentration of 320 μg/L. In other words, the acute criterion of 65 μg/L has an equivalent 
toxicity potential predicted to kill zero percent to 10 percent, with a median toxicity potential of 
an LC0.5, of the exposed test population, and therefore by inference, field-exposed individuals.

In summary, none of the toxicity studies reported concentrations that are less than the acute 
criterion for lead, which implies that listed species exposed to waters equal to the acute criterion 
concentration may not suffer acute toxic effects. A number of toxicity studies reported 
concentrations that are less than the chronic criteria for lead, and a number of toxicity studies 
reported concentrations that are greater than the chronic criterion for lead, which implies that 
listed species exposed to waters equal to the chronic criterion concentration will suffer chronic 
toxic effects. When the available information is equivocal, NMFS gives the benefit of the doubt 
in its analysis to the listed species. Based on this principle and the considerations of the 
shortcomings and implications of laboratory-derived toxicity tests, the relative percent mortality 
analysis, and the ecological consequences for field-exposed fishes, listed species exposed to 
waters equal to the acute criterion concentration will suffer acute toxic effects, but will suffer 
chronic toxic effects.

Sublethal Effects. Lead toxicity is influenced by species and life stage, metal speciation 
including whether in organic or inorganic form, hardness, pH, water temperature, and the 
presence of other metals that act either synergistically or antagonistically depending on the 
element. Elevated lead concentrations are associated with long-term effects including: spinal 
curvature and other deformities; anemia; caudal chromatophore degeneration (black tail); caudal 
fin degeneration; destruction of spinal neurons; aminolevulinic acid dehydratase (ALAD) 
inhibition in blood cells, spleen, liver, and renal tissues; reduced swimming ability; increased 
mucus formation and coagulation over body and gills and destruction of respiratory epithelium; 
scale loss; elevated lead in blood, bone and kidney; muscular atrophy and paralysis; teratogenic 
effects; inhibition of growth; retardation of maturity; changes in blood chemistry; testicular and 
ovarian histopathology; and death. Fish embryos appear to be more sensitive to lead than older 
fry and juvenile stages (Hodson et al. 1982, EPA 1985f, Eisler 1988b, Sorensen 1991; Farag et 
al. 1994). Organic lead compounds are generally more toxic than inorganic. Aquatic organisms 
are influenced more by dissolved than by total lead, because lead characteristically precipitates 
out to bed sediments in aqueous environments (Eisler 1988b, Sorensen 1991).

Although some of the available data suggest that toxic effects of inorganic lead on salmonids 
occurs above the proposed chronic criterion, the data exhibit wide variation, and there are limited 
lead toxicity test data available for salmonids, particularly for sublethal or indirect effects. 
Results for the early life stage are less conclusive than for adults, and there is conflicting 
evidence regarding the effects. Fish embryos and fry are more sensitive to lead in terms of 
effects to development than older life stages (Sorenson 1991). The results of Birge et al. (1978,
1981) indicate that salmonid embryos exposed for more than 4 days can begin to die when 
inorganic lead concentrations are between 2.5 μg/L and 10.3 μg/L, and hardness is 100 mg/L as 
CaCO3.

Other studies were identified in this analysis that indicate the chronic criterion is at or below the 
NOEC level for the early life stage, as suggested by available data. For example, Sauter et al.
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(1976) determined that the threshold for adverse chronic effects to rainbow trout eggs and fry 
occurred at a lead concentration between 71 μg/L and 146 μg/L, both of which are above the 
chronic criterion. Davies et al. (1976) determined that in soft water (hardness ~30 mg/L), 
adverse developmental effects occurred to eggs and sac-fry when exposure concentrations were 
between 4.1 μg/L and 7.6 μg/L, which are below the proposed chronic criterion. When the eggs 
were not exposed, effects to sac-fry were determined to occur when exposure concentrations 
were between 7.2 μg/L and 14 μg/L in soft water, and between 190 μg/L and 380 μg/L in hard 
water (300 mg/L). Other bioassays involving adult trout and their offspring in soft water 
indicated that there were no adverse reproductive effects occurring when lead concentrations 
were around 6 μg/L (Davies et al. 1976); this level is also above the proposed chronic criterion.

The bioavailability of lead increases in environments with low pH, low organic content, and low 
metal salt content (Eisler 1988b as cited in EPA 2008). Toxicity of lead to aquatic organisms 
varies with water temperature, pH, water hardness, metal salt concentrations, organic matter, and 
suspended solid concentration (EPA 1999 as cited in EPA 2008). Invertebrates tend to have 
higher bioconcentration factors than vertebrates (EPA 1999 as cited in EPA 2008). Effects of 
lead toxicity to freshwater organisms include reduced growth, spinal curvature and other 
deformities, anemia, caudal fin degeneration, destruction of spinal neurons, enzyme inhibition, 
reduced swimming ability, increased mucus formation and coagulation over body and gills and 
destruction of respiratory epithelium, scale loss, muscular atrophy and paralysis, impaired 
reproduction, and reduced survival (Hodson et al. 1982, Eisler 1988b, Sorensen 1991, Farag et 
al. 1994 as cited in EPA 2008). Organic lead compounds are generally more toxic than inorganic 
(Eisler 1988b as cited in EPA 2008).

Fish do not accumulate lead extensively and the results and interpretations of lead accumulation 
studies vary. Farag et al. (1994) determined that adult and juvenile rainbow trout accumulated 
lead in their gut through their diet, and in gill and kidney tissues, when exposed to dissolved lead 
at concentrations slightly in excess of the proposed chronic criteria. In contrast, Mount et al.
(1994) determined that much higher levels of dietary lead exposure than that tested by Farag et 
al. (1994) did not result in reduced survival or growth of rainbow trout fry. Fish excrete lead 
rapidly, and depuration generally reduces levels in tissues and organs (Sorensen 1991). 

Lead accumulation is influenced by age, diet, particle size ingested, hardness, pH, water 
temperature, metal speciation, and presence of other compounds in the water (Eisler 1988b; 
Sorensen 1991). Bioavailability of lead increases with decreasing pH, organic content, hardness, 
and metal salt content (Eisler 1988b). Lead precipitation with increasing hardness leads to 
decreased bioavailability, although the potential for accumulation from precipitated lead still 
exists (Sorensen 1991). Fish do not accumulate lead extensively, and the results and 
interpretations of lead accumulation studies consequently vary. Farag et al. (1994) determined 
that adult and juvenile rainbow trout accumulated lead in their gut through their diet, and in gill 
and kidney tissues when exposed to dissolved lead at concentrations slightly in excess of the 
chronic criterion. In contrast, Mount et al. (1994) determined that much higher levels of dietary 
lead exposure than that tested by Farag et al. (1994) did not result in reduced survival or growth 
of rainbow trout fry. Fish excrete lead rapidly and depuration generally reduces levels in tissues 
and organs (Sorensen 1991). 
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Sublethal Effects Summary. The available evidence indicates that the chronic criterion 
for lead is likely to result in sublethal effects to listed species considered in this opinion.

Toxicity to Food Organisms. Lead toxicity varies considerably among aquatic 
macroinvertebrates (EPA 1985f, Eisler 1988b). Results reviewed in EPA (1985f) and Eisler 
(1988b) indicate that amphipods are more sensitive than other taxa, and that some freshwater 
isopods are tolerant of elevated lead levels. However, the data indicate that mortality of the more 
sensitive taxa occurs at concentrations that are well above the acute criterion.

Invertebrates generally have higher bioconcentration factors than vertebrates (Enk and Mathis 
1977; Eisler 1988b). Ingersoll et al. (1994) determined that while the amphipod Hyalella azteca
accumulated lead from bed sediments, the level of accumulation was not related to concentration 
gradient in the riverbed. Because lead occurs in association with copper, cadmium, and zinc in 
the field studies reviewed, it is difficult to ascribe a direct adverse chronic effect of lead to 
aquatic invertebrates at exposure concentrations that are below the chronic criterion.

Summary on Toxicity to Food Organisms. The available evidence indicates that the 
chronic criterion for lead is unlikely to appreciably affect invertebrate productivity and 
abundance. 

Summary of Effects: Lead. The available evidence for lead indicates that listed species 
exposed to waters equal to the acute or chronic criteria concentrations will suffer acute and 
chronic toxic effects including mortality (moderate intensity), reduced growth (moderate)
intensity, impairment of essential behaviors related to successful rearing and migration
(moderately-high-intensity), cellular trauma (moderately-high-intensity), physiological trauma
(moderate intensity), impairment of biochemical processes (moderate intensity), and 
reproductive failure (low intensity).

2.6.2.2.8 Nickel

Nickel Criteria. The proposed acute and chronic criteria for nickel are 470 μg/L and 
52 μg/L, respectively, at a hardness of 100 mg/L CaCO3.

Tables 2.6.2.2.8.1 through 2.6.2.2.8.5 report toxicity data from the ECOTOX database for 
freshwater nickel, except where noted. Each table identifies the respective endpoint for the data 
set, toxicity test concentration, species life stage, test duration, toxicity-associated water quality 
parameters (when available), the arithmetic mean, the geometric mean, and the harmonic mean 
of each data set.
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Table 2.6.2.2.8.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater nickel.

Criterion
Freshwater Nickel

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

470 Micrograms Liter-1
Temperature

8-13.3° Celsius
Arithmetic Mean

92062
Criterion Concentration Chronic 

52 Micrograms Liter-1
Hardness

27-39 mg/L CaCO3

Geometric Mean
18793

Endpoint/Effect
LC50/Mortality

pH
6.1-8.3

Harmonic Mean
1146

Concentration 
Micrograms Liter-1 Life-Stage

Duration

107 4 H POST-FER 85D

244 4 H POST-FER 85D

588 LARVAE 96H

8826 ADULT, 16-18 CM 96H

15571 JUVENILE, 43.4 MM, 0.60 G 96H

16390 ALEVIN, 14.3 MM, 0.01 G 96H

17390 JUVENILE, 62.4 MM, 1.44 G 96H

20652 15.4 G, 116 MM, 12 MO 96H

22691 16.4 G, 119 MM, 12 MO 96H

25496 0.37 G, 36 MM, 3 MO 96H

27790 0.58 G, 40 MM, 3 MO 96H

33380 ALEVIN, 29.8 MM, 0.24 G 96H

35978 JUVENILE, 45.8 MM, 0.63 G 96H

50170 ALEVIN, 20.8 MM, 0.10 G 96H

155928 NR 48H

161455 8 MO 4D

503126 NR 48H

561339 NR 48H
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Table 2.6.2.2.8.2 Growth toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater nickel.

Criterion
Freshwater Nickel

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute 

470 Micrograms Liter-1
Temperature
4-20° Celsius

Arithmetic Mean
4824

Criterion Concentration Chronic 
52 Micrograms Liter-1

Hardness
11-52 mg/L CaCO3

Geometric Mean
631

Endpoint/Effect
Growth

pH
6.1-8.3

Harmonic Mean
183

Concentration 
Micrograms Liter-1 Life-Stage

Duration

60 4 H POST-FER 85D

61 4 H POST-FER 75D

108 4 H POST-FER 75D

413 4 H POST-FER 75D

672 8 MO 75D

672 EGGS 75D

748 4 H POST-FER 75D

9041 EYED EGGS-SWIM UP FRY 75H

31645 EGGS-SACK FRY 75D

Nickel Toxicity Data Summary. In order to understand the context of the toxicity data 
and its relationship to the criteria, NMFS not only considered the toxicity test concentrations in 
comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range 
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
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fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

To assess the potential magnitude of acute toxic effects from exposure to nickel, NMFS added an 
additional step to its analysis for nickel to look at the relationship of the acute criterion to the 
LC50 data in terms of predicting the magnitude of acute toxic effects. To do this, NMFS 
calculated an acute toxicity ratio or relative percent mortality. This assessment involved taking 
the acute criterion of 470 μg/L and dividing it by each LC50 concentrations in Table 2.6.2.2.8.1
to calculate a ratio, i.e., a prediction of the relative percent mortality of the criterion to the acute 
toxicity data. This ratio, relative to the LC50 data set in Table 2.6.2.2.8.1, predicts a magnitude of 
effect ranging from a low of an LCzero at a concentration of 561,339 μg/L to a high of an LC100 at 
a concentration of 107 μg/L. In other words, the acute criterion of 470 μg/L has an equivalent 
toxicity potential predicted to kill zero percent to 100 percent, with a median toxicity potential of 
an LC1, of the exposed test population, and therefore by inference, field-exposed individuals.

In summary, a number of toxicity studies reported concentrations that are less than the acute 
criterion concentration for nickel, which implies that listed species exposed to waters equal to 
criteria concentrations will suffer acute toxic effects. Conversely, a number of toxicity studies 
reported concentrations that are greater than the acute and chronic criteria concentrations for
nickel, which implies that listed species exposed to waters equal to criteria concentrations may 
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not suffer acute or chronic toxic effects. When the available information is equivocal, NMFS 
gives the benefit of the doubt in its analysis to the listed species. Based on this principle and the 
considerations of the shortcomings and implications of laboratory-derived toxicity tests, the 
relative percent mortality analysis, and the ecological consequences for field-exposed fishes,
listed species exposed to waters equal to the acute or chronic criteria concentrations will suffer 
acute toxic effects, but may not suffer chronic toxic effects.

Sublethal Effects. Nickel poisoning in fish can cause respiratory stress, convulsions, and 
loss of equilibrium prior to death. In fishes, adverse respiratory effects occur through destruction 
of gill tissues by ionic nickel and subsequent blood hypoxia. Other effects include decreased 
concentrations of glycogen in muscle and liver tissues and simultaneous increases in lactic acid 
and glucose in the blood, and interference with metabolic oxidation-reduction processes (Eisler 
1998b). In general, the egg and embryo stages of salmonids are the most, and older stages the 
least, sensitive to nickel toxicity (Nebeker et al. 1985 as cited in Eisler 1998b). In contrast with 
other metals, alevins and juveniles appear to have a similar sensitivity to nickel (Buhl and 
Hamilton 1991).

Salmonid fishes accumulate nickel through both dietary and water-borne exposure routes 
(EIFAC 1984, Eisler 1998b). Bioconcentration factors vary substantially both within and 
between species, with age of organism, and with exposure concentration, and have been 
determined to range between 2 inch and 52 inch fish. Bioconcentration has been noted to occur 
in kidney, liver, and muscle tissues of rainbow trout exposed to ambient water concentrations of 
nickel equal to 1000 μg/L for 6 months, but the test fish were able to depurate much of the 
accumulated nickel within 3 months after exposure was terminated and were not visibly affected 
during the experiment (Calamari et al. 1982). Studies of saltwater and freshwater fish species 
have determined that piscivorous fish bioaccumulate greater levels of nickel in muscle tissues 
than other fish, indicating the potential for biomagnification to occur (albeit to a limited extent 
according to most studies; EIFAC 1984, Eisler 1998b). There is evidently a risk of 
bioaccumulation from chronic nickel exposure, but it remains to be determined to what extent 
this is a significant hazard for listed species.

Nickel can be carcinogenic, may be mutagenic, and is not teratogenic. It is bioconcentrated and 
bioaccumulated by aquatic organisms (Eisler 1998b). Toxicity of nickel to aquatic organisms is 
dependent on water hardness, pH, ionic composition, chemical form, type and concentration of 
ligands, presence of mixtures, and availability of solid surfaces for adsorption (Eisler 1998b). 
Nickel interacts with many compounds to produce altered patterns of accumulation, metabolism, 
and toxicity (Eisler 1998b). Mixtures of metals containing nickel salts are more toxic to daphnids 
and fishes than are predicted on the basis of individual components (Enserink et al. 1991). 
Effects of nickel toxicity to freshwater invertebrates include reduced growth, impaired 
reproduction, reduced population biomass, increased respiration rate, and reduced survival (see 
Eisler 1998b). Effects of nickel toxicity to freshwater fish include delayed hatching time, 
reduced swimming activity, behavioral alterations (avoidance), disrupted protein metabolism in 
gills and kidneys, loss of equilibrium, destruction of gill lamellae resulting in decreased 
ventilation rate, decreased concentrations of glycogen in muscle and liver, and reduced survival 
in fish (Eisler 1998b).
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Several studies have determined that mortality of salmonid embryos occurs over longer-term 
exposures to concentrations that are below the chronic criterion. For example, Birge et al. (1978) 
determined a 30-day LC50 for rainbow trout embryos of 50 μg/L at a water hardness between 93 
mg/L and 105 mg/L. The corresponding lethal threshold (LC1) was estimated to be
approximately 0.6 μg/L. Birge and Black (1980; as cited in Eisler 1998, hardness not reported) 
determined an LC10 of 11 μg/L for rainbow trout embryos exposed from fertilization through 
hatching. In Eisler’s (1998b) review, LC50s were reported of 60 μg/L and 90 μg/L at water 
hardness of 125 and 174 mg/L, respectively, for rainbow trout embryos that were exposed from 
fertilization through hatching. These results and the review by Birge et al. (1981) suggest that 
adverse effects are likely to occur to embryos exposed to nickel concentrations that are lower 
than the proposed chronic criterion. 

Sublethal Effects Summary. The available evidence indicates that the chronic criterion 
for nickel is likely to result in sublethal effects to listed species considered in this opinion.

Summary of Effects: Nickel. The available evidence for nickel indicates that listed 
species exposed to waters equal to the acute or chronic criteria concentrations will suffer acute 
and chronic toxic effects including mortality (moderate intensity) and reduced growth
(moderately-high-intensity).

2.6.2.2.9 Selenium

Selenium Criteria. The proposed acute and chronic criteria for selenium (VI) are 190 
μg/L and 5.0 μg/L, and for selenium (IV), 12.8 μg/L and 5.0 μg/L, respectively.

Tables 2.6.2.2.9.1 through 2.6.2.2.9.5 report toxicity data from the ECOTOX database for 
freshwater selenium, except where noted. Each table identifies the respective endpoint for the 
data set, toxicity test concentration, species life stage, test duration, toxicity-associated water 
quality parameters (when available), the arithmetic mean, the geometric mean, and the harmonic 
mean of each data set.

Table 2.6.2.2.9.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater selenium.

Criterion
Freshwater Selenium

Data Set 
ECOTOX

Criterion Concentration Acute 
190 Micrograms Liter-1

Temperature
5-30° Celsius

Arithmetic Mean
51334

Criterion Concentration Chronic 
5 Micrograms Liter-1

Hardness
17-340 mg/L CaCO3

Geometric Mean
2850

Endpoint/Effect
LC50/Mortality

pH
6.1-9.6

Harmonic Mean
7

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.4 NR 96H

0.4 NR 96H
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Criterion
Freshwater Selenium

Data Set 
ECOTOX

Criterion Concentration Acute 
190 Micrograms Liter-1

Temperature
5-30° Celsius

Arithmetic Mean
51334

Criterion Concentration Chronic 
5 Micrograms Liter-1

Hardness
17-340 mg/L CaCO3

Geometric Mean
2850

Endpoint/Effect
LC50/Mortality

pH
6.1-9.6

Harmonic Mean
7

Concentration 
Micrograms Liter-1 Life-Stage

Duration

0.4 NR 96H

0.4 NR 96H

0.4 NR 96H

0.4 NR 24H

0.4 NR 96H

0.4 NR 24H

0.4 NR 96H

1 NR 96D

3.78 4.40 CM, 0.69 G 96H

3.98 4.40 CM, 0.69 G 96H

5 60 MM 96H

7 60 MM 96H

40 EGGS 96M

40 EGG 96M

40 EGG 96M

40 EGG-FRY 96H

45.6 NR 24H

45.6 NR 96H

45.6 NR 24H

45.6 NR 96H

45.6 NR 48H

45.6 NR 96H

45.6 NR 6H

45.6 NR 7H

45.6 NR 24H

50 2.78(2.4-3.0) CM 96D

50 2.78(2.4-3.0) CM 120D

100 EGG, LATE-EYED STAGE 96D

100 EGG, LATE-EYED STAGE 96D

150 3.10(2.4-3.7) CM 43D

170
FERTILIZATION THROUGH 4 DAY 

POST 28D

170
FERTILIZATION THROUGH 4 DAY 

POST 28D
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Criterion
Freshwater Selenium

Data Set 
ECOTOX

Criterion Concentration Acute 
190 Micrograms Liter-1

Temperature
5-30° Celsius

Arithmetic Mean
51334

Criterion Concentration Chronic 
5 Micrograms Liter-1

Hardness
17-340 mg/L CaCO3

Geometric Mean
2850

Endpoint/Effect
LC50/Mortality

pH
6.1-9.6

Harmonic Mean
7

Concentration 
Micrograms Liter-1 Life-Stage

Duration

220 6.57(5.1-10.1) CM 120D

260 6.57(5.1-10.1) CM 96D

260 6.57(5.1-10.1) CM 96D

300 EGG, LATE-EYED STAGE 96D

300 EGG, LATE-EYED STAGE 96D

310 NR 24D

310 NR 24D

310 NR 96D

310 NR 96D

310 NR 96D

310 NR 96D

430 2.78(2.4-3.0) CM 21D

430 2.78(2.4-3.0) CM 120D

470 6.57(5.1-10.1) CM 48D

470 6.57(5.1-10.1) CM 96D

1000 EGG, LATE-EYED STAGE 96D

1000 EGG, LATE-EYED STAGE 96D

1000 EGG, LATE-EYED STAGE 96D

1100 60 MM 24D

1290 NR 96H

1800 NR 96H

1800 NR 24H

2200 NEWLY FERTILIZED EGG, <48 H 24D

2200 NEWLY FERTILIZED EGG, <48 H 24D

2200 NEWLY FERTILIZED EGG, <48 H 24D

2350 4.40 CM, 0.69 G 96H

2350 4.40 CM, 0.69 G 120H

2350 4.40 CM, 0.69 G 16H

2350 4.40 CM, 0.69 G 96H

2570 4.40 CM, 0.69 G 96H

2570 4.40 CM, 0.69 G 120H

2570 4.40 CM, 0.69 G 96H

2570 4.40 CM, 0.69 G 384H
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Criterion
Freshwater Selenium

Data Set 
ECOTOX

Criterion Concentration Acute 
190 Micrograms Liter-1

Temperature
5-30° Celsius

Arithmetic Mean
51334

Criterion Concentration Chronic 
5 Micrograms Liter-1

Hardness
17-340 mg/L CaCO3

Geometric Mean
2850

Endpoint/Effect
LC50/Mortality

pH
6.1-9.6

Harmonic Mean
7

Concentration 
Micrograms Liter-1 Life-Stage

Duration

2820 EGGS 28D

2820 EGGS 21D

3000 EGG, LATE-EYED STAGE 96D

3680 0.8 G 28D

3680 0.8 G 28D

3780 4.40 CM, 0.69 G 96H

3780 4.40 CM, 0.69 G 120H

3780 4.40 CM, 0.69 G 96H

3980 4.40 CM, 0.69 G 96H

3980 4.40 CM, 0.69 G 120H

3980 4.40 CM, 0.69 G 24H

4150 NR 4D

4150 EGG 28D

4150 NR 96D

4990 0.8 G 9D

4990 0.8 G 9D

5000 60 MM 16D

5000 60 MM 384H

5000 60 MM 24D

5170 EGG 28D

5330 0.8 G 9D

5330 0.8 G 9D

6280 JUVENILE, 41.6 MM, 0.47 G 96H

6280 JUVENILE, 41.6 MM, 0.47 G 96H

6300 NEWLY FERTILIZED EGG, <48 H 96D

6700 FRY, 0.5 G 96H

7000 JUVENILE, 49.6 MM, 1.04 G 96H

7200 0.8 G 96H

7200 0.8 G 96H

8200 0.8 G 96H

8200 0.8 G 96H

8600 FRY, 0.5 G 96H
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Criterion
Freshwater Selenium

Data Set 
ECOTOX

Criterion Concentration Acute 
190 Micrograms Liter-1

Temperature
5-30° Celsius

Arithmetic Mean
51334

Criterion Concentration Chronic 
5 Micrograms Liter-1

Hardness
17-340 mg/L CaCO3

Geometric Mean
2850

Endpoint/Effect
LC50/Mortality

pH
6.1-9.6

Harmonic Mean
7

Concentration 
Micrograms Liter-1 Life-Stage

Duration

8800 0.8 G 96H

8800 0.8 G 9H

10000 EGG, LATE-EYED STAGE 96D

10000 EGG, LATE-EYED STAGE 96D

10400 60 MM 96D

10600 125 MM 96H

10600 125 MM 24H

10800 FRY, 0.46 G 96H

11500 60 MM 96H

11500 60 MM 96H

11500 60 MM 96H

11500 60 MM 96H

11600 FRY, 2.6 G 96H

12500 125 MM 96H

12500 125 MM 96H

13100 ADULT, 1.8 MO, 210.8 MM, 99.6 G 96H

13400 FRY, 0.7 G 96H

14800 FRY, 0.7 G 96H

17000 FRY, 0.5 G 96H

18300 FRY, 2.6 G 24H

18500 FRY, 0.5 G 96H

18600 FRY, 0.5 G 96H

19200 FRY, 0.31 G 96H

19600 FRY, 2.6 G 96H

23000 FRY, 0.5 G 24H

23800 ADULT, 1.8 MO, 210.8 MM, 99.6 G 48H

23900 FRY, 2.6 G 24H

25000 JUVENILE, 49.6 MM, 1.04 G 96H

25300 FRY, 0.5 G 96H

28200 FRY, 2.6 G 24H

29000 JUVENILE, 51.5 MM, 0.81 G 96H

29000 FRY, 1.7 G 96H
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Criterion
Freshwater Selenium

Data Set 
ECOTOX

Criterion Concentration Acute 
190 Micrograms Liter-1

Temperature
5-30° Celsius

Arithmetic Mean
51334

Criterion Concentration Chronic 
5 Micrograms Liter-1

Hardness
17-340 mg/L CaCO3

Geometric Mean
2850

Endpoint/Effect
LC50/Mortality

pH
6.1-9.6

Harmonic Mean
7

Concentration 
Micrograms Liter-1 Life-Stage

Duration

35800 FRY, 0.5 G 96H

36100 FRY, 2.6 G 24H

36300 ADULT, 1.8 MO, 210.8 MM, 99.6 G 24H

38000 NR 96H

38000 NR 24H

38200 FRY, 0.7 G 24H

39000 NR 96H

39000 NR 96H

39300 FRY, 0.5 G 96H

48300 FRY, 0.5 G 24H

50500 FRY, 0.46 G 24H

53000 JUVENILE, 41.6 MM, 0.47 G 96H

53000 JUVENILE, 41.6 MM, 0.47 G 96H

56000 ALEVIN, 15.0 MM, 0.02 G 96H

57100 FRY, 0.6 G 96H

61000 ALEVIN, 29.8 MM, 0.24 G 96H

61000 ALEVIN, 29.8 MM, 0.24 G 96H

63700 ADULT, 1.8 MO, 210.8 MM, 99.6 G 7H

66500 FRY, 0.5 G 96H

74000 FRY, 0.5 G 96H

74200 ADULT, 1.8 MO, 210.8 MM, 99.6 G 6H

78000 ALEVIN, 14.3 MM, 0.01 G 96H

79000 ALEVIN, 20.8 MM, 0.10 G 96H

84000 FRY, 0.31 G 24H

85000 FRY, 0.31 G 96H

85000 FRY, 0.31 G 43H

86000 FRY, 0.7 G 96H

87000 ALEVIN 96H

138000 JUVENILE, 62.4 MM, 1.44 G 96H

151000 ALEVIN 24H

171000 FRY, 0.5 G 24H

274000 ALEVINE, 29.8 MM, 0.24 G 96H
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Criterion
Freshwater Selenium

Data Set 
ECOTOX

Criterion Concentration Acute 
190 Micrograms Liter-1

Temperature
5-30° Celsius

Arithmetic Mean
51334

Criterion Concentration Chronic 
5 Micrograms Liter-1

Hardness
17-340 mg/L CaCO3

Geometric Mean
2850

Endpoint/Effect
LC50/Mortality

pH
6.1-9.6

Harmonic Mean
7

Concentration 
Micrograms Liter-1 Life-Stage

Duration

274000 ALEVINE, 29.8 MM, 0.24 G 96H

320000 ALEVIN 24H

320000 ALEVIN 96H

360000 FRY, 0.7 G 24H

361000 FRY, 0.5 G 24H

369000 FRY, 1.7 G 96H

374000 ALEVIN, 20.8 MM, 0.10 G 96H

381000 FRY, 0.31 G 24H

560000 EYED EGG 24H

560000 EYED EGG 96H

1000000 EYED EGG 24H

1000000 EYED EGG 96H
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Table 2.6.2.2.9.2 Mortality toxicity data for salmonid fishes, Eulachon, and green sturgeon 
for freshwater selenium

Criterion
Freshwater Selenium

Data Set 
ECOTOX

Criterion Concentration Acute 
190 Micrograms Liter-1

Temperature
5-30° Celsius

Arithmetic Mean
68398

Criterion Concentration Chronic 
5 Micrograms Liter-1

Hardness
17-340 mg/L CaCO3

Geometric Mean
10953

Endpoint/Effect
Mortality

pH
6.1-9.6

Harmonic Mean
417

Concentration 
Micrograms Liter-1 Life-Stage

Duration

40 EGG 12M

40 EGG 12M

47.2 SAC FRY, 21.7 MM, 0.075 G 5D

100 EGG, LATE-EYED STAGE 5D

300 EGG, LATE-EYED STAGE 24D

300 EGG, LATE-EYED STAGE 5D

1000 EGG, LATE-EYED STAGE 20D

1000 EGG, LATE-EYED STAGE 5D

1000 EGG, LATE-EYED STAGE 5D

1100 60 MM 16D

2200 NEWLY FERTILIZED EGG, <48 H 5D

3000 EGG, LATE-EYED STAGE 70D

6300 NEWLY FERTILIZED EGG, <48 H 90D

8600 FRY, 0.5 G 24H

10000 EGG, LATE-EYED STAGE 42D

10400 60 MM 16D

13100 ADULT, 1.8 MO, 210.8 MM, 99.6 G 16H

16600 1.6 G, FRY 7.6H

17200 1.6 G, FRY 49H

23800 ADULT, 1.8 MO, 210.8 MM, 99.6 G 120H

36300 ADULT, 1.8 MO, 210.8 MM, 99.6 G 12H

38200 FRY, 0.7 G 70H

39600 1.6 G, FRY 7.6H

43200 FRY, 2.4 G 5H

50100 FRY, 2.4 G 5H

50500 FRY, 0.46 G 20H

63700 ADULT, 1.8 MO, 210.8 MM, 99.6 G 16H

63800 1.6 G, FRY 7.6H

65400 FRY, 2.4 G 5H

74000 FRY, 0.5 G 5H
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Criterion
Freshwater Selenium

Data Set 
ECOTOX

Criterion Concentration Acute 
190 Micrograms Liter-1

Temperature
5-30° Celsius

Arithmetic Mean
68398

Criterion Concentration Chronic 
5 Micrograms Liter-1

Hardness
17-340 mg/L CaCO3

Geometric Mean
10953

Endpoint/Effect
Mortality

pH
6.1-9.6

Harmonic Mean
417

Concentration 
Micrograms Liter-1 Life-Stage

Duration

74200 ADULT, 1.8 MO, 210.8 MM, 99.6 G 90H

79400 FRY, 1.8 G 7.6H

86000 FRY, 0.7 G 5H

94000 FRY, 1.6 G 90H

136000 FRY, 1.6 G 24H

236000 FRY, 1.6 G 90H

360000 FRY, 0.7 G 42H

361000 FRY, 0.5 G 5H

600000 FRY, 1.6 G 30H

Table 2.6.2.2.9.3 NOEC toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater selenium.

Criterion
Freshwater Selenium

Data Set 
ECOTOX

Criterion Concentration Acute 
190 Micrograms Liter-1

Temperature
5-30° Celsius

Arithmetic Mean
619

Criterion Concentration Chronic 
5 Micrograms Liter-1

Hardness
17-334 mg/L CaCO3

Geometric Mean
167

Endpoint/Effect
NOEC/Mortality

pH
6.1-9.6

Harmonic Mean
73

Concentration 
Micrograms Liter-1 Life-Stage

Duration

40 EGGS 12M

40 EGG-FRY 1Y

2200 NEWLY FERTILIZED EGG, <48 H 90D

47.2 SAC FRY, 21.7 MM, 0.075 G 1D

99.5 SAC FRY, 21.7 MM, 0.075 G 90D

1290 NR 12H
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Table 2.6.2.2.9.4 Growth toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater selenium.

Criterion
Freshwater Selenium

Data Set 
ECOTOX

Criterion Concentration Acute 
190 Micrograms Liter-1

Temperature
5-30° Celsius

Arithmetic Mean
34707

Criterion Concentration Chronic 
5 Micrograms Liter-1

Hardness
17-340 mg/L CaCO3

Geometric Mean
1513

Endpoint/Effect
Growth

pH
6.1-9.6

Harmonic Mean
16

Concentration 
Micrograms Liter-1 Life-Stage

Duration

1 NR 21D

40 EGG 4M

47.2 SAC FRY, 21.7 MM, 0.075 G 30D

50 2.78(2.4-3.0) CM/ 42D

50 2.78(2.4-3.0) CM/ 120D

99.5 SAC FRY, 21.7 MM, 0.075 G 90D

220 6.57(5.1-10.1) CM/ 30D

310 NR 12D

2200 NEWLY FERTILIZED EGG, <48 H 30D

7000 60 MM 30H

7000 JUVENILE, 49.6 MM, 1.04 G 12H

10000 5-10 CM 42H

25000 JUVENILE, 49.6 MM, 1.04 G 21H

35800 FRY, 0.5 G 90H

39300 FRY, 0.5 G 30H

57100 FRY, 0.6 G 30H

66500 FRY, 0.5 G 90H

374000 ALEVIN, 20.8 MM, 0.10 G 4H
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Table 2.6.2.2.9.5 Cellular toxicity data for salmonid fishes, Eulachon, and green sturgeon
for freshwater selenium.

Criterion
Freshwater Selenium

Data Set 
ECOTOX

Criterion Concentration Acute 
190 Micrograms Liter-1

Temperature
5-30° Celsius

Arithmetic Mean
17450

Criterion Concentration Chronic 
5 Micrograms Liter-1

Hardness
17-334 mg/L CaCO3

Geometric Mean
4844

Endpoint/Effect
Cellular

pH
6.1-9.6

Harmonic Mean
392

Concentration 
Micrograms Liter-1 Life-Stage

Duration

100 EGG, LATE-EYED STAGE 21D

10000 EGG, LATE-EYED STAGE 20D

11400 FRY, 0.7 G 21H

48300 FRY, 0.5 G 20H

Selenium Toxicity Data Summary. In order to understand the context of the toxicity data 
and its relationship to the criteria, NMFS not only considered the toxicity test concentrations in 
comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
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percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

To assess the potential magnitude of acute toxic effects from exposure to selenium, NMFS added 
an additional step to its analysis for selenium to look at the relationship of the acute criterion to 
the LC50 data in terms of predicting the magnitude of acute toxic effects. To do this, NMFS 
calculated an acute toxicity ratio or relative percent mortality. This assessment involved taking 
the acute criterion of 470 μg/L and dividing it by each LC50 concentrations in Table 2.6.2.2.9.1
to calculate a ratio, i.e., a prediction of the relative percent mortality of the criterion to the acute 
toxicity data. This ratio, relative to the LC50 data set in Table 2.6.2.2.9.1, predicts a magnitude of 
effect ranging from a low of an LCzero at a concentration of 1,000,000 μg/L to a high of an LC100

at a concentration of 0.4 μg/L. In other words, the acute criterion of 470 μg/L has an equivalent 
toxicity potential predicted to kill zero percent to 100 percent, with a median toxicity potential of 
an LC1.8, of the exposed test population, and therefore by inference, field-exposed individuals.

In summary, a number of toxicity studies reported concentrations that are less than the acute and 
chronic criteria concentrations for selenium, which implies that listed species exposed to waters 
equal to criteria concentrations will suffer acute or chronic toxic effects. Conversely, a number of 
toxicity studies reported concentrations that are greater than the acute and chronic criteria 
concentrations for selenium, which implies that listed species exposed to waters equal to criteria 
concentrations may not suffer acute or chronic toxic effects. When the available information is 
equivocal, NMFS gives the benefit of the doubt in its analysis to the listed species. Based on this 
principle and the considerations of the shortcomings and implications of laboratory-derived 
toxicity tests, the relative percent mortality analysis, and the ecological consequences for field-
exposed fishes, listed species exposed to waters equal to the acute or chronic criteria 
concentrations will suffer acute and chronic toxic effects.
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Sublethal Effects. The behavior of selenium in biological systems is complex. Selenium 
is a metalloid that exists in three oxidation states in water: selenide (-2), selenite (+4) and 
selenate (+6). The toxicity of selenium varies with its chemical species. Inorganic selenium is the 
predominant form in aquatic environments. Organic and reduced forms of selenium (e.g., seleno-
methionine and selenite) are generally more toxic and will bioaccumulate more readily (Kiffney 
and Knight 1990, Besser et al. 1993). Toxicity also varies with the species exposed. Species at 
higher trophic levels, such as piscivorous fish and birds, are affected by the lowest 
concentrations of selenium. Long-term, low-level exposures from water or food appear to have 
the greatest effect on aquatic organisms (Lemly 1985). Like mercury, selenium bioaccumulates 
in muscle tissue and is associated with reproductive impairment and reduced hatching success. 
Toxic effects of selenium range from physical malformations during embryonic development to 
sterility and death. Other effects include reduced smolting success, reduced red blood cell 
volumes and cellular blood iron content, and impaired immune responses (Eisler 1985b,
Hamilton et al. 1986, Lemly and Smith 1987, Felton et al. 1990, Sorensen 1991).

Of all the priority and non-priority pollutants, selenium has the narrowest range of what is 

dry weight (dw) of selenium in their diet to sustain metabolic processes, whereas concentrations 
of selenium that are only an order of magnitude greater than the required level have been shown 
to be toxic to fish. Acute effects are observed after short exposure durations of typically 96 hours 
or less. Acute effects from the inorganic forms of selenium, selenite and selenate, require 

contrast, toxic effects from long-term chronic exposure via diet and water can result in reduction 
as

cited in EPA 2008). As a result of the greater sensitivity to selenium from chronic exposures, 
water quality management practices over the last 10-15 years have focused on the control of 
chronic effects. Studies have shown that diet is the primary route of exposure that controls 
chronic toxicity to fish, the group considered to be the most sensitive to chronic selenium 
exposure (Coyle et al. 1993, Hamilton et al. 1990, Hermanutz et al. 1996 as cited in EPA 2008).

Effects of selenium toxicity to freshwater organisms range from physical malformations during 
embryonic development to sterility and death (Lemly and Smith 1987) and include reduced 
hatch, reduced growth, behavioral alterations (avoidance), shifts in species composition of 
freshwater algal communities, loss of equilibrium, lethargy, muscle spasms, protruding eyes, 
liver degeneration, reduction in blood hemoglobin, chromosomal aberrations, and reduced
survival (Eisler 1985b).

Selenium is an essential nutrient for normal cell functions. Inadequate dietary uptake (food and 
water) of selenium results in selenium deficiency syndromes such as reproductive impairment, 
poor body condition, and immune system dysfunction (Oldfield 1990, CAST 1994). However, 
excessive dietary uptake of selenium also results in toxicity syndromes that are similar to the 
deficiency syndromes (Koller and Exon 1986). Selenium is a "hormetic" chemical, i.e., a 
chemical for which levels of safe dietary uptake are bounded on both sides by adverse-effects 
thresholds. Most essential nutrients are hormetic, but what distinguishes selenium from other 
nutrients is the very narrow range between the deficiency threshold and the toxicity threshold 
(Wilber 1980, Sorensen 1991, Skorupa et al. 1996, USDI-BOR/FWS/GS/BIA 1998). In other 
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words, the difference between useful amounts of selenium and toxic amounts is small.

Water-borne selenium is depurated in fish via a passive excretion pathway, while dietary 
selenium is excreted more actively. The half-life of selenium is inversely proportional to dietary 
loading. Inorganic selenium absorbed from water is stored in fish as inorganic selenium. 
However, inorganic selenium absorbed from the diet is transformed by the liver to an organic 
form that is more toxic, but can be excreted easily (Hodson et al. 1984). Nevertheless, the 
transformation of selenium to organoselenium is associated with bioconcentration in fish ovaries, 
resulting in significant pathology and reproductive failure (Baumann and Gillespie 1986,
Srivastava and Srivastava 1994). Selenium taken up from water is absorbed across the gills and 
taken directly to all tissues. Dietary selenium is taken up through the gut, from which the liver 
receives its blood supply via a portal system. The tissue distribution of selenium within fish is a 
function of the loading rate, but not the source of selenium (Hodson and Hilton 1983, Sorensen 
1991).

Selenium protects some species from the toxicity of other chemicals. For example, selenium 
antagonizes mercury toxicity in rainbow trout (Eisler 1985b). Selenium criteria are not hardness 
dependent. The dose-response curves for selenium are relatively steep, indicating a rapid shift to 
toxic conditions with small increases in metal concentration (Lemly 1998, Skorupa 1998)

Salmonids are sensitive to chronic selenium contamination (Lemly 1996a,b). Depending on the 
form of selenium and the life-stage of fish considered, water-borne concentrations of selenium 
less than 5 μg/L can have direct toxic effects on salmonids (Hodson et al. 1980, Moore et al.
1990). Lemly (1998) concluded that the larval fish life stage is the most sensitive to exposure to 
selenium, with adverse effects expressed  through teratogeny and mortality. Hodson et al. (1980) 
reported that rainbow trout (O. mykiss) eggs respond physiologically (reduced median time to 
hatch) at selenium (as selenite) concentrations above 4.3 μg/L. Studies have also shown that 
chronic exposure to selenium can reduce fish growth in terms of weight and to a lesser extent 
length (Eisler 1985b, Hamilton et al. 1986, Hamilton et al. 1990). Van Derveer and Canton 
(1997) concluded, based on a sediment-water transfer model, that a 5 μg/L concentration may 
not always avoid harm to listed salmonids, depending on the organic carbon content in the 
sediment. Using their model, Mebane (2000) estimated protective selenium levels ranging 
between 2 μg/L and 8 μg/L for higher gradient mountain streams in the upper Salmon River 
basin, effectively demonstrating that the chronic criterion is unlikely to avoid adverse effects 
under the range of environmental conditions.

Skorupa (1998) noted collapse of natural fish populations chronically exposed to 10 μg/L 
selenium in selenite-dominated waters. Hodson et al. (1980) observed significant mortality in 
rainbow trout eyed eggs exposed to concentrations greater than or equal to 25 μg/L after 44 
weeks, and hatchability of eggs was affected at concentrations as low as 16 μg/L. Hamilton et al.
(1986) determined that exposures to 17 μg/L (selenate:selenite ratio = 6:1) for 30 days caused a 
significant increase in mortality of Chinook salmon fry. 

Kennedy et al. (2000) determined, in the case of eggs taken from wild female cutthroat living in 
a contaminated river with higher exposure concentrations (13.3 μg/L to14.5 μg/L), that there was 
no significant effect of the resulting elevated selenium concentrations in the eggs on subsequent 
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survival to hatch or fry deformities when the eggs and fry were reared in water with 
concentrations below 1 μg/L. They concluded that their result may reflect an evolved tolerance 
to higher tissue concentrations of selenium in the test population, although it is possible that the 
absence of subsequent exposure during development may also have influenced the results.

In the CTR biological opinion (USFWS and NMFS 2010), the NMFS and FWS determined that 
under most circumstances, a 5 μg/L chronic criterion should be protective of aquatic life with 
regard to direct contact toxicity. However, based on data collected by the U.S. Department of 
Interior’s National Irrigation Water Quality Program from 26 study areas in 14 western states, 
the Services determined that a 5 μg/L chronic criterion for selenium is only 50% to 70% 
protective (Seiler and Skorupa 1999), as opposed to the 95% level of protection that EPA’s 
national water quality criteria are intended to achieve.

The consensus of researchers lately, however, is that water-borne exposure to selenium in any 
form is much less important than dietary exposure and bioaccumulation in determining the 
potential for chronic effects (EPA 1998). The Services similarly determined in the CTR 
biological opinion that the 5 μg/L chronic aquatic life criterion for selenium does not protect 
listed fish in other respects because of bioaccumulation hazards, which may be a reason for 
results listed above that reported finding adverse effects at concentrations below the proposed 
criterion. Determinations of effect using solely studies of water-borne exposure underestimate 
the danger of selenium exposure to fish through bioaccumulation (Hermanutz et al. 1992).

Bioaccumulation. Dietary bioaccumulation of selenium is the most dangerous exposure 
pathway for salmonids and other fish species (EPA 1998). Bioconcentration of selenium is 
influenced by exposure concentration, selenium speciation, water temperature, age of receptor 
organism, organ, tissue specificity, and mode of administration (Eisler 1985b). Lemly and Smith 
(1987) noted that bioconcentration factors in fish experiencing chronic toxicity have ranged from 
around 100 to more than 30,000, and that bioconcentration can occur when water-borne selenium 
concentrations are within the range of 2 μg/L to 5 μg/L. Selenium bioconcentration factors 
appear to be inversely related to water exposure concentrations (EPA 1998). A concentration as 
little as 0.1 μg/L of dissolved selenomethionine has been found to be sufficient to cause 
bioaccumulation of an average concentration of 14.9 mg/kg (dry weight) selenium in 
zooplankton (Besser et al. 1993), a concentration that could cause dietary toxicity to most 
species of fish (Lemly 1996a). Fish bioconcentrate selenium in higher levels in ovaries than in 
muscle tissues (Lemly 1985, Hamilton et al. 1990) and milt (Hamilton and Waddell 1994). 

As for the water-borne case, selenium biomagnification factors similarly appear to be inversely 
related to dietary exposure concentrations (Hamilton et al. 1986). Hamilton et al. (1990) 
determined that Chinook salmon fingerlings fed organic selenium in their study accumulated the 
metal to whole body concentrations that were not significantly different from that in their 
artificial diet, suggesting that biomagnification may not be significant in this life stage of listed 
salmonids. Overall, however, magnitudes of biomagnification appear to range from two to six  
times between producers and lower consumers including invertebrates and forage fish (Lemly 
and Smith 1987). Piscivorous fish generally accumulate the highest levels of selenium and are 
one of the first organisms affected by selenium exposure, followed by planktivores and 
omnivores (Lemly 1985).
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Studies of dietary uptake indicate that selenium can be bioaccumulated through the diet to tissue 
levels resulting in adverse effects in fish. In a comprehensive review, Lemly (1996b) determined 
that rainbow trout were sensitive to selenium contamination and exhibited toxic symptoms when 
their tissue concentrations exceeded 2 mg/kg dry weight in several experiments, and 1 mg/kg in 
one experiment (note: Lemly (1996b) estimated dry weight concentrations to be four  times 
wet-weight concentrations). Mortality was associated with tissue concentrations greater than 5 
mg/kg dry weight (Lemly 1996b). However, Hamilton et al. (1986), noted adverse effects on
parr-smolt transformation for fall Chinook salmon fed a selenium-contaminated diet when 
whole-body tissue concentrations were much higher, at 23 mg/kg dry weight (4.9 mg/kg wet 
weight; conversion factor = 4.63).

Adverse effects have been demonstrated in fish when dietary concentrations exceed 
approximately 3 mg/kg dry weight (Hamilton et al. 1990, Lemly 1996b). However, selenium is 
also required in the diet as a nutrient at concentrations of about 0.1 to 0.5 mg/kg dry weight 
(Lemly 1998), so there is a narrow range between healthy and toxic dietary concentrations. 
Lemly (1996b) noted food chain concentrations on the order of 10 mg/kg to 60 mg/kg were 
associated with water-borne selenium concentrations in the 2 μg/L to 16 μg/L range. The NMFS
and FWS (NMFS 2000) determined in the CTR biological opinion that, assuming a 
bioaccumulation factor for dry weight concentrations of selenium in aquatic invertebrates
(compared to water) of 1,800, a water-borne concentration of as little as 1.8 μg/L selenium could 
result in food concentrations averaging more than 3 mg/kg selenium, and therefore may be 
sufficient to result in adverse effects in salmonids.

Variability in experimental and natural conditions influence conclusions regarding safe fish 
tissue levels, and controlled dietary studies of selenium uptake are subject to questions regarding 
whether the method through which selenium was administered in the diet reflects natural feeding 
patterns and food types. Nonetheless, the results of such studies suggest collectively that adverse 
effects related to bioaccumulation to are likely to occur when water-borne concentrations are 
below the proposed chronic criterion of 5 μg/L.

Sublethal Effects Summary. The available evidence indicates that the chronic criterion 
for selenium is likely to result in sublethal effects to listed species considered in this opinion.

Toxicity to Food Organisms. According to Lemly (1996b), the results of field studies 
generally indicate that benthic invertebrates can accumulate relatively large quantities of 
selenium (e.g., 20 mg/kg to 370 mg/kg dry weight) and still maintain stable, reproducing 
populations. Peterson and Nebeker (1992) estimated a dry weight bioaccumulation factor of 
1,800 for aquatic insects and invertebrates in the Kesterson National Wildlife Refuge, and noted 
that Lemly had summarized wet weight factors in a previous review to range between 371 and 
5,200. The most significant concern for food organisms from the perspective of listed species is 
probably bioaccumulation from eating aquatic invertebrates that themselves have elevated 
selenium levels, rather than changes in aquatic invertebrate production due to selenium toxicity.
Hence, the proposed criteria can result in diminished food source quality for listed species 
through the effects of bioaccumulation.
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Summary on Toxicity to Food Organisms. The available evidence indicates that the 
chronic criterion for selenium is unlikely to appreciably affect invertebrate productivity and 
abundance. 

Summary of Effects: Selenium. The available evidence for selenium indicates that listed 
species exposed to waters equal to the acute or chronic criteria concentrations will suffer acute 
and chronic toxic effects including mortality (moderate intensity), reduced growth (moderate
intensity), cellular trauma (low intensity), and bioaccumulation (moderately-high-intensity).

2.6.2.2.10 Silver

Silver Criteria. The proposed acute and chronic criteria for silver are 3.2 μg/L and 
0.10 μg/L, respectively, at a hardness of 100 mg/L CaCO3.

Tables 2.6.2.2.10.1 through 2.6.2.2.10.3 report toxicity data from the ECOTOX database for 
freshwater silver, except where noted. Each table identifies the respective endpoint for the data 
set, toxicity test concentration, species life stage, test duration, toxicity-associated water quality 
parameters (when available), the arithmetic mean, the geometric mean, and the harmonic mean 
of each data set.

Table 2.6.2.2.10.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater silver.

Criterion
Freshwater Silver

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute

3.2 Micrograms Liter-1
Temperature

9.7-18.4° Celsius
Arithmetic Mean

345
Criterion Concentration Chronic

0.10 Micrograms Liter-1
Hardness

5-255 mg/L CaCO3

Geometric Mean
63

Endpoint/Effect
LC50/Mortality

pH
6.2-9

Harmonic Mean
21

Concentration
Micrograms Liter-1 Life-Stage

Duration

1.28 167 MM 96H

2.71 JUVENILE, 2.2 G 96H

7.32 20 D 96H

9.98 20 D 96H

10.03 1-4 G, JUVENILE 96H

13.52 0.25-1.0G 96H

16.03 0.25-1.0 G 96H

16.32 20 D 96H

20.37 1.2 G 96H

22.22 1.0-1.5 G 96H

22.85 20 D 96H
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Criterion
Freshwater Silver

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute

3.2 Micrograms Liter-1
Temperature

9.7-18.4° Celsius
Arithmetic Mean

345
Criterion Concentration Chronic

0.10 Micrograms Liter-1
Hardness

5-255 mg/L CaCO3

Geometric Mean
63

Endpoint/Effect
LC50/Mortality

pH
6.2-9

Harmonic Mean
21

Concentration
Micrograms Liter-1 Life-Stage

Duration

25.38 20 D 96H

27.05 1.0-1.5 G 96H

27.72 JUVENILE, 2.2 G 96H

28.88 NR 96H

31.37 0.25-1.0 G 96H

33.77 69 MM 96H

34.30 0.25-1.0 G 96H

34.34 1-3 G 96H

36.66 Juvenile

37.56 20 D 96H

38.00 2.5-3.5 G 96H

40.77 NR 96H

40.77 NR 96H

43.73 alevin, 0.24 g

43.96 Juvenile

45.33 FORK LENGTH, 0.2 G, 32 MM 96H

47.57 NR 96H

49.20 3-10 G 96H

49.24 Juvenile, 0.41 g

53.58 Juvenile, 0.1 - 0.2 g

53.58 Juvenile, 0.51 - 1.44 g

53.68 3-10 G 96H

59.84 1-3 G 96H

61.46 FORK LENGTH, 0.2 G, 28 MM 96H

63.42 alevin, 0.1 g

63.79 20 D 96H

69.85 173 MM 96H

75.64 Juvenile, 0.6 g

83.95 146 MM 96H

93.99 FORK LENGTH, 0.2 G, 28 MM 96H

95.52 1-3 G 96H
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Criterion
Freshwater Silver

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute

3.2 Micrograms Liter-1
Temperature

9.7-18.4° Celsius
Arithmetic Mean

345
Criterion Concentration Chronic

0.10 Micrograms Liter-1
Hardness

5-255 mg/L CaCO3

Geometric Mean
63

Endpoint/Effect
LC50/Mortality

pH
6.2-9

Harmonic Mean
21

Concentration
Micrograms Liter-1 Life-Stage

Duration

115.08 20 D 96H

117.75 1-3 G 96H

132.46 1-3 G 96H

191.60 20 D 96H

299.64 Juvenile

350.66 2.5-3.5 G 96H

396.69 Juvenile

1102.18 JUVENILE, 2.2 G 96H

1352.01 JUVENILE, 2.2 G 96H

2704.01 JUVENILE, 2.2 G 96H

2718.71 JUVENILE, 2.2 G 96H

3762.10 JUVENILE, 2.2 G 96H

4070.71 JUVENILE, 2.2 G 96H
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Table 2.6.2.2.10.2 Growth toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater silver.

Criterion
Freshwater Silver

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute

3.2 Micrograms Liter-1
Temperature

5-18.4° Celsius
Arithmetic Mean

136
Criterion Concentration Chronic

0.10 Micrograms Liter-1
Hardness

12.7-140 mg/L CaCO3

Geometric Mean
31

Endpoint/Effect
Growth

pH
6.1-8.8

Harmonic Mean
3

Concentration
Micrograms Liter-1 Life-Stage

Duration

0.96 20 D 28D

1.3 25 (20-30) G, JUVENILE 28D

77 25 (20-30) G, JUVENILE 18M

98.2 20 D 6W

196 20 D 18M

440 20 D 6W

Table 2.6.2.2.10.3 NOEC toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater silver.

Criterion
Freshwater Silver

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute

3.2 Micrograms Liter-1
Temperature

NR
Arithmetic Mean

1.2
Criterion Concentration Chronic

0.10 Micrograms Liter-1
Hardness

28-36 mg/L CaCO3

Geometric Mean
1.1

Endpoint/Effect
NOEC/Mortality

pH
NR

Harmonic Mean
0.98

Concentration
Micrograms Liter-1 Life-Stage

Duration

0.68 NR NR

1.77 NR NR

Silver Toxicity Data Summary. In order to understand the context of the toxicity data and 
its relationship to the criteria, NMFS not only considered the toxicity test concentrations in 
comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.
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The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range 
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

To assess the potential magnitude of acute toxic effects from exposure to selenium, NMFS added 
an additional step to its analysis for selenium to look at the relationship of the acute criterion to 
the LC50 data in terms of predicting the magnitude of acute toxic effects. To do this, NMFS 
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calculated an acute toxicity ratio or relative percent mortality. This assessment involved taking 
the acute criterion of 3.2 μg/L and dividing it by each LC50 concentrations in Table 2.6.2.2.10.1
to calculate a ratio, i.e., a prediction of the relative percent mortality of the criterion to the acute 
toxicity data. This ratio, relative to the LC50 data set in Table 2.6.2.2.10.1, predicts a magnitude 
of effect ranging from a low of an LCzero at a concentration of 4,070.71 μg/L to a high of an 
LC100 at a concentration of 1.28 μg/L. In other words, the acute criterion of 3.2 μg/L has an 
equivalent toxicity potential predicted to kill zero percent to 100 percent, with a median toxicity 
potential of an LC3.4, of the exposed test population, and therefore by inference, field-exposed 
individuals.

In summary, a number of toxicity studies reported concentrations that are less than the acute 
criterion concentration for silver, which implies that listed species exposed to waters equal to 
criteria concentrations will suffer acute toxic effects. Conversely, a number of toxicity studies 
reported concentrations that are greater than the acute and chronic criteria concentrations for 
silver, which implies that listed species exposed to waters equal to criteria concentrations may 
not suffer acute or chronic toxic effects. When the available information is equivocal, NMFS 
gives the benefit of the doubt in its analysis to the listed species. Based on this principle and the 
considerations of the shortcomings and implications of laboratory-derived toxicity tests, the 
relative percent mortality analysis, and the ecological consequences for field-exposed fishes,
listed species exposed to waters equal to the acute criterion concentration will suffer acute toxic 
effects, but may not suffer chronic toxic effects.

Sublethal Effects. Silver is one of the most toxic metals to freshwater organisms and is 
highly toxic to all life stages of salmonids. Ionic silver is the primary form responsible for 
causing acute toxicity in freshwater fish (EPA 1980o, 1987b, Eisler 1996, Hogstrand and Wood 
1998, Bury et al. 1999a). Toxicity varies widely depending on the anion present;  silver nitrate 
has a much higher toxicity than silver chloride or silver thiosulfate, by approximately four orders 
of magnitude (Hogstrand et al. 1996). Documented effects of silver toxicity in fish include 
interruption of ionoregulation at the gills, cell damage in the gills, altered blood chemistry, 
interference with zinc metabolism, premature hatching, and reduced growth rates (Hogstrand and 
Wood 1998, Webb and Wood 1998).

Silver is not known to be mutagenic, teratogenic, or carcinogenic (Eisler 1996). It 
bioconcentrates and may bioaccumulate (Eisler 1996). Toxicity of Ag may be altered by a 
number of factors including pH, organic carbon, cation exchange capacity, presence of mixtures 
(Ratte 1999), sulfides, and duration of exposure. Silver, as ionic Ag+, is one of the most toxic 
metals known to aquatic organisms in laboratory testing (Nebeker et al. 1983). Aquatic insects 
concentrate silver in relative proportion to environmental levels (Nehring 1976 as cited in EPA 
2008), and more efficiently than most fish species (Diamond et al. 1990 as cited in EPA 2008). 
Effects of silver toxicity to freshwater algae and phytoplankton include growth inhibition and 
altered species composition and species succession (Eisler 1996 as cited in EPA 2008). Effects 
of silver toxicity to freshwater invertebrates include inhibited feeding and coordination, reduced 
growth, elevated oxygen consumption, and reduced survival (Eisler 1996 as cited in EPA 2008). 
Effects of silver toxicity to freshwater fish include inhibited ionic flux across gills, reduced 
growth, premature hatch, and reduced survival (Eisler 1996 as cited in EPA 2008). Interspecies 
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differences in the ability to accumulate, retain, and eliminate silver are large (Baudin et al. 1994
as cited in EPA 2008).

In the original aquatic life criteria document for silver (EPA 1980o), variation in the results of a 
limited number of chronic toxicity tests precluded determining a freshwater chronic criterion, but 
it was also noted that chronic toxicity may occur to selected aquatic organisms at concentrations 
as low as 0.12 μg/L. 

The work of Davies et al. (1978) suggests that the maximum acceptable silver concentration to 
prevent chronic mortality in rainbow trout embryos, fry, and juveniles, and avoid premature 
hatching, is less than 0.17 μg/L for a water hardness equal to 26 mg/L. Nebeker et al. (1983 as
cited in Hogstrand and Wood 1998) determined that the maximum acceptable toxicant 
concentration of silver to prevent inhibition of growth of steelhead embryos was less than 
0.1 μg/L for a water hardness equal to 36 mg/L.

The EPA (1987b) reported the results of Davies and Goettl (1978), where chronic limits for 
silver were listed as between 0.03 μg/L and 0.06 μg/L for a water hardness equal to 28 mg/L,
and between 0.03 μg/L and 0.06 μg/L for a water hardness equal to 29 mg/L. Birge et al. (1981) 
estimated an LC10 and LC1 of 0.9 μg/L and 0.1 μg/L, respectively, for rainbow trout embryos 
and larvae in static renewal tests lasting until 4 days post-hatching.

Accumulation of silver is predominantly associated with exposure to its ionic forms rather than 
complexes. Bioaccumulation occurs primarily in the liver (Hogstrand et al. 1996, Galvez and 
Wood 1997, 1999). Significant food chain biomagnification by fish has been reported to be 
unlikely because of the low silver concentrations typically encountered in the aquatic 
environment (Eisler 1996, Hogstrand and Wood 1998, Ratte 1999). 

Sublethal Effects Summary. The available evidence indicates that the chronic criterion 
for silver is likely to result in sublethal effects to listed species considered in this opinion.

Toxicity to Food Organisms. The LC50s that have been reported for cladocera species 
that are below the acute criterion (EPA 1980o). Other invertebrate taxa serving as potential food 
for juvenile salmonids die only at concentrations that are above the acute criterion. Other 
observed  adverse effects include reductions in growth and inhibition of molting (EPA 1980o,
Eisler 1996, Call et al. 1999). Chronic effects appear to be documented only for daphnids when 
silver concentrations are below the proposed chronic criterion. Aquatic invertebrates have been 
reported to accumulate silver more efficiently than fish, in concentrations that are proportional to 
exposure levels (Eisler 1996, Hogstrand and Wood 1998). Studies involving silver sulfide 
bioaccumulation through sediment interactions from an amphipod and an oligochaete indicated 
low potential for listed species to accumulate harmful silver concentrations through this exposure 
pathway (Hirsch 1998a,b). Adverse effects of the silver criterion on the food organisms of listed 
species may be potentially meaningful when cladoceran species are a primary food source.

Summary on Toxicity to Food Organisms. The available evidence indicates that the 
chronic criterion for silver is likely to appreciably affect invertebrate productivity and 
abundance.
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Summary of Effects: Silver. The available evidence for silver indicates that listed species 
exposed to waters equal to the acute or chronic criteria concentrations will suffer acute and 
chronic toxic effects including mortality (moderately-high-intensity), reduced growth (moderate
intensity), and sublethal effects (moderate intensity).

2.6.2.2.11 Tributyltin

Tributyltin Criteria. At a pH of 7.5 and temperature of 18°C the acute criterion for TBT 
is 0.46 μg/L, and the chronic criterion is 0.063 μg/L, respectively.

Tables 2.6.2.2.11.1 through 2.6.2.2.11.5 report toxicity data from the ECOTOX database for 
freshwater tributyltin, except where noted. Each table identifies the respective endpoint for the 
data set, toxicity test concentration, species life stage, test duration, toxicity-associated water 
quality parameters (when available), the arithmetic mean, the geometric mean, and the harmonic 
mean of each data set.

Table 2.6.2.2.11.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater tributyltin.

Criterion
Freshwater Tributyltin

Data Set 
ECOTOX

Criterion Concentration Acute
0.46 Micrograms Liter-1

Temperature
4-15.5° Celsius

Arithmetic Mean
8

Criterion Concentration Chronic
0.063 Micrograms Liter-1

Hardness
246-280 mg/L CaCO3

Geometric Mean
3

Endpoint/Effect
LC50

pH
6.4-7.95

Harmonic Mean
1

Concentration
Micrograms Liter-1 Life-Stage

Duration

0.21 13.8 G 96H

0.54 8.3-8.8 CM, 5.6-6.4 G 6D

0.6 NR 96D

0.6 NR 96D

0.6 NR 24D

1.02 1.47 G 96H

1.16 1.47 G 96H

1.34 1.47 G 96H

3.5 8.8 CM, 6.4 G 96D

4.6 0.77 g 96H

4.84 5.94 G 96H

5.5 1.4 g 96H

6.2 0.68(0.17-1.2) G, 45(39-53) MM 96H

6.6 0.68(0.17-1.2) G, 45(39-53) MM 48H

7.9 0.68(0.17-1.2) G, 45(39-53) MM 72H

11.2 JUVENILE 96H
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Criterion
Freshwater Tributyltin

Data Set 
ECOTOX

Criterion Concentration Acute
0.46 Micrograms Liter-1

Temperature
4-15.5° Celsius

Arithmetic Mean
8

Criterion Concentration Chronic
0.063 Micrograms Liter-1

Hardness
246-280 mg/L CaCO3

Geometric Mean
3

Endpoint/Effect
LC50

pH
6.4-7.95

Harmonic Mean
1

Concentration
Micrograms Liter-1 Life-Stage

Duration

11.2 JUVENILE 96H

15 0.68(0.17-1.2) G, 45(39-53) MM 48H

21 UNDER-YEARLING 96H

50 NR 96MIN

Table 2.6.2.2.11.2 LC100 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater tributyltin.

Criterion
Freshwater Tributyltin

Data Set 
ECOTOX

Criterion Concentration Acute
0.46 Micrograms Liter-1

Temperature
4-15.5° Celsius

Arithmetic Mean
28

Criterion Concentration Chronic
0.063 Micrograms Liter-1

Hardness
246-280 mg/L CaCO3

Geometric Mean
28

Endpoint/Effect
LC100

pH
6.4-7.95

Harmonic Mean
28

Concentration
Micrograms Liter-1 Life-Stage

Duration

28 UNDER-YEARLING 14H
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Table 2.6.2.2.11.3 Growth toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater tributyltin.

Criterion
Freshwater Tributyltin

Data Set 
ECOTOX

Criterion Concentration Acute
0.46 Micrograms Liter-1

Temperature
4-15.5° Celsius

Arithmetic Mean
7.3

Criterion Concentration Chronic
0.063 Micrograms Liter-1

Hardness
246-280 mg/L CaCO3

Geometric Mean
2.4

Endpoint/Effect
Growth

pH
6.4-7.95

Harmonic Mean
1.1

Concentration
Micrograms Liter-1 Life-Stage

Duration

0.5 3 WK 21D

1.46 24.5 G, 25.1 CM FORK LENGTH NR

20 24.5 G, 25.1 CM FORK LENGTH 21H

Table 2.6.2.2.11.4 Physiological toxicity data for salmonid fishes, Eulachon, and green 
sturgeon for freshwater tributyltin.

Criterion
Freshwater Tributyltin

Data Set 
ECOTOX

Criterion Concentration Acute
0.46 Micrograms Liter-1

Temperature
4-15.5° Celsius

Arithmetic Mean
1

Criterion Concentration Chronic
0.063 Micrograms Liter-1

Hardness
246-280 mg/L CaCO3

Geometric Mean
0.95

Endpoint/Effect
Physiological

pH
6.4-7.95

Harmonic Mean
0.86

Concentration
Micrograms Liter-1 Life-Stage

Duration

0.6 4-24 MO, 8.5-20.7 CM, 6.0-94.5 G 65D

1.49 24.5 G, 25.1 CM FORK LENGTH 28H
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Table 2.6.2.2.11.5 Cellular toxicity data for salmonid fishes, Eulachon, and green sturgeon 
for freshwater tributyltin.

Criterion
Freshwater Tributyltin

Data Set 
ECOTOX

Criterion Concentration Acute
0.46 Micrograms Liter-1

Temperature
4-15.5° Celsius

Arithmetic Mean
0.77

Criterion Concentration Chronic
0.063 Micrograms Liter-1

Hardness
246-280 mg/L CaCO3

Geometric Mean
0.69

Endpoint/Effect
Cellular

pH
6.4-7.95

Harmonic Mean
0.63

Concentration
Micrograms Liter-1 Life-Stage

Duration

0.6 4-24 MO, 8.5-20.7 CM, 6.0-94.5 G 28D

0.5 3 WK 28D

0.5 3 WK 28D

1.49 24.5 G, 25.1 CM FORK LENGTH 72H

TributyltinToxicity Data Summary. In order to understand the context of the toxicity 
data and its relationship to the criteria, NMFS not only considered the toxicity test concentrations 
in comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range 
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
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percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

To assess the potential magnitude of acute toxic effects from exposure to tributyltin, NMFS 
added an additional step to its analysis for tributyltin to look at the relationship of the acute 
criterion to the LC50 data in terms of predicting the magnitude of acute toxic effects. To do this, 
NMFS calculated an acute toxicity ratio or relative percent mortality. This assessment involved 
taking the acute criterion of 0.46 μg/L and dividing it by each LC50 concentrations in Table 
2.6.2.2.11.1 to calculate a ratio, i.e., a prediction of the relative percent mortality of the criterion 
to the acute toxicity data. This ratio, relative to the LC50 data set in Table 2.6.2.2.11.1, predicts a 
magnitude of effect ranging from a low of an LC0.5 at a concentration of 50 μg/L to a high of an 
LC100 at a concentration of 0.21 μg/L. In other words, the acute criterion of 0.46 μg/L has an 
equivalent toxicity potential predicted to kill 0.5 percent to 100 percent, with a median toxicity 
potential of an LC4.9, of the exposed test population, and therefore by inference, field-exposed 
individuals.

In summary, a number of toxicity studies reported concentrations that are less than the acute 
criterion concentration for tributyltin, which implies that listed species exposed to waters equal 
to criteria concentrations will suffer acute toxic effects. Conversely, a number of toxicity studies 
reported concentrations that are greater than the acute criterion concentration for tributyltin,
which implies that listed species exposed to waters equal to criteria concentrations may not 
suffer acute toxic effects. When the available information is equivocal, NMFS gives the benefit 
of the doubt in its analysis to the listed species. Based on this principle and the considerations of 
the shortcomings and implications of laboratory-derived toxicity tests, the relative percent 
mortality analysis, and the ecological consequences for field-exposed fishes, listed species 
exposed to waters equal to the acute criterion concentration will suffer acute toxic effects.
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None of the toxicity studies reported concentrations that are less than the chronic criterion for 
tributyltin, which implies that listed species exposed to waters equal to the chronic criterion 
concentration may not suffer chronic toxic effects. Based on the available toxicity data and the 
considerations of the shortcomings and implications of laboratory-derived toxicity tests and the 
ecological consequences for field-exposed fishes, listed species exposed to waters equal to the 
chronic criterion concentration may not suffer chronic toxic effects.

Summary of Effects: TBT. The available evidence for TBT indicates that listed species 
exposed to waters equal to the acute criterion concentration will suffer acute and chronic toxic 
effects including mortality (moderately-high-intensity), reduced growth (moderate intensity), 
physiological trauma (moderate intensity), and cellular trauma (moderate intensity).

2.6.2.2.12 Zinc

Zinc Criteria. At hardness of 100 mg/L, the acute criterion is 120 μg/L, and the chronic 
criterion is 120 μg/L, respectively.

Tables 2.6.2.2.12.1 through 2.6.2.2.12.7 report toxicity data from the ECOTOX database for 
freshwater zinc, except where noted. Each table identifies the respective endpoint for the data 
set, toxicity test concentration, species life stage, test duration, toxicity-associated water quality 
parameters, the arithmetic mean, the geometric mean, and the harmonic mean of each data set.
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Table 2.6.2.2.12.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater zinc.

Criterion
Freshwater Zinc

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute

120 Micrograms Liter-1
Temperature
5-18° Celsius

Arithmetic Mean
1172

Criterion Concentration Chronic
120 Micrograms Liter-1

Hardness
5-350 mg/L CaCO3

Geometric Mean
1190

Endpoint/Effect
LC50/Mortality

pH
4.7-8.3

Harmonic Mean
818

Concentration
Micrograms Liter-1 Life-Stage

Duration

238 7 MO, 4.95 G, 8.6 CM, JUVENILE 96H

265 LARVAE 96H

268 7 MO, 4.95 G, 8.6 CM, JUVENILE 96H

308 3.9-6.8 CM FORK LENGTH 96H

316 SWIM-UP, 0.17 G 96H

330 SWIM-UP, 0.23 G 96H

330 7 MO, 4.95 G, 8.6 CM, JUVENILE 96H

353 7 MO, 4.95 G, 8.6 CM, JUVENILE 96H

412 FINGERLING, 2-4 G 96H

425 JUVENILE, 5 MO, 3.0 G, 7.0 CM 120H

444 55 MM 96H

453 JUVENILE, 5 MO, 3.0 G, 7.0 CM 96H

462 PARR, 6.96 G, 8.6 CM 96H

478 JUVENILE, 5 MO, 3.0 G, 7.0 CM 96H

487 2.36-3.01 G 96H

487 2.36-3.01 G 96H

487 2.36-3.01 G 168H

510 JUVENILE, 5 MO, 3.0 G, 7.0 CM 96H

530 JUVENILE, 5 MO, 3.0 G, 7.0 CM 96H

565 JUVENILE, 5 MO, 3.0 G, 7.0 CM 96H

616 JUVENILE, 5 MO, 3.0 G, 7.0 CM 96H

620 NR 96H

628 JUVENILE, 5 MO, 3.0 G, 7.0 CM 96H

678 JUVENILE, 5 MO, 3.0 G, 7.0 CM 96H

689 JUVENILE, 3.9 G 96H

709 JUVENILE, 3-10 G 96H

716 FY, 2.36-3.01 G 96H

716 FY, 2.36-3.01 G 168H

720 EYED STAGE 96H
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Criterion
Freshwater Zinc

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute

120 Micrograms Liter-1
Temperature
5-18° Celsius

Arithmetic Mean
1172

Criterion Concentration Chronic
120 Micrograms Liter-1

Hardness
5-350 mg/L CaCO3

Geometric Mean
1190

Endpoint/Effect
LC50/Mortality

pH
4.7-8.3

Harmonic Mean
818

Concentration
Micrograms Liter-1 Life-Stage

Duration

728 NR 96H

743 JUVENILE, 5 MO, 3.0 G, 7.0 CM 96H

847 70 MM 96H

861 JUVENILE, 5 MO, 3.0 G, 7.0 CM 96H

959 JUVENILE, 4.9 G 96H

962 190 MM 96H

1166 30.5 g

1173 JUVENILE, 5 MO, 3.0 G, 7.0 CM 96H

1193 JUVENILE, 28.4 G 96H

1361 JUVENILE 96H

1471 JUVENILE, 28.4 G 96H

1509 JUVENILE, 3.9 G 96H

1573 PARR, 11.58 G, 9.6 CM 96H

1577 ALEVIN, 1 MO 115H

1686 120 MM 96H

1768 JUVENILE, 4.9 G 96H

1903 140 MM 96H

2010 NR 96H

2191 3-5 G 96H

2197 22.6 g

2212 SMOLT, 68.19 G, 18.8 CM 96H

2246 ALEVIN, 0.05 G 96H

2251 179 MM 96H

2382 SMOLT, 32.46 G, 14.4 CM 96H

2385 ADULT, 16-18 CM 96H

2564 JUVENILE 96H

2642 PARRI, 9 MO 96H

2674 110 MM 96H

2769 ALEVIN 96H

2865 NR 96H

2885 JUVENILE, 3.0 G 96H
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Criterion
Freshwater Zinc

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute

120 Micrograms Liter-1
Temperature
5-18° Celsius

Arithmetic Mean
1172

Criterion Concentration Chronic
120 Micrograms Liter-1

Hardness
5-350 mg/L CaCO3

Geometric Mean
1190

Endpoint/Effect
LC50/Mortality

pH
4.7-8.3

Harmonic Mean
818

Concentration
Micrograms Liter-1 Life-Stage

Duration

2906 ALEVINS, 2-D POSTHATCH 144H

3111 JUVENILE, 19.0 G 96H

3466 Juvenile

3691 JUVENILE, 3.0 G 96H

3700 FY, 2.36-3.01 G 168H

3829 parr

4168 JUVENILE, 3.9 G 96H

4699 YEARLING, 10-18 MO 96H

4709 JUVENILE, 19.0 G 96H

4741 YEARLING, 10-18 MO 96H

4955 FY, 2.36-3.01 G 96H

5623 FINGERLING 96H

9784 FINGERLING 96H
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Table 2.6.2.2.12.2 Mortality toxicity data for salmonid fishes, Eulachon, and green sturgeon 
for freshwater zinc.

Criterion
Freshwater Zinc

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute

120 Micrograms Liter-1
Temperature
5-18° Celsius

Arithmetic Mean
1642

Criterion Concentration Chronic
120 Micrograms Liter-1

Hardness
5-350 mg/L CaCO3

Geometric Mean
1020

Endpoint/Effect
Mortality

pH
4.7-8.3

Harmonic Mean
173

Concentration
Micrograms Liter-1 Life-Stage

Duration

11 EGG 18M

320 FINGERLING, 2 G 21M

320 NR 27M

680 ADULT, 66.3 G 120H

695 ADULT, 66.3 G 131H

724 4 WK, LARVAE, SWIM-UP 56D

724 4 WK LARVAE, SWIM-UP 56D

724 EGG 84D

1368 4 WK LARVAE, SWIM-UP 56D

1368 4 WK, LARVAE, SWIM-UP 56D

1368 NEWLY HATCHED LARVAE 84D

1368 EGG 84D

2058 NEWLY HATCHED LARVAE 84D

2476 JUVENILE, 0.316 G 114H

2818 JUVENILE, 0.316 G 117H

3004 JUVENILE, 0.316 G 156H

3077 JUVENILE, 0.316 G 141H

3090 JUVENILE, 0.316 G 141H

5000 JUVENILE, 0.316 G 120H
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Table 2.6.2.2.12.3 Growth toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater zinc. 

Criterion
Freshwater Zinc

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute

120 Micrograms Liter-1
Temperature
3-20° Celsius

Arithmetic Mean
193

Criterion Concentration Chronic
120 Micrograms Liter-1

Hardness
20-374 mg/L CaCO3

Geometric Mean
174

Endpoint/Effect
Growth

pH
4.7-8.64

Harmonic Mean
161

Concentration
Micrograms Liter-1 Life-Stage

Duration

104 NR 4D

104 NR 85D

104 NR 85D

104 NR 40W

104 NR 40W

132 NR 180D

132 NR 191D

132 NR 50D

132 NR 40W

172 NR 191D

172 NR 191D

172 NR 180D

172 NR 30D

172 NR 30D

172 NR 40W

172 NR 40W

172 NR 40W

172 NR 21M

172 NR 13W

172 NR 2M

172 NR 13W

358 45 G, YEARLING 13W

384 NR 30D

384 NR 40W

384 NR 1H

384 NR 55D
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Table 2.6.2.2.12.4 NOEC toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
freshwater zinc.

Criterion
Freshwater Zinc

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute

120 Micrograms Liter-1
Temperature
5-18° Celsius

Arithmetic Mean
615

Criterion Concentration Chronic
120 Micrograms Liter-1

Hardness
20-374 mg/L CaCO3

Geometric Mean
436

Endpoint/Effect
NOEC/Mortality/Reproduction

pH
4.7-8.3

Harmonic Mean
277

Concentration
Micrograms Liter-1 Life-Stage

Duration

98 NR 1M

108 NR 27M

380 EGG 18M

432 JUVENILE NR

595 ADULT-SMOLT NR

862 ADULT-SMOLT NR

1028 YEARLING, 70 G, 3RD GENERATION 82D

1417 EGG 72D

Table 2.6.2.2.12.5 Cellular toxicity data for salmonid fishes, Eulachon, and green sturgeon 
for freshwater zinc. 

Criterion
Freshwater Zinc

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute

120 Micrograms Liter-1
Temperature
3-20° Celsius

Arithmetic Mean
38541

Criterion Concentration Chronic
120 Micrograms Liter-1

Hardness
45-374 mg/L CaCO3

Geometric Mean
3075

Endpoint/Effect
Cellular

pH
4.7-8.64

Harmonic Mean
235

Concentration
Micrograms Liter-1 Life-Stage

Duration

91 6-18 MO 3.15H

166 45 G, YEARLING 96H

76954 8-12 G, 9-11 CM 0.5H

76954 8-12 G, 9-11 CM 4H
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Table 2.6.2.2.12.6 Physiological toxicity data for salmonid fishes, Eulachon, and green 
sturgeon for freshwater zinc. 

Criterion
Freshwater Zinc

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute

120 Micrograms Liter-1
Temperature
3-20° Celsius

Arithmetic Mean
2753

Criterion Concentration Chronic
120 Micrograms Liter-1

Hardness
22-90 mg/L CaCO3

Geometric Mean
2427

Endpoint/Effect
Physiological

pH
4.7-8.64

Harmonic Mean
2199

Concentration
Micrograms Liter-1 Life-Stage

Duration

1360 YEARLING, 70 G, 3RD GENERATION 96H

1370 4 WK, LARVAE, SWIM-UP 4M

1370 EGG 1H

1370 4 WK LARVAE, SWIM-UP 1H

1984 NR 30D

2025 14.4 CM 17H

2074 14.4 CM 16W

2387 13.5 CM 2H

2588 NEWLY HATCHED LARVAE 4H

2588 4 WK, LARVAE, SWIM-UP 4H

2588 EGG 3.15H

2729 13.5 CM 43MIN

3212 14.4 CM 72H

3528 14.4 CM 2H

4857 13.5 CM 6H

8020 NR 30D
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Table 2.6.2.2.12.7 Reproductive toxicity data for salmonid fishes, Eulachon, and green 
sturgeon for freshwater zinc.

Criterion
Freshwater Zinc

Data Set 
ECOTOX

Hardness=100
Criterion Concentration Acute

120 Micrograms Liter-1
Temperature
3-20° Celsius

Arithmetic Mean
224

Criterion Concentration Chronic
120 Micrograms Liter-1

Hardness
30-350 mg/L CaCO3

Geometric Mean
147

Endpoint/Effect
Reproductive

pH
4.7-8.64

Harmonic Mean
84

Concentration
Micrograms Liter-1 Life-Stage

Duration

30 NR 0.67H

108 NR 0.67H

379 8.3 CM 21M

379 FINGERLING, 2 G 10D

Zinc Toxicity Data Summary. In order to understand the context of the toxicity data and 
its relationship to the criteria, NMFS not only considered the toxicity test concentrations in 
comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range 
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
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percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

To assess the potential magnitude of acute toxic effects from exposure to zinc, NMFS added an 
additional step to its analysis for zinc to look at the relationship of the acute criterion to the LC50

data in terms of predicting the magnitude of acute toxic effects. To do this, NMFS calculated an 
acute toxicity ratio or relative percent mortality. This assessment involved taking the acute 
criterion of 120 μg/L and dividing it by each LC50 concentrations in Table 2.6.2.2.12.1 to 
calculate a ratio, i.e., a prediction of the relative percent mortality of the criterion to the acute 
toxicity data. This ratio, relative to the LC50 data set in Table 2.6.2.2.12.1, predicts a magnitude 
of effect ranging from a low of an LC0.6 at a concentration of 9,784 μg/L to a high of an LC25.2 at 
a concentration of 238 μg/L. In other words, the acute criterion of 120 μg/L has an equivalent 
toxicity potential predicted to kill 0.6 percent to 25.2 percent, with a median toxicity potential of 
an LC5.1, of the exposed test population, and therefore by inference, field-exposed individuals.

In summary, a number of toxicity studies reported concentrations that are less than the acute and 
chronic criteria concentrations for zinc, which implies that listed species exposed to waters equal 
to criteria concentrations will not be protected from acute or chronic toxic effects. Conversely, a 
number of toxicity studies reported concentrations that are greater than the acute and chronic 
criteria concentrations for zinc, which implies that listed species exposed to waters equal to 
criteria concentrations will be protected from acute or chronic toxic effects. When the available 
information is equivocal, NMFS gives the benefit of the doubt in its analysis to the listed species. 
Based on this principle and the considerations of the shortcomings and implications of 
laboratory-derived toxicity tests, the relative percent mortality analysis, and the ecological 
consequences for field-exposed fishes, listed species exposed to waters equal to the acute or 
chronic criteria concentrations will suffer acute and chronic toxic effects.

Exhibit 7b



-360-

Sublethal Effects. Zinc is an essential element required for healthy fish, and is present in 
healthy fish tissues in greater concentrations than other heavy metals. However, increased levels 
of zinc over natural body concentrations can result in mortality, growth retardation,
histopathological alterations, respiratory and cardiac changes, and inhibition of spawning and 
many other elements critical to fish survival. Exposure to high zinc concentrations can result in 
damage to the gills, liver, kidney and skeletal muscle and cause a physiological shift to occur, 
making gas exchange more difficult. Toxicity varies with hardness, pH, alkalinity, dissolved 
oxygen, water temperature, species and life stage, acclimation, and ambient concentrations of 
other chemicals in the water (EPA 1987c, Sorensen 1991, Eisler 1993). For example, the toxicity 
of zinc is influenced by antagonistic interactions with cadmium, copper, iron, and molybdenum 
(Hammond and Beliles 1980). There is evidence that fish acclimated to elevated temperature are 
more tolerant of zinc toxicity (Hodson and Sprague 1975).

Behavioral avoidance reactions have been noted in three trout species at zinc concentrations that 
were below the proposed chronic criterion. Juvenile rainbow trout avoidance was documented at 
zinc concentrations of 5.6 μg/L at a hardness of 13 mg/L (Sprague 1968) and 47 μg/L at a 
hardness of 112 mg/L (Birge and Black 1980 as cited in EPA 1987c). Juvenile brown trout 
avoidance was documented at 25 μg/L at a hardness of 100 mg/L (Woodward et al. 1995).
Juvenile cutthroat trout avoidance was documented at 28 μg/L at a hardness of 50 mg/L 
(Woodward et al. 1997). Avoidance behavior by adult salmonids has not been studied as 
extensively. As with copper, there are insufficient data available to identify whether these 
behavioral effects translate into adverse effects in the field because of the confounding influence 
of acclimation, complexing organic material in natural waters, uncontrolled variables, presence 
of other metals, and field observations that found fish in "impacted" streams when "un-impacted" 
streams were also available.

Zinc bioconcentrates but does not biomagnify (EPA 1999). Zinc may be mutagenic and 
teratogenic (Eisler 1993). Toxicity of zinc to aquatic organisms is dependent on water hardness, 
pH, DO, presence of mixtures, and trophic level (Sorensen 1991, Eisler 1993). Zinc interacts 
with many chemicals to produce altered patterns of accumulation, metabolism, and toxicity; 
some interactions reduce toxicity and others increase toxicity (Eisler 1993). Most of the zinc 
introduced into aquatic environments is eventually partitioned into sediments (Eisler 1993). Zinc 
bioavailability from sediment is increased under conditions of high DO, low salinity, low pH, 
and high levels of inorganic oxides and humic substances. Effects of zinc toxicity to freshwater 
organisms include reduced growth, reduced populations, and reduced survival in algae species; 
reduced growth, activity, larval settlement, and reproduction, osmoregulatory impairment and 
reduced survival in freshwater invertebrates (including molluscs); and reduced growth, 
behavioral alteration (avoidance), reproduction impairment, increased respiration, decreased 
swimming ability, increased jaw and branchial abnormalities, hyperactivity, hyperglycemia, and 
reduced survival in freshwater fish (Eisler 1993). 

In Farag et al. (1994), they determined that continuous exposure to zinc at the proposed chronic 
criterion concentration was associated with bioaccumulation of the metal by juvenile and adult 
rainbow trout. In Mount et al. (1994), they determined that tissue concentrations increased in 
rainbow trout fry fed a diet containing enriched levels of zinc. However, the issue of zinc 
bioaccumulation in salmonids is confounded by naturally high tissue concentrations and the 
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ability of fish to regulate internal concentrations. In Alsop et al. (1999), they determined that 
tissue concentrations of zinc in fish exposed to approximately one to two times the acute 
criterion were not a good indicator of non-lethal, chronic zinc exposure. Physiological costs 
related to zinc acclimation were determined to be few. The work by Mount et al. (1994) did not 
detect significant effects on survival or growth in rainbow trout fry fed quantities of zinc that 
were 10 times or greater in concentration than other metals. These studies suggest collectively 
that the ability of salmonids to regulate internal zinc concentrations may minimize adverse 
effects of bioaccumulation when the fish are exposed to zinc concentrations near the proposed 
chronic criterion.

Sublethal Effects Summary. The available evidence indicates that the chronic criterion 
for zinc is likely to result in sublethal effects to listed species considered in this opinion. 

Toxicity to Food Organisms. Many freshwater insects and crustaceans appear to be 
tolerant of zinc concentrations that are similar to the acute criterion (Eisler 1993), although some 
taxa can be more sensitive to chronic effects than salmonids (Kemble et al. 1994). Aquatic 
invertebrates bioaccumulate zinc to a greater degree than salmonids (EPA 1987c, Eisler 1993).
Kiffney and Clements (1994) determined that mayflies were sensitive to zinc, and that the 
response varied with stream size or location in the stream network. Data in EPA (1987c) indicate 
that the zinc criteria are usually non-lethal to invertebrates that juvenile listed species feed on, 
although in two cases in EPA (1987c), cladoceran species exhibited LC50s that were lower than 
the acute and chronic criteria at a hardness of 45 mg/L. Invertebrate communities in rivers appear 
to respond to elevated zinc levels in the sediments by changing composition to pollution-tolerant 
taxa, rather than by reducing overall biomass (Canfield et al. 1994, Clements and Kiffney 1994).
It is not clear if this adversely affects foraging ability of juvenile salmon.

Zinc contained in bed sediments has been found to be elevated in benthic invertebrates in field 
studies conducted in metals-contaminated streams (Ingersoll et al. 1994; Woodward et al. 1994).
However, Kiffney and Clements (1996) determined an inverse relation existed between aquatic 
macroinvertebrate body size and survival at zinc levels in excess of the proposed chronic 
criterion, which partially counters the effects of bioaccumulation, as organisms die before they 
are large enough to bioaccumulate high concentrations of zinc. Indirect effects of elevated zinc 
levels to listed species include reductions in production of larger bodied invertebrate taxa that 
could influence the availability of food for larger juvenile salmonids, and ingestion of 
bioconcentrated zinc by fry and juveniles of all sizes.

Summary on Toxicity to Food Organisms. The available evidence indicates that the 
chronic criterion for zinc is likely to appreciably affect invertebrate productivity and abundance. 

Summary of Effects: Zinc. The available evidence for zinc indicates that listed species 
exposed to waters equal to the acute or chronic criteria concentrations will suffer acute and 
chronic toxic effects including mortality (moderately-high-intensity), reduced growth
(moderately-high-intensity), cellular trauma (moderate intensity), physiological trauma
(moderate intensity), and reproductive failure (moderately-high-intensity).
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2.6.3 Saltwater Criteria Toxicity Analysis

The ESA directs that section 7 consultations use the best available scientific and commercial 
data. While EPA conducted an extensive data call and has developed a large database of toxicity 
(ECOTOX), thousands of toxicity studies were rejected by EPA for use in criteria development 
and formulation of the BE. A majority of these toxicity studies were rejected because the test 
duration was non-standard; EPA generally does not consider toxicity tests with non-standard 
durations (e.g., 4-hr LC50 or 144-hr LC50). However, these studies mat still meet the standard of 
the “best available scientific data” as defined by the ESA. For this consultation, NMFS used a 
much more extensive toxicity data set, including toxicity studies from the ECOTOX database 
that were excluded by EPA, for its analysis.

The analysis on saltwater criteria starts with a review of the chemical and toxicological concepts, 
principals, and factors that influence toxicity for each compound, and an assessment of critical 
exposure-response factors pertinent to the overall analysis. The data analysis in this section has
four general components: (1) Available toxicity data presented in table format by endpoint; (2) a
summary statistical analysis performed for each endpoint data set consisting of the arithmetic 
mean, the geometric mean, and the harmonic mean to assess the distribution of the data for each 
data set, and the statistical analysis is used later in the analysis on chemical mixtures; (3) a 
sublethal effects analysis on the chronic criteria, and (4) an analysis on food items (when data 
was available). Due to the paucity of acute saltwater data, NMFS did nor calculate a relative 
percent mortality for each acute saltwater criterion.

The toxicity data for salmonid fishes includes data for listed and non-listed salmonid fishes, e.g.,
rainbow trout are used to directly assess toxicity effects on steelhead as the resident form is 
indistinguishable from the anadromous form in juvenile life stages. Other salmonid fishes, e.g.,
brook trout (Salvelinus fontinalis) and cutthroat trout (Oncorhynchus clarki), are used in addition 
to the species-specific toxicity data and/or as a surrogate for listed species where toxicity data is 
not available for listed species to analyze effects on additional endpoints. Our analysis                                          
of surrogate species toxicity data showed no difference in the range of concentrations when 
compared to the toxicity data for listed species. Furthermore, toxicity data for green sturgeon and 
Eulachon was limited or non-existent for most of the compounds in Table 1.1. Therefore, NMFS 
used the salmonid fishes toxicity data as a surrogate for these two species as these toxicity data 
sets for salmonid fishes were the closest taxonomic data available. The summary conclusions 
provided in this section are based on a toxicity exposure-response potential to listed species 
considered in this opinion for each freshwater compound listed in Table 1.1, based exclusively 
on an examination of the available toxicity data from exposure to a single compound. The 
summary conclusions do not take into account effects to listed species considered in this opinion
from exposure to multiple compounds. The issue of chemical mixtures, as well as criteria 
development and implementation issues, direct mortality population modeling, etc., are 
examined in the Integration and Synthesis.

2.6.3.1 Arsenic

Saltwater Arsenic Criteria. The proposed acute and chronic criteria for saltwater arsenic 
are 69 μg/L and 36 μg/L, respectively.
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Tables 2.6.3.1.1 and 2.6.3.1.2 report toxicity data from the ECOTOX database for saltwater 
arsenic, except where noted. Each table identifies the respective endpoint for the data set, 
toxicity test concentration, species life stage, test duration, toxicity-associated water quality 
parameters (when available), the arithmetic mean, the geometric mean, and the harmonic mean 
of each data set.

Table 2.6.3.1.1 Mortality toxicity data for salmonid fishes, Eulachon, and green sturgeon 
for saltwater arsenic.

Criterion
Saltwater Arsenic

Data Set BE

Criterion Concentration Acute
69 Micrograms Liter-1

Temperature
NR

Arithmetic Mean
6658

Criterion Concentration Chronic
36 Micrograms Liter-1

Salinity
NR

Geometric Mean
6658

Endpoint/Effect
Mortality

pH
NR

Harmonic Mean
6658

Concentration
Micrograms Liter-1 Life-Stage

Duration

6658 NR NR

Table 2.6.3.1.2. NOEC toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
saltwater arsenic.

Criterion
Saltwater Arsenic

Data Set BE

Criterion Concentration Acute
69 Micrograms Liter-1

Temperature
NR

Arithmetic Mean
3974

Criterion Concentration Chronic
36 Micrograms Liter-1

Salinity
NR

Geometric Mean
3974

Endpoint/Effect
NOEC

pH
NR

Harmonic Mean
3974

Concentration
Micrograms Liter-1 Life-Stage

Duration

3974 NR NR

Summary of Effects: Arsenic. In order to understand the context of the toxicity data and 
its relationship to the criteria, NMFS not only considered the toxicity test concentrations in 
comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.
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The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

In summary, the available evidence for saltwater arsenic indicates that listed species exposed to 
waters equal to the acute and chronic criteria concentrations will suffer acute or chronic toxic 
effects including mortality (moderate intensity) and sublethal effects (moderate intensity).
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2.6.3.2 Cadmium

Cadmium Criteria. The proposed acute and chronic criteria for saltwater cadmium are 40 
μg/L and 8.8 μg/L, respectively.

Tables 2.6.3.2.1 through 2.6.3.2.3 report toxicity data from the ECOTOX database for saltwater 
cadmium, except where noted. Each table identifies the respective endpoint for the data set, 
toxicity test concentration, species life stage, test duration, toxicity-associated water quality 
parameters (when available), the arithmetic mean, the geometric mean, and the harmonic mean 
of each data set.

Table 2.6.3.2.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
saltwater cadmium.

Criterion
Saltwater Cadmium

Data Set 
ECOTOX

Criterion Concentration Acute
40 Micrograms Liter-1

Temperature
11.2° Celsius

Arithmetic Mean
1200

Criterion Concentration Chronic
8.8 Micrograms Liter-1

Salinity
28.3 ppt

Geometric Mean
1200

Endpoint/Effect
LC50

pH
NR

Harmonic Mean
1200

Concentration
Micrograms Liter-1 Life-Stage

Duration

1200 SMOLTS, 128 MM 96H

Table 2.6.3.2.2 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
saltwater cadmium.

Criterion
Saltwater Cadmium

Data Set 
ECOTOX

Criterion Concentration Acute
40 Micrograms Liter-1

Temperature
11.2° Celsius

Arithmetic Mean
1200

Criterion Concentration Chronic
8.8 Micrograms Liter-1

Salinity
28.3 ppt

Geometric Mean
1200

Endpoint/Effect
LC50

pH
NR

Harmonic Mean
1200

Concentration
Micrograms Liter-1 Life-Stage

Duration

1200 SMOLTS, 128 MM 96H
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Table 2.6.3.2.3 NOEC toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
saltwater cadmium.

Criterion
Saltwater Cadmium

Data Set BE

Criterion Concentration Acute
40 Micrograms Liter-1

Temperature
NR

Arithmetic Mean
163.7

Criterion Concentration Chronic
8.8 Micrograms Liter-1

Salinity
NR

Geometric Mean
163.7

Endpoint/Effect
NOEC

pH
NR

Harmonic Mean
163.7

Concentration
Micrograms Liter-1 Life-Stage

Duration

163.7 Smolts

Summary of Effects: Cadmium. In order to understand the context of the toxicity data 
and its relationship to the criteria, NMFS not only considered the toxicity test concentrations in 
comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.
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The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

In summary, the available evidence for cadmium indicates that listed species exposed to waters 
equal to the acute and chronic criteria concentrations will suffer acute or chronic toxic effects
including mortality (moderate intensity) and sublethal effects (moderate intensity).

2.6.3.3 Chromium VI 

CR (VI) Criteria. The proposed acute and chronic criteria for chromium (VI) are 1100 
μg/L and 50 μg/L, respectively.

Tables 2.6.3.3.1 through 2.6.3.3.4 report toxicity data from the ECOTOX database for saltwater 
chromium (VI), except where noted. Each table identifies the respective endpoint for the data set, 
toxicity test concentration, species life stage, test duration, toxicity-associated water quality 
parameters (when available), the arithmetic mean, the geometric mean, and the harmonic mean 
of each data set.
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Table 2.6.3.3.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
saltwater chromium VI.

Criterion
Saltwater Chromium VI

Data Set 
ECOTOX

Criterion Concentration Acute
1100 Micrograms Liter-1

Temperature
3.5-19° Celsius

Arithmetic Mean
98129

Criterion Concentration Chronic
50 Micrograms Liter-1

Salinity
NR

Geometric Mean
68333

Endpoint/Effect
LC50

pH
NR

Harmonic Mean
44884

Concentration
Micrograms Liter-1 Life-Stage

Duration

12079 NR 96H
27201 NR 96H
27496 NR 96H
37905 NR 96H
69722 NR 96H
74239 NR 96H
98200 NR 96H
109002 NR 96H
141408 NR 96H
201310 NR 96H
280852 NR 96H

Table 2.6.3.3.2 Growth toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
saltwater chromium VI.

Criterion
Saltwater Chromium VI

Data Set 
ECOTOX

Criterion Concentration Acute
1100 Micrograms Liter-1

Temperature
3.5-19° Celsius

Arithmetic Mean
91

Criterion Concentration Chronic
50 Micrograms Liter-1

Salinity
NR

Geometric Mean
47

Endpoint/Effect
Growth

pH
NR

Harmonic Mean
24

Concentration
Micrograms Liter-1 Life-Stage

Duration

10 NR 7M

13 NR 110D

49 NR

192 NR

192 NR

Exhibit 7b



-369-

Summary of Effects: Chromium VI. In order to understand the context of the toxicity 
data and its relationship to the criteria, NMFS not only considered the toxicity test concentrations 
in comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
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than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

In summary, the available evidence for saltwater chromium (VI) indicates that listed species 
exposed to waters equal to the acute and chronic criteria concentrations will suffer acute or 
chronic toxic effects including mortality (moderate intensity) and sublethal effects (moderately-
high-intensity).

2.6.3.4 Copper 

Copper Criteria. The proposed acute and chronic criteria for saltwater copper are 4.8 
μg/L and 3.1 μg/L, respectively.

Tables 2.6.3.4.1 through 2.6.3.4.3 report toxicity data from the ECOTOX database for saltwater 
copper, except where noted. Each table identifies the respective endpoint for the data set, toxicity 
test concentration, species life stage, test duration, toxicity-associated water quality parameters 
(when available), the arithmetic mean, the geometric mean, and the harmonic mean of each data 
set.

Table 2.6.3.4.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
saltwater copper.

Criterion
Saltwater Copper

Data Set 
ECOTOX

Criterion Concentration Acute
4.8 Micrograms Liter-1

Temperature
13° Celsius

Arithmetic Mean
329

Criterion Concentration Chronic
3.1 Micrograms Liter-1

Salinity
28.6 ppt

Geometric Mean
329

Endpoint/Effect
LC50/Mortality

pH
8.1

Harmonic Mean
329

Concentration
Micrograms Liter-1 Life-Stage

Duration

329 SMOLTS, 132 MM 96H
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Table 2.6.3.4.2 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
saltwater copper.

Criterion
Saltwater Copper

Data Set 
ECOTOX

Criterion Concentration Acute
4.8 Micrograms Liter-1

Temperature
10.3-13Celsius

Arithmetic Mean
329

Criterion Concentration Chronic
3.1 Micrograms Liter-1

Salinity
12-35 ppt

Geometric Mean
329

Endpoint/Effect
LC50/Mortality

pH
7.8-8.1

Harmonic Mean
329

Concentration
Micrograms Liter-1 Life-Stage

Duration

329 SMOLT, 132 MM 96H

329 SMOLTS, 132 MM 96H

Table 2.6.3.4.3 Reproductive toxicity data for salmonid fishes, Eulachon, and green 
sturgeon for saltwater copper.

Criterion
Saltwater Copper

Data Set 
ECOTOX

Criterion Concentration Acute
4.8 Micrograms Liter-1

Temperature
10.3-13Celsius

Arithmetic Mean
31

Criterion Concentration Chronic
3.1 Micrograms Liter-1

Salinity
12-35 ppt

Geometric Mean
31

Endpoint/Effect
Reproductive

pH
7.8-8.1

Harmonic Mean
31

Concentration
Micrograms Liter-1 Life-Stage

Duration

31 Gamete 60MIN

Summary of Effects: Copper. In order to understand the context of the toxicity data and 
its relationship to the criteria, NMFS not only considered the toxicity test concentrations in 
comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range 
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
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tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

In summary, the available evidence for saltwater copper indicates that listed species exposed to 
waters equal to the acute and chronic criteria concentrations will suffer acute or chronic toxic 
effects including mortality (moderate intensity) and reproductive failure (moderate intensity).
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2.6.3.5 Endosulfan (Endosulfan-alpha and Endosulfan-beta)

Endosulfan-a and Endosulfan-b Criteria. The proposed acute and chronic criteria for 
saltwater endosulfan-a and endosulfan-b are 0.034 μg/L and 0.0087 μg/L, respectively.

Tables 2.6.3.5.1 and 2.6.3.5.2 report toxicity data from the ECOTOX database for saltwater 
endosulfan, except where noted. Each table identifies the respective endpoint for the data set, 
toxicity test concentration, species life stage, test duration, toxicity-associated water quality 
parameters (when available), the arithmetic mean, the geometric mean, and the harmonic mean 
of each data set.

Table 2.6.3.5.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
saltwater endosulfan-alpha and endosulfan-beta.

Criterion
Saltwater Endosulfan-alpha and Endosulfan-beta

Data Set 
ECOTOX

Criterion Concentration Acute
0.034 Micrograms Liter-1

Temperature
11.4° Celsius

Arithmetic Mean
1.7

Criterion Concentration Chronic
0.0087 Micrograms Liter-1

Salinity
NR

Geometric Mean
1.7

Endpoint/Effect
LC50

pH
8.1

Harmonic Mean
1.7

Concentration
Micrograms Liter-1 Life-Stage

Duration

1.69 SMOLT, 127 MM 96H

Table 2.6.3.5.2 Reproductive toxicity data for salmonid fishes, Eulachon, and green 
sturgeon for saltwater endosulfan-alpha and endosulfan-beta.

Criterion
Saltwater Endosulfan-alpha and Endosulfan-beta

Data Set 
ECOTOX

Criterion Concentration Acute
0.034 Micrograms Liter-1

Temperature
11.4-12° Celsius

Arithmetic Mean
765.5

Criterion Concentration Chronic
0.0087 Micrograms Liter-1

Salinity
NR

Geometric Mean
765.5

Endpoint/Effect
Reproductive

pH
7.8-8.2

Harmonic Mean
765.5

Concentration
Micrograms Liter-1 Life-Stage

Duration

765.5 GAMETE 60MIN
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Summary of Effects: Endosulfan-a and Endosulfan-b. In order to understand the 
context of the toxicity data and its relationship to the criteria, NMFS not only considered the 
toxicity test concentrations in comparison to the criterion/criteria concentrations in determining 
whether or not listed species exposed to waters equal to criteria concentrations will result in 
acute or chronic toxic effects, but the shortcomings and implications of laboratory-derived 
toxicity tests and the ecological consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
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than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

In summary, the available evidence for saltwater endosulfan-alpha and endosulfan-beta indicates 
that listed species exposed to waters equal to the acute and chronic criteria concentrations will 
suffer acute or chronic toxic effects including mortality (moderate intensity) and reproductive 
failure (low intensity).

2.6.3.6 Heptachlor Epoxide

Heptachlor Epoxide Criteria. The proposed acute and chronic criteria for saltwater 
heptachlor epoxide are 0.053 μg/L and 0.0036 μg/L, respectively.

Tables 2.6.3.6.1 and 2.6.3.6.2 report toxicity data from the ECOTOX database for saltwater 
heptachlor epoxide, except where noted. Each table identifies the respective endpoint for the data 
set, toxicity test concentration, species life stage, test duration, toxicity-associated water quality 
parameters (when available), the arithmetic mean, the geometric mean, and the harmonic mean 
of each data set.

Table 2.6.3.6.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
saltwater heptachlor epoxide.

Criterion
Saltwater Heptachlor

Data Set BE

Criterion Concentration Acute
0.053 Micrograms Liter-1

Temperature
NR

Arithmetic Mean
0.37

Criterion Concentration Chronic
0.0036 Micrograms Liter-1

Hardness
NR

Geometric Mean
0.37

Endpoint/Effect
LC50/Mortality

pH
NR

Harmonic Mean
0.37

Concentration
Micrograms Liter-1 Life-Stage

Duration

0.367
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Table 2.6.3.6.2 NOEC toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
saltwater heptachlor epoxide.

Criterion
Saltwater Heptachlor

Data Set BE

Criterion Concentration Acute
0.053 Micrograms Liter-1

Temperature
NR

Arithmetic Mean
0.2

Criterion Concentration Chronic
0.0036 Micrograms Liter-1

Hardness
NR

Geometric Mean
0.2

Endpoint/Effect
NOEC

pH
NR

Harmonic Mean
0.2

Concentration
Micrograms Liter-1 Life-Stage

Duration

0.214

Summary of Effects: Heptachlor Epoxide. In order to understand the context of the 
toxicity data and its relationship to the criteria, NMFS not only considered the toxicity test 
concentrations in comparison to the criterion/criteria concentrations in determining whether or 
not listed species exposed to waters equal to criteria concentrations will result in acute or chronic 
toxic effects, but the shortcomings and implications of laboratory-derived toxicity tests and the 
ecological consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range 
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

Exhibit 7b



-377-

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

In summary, the available evidence for saltwater heptachlor epoxide indicates that listed species 
exposed to waters equal to the acute and chronic criteria concentrations will suffer acute or 
chronic toxic effects including mortality (low intensity) and sublethal effects (low intensity).

2.6.3.7 Lead 

Lead Criteria. The proposed acute and chronic criteria for lead are 210 μg/L and 
8.1 μg/L, respectively.

Tables 2.6.3.7.1 through 2.6.3.7.3 report toxicity data from the ECOTOX database for saltwater 
lead, except where noted. Each table identifies the respective endpoint for the data set, toxicity 
test concentration, species life stage, test duration, toxicity-associated water quality parameters 
(when available), the arithmetic mean, the geometric mean, and the harmonic mean of each data 
set.
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Table 2.6.3.7.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
saltwater lead.

Criterion
Saltwater Lead

Data Set BE

Criterion Concentration Acute
210 Micrograms Liter-1

Temperature
NR

Arithmetic Mean
805

Criterion Concentration Chronic
8.1 Micrograms Liter-1

Hardness
NR

Geometric Mean
805

Endpoint/Effect
LC50/Mortality

pH
NR

Harmonic Mean
805

Concentration
Micrograms Liter-1 Life-Stage

Duration

805

Table 2.6.3.7.2 Physiological toxicity data for salmonid fishes, Eulachon, and green 
sturgeon for saltwater lead.

Criterion
Saltwater Lead

Data Set 
ECOTOX

Criterion Concentration Acute
210 Micrograms Liter-1

Temperature
12-13.7° Celsius

Arithmetic Mean
150

Criterion Concentration Chronic
8.1 Micrograms Liter-1

Salinity
27-30 ppt

Geometric Mean
150

Endpoint/Effect
Physiological

pH
7.8-8.2

Harmonic Mean
150

Concentration
Micrograms Liter-1 Life-Stage

Duration

150 200 G, SALTWATER ADAPTED 2W

Table 2.6.3.7.3 Reproductive toxicity data for salmonid fishes, Eulachon, and green 
sturgeon for saltwater lead.

Criterion
Saltwater Lead

Data Set 
ECOTOX

Criterion Concentration Acute
210 Micrograms Liter-1

Temperature
12-13.7° Celsius

Arithmetic Mean
24000

Criterion Concentration Chronic
8.1 Micrograms Liter-1

Salinity
27-30 ppt

Geometric Mean
24000

Endpoint/Effect
Reproductive

pH
7.8-8.2

Harmonic Mean
24000

Concentration
Micrograms Liter-1 Life-Stage

Duration

24000 GAMETE 2W
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Summary of Effects: Lead. In order to understand the context of the toxicity data and its 
relationship to the criteria, NMFS not only considered the toxicity test concentrations in 
comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range 
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
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than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

In summary, the available evidence for saltwater lead indicates that listed species exposed to 
waters equal to the acute and chronic criteria concentrations will suffer acute or chronic toxic 
effects including mortality (moderate intensity), physiological trauma (moderate intensity), and 
reproductive failure (low intensity).

2.6.3.8 Nickel 

Nickel Criteria. The proposed acute and chronic criteria for saltwater nickel are 74 μg/L 
and 8.2 μg/L, respectively.

Tables 2.6.3.8.1 and 2.6.3.8.2 report toxicity data from the ECOTOX database for saltwater 
nickel, except where noted. Each table identifies the respective endpoint for the data set, toxicity 
test concentration, species life stage, test duration, toxicity-associated water quality parameters 
(when available), the arithmetic mean, the geometric mean, and the harmonic mean of each data 
set.

Table 2.6.3.8.1. LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
saltwater nickel.

Criterion
Saltwater Nickel

Data Set BE

Criterion Concentration Acute
74 Micrograms Liter-1

Temperature
NR

Arithmetic Mean
4893

Criterion Concentration Chronic
8.2 Micrograms Liter-1

Salinity
NR

Geometric Mean
4893

Endpoint/Effect
LC50

pH
NR

Harmonic Mean
4893

Concentration
Micrograms Liter-1 Life-Stage

Duration

4893
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Table 2.6.3.8.2 NOEC toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
saltwater nickel.

Criterion
Saltwater Nickel

Data Set BE

Criterion Concentration Acute
74 Micrograms Liter-1

Temperature
NR

Arithmetic Mean
1793

Criterion Concentration Chronic
8.2 Micrograms Liter-1

Salinity
NR

Geometric Mean
1793

Endpoint/Effect
NOEC

pH
NR

Harmonic Mean
1793

Concentration
Micrograms Liter-1 Life-Stage

Duration

1793

Summary of Effects: Nickel. In order to understand the context of the toxicity data and 
its relationship to the criteria, NMFS not only considered the toxicity test concentrations in 
comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.
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The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

In summary, the available evidence for saltwater nickel indicates that listed species exposed to 
waters equal to the acute and chronic criteria concentrations will suffer acute or chronic toxic 
effects including mortality (low intensity) and sublethal effects (low intensity).

2.6.3.9 Pentachlorophenol

Pentachlorophenol Criteria. The proposed chronic criterion for saltwater PCP is 
7.9 μg/L, respectively.

Table 2.6.3.9.1 reports toxicity data from the ECOTOX database for saltwater 
pentachlorophenol, except where noted. Each table identifies the respective endpoint for the data 
set, toxicity test concentration, species life stage, test duration, toxicity-associated water quality 
parameters (when available), the arithmetic mean, the geometric mean, and the harmonic mean 
of each data set.
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Table 2.6.3.9.1 NOEC toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
saltwater pentachlorophenol.

Criterion
Saltwater Pentachlorophenol

Data Set BE

Temperature
NR

Arithmetic Mean
10.5

Criterion Concentration Chronic
7.9 Micrograms Liter-1

Salinity
NR

Geometric Mean
10.5

Endpoint/Effect
NOEC

pH
NR

Harmonic Mean
10.5

Concentration
Micrograms Liter-1 Life-Stage

Duration

10.5

Summary of Effects: Pentachlorophenol. In order to understand the context of the 
toxicity data and its relationship to the criteria, NMFS not only considered the toxicity test 
concentrations in comparison to the criterion/criteria concentrations in determining whether or 
not listed species exposed to waters equal to criteria concentrations will result in acute or chronic 
toxic effects, but the shortcomings and implications of laboratory-derived toxicity tests and the 
ecological consequences for field-exposed fishes.

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

In summary, the available evidence for saltwater PCP indicates that listed species exposed to 
waters equal to the chronic criterion concentrations will suffer chronic toxic effects including 
sublethal effects (moderately-high-intensity).
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2.6.3.10 Selenium 

Selenium Criteria. The proposed acute and chronic criteria for saltwater selenium are 
290 μg/L and 71 μg/L, respectively.

Tables 2.6.3.10.1 and 2.6.3.10.2 report toxicity data from the ECOTOX database for saltwater 
selenium, except where noted. Each table identifies the respective endpoint for the data set, 
toxicity test concentration, species life stage, test duration, toxicity-associated water quality 
parameters (when available), the arithmetic mean, the geometric mean, and the harmonic mean 
of each data set.

Table 2.6.3.10.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
saltwater selenium.

Criterion
Saltwater Selenium

Data Set 
ECOTOX

Criterion Concentration Acute
290 Micrograms Liter-1

Temperature
12° Celsius

Arithmetic Mean
76750

Criterion Concentration Chronic
71 Micrograms Liter-1

Salinity
NR

Geometric Mean
43547

Endpoint/Effect
LC50

pH
NR

Harmonic Mean
30929

Concentration
Micrograms Liter-1 Life-Stage

Duration

11600 FRY, 2.6 G 96H

11600 FRY, 2.6 G 96H

16600 1.6 G, FRY 96H

16600 1.6 G, FRY 96H

17200 1.6 G, FRY 96H

17200 1.6 G, FRY 96H

18300 FRY, 2.6 G 96H

18300 FRY, 2.6 G 96H

19600 FRY, 2.6 G 96H

19600 FRY, 2.6 G 96H

23900 FRY, 2.6 G 96H

23900 FRY, 2.6 G 96H

28200 FRY, 2.6 G 96H

28200 FRY, 2.6 G 96H

29000 FRY, 1.7 G 96H

29000 FRY, 1.7 G 96H

36100 FRY, 2.6 G 24H

39600 1.6 G, FRY 24H

43200 FRY, 2.4 G 96H

43200 FRY, 2.4 G 96H
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Criterion
Saltwater Selenium

Data Set 
ECOTOX

Criterion Concentration Acute
290 Micrograms Liter-1

Temperature
12° Celsius

Arithmetic Mean
76750

Criterion Concentration Chronic
71 Micrograms Liter-1

Salinity
NR

Geometric Mean
43547

Endpoint/Effect
LC50

pH
NR

Harmonic Mean
30929

Concentration
Micrograms Liter-1 Life-Stage

Duration

50100 FRY, 2.4 G 96H

50100 FRY, 2.4 G 96H

63800 1.6 G, FRY 24H

65400 FRY, 2.4 G 96H

65400 FRY, 2.4 G 96H

79400 FRY, 1.8 G 96H

79400 FRY, 1.8 G 96H

94000 FRY, 1.6 G 96H

94000 FRY, 1.6 G 96H

136000 FRY, 1.6 G 96H

136000 FRY, 1.6 G 96H

236000 FRY, 1.6 G 24H

369000 FRY, 1.7 G 24H

600000 FRY, 1.6 G 24H

Table 2.6.3.10.2 NOEC toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
saltwater selenium.

Criterion
Saltwater Selenium

Data Set BE

Criterion Concentration Acute
290 Micrograms Liter-1

Temperature
NR

Arithmetic Mean
5551

Criterion Concentration Chronic
71 Micrograms Liter-1

Salinity
NR

Geometric Mean
5048

Endpoint/Effect
NOEC

pH
NR

Harmonic Mean
4591

Concentration
Micrograms Liter-1 Life-Stage

Duration

3243

7859

Summary of Effects: Selenium. In order to understand the context of the toxicity data 
and its relationship to the criteria, NMFS not only considered the toxicity test concentrations in 
comparison to the criterion/criteria concentrations in determining whether or not listed species 
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exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.
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In summary, the available evidence for saltwater selenium indicates that listed species exposed to 
waters equal to the acute and chronic criteria concentrations will suffer acute or chronic toxic 
effects including mortality (low intensity) and sublethal effects (low intensity).

2.6.3.11 Silver 

Silver Criteria. The proposed acute criterion for saltwater silver is 1.9 μg/L.

Tables 2.6.3.11.1 reports toxicity data from the ECOTOX database for saltwater silver, except 
where noted. Each table identifies the respective endpoint for the data set, toxicity test 
concentration, species life stage, test duration, toxicity-associated water quality parameters 
(when available), the arithmetic mean, the geometric mean, and the harmonic mean of each data 
set.

Table 2.6.3.11.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
saltwater silver.

Criterion
Saltwater Silver

Data Set 
ECOTOX

Criterion Concentration Acute
1.9 Micrograms Liter-1

Temperature
11.5-14° Celsius

Arithmetic Mean
195

Salinity
25-28.6 ppt

Geometric Mean
194

Endpoint/Effect
LC50

pH
7.8-8.2

Harmonic Mean
193

Concentration
Micrograms Liter-1 Life-Stage

Duration

176 25 G 96H

214 SMOLT, 131 MM 96H

Summary of Effects: Silver. In order to understand the context of the toxicity data and its 
relationship to the criteria, NMFS not only considered the toxicity test concentrations in 
comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range 
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
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compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

In summary, the available evidence for saltwater silver indicates that listed species exposed to 
waters equal to the acute criterion concentrations will suffer chronic toxic effects including 
sublethal effects (low intensity).

2.6.3.12 Tributyltin

Tributyltin Criteria. The proposed acute and chronic criteria for saltwater TBT are 0.37 
μg/L and 0.01 μg/L, respectively.

Tables 2.6.3.12.1 through 2.6.3.12.4 report toxicity data from the ECOTOX database for 
saltwater tributyltin, except where noted. Each table identifies the respective endpoint for the 
data set, toxicity test concentration, species life stage, test duration, toxicity-associated water 
quality parameters (when available), the arithmetic mean, the geometric mean, and the harmonic 
mean of each data set.

Table 2.6.3.12.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
saltwater tributyltin.

Criterion
Saltwater Tributyltin

Data Set 
ECOTOX

Criterion Concentration Acute
0.37 Micrograms Liter-1

Temperature
10-18° Celsius

Arithmetic Mean
12

Criterion Concentration Chronic
0.01 Micrograms Liter-1

Salinity
28 ppt

Geometric Mean
6.7

Endpoint/Effect
LC50/Mortality

pH
6.4-7.8

Harmonic Mean
3.6

Concentration
Micrograms Liter-1 Life-Stage

Duration

1.02 1.47 G 96H

1.16 1.47 G 96H

1.34 1.47 G 96H

1.46 24.5 G, 25.1 CM FORK LENGTH 96H
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Criterion
Saltwater Tributyltin

Data Set 
ECOTOX

Criterion Concentration Acute
0.37 Micrograms Liter-1

Temperature
10-18° Celsius

Arithmetic Mean
12

Criterion Concentration Chronic
0.01 Micrograms Liter-1

Salinity
28 ppt

Geometric Mean
6.7

Endpoint/Effect
LC50/Mortality

pH
6.4-7.8

Harmonic Mean
3.6

Concentration
Micrograms Liter-1 Life-Stage

Duration

4.6 0.77 g 96H

4.84 5.94 G 96H

5.5 1.4 g 96H

6.2 0.68(0.17-1.2) G, 45(39-53) MM 96H

6.6 0.68(0.17-1.2) G, 45(39-53) MM 72H

7.9 0.68(0.17-1.2) G, 45(39-53) MM 48H

11 JUVENILE 96H

11 JUVENILE 96H

15 0.68(0.17-1.2) G, 45(39-53) MM 24H

20 24.5 G, 25.1 CM FORK LENGTH 12H

21 UNDER-YEARLING 48H

28 UNDER-YEARLING 24H

54 24.5 G, 25.1 CM FORK LENGTH 6H

Table 2.6.3.12.2 Growth toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
saltwater tributyltin.

Criterion
Saltwater Tributyltin

Data Set 
ECOTOX

Criterion Concentration Acute
0.37 Micrograms Liter-1

Temperature
10-18° Celsius

Arithmetic Mean
0.52

Criterion Concentration Chronic
0.01 Micrograms Liter-1

Salinity
28 ppt

Geometric Mean
0.52

Endpoint/Effect
Growth

pH
6.4-7.8

Harmonic Mean
0.52

Concentration
Micrograms Liter-1 Life-Stage

Duration

0.5 3 WK 21D

0.54 8.3-8.8 CM, 5.6-6.4 G 10D
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Table 2.6.3.12.3 Cellular toxicity data for salmonid fishes, Eulachon, and green sturgeon 
for saltwater tributyltin.

Criterion
Saltwater Tributyltin

Data Set 
ECOTOX

Criterion Concentration Acute
0.37 Micrograms Liter-1

Temperature
10-18° Celsius

Arithmetic Mean
0.58

Criterion Concentration Chronic
0.01 Micrograms Liter-1

Salinity
28 ppt

Geometric Mean
0.58

Endpoint/Effect
Cellular

pH
6.4-7.8

Harmonic Mean
0.58

Concentration
Micrograms Liter-1 Life-Stage

Duration

0.5 3 WK 7D

0.6 NR 28D

0.6 NR 28D

0.6 NR 28D

0.6 4-24 MO, 8.5-20.7 CM, 6.0-94.5 G 10D

Table 2.6.3.12.4 Physiological toxicity data for salmonid fishes, Eulachon, and green 
sturgeon for saltwater tributyltin.

Criterion
Saltwater Tributyltin

Data Set 
ECOTOX

Criterion Concentration Acute
0.37 Micrograms Liter-1

Temperature
10-18° Celsius

Arithmetic Mean
27

Criterion Concentration Chronic
0.01 Micrograms Liter-1

Salinity
28 ppt

Geometric Mean
13

Endpoint/Effect
Physiological

pH
6.4-7.8

Harmonic Mean
6.5

Concentration
Micrograms Liter-1 Life-Stage

Duration

3.5 8.8 CM, 6.4 G 28D

50 NR 65MIN

Summary of Effects: Tributyltin. In order to understand the context of the toxicity data 
and its relationship to the criteria, NMFS not only considered the toxicity test concentrations in 
comparison to the criterion/criteria concentrations in determining whether or not listed species 
exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range 
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between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.

In summary, the available evidence for saltwater tributyltin indicates that listed species exposed 
to waters equal to the acute and chronic criteria concentrations will suffer acute or chronic toxic 
effects including mortality (low intensity), sublethal effects (low intensity), physiological trauma 
(low intensity), and cellular trauma (low intensity).
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2.6.3.13 Zinc

Zinc Criteria. The proposed acute and chronic criteria for saltwater zinc are 90 μg/L and 
81 μg/L.

Tables 2.6.3.13.1 through 2.6.3.13.2 report toxicity data from the ECOTOX database for 
saltwater zinc, except where noted. Each table identifies the respective endpoint for the data set, 
toxicity test concentration, species life stage, test duration, toxicity-associated water quality 
parameters (when available), the arithmetic mean, the geometric mean, and the harmonic mean 
of each data set.

Table 2.6.3.13.1 LC50 toxicity data for salmonid fishes, Eulachon, and green sturgeon for 
saltwater zinc.

Criterion
Saltwater Zinc

Data Set 
ECOTOX

Criterion Concentration Acute
90 Micrograms Liter-1

Temperature
12° Celsius

Arithmetic Mean
3000

Criterion Concentration Chronic
81 Micrograms Liter-1

Salinity
27 ppt

Geometric Mean
2828

Endpoint/Effect
LC50

pH
7.8-8.2

Harmonic Mean
2667

Concentration
Micrograms Liter-1 Life-Stage

Duration

2000 2 YR, PARR, 14.8 CM FL 48H

4000 YEARLING, 14.5 CM FL 48H

Table 2.6.3.13.2 Reproductive toxicity data for salmonid fishes, Eulachon, and green 
sturgeon for saltwater zinc.

Criterion
Saltwater Zinc

Data Set 
ECOTOX

Criterion Concentration Acute
90 Micrograms Liter-1

Temperature
12° Celsius

Arithmetic Mean
819

Criterion Concentration Chronic
81 Micrograms Liter-1

Salinity
27 ppt

Geometric Mean
819

Endpoint/Effect
Reproductive

pH
7.8-8.2

Harmonic Mean
819

Concentration
Micrograms Liter-1 Life-Stage

Duration

819 GAMETE 60MIN

Summary of Effects: Zinc. In order to understand the context of the toxicity data and its 
relationship to the criteria, NMFS not only considered the toxicity test concentrations in 
comparison to the criterion/criteria concentrations in determining whether or not listed species 
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exposed to waters equal to criteria concentrations will result in acute or chronic toxic effects, but 
the shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes.

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, which 
indicate the concentration at which 50 percent of the test population was killed. However, what 
is often not considered are exposure-related effects such as latent mortality, which can range
between 15 and 35 percent greater than the LC50 predictions compared to the control (Zhao and 
Newman 2004, Lee and Lee 2005). While the range of post-exposure effects identified in these 
studies is likely to be less than or greater than the 15 to 35 percent range depending on 
compound and species, these studies highlight the inherent flaws associated with acute toxicity 
tests, and provide evidence for long-term survival implications for field-exposed fishes. 
Furthermore, because 4- to 8-hour LC50s are about the same as the 96-hour LC50 for some 
compounds, e.g., selenium, lead, arsenic, ammonia (EPA 1991), criteria concentrations that do 
not take fast-acting compounds into consideration are likely to bias (underestimate) the 
magnitude of acute toxic effects. These factors create significant uncertainty regarding the 
reliability and predictability of the acute criterion to represent concentrations that minimize acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on
fixed durations instead of an exposure-response curve (because the exposure-response curve 
describes the relationship between exposure and effect), and challenges the supposition that LC50

data that is above the acute criterion is protective against acute toxic effects based solely on a 
comparison of concentrations. Therefore, LC50 data that is above the acute criterion 
concentration does not necessarily ensure that there are no acute toxic effects, but that the 
criterion concentration is likely to result in acute toxic effects to a subset, i.e., less than 50 
percent, of the test population, and therefore by inference, field-exposed individuals, relative to 
the criterion concentration.

The chronic criterion is based on toxicity tests, e.g., a NOEC (NOECs are summary statistics, 
i.e., hypothesis tests, and not actual data, Crane and Newman 2000) where the magnitude of 
effect that can go undetected with 95 percent confidence in a NOEC statistic can be greater than 
30 percent on average for some endpoints, and much higher for individual tests (Skalski 1981, 
Moore and Caux 1997, Crane and Newman 2000, Landis et al. 2011). These factors create 
significant uncertainty regarding the reliability and predictability of the chronic criterion to 
represent concentrations that minimize chronic toxic effects. Furthermore, these factors highlight 
the risks of toxicity data that are based on statistical hypothesis tests instead of an exposure-
response curve (because the exposure-response curve describes the relationship between 
exposure and effect), and challenges the supposition that NOEC data that is above the chronic 
criterion is protective against chronic toxic effects based solely on a comparison of 
concentrations. Therefore, NOEC data that is above the chronic criterion does not necessarily 
ensure that there are no chronic toxic effects, but that the criterion concentration may result in 
chronic toxic effects to a subset of the test population, and therefore by inference, field-exposed 
individuals, relative to the criterion concentration in the range of 10 to 34 percent (Crane and 
Newman 2000). While the range of chronic effects predicted in these studies is likely to be less 
than or greater than the 10 to 34 percent range depending on compound and species, these 
studies highlight the inherent flaws associated with chronic toxicity tests, and provide evidence 
for long-term survival implications for field-exposed fishes.
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In summary, he available evidence for saltwater zinc indicates that listed species exposed to 
waters equal to the acute and chronic criteria concentrations will suffer acute or chronic toxic 
effects including mortality (low intensity) and reproductive failure (low intensity).

2.6.4 Chemical Mixtures

Where multiple toxic effluents are discharged to receiving water, the resultant ambient toxicity is 
of interest. Since each effluent is composed of individual toxic substances, a mixture of the 
effluents in receiving water produces a mixture of these individual pollutants. The overall 
ambient toxicity could be equal to the sum of each discharge’s toxicity (additivity), less than the 
sum (antagonism), or greater than the sum (synergism). Although the technology does exist to 
conduct site-specific chemical mixtures analysis, neither the data nor the technical capabilities 
exist to conduct a chemical mixtures analysis for the compounds listed in Table 1.1 at the scale 
of this consultation. This is because there are more than 3,000 point source discharges in Oregon,
and each discharge represents a unique mixture of pollutants that varies considerably seasonally 
or more frequently. Once in the receiving water bodies, these discharged pollutants mix with 
pollutants from non-point sources and natural sources, at rates that are influenced by changes in 
river discharges. The result is an almost unlimited number of combinations of pollutant types and 
concentrations that varies nearly continuously and makes a quantitative mixture analysis across 
the State of Oregon impracticable and unrealistic task. Nonetheless, the issue of chemical 
mixtures is an important line of evidence to consider when assessing the exposure-response 
effects and risks to the listed species considered in this opinion.

The concept of independent joint action (also commonly termed response addition) was 
formalized by Loewe and Muischnek (1926 as cited in EPA 2008) and is used to describe the 
toxicity of a mixture in which the chemical constituents elicit their effects independently via 
different mechanisms of action. The other commonly used method to assess mixture toxicity is 
termed concentration addition (Bliss 1939) and assumes a common mechanism of action. Rider 
and LeBlanc (2005) and Meyer et al. (2007) have integrated these models in a manner that
allows assessment of mixture toxicity using both concentration addition and independent joint 
action in which the toxic response associated with each group of compounds that share a 
common mechanism of action is first calculated using the concentration addition approach. The 
combined toxic responses associated with all groups of compounds are then calculated by 
independent joint action to the yield the predicted effect for the entire mixture. 

Norwood et al. (2003), in a review of the toxicity of metal mixtures to aquatic species derived 
from a database of information from 68 literature citations, and mixture effects on 77 species, 
observed that the commonly used concentration addition approaches accurately predicted metal 
mixture toxicity 27% of the time. Mixture toxicity was less than additive (i.e. the concentration 
response approach overpredicted mixture toxicity) 43% of the time. The remaining 29% of the 
mixtures were more than additive (i.e. the concentration response approach underestimated 
mixture toxicity). Norwood et al. (2003) attributed the underprediction of mixture toxicity 
largely to interactions between mixture components. The variability in the studies could be due 
to different mixtures of metals being used and that some metals may share a common mechanism 
of action while others may not.
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The available information in EPA’s technical support document for water quality-based toxics 
control (EPA 1991) indicates that the combined effects of individual acutely toxic pollutants are 
0.4 to 2.8 times the effects predicted by adding the individual effects. The median combined 
effect is approximately additive (EPA 1991). For this reason, EPA recommends in the absence of 
site-specific data that regulatory authorities consider combined acute toxicity to be additive. In 
relation to chronic toxicity, for the growth of fish, Alabaster and Lloyd (1965 as cited in EPA 
1991) conclude the joint effect of toxicants has been consistently less than additive, which 
suggests that dose addition is not the appropriate model for that endpoint. 

Although each method described above has its pros and cons, NMFS used a concentration 
addition analysis to assess whether or not the criteria exposed to multiple compounds under the 
proposed criteria pose a greater risk to listed species considered in this opinion than does 
exposure to individual compounds. Here the purpose was to predict the cumulative toxicity that 
is expected for the mixture. For example, if the assessment effect is 50 percent mortality (i.e. the 
assessment effect concentration, the denominator, is LC50), a result of 1 predicts that the mixture 
would produce 50 percent mortality. A result of < 1 predicts that, based on additivity, the 
mortality would be less than 50 percent. A result of > 1 predicts more that 50 percent mortality. 
The concentration addition analysis is based on an assumption of a similar mechanism of action 
for each set of compounds, e.g., metals or organics (includes ammonia even though it does not 
have a C-H bond). For the freshwater acute analysis NMFS used the LC50 data from Table 
2.6.5.1.2. For the freshwater chronic, saltwater acute and chronic analysis, NMFS used the 
geometric mean of the respective data sets (Tables 2.6.2.1.5 through 2.6.3.13.2), or the BE if no 
chronic toxicity data (i.e., ACR value) were available. The NMFS used the following equation in 
this analysis:

where n = the number of compounds in the mixture, Ci = assessment exposure concentration 
(criterion) and ECxi = assessment effects concentration (geometric mean of the criterion-specific 
toxicity data set).

Assumptions

This analysis is specific to the compounds listed in Table 1.1, assumes that the listed species 
considered in this opinion are exposed to the compounds in combination that follow 
concentration addition. For freshwater and saltwater metals, this scenario is highly likely based 
on the information in section 2.5.2.1 on compounds discharged in MS4 and NPDES permits (12 
of 12 metals). For freshwater and saltwater organic compounds, this scenario is less likely based 
on the information in the environmental baseline (Section 2.5.2.1) on compounds discharged in 
MS4 and NPDES permits (1 of 8 organic compounds in freshwater and 1 of 4 in saltwater). The 
results of NMFS’ concentration addition analysis are provided in Table 2.6.4.1.
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Table 2.6.4.1 Results of the concentration addition analysis.

Metal Compounds Criteria Mixture Prediction
Al, As, Cd, Cr (III), Cr (VI), Cu, 
Pb, Ni, Se, Ag, Tributyltin, Zn

Freshwater acute 1.2

Al, As, Cd, Cr (III), Cr (VI), Cu, 
Pb, Ni, Se, Ag, Tributyltin, Zn

Freshwater chronic 4.7

As, Cd, Cr (VI), Cu, Pb, Ni, Se, 
Ag, Tributyltin, Zn

Saltwater acute 0.4

As, Cd, Cr (VI), Cu, Pb, Ni, Se, 
Tributyltin, Zn

Saltwater chronic 1.4

Organic Compounds Criteria Mixture Prediction
Ammonia, Lindane, Dieldrin, 
Endosulfan-alpha, Endosulfan-
beta, Endrin, Heptachlor 
expoxide, Pentachlorophenol

Freshwater acute 1.3

Ammonia, Dieldrin, Endosulfan-
alpha, Endosulfan-beta, Endrin, 
Heptachlor expoxide, 
Pentachlorophenol

Freshwater chronic 0.8

Endosulfan-alpha, Endosulfan-
beta, Heptachlor expoxide

Saltwater acute 0.2

Endosulfan-alpha, Endosulfan-
beta, Heptachlor expoxide, 
Pentachlorophenol

Saltwater chronic 0.001

Summary: The results of the concentration addition analysis infer that for acute and 
chronic freshwater criteria for metal compounds, acute freshwater criteria for organic 
compounds, and chronic saltwater criteria for metal compounds, fish exposed to multiple 
compounds, versus a single compound exposure, are likely to suffer toxicity greater than the 
assessment effects (e.g., 50 percent mortality) such as mortality, reduced growth, impairment of 
essential behaviors related to successful rearing and migration, cellular trauma, physiological 
trauma, and reproductive failure. For example, the toxicity of a mixture at the freshwater acute
criterion is predicted to be equivalent to an exposure to a single compound at 1.2 times the 
compounds’ LC50 (e.g., an exposure to cadmium at 2.4 μg/L compared to the proposed criterion 
concentration of 2 μg/L). The mixture toxicity will be greater than 50 percent mortality, but 
quantifying this prediction is dependent upon knowing the concentration-response curve. On the 
other hand, the results of the concentration addition analysis infer that for chronic freshwater 
criteria for organic compounds, acute saltwater criteria for metal compounds, and for acute and 
chronic saltwater criteria for organic compounds, fish exposed to multiple compounds, versus a 
single compound criterion exposure, are unlikely to suffer toxicity greater than the assessment 
effect concentrations.
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2.6.5 Direct Mortality Population Modeling

To determine if population productivity would be at risk due to direct mortality resulting from 
either acute or chronic exposures to the criterion concentrations of the chemicals of concern, a 
series of modeling applications was undertaken. These assessed whether juvenile salmon during 
their freshwater residence encountering the established criterion concentrations would be 
impacted, and if those changes would be sufficient to produce a change in the population growth 
rate, i.e., lambda ( ). Model Run I examined the potential lethal and sublethal effects of 
ammonia, cadmium and copper on salmon productivity. These compounds were chosen because 
they are more data rich for specific life stages of salmonids and could potentially parameterize 
population models assessing direct mortality and somatic growth. Specific details regarding 
model design and parameterization are described in detail in Appendix 3. Model Run II assessed 
direct mortality impacts on population productivity resulting from exposure to the acute criteria 
for compounds with limited data.

Model Run I uses the direct mortality population model to assess the impact of the acute and 
chronic freshwater criteria on population productivity using a taxa- and life stage-specific subset 
of the acute and chronic toxicity data for ammonia, copper, and cadmium, and uses data-specific 
calculated dose-response slopes for the toxicity model runs (Appendix 3). This included direct 
mortality from either acute or chronic exposures. The model applied a mortality factor to first-
year survival of the respective life-history models to assess changes in .

Model Run II uses the direct mortality population model (Appendix 3) to assess the impact of the 
acute freshwater criteria on population productivity using the acute toxicity data (LC50), and a 
default dose-response slope. To assess the impact of the acute freshwater criteria on population 
productivity, we used the direct mortality population models. To do this, the dose-response slope 
for each LC50 toxicity test is needed. The BE does not provide any dose-response information for 
the data used in the analysis. Many of toxicity studies we reviewed either did not report the slope 
or did not provide the information required to calculate the dose-response curve. Since the direct 
mortality population model requires an LC50 slope, we used a default slope (probit slope of 4.5 
converted to a sigmoid slope of 3.6) as recommended by EPA: 

In the event that dose response information is not available to estimate a slope, a 
default slope assumption of 4.5 (lower and upper bounds of 2 to 9) (Urban and 
Cook 1986 as cited in EPA 2007) is used.

In the analysis for Model Run I and Model Run II we assess the potential for effects associated 
with chemical exposure during subyearling freshwater rearing on Pacific salmon and steelhead 
populations using quantitative methods; a direct mortality model linked to a life history 
population model and a somatic growth model linked to the life history population model. Both 
methods predict changes in the modeled population’s intrinsic rate of growth, i.e., .
General life-history strategies were constructed and analyzed for coho salmon, sockeye salmon 
and ocean-type and stream-type Chinook salmon. The model assesses direct mortality to 
subyearling salmon and its impact on population productivity. Data was reviewed in an attempt 
to paramaterize a somatic growth population model that explicitly links impairments in the 
somatic growth of individual subyearling salmon to the productivity of salmon populations. 
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Available data was insufficent to parameterize the somatic growth model. Both models address 
impacts on first-year survival, and the results are incorporated into one of four life-history 
strategies in the model to quantify changes in population productivity (for a detailed description, 
see Appendix 3). 

Primary differences between the four modeled life-history strategies are life span of the female, 
time to reproductive maturity, the number and relative contribution of the reproductive age 
classes and general demographic rates (Appendix 3). The models depict general populations 
representing each life-history strategy and were constructed based upon literature data described 
in Appendix 3. Specific populations were not modeled due to the difficulty in finding sufficient 
demographic data for single populations. Due to similarities in life-history strategies, the ocean-
type Chinook model was used to estimate impacts on chum salmon and the stream-type Chinook 
model to estimate impacts on steelhead.

The endpoint used to assess population-level impacts for the direct mortality population model 
was the percent change in the intrinsic population growth rate (lambda, ) resulting from 
chemical exposure. Change in is an accepted population parameter often used in evaluating 
population productivity, status, and viability. The NMFS uses changes in when estimating the 
status of species, conducting risk and viability assessments, developing ESA recovery plans, 
composing opinions, and communicating with other Federal, state and local agencies (McClure 
et al. 2003 as cited in Appendix 3). While values of <1.0 indicate a declining population, in 
cases when an exposure causes the population growth rate to decrease more than natural 
variability, a loss of productivity will result even if lambda remains above 1.0. Decreases in 
response to chemical exposures can be a cause for concern since the impact could make a 
population more susceptible to decline (i.e., dropping below 1.0) due to impacts from other 
stressors. 

2.6.5.1 Direct Mortality Population Model Description

A direct mortality population model was constructed that estimated the population-level impacts 
of first-year mortality resulting from exposure to the criterion concentrations of aluminum, 
ammonia, arsenic, lindane, cadmium, chromium (III), chromium (VI), copper, dieldrin, 
endosulfan-alpha, endosulfan-beta, endrin, heptachlor epoxide, lead, nickel, pentachlorophenol, 
selenium, silver, tributyltin, and zinc (Model Run II). For Model Run II, impacts of first-year 
mortality resulting from exposure to the criterion concentrations of ammonia, copper, and 
cadmium over various time frames and life stages of data. These models excluded sublethal and 
indirect effects of the chemical exposures and focused on the population-level outcomes 
resulting from an annual exposure of young-of-the-year to a chemical at the criterion 
concentrations. Scenarios were chosen to represent both the acute and chronic criteria. This was 
done by parameterizing the model with toxicity data (LC50s) derived from short term (<96 hrs) 
and long term (>28 days, based on the available data, see Table A3 in Appendix 3) experiments. 
The lethal impact was implemented as a change in first-year survival for each of the salmon life-
history strategies. In order to understand the relative impacts of a short-term exposure of a single 
chemical on exposed vs. unexposed fish, we used parameters for an idealized control population 
that exhibits an increasing population growth rate. Four life-history strategies were modeled: 
ocean-type and stream-type Chinook salmon, coho salmon and sockeye salmon. The details for 
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each general population model are provided in Appendix 3. Due to similarities in life-history 
strategies, the ocean-type Chinook model was used to estimate impacts on chum and the stream-
type Chinook model to estimate impacts on steelhead.

Population model output consists of the percent change in from the unexposed control 
populations derived from the mean of one thousand calculations each of the unexposed control 
and the chemical exposed populations. The percent change in lambda (with standard deviation), 
representing alterations to the population productivity, was selected as the primary model output 
for reasons outlined previously. The percent change in lambda is considered different from the 
control when the difference is greater than the percent of one standard deviation of the control .

Model Run I: Direct mortality, somatic growth, and population modeling— ammonia, 
cadmium, and copper.

Model Toxicity Scenario Parameterization

Ammonia (acute criterion = 5.6 mg/L; chronic criterion = 1.7 mg/L): The documents 
identified by the first round of literature review applying to acute toxicity of ammonia to 
salmonids were further reviewed for data appropriate to parameterize the direct mortality 
population model. Data needed to conform to 96-hr LC50 values for subyearling salmonids 
(free-swimming, 1-4g fish preferred, but did include data on fish of less than 10 g when that was 
all that was available). The range of values identified for Chinook salmon, coho salmon, rainbow 
trout and cutthroat trout and are shown below in the units of mg NH3-N/L, as N (total ammonia-
nitrogen). All values were normalized to a pH of 8 using an un-ionized ammonia computer 
worksheet available from the American Fisheries Society, as cited in Appendix 3. Following the 
practice in the ammonia Ambient Water Quality Criteria documents (1999, 2009, all as cited in 
Appendix 1), the fish LC50 values were not normalized for temperature. The normalized species 
mean values were 26.8, 15.1, 26.2 and 29.4 mg NH3-N/L for Chinook salmon, coho salmon, 
rainbow trout and cutthroat trout, respectively (Servizi and Gordon 1990; Buckley 1978; 
Thurston and Russo 1983; Thurston et al., 1981, Table A3, all as cited in Appendix 3). The 
genus geometric mean from these data was 23.6 mg NH3-N/L. A sigmoid dose-response slope 
was calculated as 6.4 (Broderius and Smith 1979; Buckley 1978, as cited in Appendix 3). Both 
the genus geometric means and minimum species mean values were used to parameterize the 
model as discussed above. To assess the chronic criterion, a chronic study was found that 
exposed cutthroat trout to ammonia for 29 days and reported an LC50 of 21.3 mg NH3-N/L 
(Thurston et al., 1978, as cited in Appendix 3). No slope was identified, so the 96-hr slope was 
used in the model.

Documents investigating the effects of ammonia on growth of fish were reviewed for data 
appropriate as input to the somatic growth model. No studies were found that could provide the 
appropriate data. Most studies on exposure of juvenile salmonids to ammonia found that any 
effects on growth or food intake were temporary and compensation occurred before the end of 
the exposure period (Lang et al., 1987, Linton et al., 1998, Beamish and Tandler 1990, 
Larmoyeux and Piper 1973 as cited in Appendix 3). Other studies have shown effects on growth, 
but exposure occurred over early developmental stages and also produced developmental delays 
and abnormalities, so differences in size may not have been attributable to direct impacts on 
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metabolism or growth (Brinkman et al.. 2009 as cited in Appendix 3). From a 90-day exposure 
(Brinkman et al.. 2009 as cited in Appendix 3) calculated an EC20 that includes hatch effects, 
delayed swimup, and sac-fry growth of 5.56 mg NH3-N/L normalized to pH 8. In addition, 
Lazorchak and Smith (2007 as cited in Appendix 1) reported decreases in growth of rainbow 
trout (size range <0.2 g) after a 7 day exposure to ammonium chloride, but at concentrations that 
overlapped with those inducing mortality in the test population inhibition concentration (IC) IC25

ranged from 104-210 mg/L ammonium chloride and LC50 ranged from 163-271 mg/L 
ammonium chloride). Moreover, the study organisms used by Lazorchak and Smith (2007 as
cited in Appendix 3) were too young to fit within the life stage criteria established for this 
modeling exercise. In addition, pH was not reported in this study, so accurate normalization was 
not possible. Broderius and Smith (1979 as cited in Appendix 3) also exposed small rainbow 
trout (0.18 g) to ammonia over a 30-day period. Significant reductions in growth were seen at 
0.32 mg NH3-N/L, but survival was 70% of that observed in the controls (60%), so the quality 
and usefulness of this data is suspect. The somatic growth model does not incorporate direct 
mortality and would greatly underestimate population-level effects if studies where significant 
mortality occurred were included. Since data for the appropriate life stages or time frames were 
unavailable, appropriate input data were not identified and the somatic growth model could not 
be run for ammonia. 

Cadmium
by the first round of literature review as having data on acute and chronic toxicity for the 
freshwater phase of salmonids were examined to gather data for parameterizing the population 
models. All data were hardness adjusted to 100 mg CaCO3/L and reported as dissolved cadmium 

as cited in Appendix 3). The acute 
toxicity focused on 96-h mortality data for swimup fry, parr and subyearling smolt. Species mean 
values (geometric means of LC50 values) were calculated for salmonid fishes, and the genus 
mean for Oncorhynchus
(Appendix 3, Table A3). Sigmoid slopes were calculated when dose-response data were 
available. The resulting geometric mean of the slopes was 6.4 and the range was 4.7-7.8 (Besser 
et al. 2007, Finlayson and Verrue 1982, Davies et al. 1993 as cited in Appendix 3). Besser et al..
(2007 as cited in Appendix 1) estimated a 28-day LC50

1, Table A3). The normalized LC50

parameterize the chronic criteria scenario of the mortality model.

Chronic cadmium studies were examined for applicable input data for the somatic growth model. 
Studies on the effects of cadmium on the growth of subyearling salmonids supported the 
statement by Mebane (2006 as cited in Appendix 3) that growth is seldom a sensitive endpoint 
for cadmium. At concentrations that produced changes in somatic growth, increased mortality 
was also observed in most studies (Mebane et al.. 2008, Brinkman and Hansen 2007, Hansen et 
al., 2002b). In 24- and 30-day exposures of Atlantic salmon (Salmo salar), a reduction in size 
was seen after alevins were exposed to 6.75-
80-90% mortality (Rombough and Garside 1982, Peterson et al., 1983). Bull trout (Salvelinus 
confluentus (hardness adjusted to 100 mg 
CaCO3/L) showed a 28% reduction in growth at this single time point, along with a 37% 
reduction in survival (Hansen et al. 2002b as cited in Appendix 3). No dose response curve for 
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growth was generated by the study, so these data could not be used for extrapolation to other 
concentrations. 

Brinkman and Hansen (2007 as cited in Appendix 3) exposed brown trout fry (Salmo trutta) to 
cadmium for 30 days under different water chemistries and calculated a range of IC20s from 1.7-
4.8 μg Cd/L (hardness adjusted to 100 mg CaCO3/L) for reduced growth in the surviving 

also calculated LC50 values for the first 96 h of the exposures and these ranged from 3.27 to 6.75 
3/L). Possible size-selective mortality or growth 

compensation due to decreased density were not addressed in the study design. Rainbow trout fry 
exposed to cadmium for 28 days exhibited increased mortality and dry weight at concentrations 
above a calculated NOE et al. 2007 as cited in Appendix 3). This may 
be attributed to size-selective mortality or an increase in somatic growth. One rainbow trout 
early-life-stage exposure lasting 62 days determined an EC10

(hardness adjusted to 100 mg CaCO3/L) without the increased mortality (Mebane et al. 2008 as
cited in Appendix 3). Changes in growth at these life stages (embryos and alevins) are not 
compatible with the somatic growth model that assesses changes in free-swimming, feeding fry 
during the linear portion of their growth phase, and could not be used to parameterize the model. 
Similarly, brook trout (Salvelinus fontinalis (hardness adjusted to 100 
mg CaCO3/L) for 30 days showed reduced prey capture efficiencies and differences in prey 
selection in artificial stream channels (Riddell et al. 2005 as cited in Appendix 3), which may 
link to changes in somatic growth, but this link could not be translated into appropriate input 
parameters for the current growth model. 

Copper : Studies having data on 
acute and chronic toxicity for the freshwater phase of salmonids were examined to gather data 
needed to establish values for several parameters of the population models. All data was 
hardness adjusted to 100 mg CaCO3/L using the acute and chronic hardness equations for copper 
(EPA 2002 as cited in Appendix 3). For studies with non-laboratory water that reported total 
instead of dissolved copper, total copper was adjusted by 80% to estimate the dissolved portion 

acute toxicity focused on 96-h mortality data for swim-up fry, parr and 
subyearling fish. Species mean values (geometric means of LC50 values) were calculated 
(Appendix 1, Table A3) and the genus mean for Oncorhynchus was calculated as the geometric 
mean of the species. For direct mortality, the genus mean LC50

means ranging from 48.3-190.6 μg/L, while for chronic toxicity (exposures of at least 30 days) 
the genus mean value was 98.9 μg/L with a range of 73.9-132.2 μg/L. Sigmoid slopes were 
calculated when dose-response data were available (Appendix 3, Table A3). The resulting 
geometric means (with ranges) of the slopes were 5.2 (4.1-7.6) for the 96-hr exposures and 4.2 
(3.1-5.4) for the longer term mortality studies.

Growth studies on fry over 0.2 grams and under 6 grams produced EC50 values ranging from 
3, Table A4). Exposures 

lasted 15 - 98 days. NOEC values ranged from 5.83 - rved 
in these studies and ranged from none reported to well over 50% at similar concentrations to 
those that produced growth effects (Appendix 1, Table A4). For example, Besser et al.. (2005 as
cited in Appendix 3) reported the lowest growth EC50 g/L for 0.2 g fry after a 30 day 
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exposure, but also reported a 30-day LC50 3, Table 
A4). Therefore, similar to the results with cadmium exposures occurring to subyearling 
salmonids between 1 and 6g, growth effects often were confounded by mortality since most of 
the growth studies reported mortality assessment values (LC50s, chronic values, NOECs) that 
overlapped with or were less than the growth assessment values (EC50s, NOECs; Appendix 1, 
Table A4). Hansen et al.(2002c as cited in Appendix 3) used the IC20 as an endpoint for 
comparison since concentrations producing over 20% growth inhibition were often accompanied 
by significant mortality. Many other growth studies found in the literature search were excluded 
for reasons such as using too few exposure concentrations, using exposures beginning before 
swim-up (usually just after fertilization), or reporting no effect on growth for the concentrations 
tested. As mentioned above, in the remaining studies concentrations that produced effects on 
growth often also showed significant decreases in survival. For example, Mudge et al.. (1993 as
cited in Appendix 3) reported that, for three of their five tests in coho, mortality was more 
sensitive than growth (Appendix 3, Table A4). Nonetheless, some limited scenarios were run in 
the somatic growth model that looked at whether growth alone would be affected by exposures at 
the chronic criteria value for copper. The time-to-effect and time-to-recovery values used for 
copper were both 0.5 days.

Model Output

Ammonia: Using the genus geometric mean LC50 and dose-response slope, with 100% of 
the population exposed to the criteria concentrations, the direct mortality population model 
output showed 0% mortality to subyearlings and a zero percent change in the population growth 
rate (lambda) for all four life-history models (Table 2.6.5.1.47). The lowest species mean value 
in the Oncorhynchus range was also tested at 15.1 mg NH3-N/L, and resulted in zero percent
mortality and zero percent change  in . When the chronic criterion was assessed with a 29-d
exposure, the direct mortality population model predicted no mortality or change in .

Studies on chronic exposures of juvenile salmonids to ammonia reported no or very little effects 
on somatic growth, but these were accompanied by mortality. The somatic growth model does 
not incorporate direct mortality and would greatly underestimate population-level effects. For 
these reasons, appropriate input data were not identified and the somatic growth model could not 
be run for ammonia.

Cadmium: Direct mortality population model runs were conducted using exposures to 
the criteria concentrations and the genus mean value calculated for Oncorhynchus (Table 
2.6.5.1.1). This value produced 1 percent mortality and no changes in the population growth rate 
for any of the four life history population models. Further model runs were conducted to examine 
the differences due to use of the genus geometric means for the LC50 and slope values as 
opposed to the minimum end of the range for species mean values (Table 2.6.5.1.1). Only when 
the minimum species mean value and the minimum slope were used did mortality rise to a level 
that produced changes in lambda that were greater than the standard deviation of the control 
models (Table 2.6.5.1.47). Changes in population growth rates for the stream-type Chinook and 
coho salmon were larger than one standard deviation from the control models. An estimated 28-
day exposure to the chronic criterion produced no mortality or change in lambda.
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Studies on chronic cadmium toxicity to juvenile salmonids did not show consistent impacts on 
somatic growth that could be separated from the associated mortality observed at the same 
exposure concentrations. The somatic growth model does not incorporate direct mortality and 
would greatly underestimate population-level effects. For these reasons, appropriate input data 
were not identified and the somatic growth model was not run for cadmium.

Copper: Direct mortality population model runs were conducted using exposures to the 
criteria concentrations and both the acute and chronic parameters calculated for Oncorhynchus
(Table 2.6.5.1). The acute LC50 and slope produced 0% mortality and no changes in the 
population growth rate for any of the four life history population models. The chronic LC50 and 
slope produced 0 percent mortality and no changes in the population growth rate for any of the 
four life history population models. Further model runs were conducted to examine the 
differences due to use of the genus geometric means for the LC50 and slope values as opposed to 
the minimum end of the range for species mean values, but no mortality was projected (Table 
2.6.5.1.1).

Studies on copper toxicity to juvenile salmonids did not show consistent impacts on somatic 
growth that could be separated from the associated mortality observed at the same exposure 
concentrations. The somatic growth model does not incorporate direct mortality and would 
greatly underestimate population-level effects. In spite of this, some growth model scenarios 
were run. When the maximum exposure period was used for the chronic criteria value in the 
growth model (140, 164 or 184 days depending on the life history), with an EC50 of 20.33, slope 
of 2.7 (Besser 2005 as cited in Appendix 3) and the chronic criterion value of 9 μg/L, the percent 
change in ranged from -1 to -4 percent (depending on life history). None of these reductions 
exceeded the control standard deviations. A 30-day exposure produced no decline in population 
growth rates. When a 30-day exposure for direct mortality was modeled using the minimum 
species values with a LC50

produced no change in for the four life history models.
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Table 2.6.5.1.1 Direct mortality population model scenarios for ammonia, cadmium and 
copper criteria. Standard scenarios used the genus mean values for the 
criteria. Since no effect resulted, the minimum species mean values were 
assessed. The numbers in parentheses are the natural variability in . Bold 
indicates a percent change in lambda greater than one standard deviation 
from the baseline population model. The direct mortality population model 
scenarios for ammonia, cadmium, and copper do not take into account 
sublethal responses, indirect effects, mixture toxicity, and baseline 
stressors.

Mortality input parameters Output Percent change in lambda

Chemical
Test 

length
LC50

(mg/L)
Sigmoid 

slope
Criteria 
Conc.

Percent 
mortality

Chinook 
ocean-
type

Chinook 
stream-

type
Sockeye Coho

Ammonia 96-hr 23.61 6.41 5.6 0 0(13) 0(4) 0(8) 0(7)
Ammonia 96-hr 15.12 6.41 5.6 0 0(13) 0(4) 0(8) 0(7)
Ammonia 29-d 21.3 6.43 1.7 0 0(13) 0(4) 0(8) 0(7)

(ug/L)
Cadmium 96-hr 4.531 6.41 2.0 1 0(13) 0(4) 0(8) 0(7)
Cadmium 96-hr 4.531 4.72 2.0 2 -1(13) -1(4) -1(8) -1(7)
Cadmium 96-hr 2.672 6.41 2.0 14 -4(12) -3(4) -3(8) -5(7)
Cadmium 96-hr 2.672 4.72 2.0 20 -7(12) -5(4) -5(8) -7(7)
Cadmium 28-d 5.361 6.43 0.25 0 0(13) 0(4) 0(8) 0(7)

(ug/L)
Copper 96-hr 86.81 5.21 13.0 0 0(13) 0(4) 0(8) 0(7)
Copper 96-hr 48.32 4.12 13.0 0 0(13) 0(4) 0(8) 0(7)
Copper 30+d 98.91 4.21 9.0 0 0(13) 0(4) 0(8) 0(7)
Copper 30+d 73.92 4.21 9.0 0 0(13) 0(4) 0(8) 0(7)
1Genus geometric mean for Oncorhynchus values
2Minimum species mean value from the range of Oncorhynchus values.
3Slope for chronic exposures not identified, used genus mean slope from 96-hr exposures.

Summary: The only scenarios producing direct mortality sufficient to decrease the 
population growth rates or productivity were those using the lowest species mean values for 
cadmium. The other scenarios assessing the direct mortality from exposure to the suggested 
criteria values for ammonia, cadmium and copper did not result in significant changes in 
population productivity greater than one standard deviation from baseline population model. 

Model Run II: Acute toxicity exposure-response analysis and direct mortality 
population modeling—aluminum, ammonia, arsenic, lindane, cadmium, 
chromium (III), chromium (VI), copper, dieldrin, endosulfan-alpha, 
endosulfan-beta, endrin, heptachlor epoxide, lead, nickel, pentachlorophenol, 
selenium, silver, tributyltin, and zinc.

The statistical inputs for the Model Run II are displayed in Table 2.6.5.1.2. Tables 2.6.5.1.3 
through 2.6.5.1.243 provide the output of the direct mortality population modeling on the  
percent mortality and changes in for each freshwater compound and for each of the six 
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salmonid fishes life history strategies. The NMFS only used LC50 toxicity data for free-
swimming juvenile life stages for the direct mortality population modeling. Each table provides 
information on the chemical, concentration (criterion), LC50, the geometric mean and the 
minimum species mean value of the 96-hour LC50 for the respective acute toxicity data set; the 
default dose-response sigmoid slope; species; percent mortality resulting from the LC50 and 
slope; the percent of the population exposed; the percent change in and its standard deviation 
(impacted) measured against the baseline population model; the mean value of lambda and its 
standard deviation, the first-year survival rate (S1); and the significant change, which is the 
percent change in lambda that exceeds one standard deviation of the baseline model. The first 
table is for each life history type and provides the results of the model run based on the 
geometric mean of the 96-hour LC50. The second table is for each life history type and provides
the results of the model run based on the minimum species mean value of the 96-hour LC50. For 
details regarding the model output information in Tables 2.6.5.3 through 2.6.5.1.243, refer to 
Appendix 3.
The direct mortality population model scenarios for aluminum, ammonia, arsenic, lindane, 
cadmium, chromium (III), chromium (VI), copper, dieldrin, endosulfan-alpha, endosulfan-beta, 
endrin, heptachlor epoxide, lead, nickel, pentachlorophenol, selenium, silver, tributyltin, and zinc
do not take into account sublethal responses, indirect effects, mixture toxicity, and baseline 
stressors.

Table 2.6.5.1.2 Freshwater toxicity data statistics used as inputs for the Model Run II.

Compound Acute 
Criterion

Acute Data 
(Geometric 

Mean)

Acute Data Used in the Direct Mortality 
Population Model

(the geometric mean and the minimum 
species mean values)

Aluminum 750 2247 2671—445
Ammonia 5.6 32 32—7.3
Arsenic 340 16698 34269—10
Lindane 0.95 22.7 19.7—1

Cadmium 2 9.1 9—1.16
Chromium (III) 570 9825 9825—7762
Chromium (VI) 16 74908 74908—12079

Copper 13 96 96—5.7
Dieldrin 0.24 27 24—0.56

Endosulfan-alpha 0.22 0.66 0.66—0.17
Endosulfan-beta 0.22 0.66 0.66—0.17

Endrin 0.086 1.1 0.6—0.089
Heptachlor Epoxide 0.52 13.6 13.6—6.7

Lead 65 14675 17042—320
Nickel 470 18793 17663—588

Pentachlorophenol 19 86.9 86.1—10
Selenium 190 2850 4268—0.4

Silver 3.2 63 63—1.28
Tributyltin 0.46 3.2 2.6—0.21

Zinc 120 1190 1188—238

Exhibit 7b



-406-

Aluminum

Table 2.6.5.1.3 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Aluminum % change lambda - 0

Concentration 750 % chg l std - 12.9

LC50 2671 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chinook, ot S1 5.62e-003 5.56e-003

% Mortality 1 Significant change 9.2

Percent Exposed 100 []

Table 2.6.5.1.4 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Aluminum % change lambda - -43

Concentration 750 % chg l std - 7.1

LC50 445 lambda mean 1.09 0.62

LC50 slope 3.6 lambda std 0.10 0.05

species chinook, ot S1 5.62e-003 7.47e-004

% Mortality 87 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.5 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Aluminum % change lambda - 0

Concentration 750 % chg l std - 4.3

LC50 2671 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species chinook, st S1 6.44e-002 6.37e-002

% Mortality 1 Significant change 3.1

Percent Exposed 100 []
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Table 2.6.5.1.6 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Aluminum % change lambda - -39

Concentration 750 % chg l std - 2.6

LC50 445 lambda mean 1.00 0.61

LC50 slope 3.6 lambda std 0.03 0.02

species chinook, st S1 6.44e-002 8.53e-003

% Mortality 87 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.7 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Aluminum % change lambda - 0

Concentration 750 % chg l std - 7.9

LC50 2671 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.57e-002 2.55e-002

% Mortality 1 Significant change 5.6

Percent Exposed 100 []

Table 2.6.5.1.8 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Aluminum % change lambda - -38

Concentration 750 % chg l std - 4.8

LC50 445 lambda mean 1.01 0.63

LC50 slope 3.6 lambda std 0.06 0.03

species sockeye S1 2.56e-002 3.41e-003

% Mortality 87 Significant change 5.6

Percent Exposed 100 []
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Table 2.6.5.1.9 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Aluminum % change lambda - 0

Concentration 750 % chg l std - 7.5

LC50 2671 lambda mean 1.03 1.03

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.96e-002 2.93e-002

% Mortality 1 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.10 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Aluminum % change lambda - -49

Concentration 750 % chg l std - 3.8

LC50 445 lambda mean 1.03 0.52

LC50 slope 3.6 lambda std 0.05 0.03

species coho S1 2.97e-002 3.93e-003

% Mortality 87 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.11 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Aluminum % change lambda - 0

Concentration 750 % chg l std - 4.3

LC50 2671 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.44e-002 6.37e-002

% Mortality 1 Significant change 3.1

Percent Exposed 100 []
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Table 2.6.5.1.12 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Aluminum % change lambda - -39

Concentration 750 % chg l std - 2.6

LC50 445 lambda mean 1.00 0.61

LC50 slope 3.6 lambda std 0.03 0.02

species steelhead S1 6.44e-002 8.53e-003

% Mortality 87 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.13 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Aluminum % change lambda - 0

Concentration 750 % chg l std - 12.9

LC50 2671 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chum S1 5.63e-003 5.58e-003

% Mortality 1 Significant change 9.0

Percent Exposed 100 []

Table 2.6.5.1.14 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Aluminum % change lambda - -43

Concentration 750 % chg l std - 7.1

LC50 445 lambda mean 1.09 0.62

LC50 slope 3.6 lambda std 0.10 0.05

species chum S1 5.62e-003 7.47e-004

% Mortality 87 Significant change 9.1

Percent Exposed 100 []
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Ammonia

Table 2.6.5.1.15 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Ammonia % change lambda - 0

Concentration 5.6 % chg l std - 12.9

LC50 32 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chinook, ot S1 5.64e-003 5.62e-003

% Mortality 0 Significant change 9.2

Percent Exposed 100 []

Table 2.6.5.1.16 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Ammonia % change lambda - -9

Concentration 5.6 % chg l std - 11.7

LC50 7.3 lambda mean 1.09 0.99

LC50 slope 3.6 lambda std 0.10 0.09

species chinook, ot S1 5.64e-003 4.06e-003

% Mortality 28 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.17 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Ammonia % change lambda - 0

Concentration 5.6 % chg l std - 4.4

LC50 32 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species chinook, st S1 6.44e-002 6.42e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []
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Table 2.6.5.1.18 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Ammonia % change lambda - -8

Concentration 5.6 % chg l std - 4.1

LC50 7.3 lambda mean 1.00 0.92

LC50 slope 3.6 lambda std 0.03 0.03

species chinook, st S1 6.44e-002 4.65e-002

% Mortality 28 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.19 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Ammonia % change lambda - 0

Concentration 5.6 % chg l std - 8.0

LC50 32 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.57e-002 2.57e-002

% Mortality 0 Significant change 5.6

Percent Exposed 100 []

Table 2.6.5.1.20 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Ammonia % change lambda - -7

Concentration 5.6 % chg l std - 7.4

LC50 7.3 lambda mean 1.01 0.93

LC50 slope 3.6 lambda std 0.06 0.05

species sockeye S1 2.57e-002 1.86e-002

% Mortality 28 Significant change 5.6

Percent Exposed 100 []
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Table 2.6.5.1.21 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Ammonia % change lambda - 0

Concentration 5.6 % chg l std - 7.5

LC50 32 lambda mean 1.03 1.03

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.97e-002 2.96e-002

% Mortality 0 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.22 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Ammonia % change lambda - -10

Concentration 5.6 % chg l std - 6.7

LC50 7.3 lambda mean 1.03 0.92

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.96e-002 2.14e-002

% Mortality 28 Significant change 5.2

Percent Exposed 100 []

Table 2.6.5.1.23 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Ammonia % change lambda - 0

Concentration 5.6 % chg l std - 4.4

LC50 32 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.44e-002 6.42e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []
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Table 2.6.5.1.24 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Ammonia % change lambda - -8

Concentration 5.6 % chg l std - 4.1

LC50 7.3 lambda mean 1.00 0.92

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.44e-002 4.65e-002

% Mortality 28 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.25 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Ammonia % change lambda - 0

Concentration 5.6 % chg l std - 12.9

LC50 32 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chum S1 5.64e-003 5.62e-003

% Mortality 0 Significant change 9.2

Percent Exposed 100 []

Table 2.6.5.1.26 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Ammonia % change lambda - -9

Concentration 5.6 % chg l std - 11.7

LC50 7.3 lambda mean 1.09 0.99

LC50 slope 3.6 lambda std 0.10 0.09

species chum S1 5.64e-003 4.06e-003

% Mortality 28 Significant change 9.1

Percent Exposed 100 []
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Arsenic

Table 2.6.5.1.27 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Arsenic % change lambda - 0

Concentration 340 % chg l std - 12.8

LC50 34269 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chinook, ot S1 5.62e-003 5.62e-003

% Mortality 0 Significant change 9.0

Percent Exposed 100 []

Table 2.6.5.1.28 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Arsenic % change lambda - -95

Concentration 340 % chg l std - 0.6

LC50 10 lambda mean 1.09 0.05

LC50 slope 3.6 lambda std 0.10 0.00

species chinook, ot S1 5.63e-003 1.73e-008

% Mortality 100 Significant change 9.2

Percent Exposed 100 []

Table 2.6.5.1.29 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Arsenic % change lambda - 0

Concentration 340 % chg l std - 4.4

LC50 34269 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species chinook, st S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []
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Table 2.6.5.1.30 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Arsenic % change lambda - -95

Concentration 340 % chg l std - 0.2

LC50 10 lambda mean 1.00 0.05

LC50 slope 3.6 lambda std 0.03 0.00

species chinook, st S1 6.43e-002 1.97e-007

% Mortality 100 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.31 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Arsenic % change lambda - 0

Concentration 340 % chg l std - 7.9

LC50 34269 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.56e-002 2.57e-002

% Mortality 0 Significant change 5.7

Percent Exposed 100 []

Table 2.6.5.1.32 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Arsenic % change lambda - -94

Concentration 340 % chg l std - 0.4

LC50 10 lambda mean 1.01 0.06

LC50 slope 3.6 lambda std 0.06 0.00

species sockeye S1 2.57e-002 7.86e-008

% Mortality 100 Significant change 5.6

Percent Exposed 100 []
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Table 2.6.5.1.33 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Arsenic % change lambda - 0

Concentration 340 % chg l std - 7.5

LC50 34269 lambda mean 1.03 1.03

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.97e-002 2.97e-002

% Mortality 0 Significant change 5.2

Percent Exposed 100 []

Table 2.6.5.1.34 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Arsenic % change lambda - -99

Concentration 340 % chg l std - 0.1

LC50 10 lambda mean 1.03 0.01

LC50 slope 3.6 lambda std 0.05 0.00

species coho S1 2.97e-002 9.09e-008

% Mortality 100 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.35 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Arsenic % change lambda - 0

Concentration 340 % chg l std - 4.4

LC50 34269 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []
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Table 2.6.5.1.36 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Arsenic % change lambda - -95

Concentration 340 % chg l std - 0.2

LC50 10 lambda mean 1.00 0.05

LC50 slope 3.6 lambda std 0.03 0.00

species steelhead S1 6.43e-002 1.97e-007

% Mortality 100 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.37 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Arsenic % change lambda - 0

Concentration 340 % chg l std - 13.0

LC50 34269 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chum S1 5.63e-003 5.63e-003

% Mortality 0 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.38 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Arsenic % change lambda - -95

Concentration 340 % chg l std - 0.6

LC50 10 lambda mean 1.09 0.05

LC50 slope 3.6 lambda std 0.10 0.00

species chum S1 5.63e-003 1.73e-008

% Mortality 100 Significant change 9.2

Percent Exposed 100 []
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Lindane

Table 2.6.5.1.39 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Lindane % change lambda - 0

Concentration 0.95 % chg l std - 12.9

LC50 19.7 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species Chinook, ot S1 5.64e-003 5.63e-003

% Mortality 0 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.40 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Lindane % change lambda - -16

Concentration 0.95 % chg l std - 10.8

LC50 1 lambda mean 1.09 0.91

LC50 slope 3.6 lambda std 0.10 0.08

species chinook, ot S1 5.61e-003 3.07e-003

% Mortality 45 Significant change 9.2

Percent Exposed 100 []

Table 2.6.5.1.41 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Lindane % change lambda - 0

Concentration 0.95 % chg l std - 4.4

LC50 19.7 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species Chinook, st S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []
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Table 2.6.5.1.42 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Lindane % change lambda - -14

Concentration 0.95 % chg l std - 3.8

LC50 1 lambda mean 1.00 0.86

LC50 slope 3.6 lambda std 0.03 0.03

species chinook, st S1 6.44e-002 3.51e-002

% Mortality 45 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.43 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Lindane % change lambda - 0

Concentration 0.95 % chg l std - 7.9

LC50 19.7 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.57e-002 2.57e-002

% Mortality 0 Significant change 5.6

Percent Exposed 100 []

Table 2.6.5.1.44 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Lindane % change lambda - -13

Concentration 0.95 % chg l std - 6.9

LC50 1 lambda mean 1.01 0.87

LC50 slope 3.6 lambda std 0.06 0.05

species sockeye S1 2.57e-002 1.41e-002

% Mortality 45 Significant change 5.7

Percent Exposed 100 []
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Table 2.6.5.1.45 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Lindane % change lambda - 0

Concentration 0.95 % chg l std - 7.6

LC50 19.7 lambda mean 1.03 1.03

LC50 slope 3.6 lambda std 0.06 0.05

species coho S1 2.97e-002 2.97e-002

% Mortality 0 Significant change 5.4

Percent Exposed 100 []

Table 2.6.5.1.46 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Lindane % change lambda - -18

Concentration 0.95 % chg l std - 6.1

LC50 1 lambda mean 1.03 0.84

LC50 slope 3.6 lambda std 0.05 0.04

species coho S1 2.97e-002 1.62e-002

% Mortality 45 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.47 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Lindane % change lambda - 0

Concentration 0.95 % chg l std - 4.4

LC50 19.7 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []
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Table 2.6.5.1.48 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Lindane % change lambda - -14

Concentration 0.95 % chg l std - 3.8

LC50 1 lambda mean 1.00 0.86

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.44e-002 3.51e-002

% Mortality 45 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.49 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Lindane % change lambda - 0

Concentration 0.95 % chg l std - 12.9

LC50 19.7 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chum S1 5.64e-003 5.63e-003

% Mortality 0 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.50 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Lindane % change lambda - -16

Concentration 0.95 % chg l std - 10.8

LC50 1 lambda mean 1.09 0.91

LC50 slope 3.6 lambda std 0.10 0.08

species chum S1 5.61e-003 3.07e-003

% Mortality 45 Significant change 9.2

Percent Exposed 100 []
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Cadmium

Table 2.6.5.1.51 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Cadmium % change lambda - 0

Concentration 2 % chg l std - 12.9

LC50 10.6 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chinook, ot S1 5.64e-003 5.63e-003

% Mortality 0 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.52 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Cadmium % change lambda - -45

Concentration 2 % chg l std - 7.0

LC50 1.16 lambda mean 1.09 0.60

LC50 slope 3.6 lambda std 0.10 0.05

species chinook, ot S1 5.62e-003 6.94e-004

% Mortality 88 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.53 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Cadmium % change lambda - 0

Concentration 2 % chg l std - 4.3

LC50 10.6 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species chinook, st S1 6.44e-002 6.42e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []
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Table 2.6.5.1.54 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Cadmium % change lambda - -40

Concentration 2 % chg l std - 2.6

LC50 1.16 lambda mean 1.00 0.60

LC50 slope 3.6 lambda std 0.03 0.02

species chinook, st S1 6.43e-002 7.94e-003

% Mortality 88 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.55 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Cadmium % change lambda - 0

Concentration 2 % chg l std - 7.9

LC50 10.6 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.56e-002 2.56e-002

% Mortality 0 Significant change 5.6

Percent Exposed 100 []

Table 2.6.5.1.56 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Cadmium % change lambda - -39

Concentration 2 % chg l std - 4.8

LC50 1.16 lambda mean 1.01 0.62

LC50 slope 3.6 lambda std 0.06 0.03

species sockeye S1 2.57e-002 3.17e-003

% Mortality 88 Significant change 5.6

Percent Exposed 100 []
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Table 2.6.5.1.57 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Cadmium % change lambda - 0

Concentration 2 % chg l std - 7.5

LC50 10.6 lambda mean 1.03 1.03

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.97e-002 2.96e-002

% Mortality 0 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.58 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Cadmium % change lambda - -50

Concentration 2 % chg l std - 3.7

LC50 1.16 lambda mean 1.03 0.51

LC50 slope 3.6 lambda std 0.05 0.03

species coho S1 2.97e-002 3.66e-003

% Mortality 88 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.59 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Cadmium % change lambda - 0

Concentration 2 % chg l std - 4.4

LC50 10.6 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 6.41e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []
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Table 2.6.5.1.60 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Cadmium % change lambda - -40

Concentration 2 % chg l std - 2.5

LC50 1.16 lambda mean 1.00 0.60

LC50 slope 3.6 lambda std 0.03 0.02

species steelhead S1 6.43e-002 7.93e-003

% Mortality 88 Significant change 3.0

Percent Exposed 100 []

Table 2.6.5.1.61 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Cadmium % change lambda - 0

Concentration 2 % chg l std - 12.8

LC50 10.6 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chum S1 5.62e-003 5.61e-003

% Mortality 0 Significant change 9.2

Percent Exposed 100 []

Table 2.6.5.1.62 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Cadmium % change lambda - -45

Concentration 2 % chg l std - 7.0

LC50 1.16 lambda mean 1.09 0.60

LC50 slope 3.6 lambda std 0.10 0.05

species chum S1 5.63e-003 6.94e-004

% Mortality 88 Significant change 9.2

Percent Exposed 100 []
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Chromium (III)

Table 2.6.5.1.63 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Chromium III % change lambda - 0

Concentration 570 % chg l std - 12.8

LC50 9825 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species Chinook, ot S1 5.62e-003 5.63e-003

% Mortality 0 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.64 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Chromium III % change lambda - 0

Concentration 570 % chg l std - 12.8

LC50 7762 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chinook, ot S1 5.65e-003 5.63e-003

% Mortality 0 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.65 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Chromium III % change lambda - 0

Concentration 570 % chg l std - 4.4

LC50 9825 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species Chinook, st S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []
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Table 2.6.5.1.66 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Chromium III % change lambda - 0

Concentration 570 % chg l std - 4.4

LC50 7762 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species chinook, st S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.67 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Chromium III % change lambda - 0

Concentration 570 % chg l std - 7.9

LC50 9825 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.57e-002 2.57e-002

% Mortality 0 Significant change 5.6

Percent Exposed 100 []

Table 2.6.5.1.68 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Chromium III % change lambda - 0

Concentration 570 % chg l std - 8.0

LC50 7762 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.57e-002 2.57e-002

% Mortality 0 Significant change 5.7

Percent Exposed 100 []
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Table 2.6.5.1.69 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Chromium III % change lambda - 0

Concentration 570 % chg l std - 7.5

LC50 9825 lambda mean 1.03 1.03

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.96e-002 2.97e-002

% Mortality 0 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.70 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Chromium III % change lambda - 0

Concentration 570 % chg l std - 7.5

LC50 7762 lambda mean 1.03 1.03

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.96e-002 2.96e-002

% Mortality 0 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.71 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Chromium III % change lambda - 0

Concentration 570 % chg l std - 4.4

LC50 9825 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []
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Table 2.6.5.1.72 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Chromium III % change lambda - 0

Concentration 570 % chg l std - 4.4

LC50 7762 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.73 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Chromium III % change lambda - 0

Concentration 570 % chg l std - 12.8

LC50 9825 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chum S1 5.62e-003 5.63e-003

% Mortality 0 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.74 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Chromium III % change lambda - 0

Concentration 570 % chg l std - 12.9

LC50 7762 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chum S1 5.64e-003 5.61e-003

% Mortality 0 Significant change 9.1

Percent Exposed 100 []
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Chromium (VI)

Table 2.6.5.1.75 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Chromium VI % change lambda - 0

Concentration 16 % chg l std - 12.8

LC50 74908 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species Chinook, ot S1 5.65e-003 5.64e-003

% Mortality 0 Significant change 9.0

Percent Exposed 100 []

Table 2.6.5.1.76 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Chromium VI % change lambda - 0

Concentration 16 % chg l std - 12.8

LC50 12079 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chinook, ot S1 5.62e-003 5.62e-003

% Mortality 0 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.77 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Chromium VI % change lambda - 0

Concentration 16 % chg l std - 4.4

LC50 74908 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species Chinook, st S1 6.43e-002 6.44e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Exhibit 7b



-431-

Table 2.6.5.1.78 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Chromium VI % change lambda - 0

Concentration 16 % chg l std - 4.4

LC50 12079 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species chinook, st S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.79 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Chromium VI % change lambda - 0

Concentration 16 % chg l std - 8.0

LC50 74908 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.57e-002 2.57e-002

% Mortality 0 Significant change 5.7

Percent Exposed 100 []

Table 2.6.5.1.80 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Chromium VI % change lambda - 0

Concentration 16 % chg l std - 8.0

LC50 12079 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.57e-002 2.57e-002

% Mortality 0 Significant change 5.6

Percent Exposed 100 []
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Table 2.6.5.1.81 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Chromium VI % change lambda - 0

Concentration 16 % chg l std - 7.5

LC50 74908 lambda mean 1.03 1.03

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.97e-002 2.96e-002

% Mortality 0 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.82 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Chromium VI % change lambda - 0

Concentration 16 % chg l std - 7.6

LC50 12079 lambda mean 1.03 1.03

LC50 slope 3.6 lambda std 0.06 0.06

species coho S1 2.97e-002 2.97e-002

% Mortality 0 Significant change 5.4

Percent Exposed 100 []

Table 2.6.5.1.83 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Chromium VI % change lambda - 0

Concentration 16 % chg l std - 4.4

LC50 74908 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 6.44e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []
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Table 2.6.5.1.84 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Chromium VI % change lambda - 0

Concentration 16 % chg l std - 4.4

LC50 12079 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.85 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Chromium VI % change lambda - 0

Concentration 16 % chg l std - 12.8

LC50 74908 lambda mean 1.09 1.09

LC50 slope 4.5 lambda std 0.10 0.10

species chum S1 5.65e-003 5.64e-003

% Mortality 0 Significant change 9.0

Percent Exposed 100 []

Table 2.6.5.1.86 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Chromium VI % change lambda - 0

Concentration 16 % chg l std - 12.9

LC50 12079 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chum S1 5.64e-003 5.64e-003

% Mortality 0 Significant change 9.1

Percent Exposed 100 []
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Copper

Table 2.6.5.1.87 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Copper % change lambda - 0

Concentration 13 % chg l std - 12.9

LC50 96 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chinook, ot S1 5.64e-003 5.63e-003

% Mortality 0 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.88 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Copper % change lambda - -57

Concentration 13 % chg l std - 5.5

LC50 5.7 lambda mean 1.09 0.47

LC50 slope 3.6 lambda std 0.10 0.04

species chinook, ot S1 5.64e-003 2.75e-004

% Mortality 95 Significant change 9.3

Percent Exposed 100 []

Table 2.6.5.1.89 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Copper % change lambda - 0

Concentration 13 % chg l std - 4.4

LC50 96 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species chinook, st S1 6.42e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []
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Table 2.6.5.1.90 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Copper % change lambda - -52

Concentration 13 % chg l std - 2.0

LC50 5.7 lambda mean 1.00 0.48

LC50 slope 3.6 lambda std 0.03 0.01

species chinook, st S1 6.44e-002 3.14e-003

% Mortality 95 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.91 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Copper % change lambda - 0

Concentration 13 % chg l std - 7.8

LC50 96 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.57e-002 2.57e-002

% Mortality 0 Significant change 5.6

Percent Exposed 100 []

Table 2.6.5.1.92 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Copper % change lambda - -51

Concentration 13 % chg l std - 3.7

LC50 5.7 lambda mean 1.01 0.50

LC50 slope 3.6 lambda std 0.06 0.03

species sockeye S1 2.57e-002 1.26e-003

% Mortality 95 Significant change 5.6

Percent Exposed 100 []
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Table 2.6.5.1.93 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Copper % change lambda - 0

Concentration 13 % chg l std - 7.5

LC50 96 lambda mean 1.03 1.03

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.97e-002 2.96e-002

% Mortality 0 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.94 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Copper % change lambda - -63

Concentration 13 % chg l std - 2.7

LC50 5.7 lambda mean 1.03 0.38

LC50 slope 3.6 lambda std 0.05 0.02

species coho S1 2.97e-002 1.45e-003

% Mortality 95 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.95 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Copper % change lambda - 0

Concentration 13 % chg l std - 4.4

LC50 96 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []
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Table 2.6.5.1.96 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Copper % change lambda - -52

Concentration 13 % chg l std - 2.0

LC50 5.7 lambda mean 1.00 0.48

LC50 slope 3.6 lambda std 0.03 0.01

species steelhead S1 6.43e-002 3.14e-003

% Mortality 95 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.97 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Copper % change lambda - 0

Concentration 13 % chg l std - 13.0

LC50 96 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chum S1 5.63e-003 5.63e-003

% Mortality 0 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.98 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Copper % change lambda - -57

Concentration 13 % chg l std - 5.4

LC50 5.7 lambda mean 1.09 0.47

LC50 slope 3.6 lambda std 0.10 0.04

species chum S1 5.64e-003 2.75e-004

% Mortality 95 Significant change 9.1

Percent Exposed 100 []
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Dieldrin

Table 2.6.5.1.99 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Dieldrin % change lambda - 0

Concentration 0.24 % chg l std - 13.0

LC50 24 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species Chinook, ot S1 5.63e-003 5.65e-003

% Mortality 0 Significant change 9.2

Percent Exposed 100 []

Table 2.6.5.1.100 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Dieldrin % change lambda - -1

Concentration 0.24 % chg l std - 12.6

LC50 0.56 lambda mean 1.09 1.08

LC50 slope 3.6 lambda std 0.10 0.10

species chinook, ot S1 5.64e-003 5.37e-003

% Mortality 5 Significant change 9.0

Percent Exposed 100 []

Table 2.6.5.1.101 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Dieldrin % change lambda - 0

Concentration 0.24 % chg l std - 4.4

LC50 24 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species Chinook, st S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []
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Table 2.6.5.1.102 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Dieldrin % change lambda - -1

Concentration 0.24 % chg l std - 4.3

LC50 0.56 lambda mean 1.00 0.99

LC50 slope 3.6 lambda std 0.03 0.03

species chinook, st S1 6.43e-002 6.14e-002

% Mortality 5 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.103 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Dieldrin % change lambda - 0

Concentration 0.24 % chg l std - 8.0

LC50 24 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.57e-002 2.57e-002

% Mortality 0 Significant change 5.6

Percent Exposed 100 []

Table 2.6.5.1.104 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Dieldrin % change lambda - -1

Concentration 0.24 % chg l std - 7.9

LC50 0.56 lambda mean 1.01 1.00

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.57e-002 2.46e-002

% Mortality 5 Significant change 5.7

Percent Exposed 100 []
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Table 2.6.5.1.105 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Dieldrin % change lambda - 0

Concentration 0.24 % chg l std - 7.5

LC50 24 lambda mean 1.03 1.03

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.97e-002 2.97e-002

% Mortality 0 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.106 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Dieldrin % change lambda - -2

Concentration 0.24 % chg l std - 7.4

LC50 0.56 lambda mean 1.03 1.01

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.96e-002 2.83e-002

% Mortality 5 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.107 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Dieldrin % change lambda - 0

Concentration 0.24 % chg l std - 4.4

LC50 24 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []
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Table 2.6.5.1.108 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Dieldrin % change lambda - -1

Concentration 0.24 % chg l std - 4.3

LC50 0.56 lambda mean 1.00 0.99

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 6.15e-002

% Mortality 5 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.109 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Dieldrin % change lambda - 0

Concentration 0.24 % chg l std - 13.0

LC50 24 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chum S1 5.63e-003 5.65e-003

% Mortality 0 Significant change 9.2

Percent Exposed 100 []

Table 2.6.5.1.110 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Dieldrin % change lambda - -1

Concentration 0.24 % chg l std - 12.7

LC50 0.56 lambda mean 1.09 1.08

LC50 slope 3.6 lambda std 0.10 0.10

species chum S1 5.64e-003 5.38e-003

% Mortality 5 Significant change 9.1

Percent Exposed 100 []
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Endosulfan-alpha

Table 2.6.5.1.111 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Endosulfan-alpha % change lambda - -1

Concentration 0.22 % chg l std - 12.7

LC50 0.66 lambda mean 1.09 1.08

LC50 slope 3.6 lambda std 0.10 0.1

species Chinook, ot S1 5.63e-003 5.53E-03

% Mortality 2 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.112 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Endosulfan-alpha % change lambda - -30

Concentration 0.22 % chg l std - 8.8

LC50 0.17 lambda mean 1.09 0.76

LC50 slope 3.6 lambda std 0.10 0.07

species chinook, ot S1 5.63e-003 1.60e-003

% Mortality 72 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.113 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Endosulfan-alpha % change lambda - -1

Concentration 0.22 % chg l std - 4.4

LC50 0.66 lambda mean 1.00 0.99

LC50 slope 3.6 lambda std 0.03 0.03

species Chinook, st S1 6.43e-002 6.31E-02

% Mortality 2 Significant change 3.1

Percent Exposed 100 []
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Table 2.6.5.1.114 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Endosulfan-alpha % change lambda - -27

Concentration 0.22 % chg l std - 3.2

LC50 0.17 lambda mean 1.00 0.73

LC50 slope 3.6 lambda std 0.03 0.02

species chinook, st S1 6.43e-002 1.82e-002

% Mortality 72 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.115 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Endosulfan-alpha % change lambda - -1

Concentration 0.22 % chg l std - 7.9

LC50 0.66 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.58e-002 2.52E-02

% Mortality 2 Significant change 5.6

Percent Exposed 100 []

Table 2.6.5.1.116 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Endosulfan-alpha % change lambda - -26

Concentration 0.22 % chg l std - 5.8

LC50 0.17 lambda mean 1.01 0.75

LC50 slope 3.6 lambda std 0.06 0.04

species sockeye S1 2.57e-002 7.26e-003

% Mortality 72 Significant change 5.6

Percent Exposed 100 []
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Table 2.6.5.1.117 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Endosulfan-alpha % change lambda - -1

Concentration 0.22 % chg l std - 7.4

LC50 0.66 lambda mean 1.03 1.02

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.97e-002 2.91E-02

% Mortality 2 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.118 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Endosulfan-alpha % change lambda - -34

Concentration 0.22 % chg l std - 4.9

LC50 0.17 lambda mean 1.03 0.68

LC50 slope 3.6 lambda std 0.05 0.04

species coho S1 2.97e-002 8.41e-003

% Mortality 72 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.119 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Endosulfan-alpha % change lambda - -1

oncentration 0.22 % chg l std - 4.4

LC50 0.66 lambda mean 1.00 0.99

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 6.31E-02

% Mortality 2 Significant change 3.1

Percent Exposed 100 []

Exhibit 7b



-445-

Table 2.6.5.1.120 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Endosulfan-alpha % change lambda - -27

Concentration 0.22 % chg l std - 3.2

LC50 0.17 lambda mean 1.00 0.73

LC50 slope 3.6 lambda std 0.03 0.02

species chinook, st S1 6.43e-002 1.82e-002

% Mortality 72 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.121 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Endosulfan-alpha % change lambda - -1

Concentration 0.22 % chg l std - 12.7

LC50 0.66 lambda mean 1.09 1.08

LC50 slope 3.6 lambda std 0.10 0.1

species chum S1 5.63e-003 5.53E-03

% Mortality 1 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.122 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Endosulfan-alpha % change lambda - -30

Concentration 0.22 % chg l std - 8.8

LC50 0.17 lambda mean 1.09 0.76

LC50 slope 3.6 lambda std 0.10 0.07

species chum S1 5.65e-003 1.60e-003

% Mortality 72 Significant change 9.1

Percent Exposed 100 []
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Endosulfan-beta

Table 2.6.5.1.123 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Endosulfan-beta % change lambda - -1

Concentration 0.22 % chg l std - 12.7

LC50 0.66 lambda mean 1.09 1.08

LC50 slope 3.6 lambda std 0.10 0.1

species Chinook, ot S1 5.63e-003 5.53E-03

% Mortality 2 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.124 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Endosulfan-beta % change lambda - -30

Concentration 0.22 % chg l std - 8.8

LC50 0.17 lambda mean 1.09 0.76

LC50 slope 3.6 lambda std 0.10 0.07

species chinook, ot S1 5.63e-003 1.60e-003

% Mortality 72 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.125 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Endosulfan-beta % change lambda - -1

Concentration 0.22 % chg l std - 4.4

LC50 0.66 lambda mean 1.00 0.99

LC50 slope 3.6 lambda std 0.03 0.03

species Chinook, st S1 6.43e-002 6.31E-02

% Mortality 2 Significant change 3.1

Percent Exposed 100 []
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Table 2.6.5.1.126 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Endosulfan-beta % change lambda - -27

Concentration 0.22 % chg l std - 3.2

LC50 0.17 lambda mean 1.00 0.73

LC50 slope 3.6 lambda std 0.03 0.02

species chinook, st S1 6.43e-002 1.82e-002

% Mortality 72 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.127 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Endosulfan-beta % change lambda - -1

Concentration 0.22 % chg l std - 7.9

LC50 0.66 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.58e-002 2.52E-02

% Mortality 2 Significant change 5.6

Percent Exposed 100 []

Table 2.6.5.1.128 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Endosulfan-beta % change lambda - -26

Concentration 0.22 % chg l std - 5.8

LC50 0.17 lambda mean 1.01 0.75

LC50 slope 3.6 lambda std 0.06 0.04

species sockeye S1 2.57e-002 7.26e-003

% Mortality 72 Significant change 5.6

Percent Exposed 100 []
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Table 2.6.5.1.129 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Endosulfan-beta % change lambda - -1

Concentration 0.22 % chg l std - 7.4

LC50 0.66 lambda mean 1.03 1.02

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.97e-002 2.91E-02

% Mortality 2 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.130 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Endosulfan-beta % change lambda - -34

Concentration 0.22 % chg l std - 4.9

LC50 0.17 lambda mean 1.03 0.68

LC50 slope 3.6 lambda std 0.05 0.04

species coho S1 2.97e-002 8.41e-003

% Mortality 72 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.131 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Endosulfan-beta % change lambda - -1

oncentration 0.22 % chg l std - 4.4

LC50 0.66 lambda mean 1.00 0.99

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 6.31E-02

% Mortality 2 Significant change 3.1

Percent Exposed 100 []
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Table 2.6.5.1.132 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Endosulfan-beta % change lambda - -27

Concentration 0.22 % chg l std - 3.2

LC50 0.17 lambda mean 1.00 0.73

LC50 slope 3.6 lambda std 0.03 0.02

species chinook, st S1 6.43e-002 1.82e-002

% Mortality 72 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.133 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Endosulfan-beta % change lambda - -1

Concentration 0.22 % chg l std - 12.7

LC50 0.66 lambda mean 1.09 1.08

LC50 slope 3.6 lambda std 0.10 0.1

species chum S1 5.63e-003 5.53E-03

% Mortality 1 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.134 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Endosulfan-beta % change lambda - -30

Concentration 0.22 % chg l std - 8.8

LC50 0.17 lambda mean 1.09 0.76

LC50 slope 3.6 lambda std 0.10 0.07

species chum S1 5.65e-003 1.60e-003

% Mortality 72 Significant change 9.1

Percent Exposed 100 []
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Endrin

Table 2.6.5.1.135 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Endrin % change lambda - 0

Concentration 0.086 % chg l std - 12.9

LC50 0.6 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species Chinook, ot S1 5.62e-003 5.64e-003

% Mortality 0 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.136 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Endrin % change lambda - -17

Concentration 0.086 % chg l std - 10.7

LC50 0.089 lambda mean 1.09 0.91

LC50 slope 3.6 lambda std 0.10 0.08

species chinook, ot S1 5.64e-003 2.99e-003

% Mortality 47 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.137 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Endrin % change lambda - 0

Concentration 0.086 % chg l std - 4.4

LC50 0.6 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species Chinook, st S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []
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Table 2.6.5.1.138 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Endrin % change lambda - 0

Concentration 0.086 % chg l std - 4.4

LC50 0.6 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species Chinook, st S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.139 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Endrin % change lambda - -14

Concentration 0.086 % chg l std - 3.7

LC50 0.089 lambda mean 1.00 0.85

LC50 slope 3.6 lambda std 0.03 0.03

species chinook, st S1 6.43e-002 3.41e-002

% Mortality 47 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.140 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Endrin % change lambda - 0

Concentration 0.086 % chg l std - 8.0

LC50 0.6 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.58e-002 2.57e-002

% Mortality 0 Significant change 5.6

Percent Exposed 100 []

Exhibit 7b



-452-

Table 2.6.5.1.141 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Endrin % change lambda - -14

Concentration 0.086 % chg l std - 6.7

LC50 0.089 lambda mean 1.01 0.87

LC50 slope 3.6 lambda std 0.06 0.05

species sockeye S1 2.57e-002 1.36e-002

% Mortality 47 Significant change 5.6

Percent Exposed 100 []

Table 2.6.5.1.142 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Endrin % change lambda - 0

Concentration 0.086 % chg l std - 7.5

LC50 0.6 lambda mean 1.03 1.03

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.96e-002 2.97e-002

% Mortality 0 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.143 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Endrin % change lambda - -19

Concentration 0.086 % chg l std - 6.1

LC50 0.089 lambda mean 1.03 0.83

LC50 slope 3.6 lambda std 0.05 0.04

species coho S1 2.96e-002 1.57e-002

% Mortality 47 Significant change 5.3

Percent Exposed 100 []
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Table 2.6.5.1.144 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Endrin % change lambda - 0

Concentration 0.086 % chg l std - 4.4

LC50 0.6 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.145 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Endrin % change lambda - -14

Concentration 0.086 % chg l std - 3.8

LC50 0.089 lambda mean 1.00 0.85

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 3.42e-002

% Mortality 47 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.146 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Endrin % change lambda - 0

Concentration 0.086 % chg l std - 12.9

LC50 0.6 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chum S1 5.62e-003 5.64e-003

% Mortality 0 Significant change 9.1

Percent Exposed 100 []
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Table 2.6.5.1.147 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Endrin % change lambda - -17

Concentration 0.086 % chg l std - 10.7

LC50 0.089 lambda mean 1.09 0.91

LC50 slope 3.6 lambda std 0.10 0.08

species chum S1 5.63e-003 2.99e-003

% Mortality 47 Significant change 9.1

Percent Exposed 100 []

Heptachlor Epoxide

Table 2.6.5.1.148 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Heptachlor Epoxide % change lambda - 0

Concentration 0.52 % chg l std - 13.0

LC50 13.6 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species Chinook, ot S1 5.62e-003 5.65e-003

% Mortality 0 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.149 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Heptachlor Epoxide % change lambda - 0

Concentration 0.52 % chg l std - 12.8

LC50 6.7 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chinook, ot S1 5.63e-003 5.63e-003

% Mortality 0 Significant change 9.1

Percent Exposed 100 []
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Table 2.6.5.1.150 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Heptachlor Epoxide % change lambda - 0

Concentration 0.52 % chg l std - 4.4

LC50 13.6 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species Chinook, st S1 6.44e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.151 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Heptachlor Epoxide % change lambda - 0

Concentration 0.52 % chg l std - 4.4

LC50 6.7 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species chinook, st S1 6.44e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.152 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Heptachlor Epoxide % change lambda - 0

Concentration 0.52 % chg l std - 7.9

LC50 13.6 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.56e-002 2.57e-002

% Mortality 0 Significant change 5.6

Percent Exposed 100 []
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Table 2.6.5.1.153 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Heptachlor Epoxide % change lambda - 0

Concentration 0.52 % chg l std - 7.9

LC50 6.7 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.57e-002 2.58e-002

% Mortality 0 Significant change 5.7

Percent Exposed 100 []

Table 2.6.5.1.154 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Heptachlor Epoxide % change lambda - 0

Concentration 0.52 % chg l std - 7.4

LC50 13.6 lambda mean 1.03 1.03

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.97e-002 2.97e-002

% Mortality 0 Significant change 5.2

Percent Exposed 100 []

Table 2.6.5.1.155 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Heptachlor Epoxide % change lambda - 0

Concentration 0.52 % chg l std - 7.5

LC50 6.7 lambda mean 1.03 1.03

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.97e-002 2.97e-002

% Mortality 0 Significant change 5.2

Percent Exposed 100 []
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Table 2.6.5.1.156 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Heptachlor Epoxide % change lambda - 0

Concentration 0.52 % chg l std - 4.4

LC50 13.6 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.44e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.157 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Heptachlor Epoxide % change lambda - 0

Concentration 0.52 % chg l std - 4.4

LC50 6.7 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 6.44e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.158 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Heptachlor Epoxide % change lambda - 0

Concentration 0.52 % chg l std - 13.0

LC50 13.6 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chum S1 5.62e-003 5.65e-003

% Mortality 0 Significant change 9.1

Percent Exposed 100 []
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Table 2.6.5.1.159 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Heptachlor Epoxide % change lambda - 0

Concentration 0.52 % chg l std - 12.9

LC50 6.7 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chum S1 5.63e-003 5.63e-003

% Mortality 0 Significant change 9.2

Percent Exposed 100 []

Lead

Table 2.6.5.1.160 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Lead % change lambda - 0

Concentration 65 % chg l std - 12.7

LC50 17042 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species Chinook, ot S1 5.63e-003 5.63e-003

% Mortality 0 Significant change 9.0

Percent Exposed 100 []

Table 2.6.5.1.161 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Lead % change lambda - 0

Concentration 65 % chg l std - 12.9

LC50 320 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chinook, ot S1 5.63e-003 5.63e-003

% Mortality 0 Significant change 9.2

Percent Exposed 100 []
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2.6.5.1.162 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Lead % change lambda - 0

Concentration 65 % chg l std - 4.4

LC50 17042 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species Chinook, st S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

2.6.5.1.163 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Lead % change lambda - 0

Concentration 65 % chg l std - 4.4

LC50 320 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species chinook, st S1 6.43e-002 6.41e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.164 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Lead % change lambda - 0

Concentration 65 % chg l std - 8.0

LC50 17042 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.57e-002 2.56e-002

% Mortality 0 Significant change 5.6

Percent Exposed 100 []
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Table 2.6.5.1.165 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Lead % change lambda - 0

Concentration 65 % chg l std - 8.0

LC50 320 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.57e-002 2.55e-002

% Mortality 0 Significant change 5.6

Percent Exposed 100 []

Table 2.6.5.1.166 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Lead % change lambda - 0

Concentration 65 % chg l std - 7.5

LC50 17042 lambda mean 1.03 1.03

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.97e-002 2.97e-002

% Mortality 0 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.167 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Lead % change lambda - 0

Concentration 65 % chg l std - 7.5

LC50 320 lambda mean 1.03 1.03

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.96e-002 2.96e-002

% Mortality 0 Significant change 5.3

Percent Exposed 100 []
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Table 2.6.5.1.168 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Lead % change lambda - 0

Concentration 65 % chg l std - 4.4

LC50 17042 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.169 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Lead % change lambda - 0

Concentration 65 % chg l std - 4.4

LC50 320 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 6.41e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.170 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Lead % change lambda - 0

Concentration 65 % chg l std - 12.7

LC50 17042 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chum S1 5.63e-003 5.63e-003

% Mortality 0 Significant change 9.0

Percent Exposed 100 []
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Table 2.6.5.1.171 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Lead % change lambda - 0

Concentration 65 % chg l std - 12.9

LC50 320 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chum S1 5.62e-003 5.61e-003

% Mortality 0 Significant change 9.2

Percent Exposed 100 []

Nickel

Table 2.6.5.1.172 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Nickel % change lambda - 0

Concentration 470 % chg l std - 12.9

LC50 17663 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species Chinook, ot S1 5.62e-003 5.62e-003

% Mortality 0 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.173 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Nickel % change lambda - -10

Concentration 470 % chg l std - 11.5

LC50 588 lambda mean 1.09 0.98

LC50 slope 3.6 lambda std 0.10 0.09

species chinook, ot S1 5.62e-003 3.92e-003

% Mortality 31 Significant change 9.1

Percent Exposed 100 []
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Table 2.6.5.1.174 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Nickel % change lambda - 0

Concentration 470 % chg l std - 4.4

LC50 17663 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species Chinook, st S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.175 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Nickel % change lambda - -9

Concentration 470 % chg l std - 4.0

LC50 588 lambda mean 1.00 0.91

LC50 slope 3.6 lambda std 0.03 0.03

species chinook, st S1 6.43e-002 4.45e-002

% Mortality 31 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.176 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Nickel % change lambda - 0

Concentration 470 % chg l std - 8.0

LC50 17663 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.56e-002 2.58e-002

% Mortality 0 Significant change 5.6

Percent Exposed 100 []
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Table 2.6.5.1.177 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Nickel % change lambda - -8

Concentration 470 % chg l std - 7.2

LC50 588 lambda mean 1.01 0.92

LC50 slope 3.6 lambda std 0.06 0.05

species sockeye S1 2.57e-002 1.78e-002

% Mortality 31 Significant change 5.6

Percent Exposed 100 []

Table 2.6.5.1.178 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Nickel % change lambda - 0

Concentration 470 % chg l std - 7.4

LC50 17663 lambda mean 1.03 1.03

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.97e-002 2.96e-002

% Mortality 0 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.179 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Nickel % change lambda - -12

Concentration 470 % chg l std - 6.6

LC50 588 lambda mean 1.03 0.91

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.97e-002 2.05e-002

% Mortality 31 Significant change 5.3

Percent Exposed 100 []
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Table 2.6.5.1.180 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Nickel % change lambda - 0

Concentration 470 % chg l std - 4.4

LC50 17663 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.181 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Nickel % change lambda - -9

Concentration 470 % chg l std - 4.0

LC50 588 lambda mean 1.00 0.91

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 4.45e-002

% Mortality 31 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.182 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Nickel % change lambda - 0

Concentration 470 % chg l std - 12.9

LC50 17663 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chum S1 5.62e-003 5.62e-003

% Mortality 0 Significant change 9.1

Percent Exposed 100 []
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Table 2.6.5.1.183 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Nickel % change lambda - -10

Concentration 470 % chg l std - 11.6

LC50 588 lambda mean 1.09 0.98

LC50 slope 3.6 lambda std 0.10 0.09

species chum S1 5.64e-003 3.87e-003

% Mortality 31 Significant change 9.3

Percent Exposed 100 []

Pentachlorophenol

Table 2.6.5.1.184 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Pentachlorophenol % change lambda - 0

Concentration 19 % chg l std - 12.8

LC50 86.1 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.1

species Chinook, ot S1 5.63e-003 5.57E-03

% Mortality 0 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.185 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Pentachlorophenol % change lambda - -49

Concentration 19 % chg l std - 6.4

LC50 10 lambda mean 1.09 0.55

LC50 slope 3.6 lambda std 0.10 0.05

species chinook, ot S1 5.62e-003 5.09e-004

% Mortality 91 Significant change 9.1

Percent Exposed 100 []
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Table 2.6.5.1.186 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Pentachlorophenol % change lambda - 0

Concentration 19 % chg l std - 4.4

LC50 86.1 lambda mean 1.00 1

LC50 slope 3.6 lambda std 0.03 0.03

species Chinook, st S1 6.43e-002 6.37E-02

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.187 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Pentachlorophenol % change lambda - -45

Concentration 19 % chg l std - 2.4

LC50 10 lambda mean 1.00 0.55

LC50 slope 3.6 lambda std 0.03 0.02

species chinook, st S1 6.44e-002 5.81e-003

% Mortality 91 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.188 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Pentachlorophenol % change lambda - 0

Concentration 19 % chg l std - 7.9

LC50 86.1 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.58e-002 2.55E-02

% Mortality 0 Significant change 5.6

Percent Exposed 100 []
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Table 2.6.5.1.189 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Pentachlorophenol % change lambda - -43

Concentration 19 % chg l std - 4.4

LC50 10 lambda mean 1.01 0.57

LC50 slope 3.6 lambda std 0.06 0.03

species sockeye S1 2.56e-002 2.32e-003

% Mortality 91 Significant change 5.6

Percent Exposed 100 []

Table 2.6.5.1.190 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Pentachlorophenol % change lambda - 0

Concentration 19 % chg l std - 7.5

LC50 86.1 lambda mean 1.03 1.03

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.97e-002 2.94E-02

% Mortality 0 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.191 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Pentachlorophenol % change lambda - -55

Concentration 19 % chg l std - 3.4

LC50 10 lambda mean 1.03 0.46

LC50 slope 3.6 lambda std 0.05 0.02

species coho S1 2.97e-002 2.68e-003

% Mortality 91 Significant change 5.3

Percent Exposed 100 []
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Table 2.6.5.1.192 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Pentachlorophenol % change lambda - 0

Concentration 19 % chg l std - 4.4

LC50 86.1 lambda mean 1.00 1

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 6.37E-02

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.193 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Pentachlorophenol % change lambda - -45

Concentration 19 % chg l std - 2.4

LC50 10 lambda mean 1.00 0.55

LC50 slope 3.6 lambda std 0.03 0.02

species steelhead S1 6.43e-002 5.80e-003

% Mortality 91 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.194 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Pentachlorophenol % change lambda - 0

Concentration 19 % chg l std - 12.8

LC50 86.1 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.1

species chum S1 5.63e-003 5.57E-03

% Mortality 0 Significant change 9.1

Percent Exposed 100 []
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Table 2.6.5.1.195 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Pentachlorophenol % change lambda - -49

Concentration 19 % chg l std - 6.4

LC50 10 lambda mean 1.09 0.55

LC50 slope 3.6 lambda std 0.10 0.05

species chum S1 5.64e-003 5.07e-004

% Mortality 91 Significant change 9.1

Percent Exposed 100 []

Selenium

Table 2.6.5.1.196 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Selenium % change lambda - 0

Concentration 190 % chg l std - 12.9

LC50 4268 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species Chinook, ot S1 5.62e-003 5.63e-003

% Mortality 0 Significant change 9.2

Percent Exposed 100 []

Table 2.6.5.1.197 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Selenium % change lambda - -99

Concentration 190 % chg l std - 0.1

LC50 0.4 lambda mean 1.09 0.01

LC50 slope 3.6 lambda std 0.10 0.00

species chinook, ot S1 5.65e-003 1.30e-012

% Mortality 100 Significant change 9.0

Percent Exposed 100 []
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Table 2.6.5.1.198 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Selenium % change lambda - 0

Concentration 190 % chg l std - 4.4

LC50 4268 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species Chinook, st S1 6.43e-002 6.44e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.199 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Selenium % change lambda - -99

Concentration 190 % chg l std - 0.0

LC50 0.4 lambda mean 1.00 0.01

LC50 slope 3.6 lambda std 0.03 0.00

species chinook, st S1 6.44e-002 1.49e-011

% Mortality 100 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.200 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Selenium % change lambda - 0

Concentration 190 % chg l std - 8.0

LC50 4268 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.57e-002 2.57e-002

% Mortality 0 Significant change 5.7

Percent Exposed 100 []
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Table 2.6.5.1.201 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Selenium % change lambda - -99

Concentration 190 % chg l std - 0.1

LC50 0.4 lambda mean 1.01 0.01

LC50 slope 3.6 lambda std 0.06 0.00

species sockeye S1 2.57e-002 5.94e-012

% Mortality 100 Significant change 5.6

Percent Exposed 100 []

Table 2.6.5.1.202 Model output data for coho.

Parameters Value Output Control Impacted

Chemical Selenium % change lambda - 0

Concentration 190 % chg l std - 7.5

LC50 4268 lambda mean 1.03 1.03

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.96e-002 2.97e-002

% Mortality 0 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.203 Model output data for coho.

Parameters Value Output Control Impacted

Chemical Selenium % change lambda - -100

Concentration 190 % chg l std - 0.0

LC50 0.4 lambda mean 1.03 0.00

LC50 slope 3.6 lambda std 0.05 0.00

species coho S1 2.96e-002 6.85e-012

% Mortality 100 Significant change 5.3

Percent Exposed 100 []
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Table 2.6.5.1.204 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Selenium % change lambda - 0

Concentration 190 % chg l std - 4.4

LC50 4268 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 6.44e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.205 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Selenium % change lambda - -99

Concentration 190 % chg l std - 0.0

LC50 0.4 lambda mean 1.00 0.01

LC50 slope 3.6 lambda std 0.03 0.00

species steelhead S1 6.43e-002 1.49e-011

% Mortality 100 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.206 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Selenium % change lambda - 0

Concentration 190 % chg l std - 12.9

LC50 4268 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chum S1 5.62e-003 5.63e-003

% Mortality 0 Significant change 9.2

Percent Exposed 100 []
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Table 2.6.5.1.207 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Selenium % change lambda - -99

Concentration 190 % chg l std - 0.1

LC50 0.4 lambda mean 1.09 0.01

LC50 slope 3.6 lambda std 0.10 0.00

species chum S1 5.64e-003 1.30e-012

% Mortality 100 Significant change 9.0

Percent Exposed 100 []

Silver

Table 2.6.5.1.208 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Silver % change lambda - 0

Concentration 3.2 % chg l std - 12.9

LC50 63 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species Chinook, ot S1 5.63e-003 5.63e-003

% Mortality 0 Significant change 9.2

Percent Exposed 100 []

Table 2.6.5.1.209 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Silver % change lambda - -60

Concentration 3.2 % chg l std - 5.0

LC50 1.28 lambda mean 1.09 0.43

LC50 slope 3.6 lambda std 0.10 0.04

species chinook, ot S1 5.63e-003 2.00e-004

% Mortality 96 Significant change 9.2

Percent Exposed 100 []
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Table 2.6.5.1.210 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Silver % change lambda - 0

Concentration 3.2 % chg l std - 4.4

LC50 63 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species Chinook, st S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.211 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Silver % change lambda - -56

Concentration 3.2 % chg l std - 1.9

LC50 1.28 lambda mean 1.00 0.44

LC50 slope 3.6 lambda std 0.03 0.01

species chinook, st S1 6.43e-002 2.29e-003

% Mortality 96 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.212 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Silver % change lambda - 0

Concentration 3.2 % chg l std - 7.9

LC50 63 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.56e-002 2.57e-002

% Mortality 0 Significant change 5.6

Percent Exposed 100 []

Exhibit 7b



-476-

Table 2.6.5.1.213 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Silver % change lambda - -54

Concentration 3.2 % chg l std - 3.5

LC50 1.28 lambda mean 1.01 0.46

LC50 slope 3.6 lambda std 0.06 0.02

species sockeye S1 2.58e-002 9.17e-004

% Mortality 96 Significant change 5.6

Percent Exposed 100 []

Table 2.6.5.1.214 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Silver % change lambda - 0

Concentration 3.2 % chg l std - 7.5

LC50 63 lambda mean 1.03 1.03

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.96e-002 2.97e-002

% Mortality 0 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.215 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Silver % change lambda - -67

Concentration 3.2 % chg l std - 2.4

LC50 1.28 lambda mean 1.03 0.34

LC50 slope 3.6 lambda std 0.05 0.02

species coho S1 2.97e-002 1.06e-003

% Mortality 96 Significant change 5.2

Percent Exposed 100 []
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Table 2.6.5.1.216 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Silver % change lambda - 0

Concentration 3.2 % chg l std - 4.4

LC50 63 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.217 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Silver % change lambda - -56

Concentration 3.2 % chg l std - 1.9

LC50 1.28 lambda mean 1.00 0.44

LC50 slope 3.6 lambda std 0.03 0.01

species steelhead S1 6.43e-002 2.29e-003

% Mortality 96 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.218 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Silver % change lambda - 0

Concentration 3.2 % chg l std - 12.9

LC50 63 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chum S1 5.63e-003 5.63e-003

% Mortality 0 Significant change 9.2

Percent Exposed 100 []
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Table 2.6.5.1.219 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Silver % change lambda - -60

Concentration 3.2 % chg l std - 5.0

LC50 1.28 lambda mean 1.09 0.43

LC50 slope 3.6 lambda std 0.10 0.04

species chum S1 5.62e-003 2.00e-004

% Mortality 96 Significant change 9.0

Percent Exposed 100 []

Tributyltin

Table 2.6.5.1.220 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Tributyltin % change lambda - 0

Concentration 0.46 % chg l std - 13.0

LC50 2.6 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species Chinook, ot S1 5.65e-003 5.64e-003

% Mortality 0 Significant change 9.2

Percent Exposed 100 []

Table 2.6.5.1.221 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Tributyltin % change lambda - -55

Concentration 0.46 % chg l std - 5.6

LC50 0.21 lambda mean 1.09 0.49

LC50 slope 3.6 lambda std 0.10 0.04

species chinook, ot S1 5.64e-003 3.16e-004

% Mortality 94 Significant change 9.1

Percent Exposed 100 []
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Table 2.6.5.1.222 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Tributyltin % change lambda - 0

Concentration 0.46 % chg l std - 4.4

LC50 2.6 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species Chinook, st S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.223 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Tributyltin % change lambda - -51

Concentration 0.46 % chg l std - 2.1

LC50 0.21 lambda mean 1.00 0.49

LC50 slope 3.6 lambda std 0.03 0.01

species chinook, st S1 6.44e-002 3.61e-003

% Mortality 94 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.224 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Tributyltin % change lambda - 0

Concentration 0.46 % chg l std - 7.9

LC50 2.6 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.57e-002 2.56e-002

% Mortality 0 Significant change 5.6

Percent Exposed 100 []
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Table 2.6.5.1.225 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Tributyltin % change lambda - -49

Concentration 0.46 % chg l std - 3.9

LC50 0.21 lambda mean 1.01 0.51

LC50 slope 3.6 lambda std 0.06 0.03

species sockeye S1 2.57e-002 1.44e-003

% Mortality 94 Significant change 5.6

Percent Exposed 100 []

Table 2.6.5.1.226 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Tributyltin % change lambda - 0

Concentration 0.46 % chg l std - 7.4

LC50 2.6 lambda mean 1.03 1.03

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.96e-002 2.96e-002

% Mortality 0 Significant change 5.3

Percent Exposed 100 []

Table 2.6.5.1.227 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Tributyltin % change lambda - -62

Concentration 0.46 % chg l std - 2.9

LC50 0.21 lambda mean 1.03 0.39

LC50 slope 3.6 lambda std 0.05 0.02

species coho S1 2.97e-002 1.66e-003

% Mortality 94 Significant change 5.3

Percent Exposed 100 []
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Table 2.6.5.1.228 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Tributyltin % change lambda - 0

Concentration 0.46 % chg l std - 4.4

LC50 2.6 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.229 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Tributyltin % change lambda - -51

Concentration 0.46 % chg l std - 2.1

LC50 0.21 lambda mean 1.00 0.49

LC50 slope 3.6 lambda std 0.03 0.01

species steelhead S1 6.44e-002 3.61e-003

% Mortality 94 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.230 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Tributyltin % change lambda - 0

Concentration 0.46 % chg l std - 13.0

LC50 2.6 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species chum S1 5.65e-003 5.64e-003

% Mortality 0 Significant change 9.2

Percent Exposed 100 []
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Table 2.6.5.1.231 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Tributyltin % change lambda - -55

Concentration 0.46 % chg l std - 5.6

LC50 0.21 lambda mean 1.09 0.49

LC50 slope 3.6 lambda std 0.10 0.04

species chum S1 5.64e-003 3.16e-004

% Mortality 94 Significant change 9.1

Percent Exposed 100 []

Zinc

Table 2.6.5.1.232 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Zinc % change lambda - 0

Concentration 120 % chg l std - 12.9

LC50 1188 lambda mean 1.09 1.09

LC50 slope 3.6 lambda std 0.10 0.10

species Chinook, ot S1 5.62e-003 5.63e-003

% Mortality 0 Significant change 9.1

Percent Exposed 100 []

Table 2.6.5.1.233 Model output data for ocean-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Zinc % change lambda - -3

Concentration 120 % chg l std - 12.5

LC50 238 lambda mean 1.09 1.06

LC50 slope 3.6 lambda std 0.10 0.10

species chinook, ot S1 5.64e-003 5.19e-003

% Mortality 8 Significant change 9.1

Percent Exposed 100 []
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Table 2.6.5.1.234 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Zinc % change lambda - 0

Concentration 120 % chg l std - 4.4

LC50 1188 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species Chinook, st S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.235 Model output data for stream-type Chinook salmon.

Parameters Value Output Control Impacted

Chemical Zinc % change lambda - -2

Concentration 120 % chg l std - 4.3

LC50 238 lambda mean 1.00 0.98

LC50 slope 3.6 lambda std 0.03 0.03

species chinook, st S1 6.43e-002 5.93e-002

% Mortality 8 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.236 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Zinc % change lambda - 0

Concentration 120 % chg l std - 7.9

LC50 1188 lambda mean 1.01 1.01

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.55e-002 2.57e-002

% Mortality 0 Significant change 5.6

Percent Exposed 100 []
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Table 2.6.5.1.237 Model output data for sockeye salmon.

Parameters Value Output Control Impacted

Chemical Zinc % change lambda - -2

Concentration 120 % chg l std - 7.7

LC50 238 lambda mean 1.01 0.99

LC50 slope 3.6 lambda std 0.06 0.06

species sockeye S1 2.57e-002 2.37e-002

% Mortality 8 Significant change 5.5

Percent Exposed 100 []

Table 2.6.5.1.238 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Zinc % change lambda - 0

Concentration 120 % chg l std - 7.6

LC50 1188 lambda mean 1.03 1.03

LC50 slope 3.6 lambda std 0.06 0.05

species coho S1 2.96e-002 2.97e-002

% Mortality 0 Significant change 5.4

Percent Exposed 100 []

Table 2.6.5.1.239 Model output data for coho salmon.

Parameters Value Output Control Impacted

Chemical Zinc % change lambda - -3

Concentration 120 % chg l std - 7.3

LC50 238 lambda mean 1.03 1.00

LC50 slope 3.6 lambda std 0.05 0.05

species coho S1 2.97e-002 2.73e-002

% Mortality 8 Significant change 5.3

Percent Exposed 100 []
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Table 2.6.5.1.240 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Zinc % change lambda - 0

Concentration 120 % chg l std - 4.4

LC50 1188 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.241 Model output data for steelhead.

Parameters Value Output Control Impacted

Chemical Zinc % change lambda - -2

Concentration 120 % chg l std - 4.3

LC50 238 lambda mean 1.00 0.98

LC50 slope 3.6 lambda std 0.03 0.03

species steelhead S1 6.44e-002 5.93e-002

% Mortality 8 Significant change 3.1

Percent Exposed 100 []

Table 2.6.5.1.242 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Zinc % change lambda - 0

Concentration 120 % chg l std - 4.4

LC50 1188 lambda mean 1.00 1.00

LC50 slope 3.6 lambda std 0.03 0.03

species chum S1 6.43e-002 6.43e-002

% Mortality 0 Significant change 3.1

Percent Exposed 100 []
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Table 2.6.5.1.243 Model output data for chum salmon.

Parameters Value Output Control Impacted

Chemical Zinc % change lambda - -3

Concentration 120 % chg l std - 12.6

LC50 238 lambda mean 1.09 1.06

LC50 slope 3.6 lambda std 0.10 0.10

species chum S1 5.63e-003 5.20e-003

% Mortality 8 Significant change 9.2

Percent Exposed 100 []

Summary. Based on the direct mortality population modeling results, juvenile salmon 
and steelhead exposed to aluminum, ammonia, arsenic, lindane, cadmium, chromium (III), 
chromium (VI), copper, dieldrin, endosulfan-alpha, endosulfan-beta, endrin, heptachlor epoxide, 
lead, nickel, pentachlorophenol, selenium, silver, tributyltin, and zinc is predicted to result in 
mortality at the population level—relative to the baseline population model. The level of 
mortality will result in negative changes in the median population growth rate ( ) ranging from 
zero percent to -100 percent based on the exposure scenario. Direct mortality population 
modeling on chromium (III), chromium (VI), heptachlor epoxide, and lead predicted zero 
percent mortality for both modeling scenarios.

2.6.6. Case Study on Extrapolating Growth Reductions in Fish to Changes in 
Population Extinction Risks: Copper and Chinook Salmon

This section examines the potential consequences of reduced growth on the survival of juvenile 
Chinook salmon from exposure to low levels of copper that commence prior to hatching. 
Toxicological assays generally do not consider or attempt to link effects on growth to changes in 
population and to long-term extinction risks. However, Mebane and Arthaud (2010) suggested 
that size reductions from early-life stage chronic sublethal copper exposure could potentially 
reduce juvenile salmon survival and population recovery trajectories. This study is different from 
the direct mortality, somatic growth, and population modeling in section 2.6.5 in which the 
literature found that growth of fry, on the whole, was not a sensitive endpoint for the effect of 
copper on juvenile salmonids relative to mortality. In the case study by Mebane and Arthaud 
(2010) they conclude that growth resulting from early life stage exposure  is usually a more 
sensitive endpoint than mortality to copper. This case study modeled responses of juvenile 
Chinook salmon exposed to sustained exposures of low levels of copper starting during early 
development and extrapolated growth reductions and changes in survival related to individual 
size. Most of the literature on copper and juvenile salmonid fry that examines reduced growth 
shows little mortality in laboratory toxicity tests, which tend to be short in exposure duration and 
do not look at relationships between reduced growth and size-dependant survival. Chapman 
(1994 as cited in Mebane and Arthaud 2010) exposed different life stages of steelhead 
(Oncorhynchus mykiss) for the same duration (3 months) to the same concentration of copper 
(13.4 μg/L at a hardness of 24 mg/L as CaCO3). The survival of steelhead that were initially 
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exposed as embryos was no different than that of the unexposed control fish, even though the 
embryos developed into the usually-sensitive swim-up fry stage during the exposure. In contrast, 
steelhead that were initially exposed as swim-up fry, without the opportunity for acclimation 
during the embryo state, suffered complete mortality.

At low-level, sustained exposures, copper is one substance that commonly causes reduced 
growth but little direct mortality in laboratory toxicity tests with early life stage fish. To explore 
the relevance of growth reductions under laboratory conditions to wild populations, they 1) 
estimated growth effects of low-level copper exposures to juvenile Chinook salmon, 2) related 
growth effects to reduced survival in downriver Chinook salmon migrations, 3) estimated 
population demographics, 4) constructed a demographically structured matrix population model, 
and 5) projected the influence of copper-reduced growth on population size, extinction risks, and 
recovery chances. Reduced juvenile growth from copper in the range of 11 g/L (the proposed 
chronic criteria for copper in Oregon is 9 g/L) was projected to cause disproportionate 
reductions in survival of migrating juveniles, with a 7.5 percent length reduction predicting about 
a 23 percent to 52 percent reduction in survival from a headwaters trap to the next census point 
located 640 km downstream. Projecting reduced juvenile growth out through six generations 
(~30 years) resulted in little increased extinction risk; however, population recovery times were 
delayed under scenarios where copper-reduced growth was imposed.

Reduced growth is a common stress response in fish. A variety of causes can lead to stress 
responses and reduced growth in fish, including suboptimal nutrition or temperatures, low ion 
content of water (soft water), crowding, subordinate social status, and either the direct effects of 
chemical exposures or the energy costs of detoxifying chemicals (Wendelaar Bonga 1997 as
cited in Mebane and Arthaud 2010). In ecotoxicological bioassays that run long enough, growth 
effects are a readily and routinely measured endpoint. In water-quality criteria derivation in the 
United States, the only sublethal effects that a priori are considered biologically important are 
growth or reproductive impairment, although on a case-by-case basis, data on a variety of other 
sublethal effects of chemicals to fish could also be important, such as swimming performance, 
disease resistance, or behaviors related to chemoreception (Stephan et al. 1985, Stephan 1986 as
cited in Mebane and Arthaud 2010). However, laboratory bioassays seldom are a means unto 
themselves, but probably are at least indirectly conducted because societal values such as 
protecting the abundance and persistence of populations, biodiversity, conservation of threatened 
species, and recreational aesthetics (Stephan 1986, Barnthouse et al. 1989 as cited in Mebane 
and Arthaud 2010).

This motivation implies some consideration of population-level effects when interpreting toxicity 
bioassays. Yet, from a population biology perspective, the only endpoints that matter for a closed 
population are birth and death rates. Growth and any other sublethal endpoints are irrelevant 
unless they can be related to birth or death rates. The reproductive consequences of profound 
growth effects are selfevident; an organism that fails to grow is unlikely to reproduce. 

However, the consequences of transitory or subtle growth reductions are less obvious. For 
instance, in lifecycle testing with brook trout (Salvelinus fontinalis) and copper, McKim and 
Benoit (1971 as cited in Mebane and Arthaud 2010) reported that, for their first several months 
of life, fish that were exposed to low, sublethal copper concentrations lagged behind control fish 
in their growth. However, after about six months of copper exposure, fish experienced 
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compensatory growth rates and largely caught up with control fish by the end of the tests 
(McKim and Benoit 1971 as cited in Mebane and Arthaud 2010). Because the differences were 
no longer statistically different at the end of their tests, the growth delays were discounted as 
adverse effects. Similar instances of transitory or subtle growth reductions have been noted for 
rainbow trout (Oncorhynchus mykiss) exposed to copper (Marr et al. 1996, Hansen et al. 2002 as
cited in Mebane and Arthaud 2010). However, delayed growth may not necessarily be a 
discountable effect in the wild because, if juvenile fish encounter a size-dependent bottleneck in 
early life, smaller fish may not survive long enough to benefit from compensatory growth. Traits 
and costs that have been associated with reduced growth in juvenile fish include acquisition of 
feeding territory or shelter, predation risk, body size at key times, energy reserves at key times, 
increased thermoregulatory costs, and mortality (Sogard 1997, Metcalfe and Monaghan 2001,
Harwood et al. 2002, Coleman and Fausch 2007 as cited in Mebane and Arthaud 2010). The 
magnitudes of size differences that have been important in outcomes of challenges with juvenile 
fish can be small. For example, torrent sculpin  (Cottus rhotheus) are a predator of juvenile 
salmon in streams. Torrent sculpin that were about 60 mm long were no threat to coho salmon 
(O. kisutch) that were also about 60 mm long. However, the 60 mm sculpin can successfully 
ambush, subdue, and eat 50 mm coho salmon (Patten 1977 as cited in Mebane and Arthaud 
2010). Abbott et al. (1985 as cited in Mebane and Arthaud 2010) found that bigger fish tend to 
dominate smaller fish in contests for territory, and a size disparity of only 5 percent in body 
weight confers significant advantage. However, subtle growth reductions may be discounted as 
effects in toxicity tests if they are not statistically different from controls in null hypothesis 
significance testing with less than a 5 percent likelihood of making a Type I error. These purely 
statistical definitions of significant effects are at best incomplete and at worst misleading, in part 
because the probability that a given reduction is statistically significant is inversely related to the 
quality and quantity of the data (e.g., Barnthouse et al. 1989 as cited in Mebane and Arthaud 
2010).

The case study of growth effects from copper and a Chinook salmon population explored how 
subtle growth reductions in juvenile fish might affect the abundance and persistence of natural 
populations of migratory fish. The study objectives included:

1. Estimating the magnitude of growth reductions likely for Chinook salmon resulting from 
prolonged laboratory test exposure to copper at 11 /gL that had been estimated to be 
safe for most aquatic ecosystems. The chronic criterion for copper in Oregon is 13 g/L.

2. Estimating potential consequences of reduced growth for the survival of juvenile 
Chinook salmon during rearing and migration.

3. Quantifying the potential consequences of reduced survival in migrating juvenile salmon 
as changes in the long-term extinction risk and recovery potential of the salmon 
populations.

For this exercise, Mebane and Arthaud selected the Marsh Creek Chinook salmon population, 
located at the headwaters of the Middle Fork of the Salmon River, Idaho, USA (44 27_N, 
115 14_W at its mouth). Marsh Creek is an oligotrophic, forested watershed, with few pollution 
or human attributable disturbances other than potentially decreased freshwater productivity and 
correspondingly diminished carrying capacities from the decline of marine derived nutrients 
(Kohler et al. 2008 as cited in Mebane and Arthaud 2010). The lack of pollution sources greatly 
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simplifies predicting the potential effects of a chemical stressor. Furthermore, by using a 
headwaters population for this modeling exercise, the baseline model accounts for a myriad of 
other factors affecting Chinook salmon populations besides the potential stress of copper
pollution considered here.

The projections of potential population-level effects of reduced growth from copper were
made in five steps:

Evaluating the effects of chronic copper toxicity on salmon in laboratory tests
Extrapolating reduced growth in toxicity test results to survival of juvenile migrants
Analyzing population demographics
Developing a baseline population model, and 
Linking changed population vital rates from copper-influenced scenarios to population 
size and extinction risks.

Nonlinear regression was used to interpolate between effects at the control concentration and the 
lowest effect concentration to estimate effects at the 1992 NTR criteria concentration of 12 g/L,
total recoverable. Because of this uncertainty, we also examined a chronic test of rainbow trout 
in soft water that tested lower copper concentrations and required less interpolation (Marr et al.
1996 as cited in Mebane and Arthaud 2010). Chinook salmon and rainbow/steelhead trout are 
closely related, and other tests have shown similar sensitivity to copper and other metals 
(Chapman 1978 as cited in Mebane and Arthaud 2010).

Logistic regression described the relation between length and copper concentrations well, and it 
provided an estimated length reduction from controls of 7.5 percent and a weight reduction of 20
percent at 3.6 g/L, the hardness-adjusted 1992 CCC. The estimated length reductions at 3.6 

g/L ranged from 4 percent to 18 percent, obtained using different statistical distributions and 
curve fits (e.g., linear, piecewise linear, logistic). For weight reductions, the corresponding 
reductions were greater, 12 to 20 percent, depending on the model used. The rainbow trout 
growth reductions were very similar to those estimated at similar concentrations with Chinook 
salmon using the same statistical models, suggesting that the needed interpolations of the 
Chinook toxicity data were reasonable. 

The selection of a regression model to fit these Chinook salmon data involves fundamental, 
implicit assumptions of the ecotoxicology of chronic copper and fish. The logistic regression 
curves slope smoothly downward to interpolate from the control concentration to the first 
treatment. Thus, an implicit assumption of the model shape is that slight increases in copper
result in corresponding slight growth reductions, with no threshold of response. In contrast, the 
piecewise linear regressions implicitly assume a threshold of response, below which copper
concentrations have no effect on growth. It may be unrealistic to assume that no threshold exists 
for copper exposure and the onset of growth effects. Likewise, the abrupt bend in the corners of 
the piecewise linear regression that indicate the threshold concentration may also be arbitrary 
and unrealistic. Because neither model had an obviously better theoretical basis and because both 
models fit the data well, the effects estimates with each are carried forward through the 
population modeling using both 7.5 percent and 4 percent length reductions at 3.6 g/L copper
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from the logistic and piecewise models, respectively. This provided a range of estimates of 
growth effects of copper to Chinook salmon at the 1992 CCC of 3.6 g/l.

The Mebane and Arthaud analysis focuses on EPA’s (NTR 1992) copper criteria of 18 g/L 
(CMC) and 12 g/L (CCC) (updates have been published, EPA 2006 and 2007, although at the 
time of writing, the 1992 values remained effective in some states, including Oregon). The 
EPA’s 2006 recommended criteria were based on the same approach as the 1992 version with 
minor dataset revisions. In contrast, the 2007 values were derived from a fundamentally different 
approach that predicted copper bioavailability through geochemical modeling to estimate copper 
accumulation on gills and subsequent toxicity. For the water chemistry conditions of Chapman’s 
(1982 as cited in Mebane and Arthaud 2010) test, the 2006 and 2007 chronic copper criteria 
values would be about 2.7 and 2.1 g/L, respectively. The interpolated length reductions with 
Chapman’s (1982 as cited in Mebane and Arthaud 2010) Chinook salmon test at the 2006 
criterion value of 2.7 g/L ranged from about 6 percent to zero using logistic regression and 
piecewise regression models, respectively. For the 2007 criterion value of about 2.1 g/L, the 
corresponding length reduction estimates ranged from about 4.5 percent to zero. Thus the 
modeled scenarios are also relevant to the more recent copper chronic criteria updates. For the 
2006 version, the upper effects estimate (6% length reduction) would be intermediate to the 7.5
percent and 4 percent length reduction scenarios modeled. For the 2007 version, the upper effects 
estimate (4.5 percent length reduction) is close to the lower effects scenario modeled here (4
percent length reduction).

Risk probability statistics may provide more relevant assessments of thepopulation’s relative 
risks of declines or extinction than do the population trajectory projections (Ferson et al. 1989 as 
cited in Mebane and Arthaud 2010). Rather than plotting abundance predictions over time, as
was done with adult salmon in abundance, projections can be expressed as the risk that the 
population will be less than a given number or that it will decline by more than a given amount 
from the initial conditions.

If the risks are instead expressed as the probabilities that the projected numbers would drop 
below a given number of fish (quasi-extinction), then the risk curves have a similar, but mirrored 
shape. The probabilities of five consecutive severe declines are much lower than the risk of a 
single, very low spawning run. For example, under the baseline scenario ( = 1.31) with density 
dependence, there is about a 50 percent risk that the population drops below its initial numbers 
(145 adults) and stays below that value for five years, and there is about a 32 percent risk that the 
population similarly drops and stays below our assumed quasi-extinction threshold of 25 adults. 
In contrast to population trajectory projections wherein by the third generation, the density 
independent or dependent projections differed markedly, when the baseline versus copper-
growth reduction scenarios are compared as relative risks of decline or quasi-extinction, the risk 
values were mostly similar but slightly higher under the density dependent than independent 
model either assumptions of density independence or dependence. 

Mebane and Arthaud (2010) interpreted the population recovery chances in three ways. First, the 
most lenient and optimistic statistic was the probability that the population would exceed the 
simulation model recovery threshold of 500 adults at any one time interval during the 
simulations. When these probabilities are plotted as a cumulative probability distribution, the 
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cumulative distribution of recovery times increases monotonically. Each point on this cumulative 
curve can be interpreted as there is a Y percent probability that the population abundance will 
exceed the 500 adult threshold in or before the year 30. Focusing on the medians of the 
distributions, the relative times to reaching the recovery abundance threshold can be compared 
between the scenarios. When the population growth was unconstrained by carrying capacity 
limitations,median times for the population to reach 500 adults were about 12, 17, and 27 years 
for the baseline, 4 percent length reduction from copper, and 7.5 percent length reduction from 
copper scenarios, respectively. When the population was constrained below a carrying capacity 
ceiling of 518 adults in the density dependent model, this nearly precluded the population from 
reaching a recovery target that was only slightly lower; median times projected for the 
population to reach 500 adults ranged from 22 years for the baseline to >30 years for the copper-
lower and higher effects scenarios.

Second, when considering recovery as a more persistent increase in adult abundances over for 
five consecutive years, under the density independent scenarios, there were 50 percent
probabilities that at least for one period of five-consecutive years at some time during the 30-
year simulations, the adult abundances would reach about 420, 260, and 175 for the baseline, 
copper-lower effects (4 percent length reduction), and copper-higher effect (7.5 percent length 
reduction) scenarios, respectively. Under the ceiling density dependent scenarios, the adult 
abundances were similarly projected, with 50 percent probabilities, to reach about 290, 225, and 
150 for the baseline and copper-lower or higher effects scenarios, respectively (Figure 2.6.6.1). 
When the threshold for recovery was defined as exceeding 500 adults for any one five-year 
period, attaining this recovery threshold within 30-years was unlikely for any modeled scenario, 
with chances of reaching that threshold ranging from 41 percent to nearly 0 percent across the 
scenarios (Figure 2.6.6.1).

Summary. The Chinook salmon length reductions estimated for the 1992 copper 
criterion concentration of about 4 to 7.5 percent were projected to result in 2 to 10 percent 
additional risk of quasi-extinction sometime in the next 6-generations, depending on the model. 
The corresponding estimated length reductions for the 2007 updated-EPA copper criterion 
concentration would range from about zero to 4 percent and would be projected to result in zero 
to 5 percent additional risk of quasi-extinction sometime in the next 6-generations. Chances of 
recovery differed more between the baseline and copper exposed scenarios in the density 
independent model than in the ceiling density dependence model. For instance, there were about 
40 to 60 percent reductions, attributable to length reductions of 4 to 7.5 percent, respectively, of 
the highest population adult abundances projected with 50 percent likelihood of being reached 
and maintained for 5-years running in the next 6-generations. With the ceiling density dependent 
model, the reductions were projected to be about 20 to 50 percent from baseline population 
model, which indicates that the chronic criterion for copper is not likely to be protective of 
chronic toxic effects.
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2.6.7 Effects on Critical Habitat

The EPA’s approval of the proposed criteria has the potential to adversely affect designated 
critical habitats through direct water-borne toxicity and bioaccumulation, as described below.

Pacific Salmon and Steelhead

1. Freshwater Spawning Sites
a. Substrate — Sediment contamination by toxic pollutants is likely to 

adversely affect critical habitat because the particulate forms of toxicants 
are either immediately bioavailable via discharge, through re-suspension, 
are a delayed source of toxicity through bioaccumulation, or are available 
when water quality conditions favor dissolution at a later date. 
Specifically, contaminated sediments are expected to influence intra-
gravel life stages, food sources, and fish through direct ingestion or 
deposition on the gill surfaces of particulate forms of toxicants. 

Sediments as a source of contaminant exposure were not considered by
EPA in the development of the national criteria, which are the same as the 
criteria proposed by the State of Oregon. The NMFS recognizes that 
considerable technical and practical problems exist in defining water 
quality criteria on a sediment basis, and that this is presently the subject of 
considerable research and debate. Nevertheless, most organic and metal 
contaminants adsorb to organic particulates and settle out in sediments, so 
at sites where there have been past discharges, or where there are 
continuing discharges of contaminants into the water column, they form a 
long-term repository and a continuing source of exposure that must be 
addressed if the water quality component of critical habitat is to be 
protected. Further, although these substances may not readily be 
transferred into the water column, they may still be available to fish 
through food chain transfer from their benthic prey, or through ingestion 
of sediment while feeding. Not having water quality criteria that consider 
uptake through these routes leaves a route of exposure to fish that the 
proposed criteria do not address. For these reasons, and the available 
toxicity data, the distribution and density of point-source discharges in 
freshwater, the fate, transport, chemical transformation, and chemical 
interactions of the compounds listed in Table 1.1, the PCE substrate be 
adversely affected, and will be degraded at the watershed and designation 
scales.

b. Water Quality — Freshwater spawning sites require water quality 
conditions that support spawning, incubation, and larval development. 
Based on the distribution and density, the distribution, fate and transport 
of the compounds listed in Table 1.1, and the distribution of spawning of 
UWR Chinook salmon, LCR steelhead, UWR steelhead, MCR steelhead, 
LCR Chinook salmon, LCR coho salmon, SR SS Chinook salmon, SR 
fall-run Chinook salmon, SRB steelhead, CR chum salmon, OC coho 
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salmon, and SONCC coho salmon, we expect degraded water quality to 
coincide in time and space with spawning events.

The most severe effects to water quality within spawning sites will be 
those sites that are located in areas in close proximity to multiple point-
source dischargers. Although spawning sites for UWR Chinook salmon, 
LCR steelhead, UWR steelhead, MCR steelhead, LCR Chinook salmon, 
LCR coho salmon, SR SS Chinook salmon, SR fall-run Chinook salmon, 
SRB steelhead, CR chum salmon, OC coho salmon, and SONCC coho 
salmon are generally above high density point-source discharges, the 
downstream effects of low-density pollutant discharges upstream of 
spawning areas can reduce spawning success. For these reasons, and the 
available toxicity data, the distribution and density of point-source 
discharges in freshwater, the fate, transport, chemical transformation, and 
chemical interactions of the compounds listed in Table 1.1, the PCE water 
quality will be adversely affected, and will be degraded at the watershed 
or designation scales.

c. Water Quantity — No effects are likely to occur.
2. Freshwater Rearing

a. Floodplain Connectivity — No effects are likely to occur.
b. Forage — Based on the data provided in the BE on fish and aquatic 

invertebrates, the stressors of the action will adversely affect food items 
for juvenile fishes. Reductions in food quantity can result in reduced 
calories for rearing and migrating fish, which is likely to reduce 
fitness, in watersheds where food is a limiting factor.

Biomass quantity is not a substitute for prey suitability, as differing prey 
behavior patterns and micro-habitat needs can reduce the foraging 
efficiency of juvenile fishes. Pollution tolerant prey, which could be 
favored under the proposed action, may also be less palatable to juvenile 
fishes and therefore reduce actual food availability. For these reasons, and 
the available toxicity data, the distribution and density of point-source 
discharges in freshwater, the fate, transport, chemical transformation, and 
chemical interactions of the compounds listed in Table 1.1, the PCE
forage will be adversely affected, but will not be degraded at the 
watershed or designation scales.

c. Natural Cover — No effects are likely to occur.
d. Water Quality — Freshwater rearing sites need to provide good water 

quality and abundant forage to support juvenile development. Reductions   
in either, can limit the existing and potential carrying capacity
of rearing sites and subsequently reduce their conservation value. 

Recovery of UWR Chinook salmon, UCR spring-run Chinook salmon, SR 
spring/summer-run Chinook salmon, LCR steelhead, UWR steelhead, 
MCR steelhead, UCR steelhead, SRB steelhead, LCR Chinook salmon, 
LCR coho salmon, SR fall-run Chinook salmon, SR sockeye salmon, CR 
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chum salmon, OC coho salmon, SONCC coho salmon populations is tied 
closely to the success of juveniles to fully develop, mature, and grow 
during freshwater residency periods. Collectively, the toxicity data 
indicate that concentrations of the compounds listed in Table 1.1 are 
sufficient to adversely affect water quality in affected watersheds, as they 
do not support the associated life history events, such as fry/parr growth 
and development, for UWR Chinook salmon, UCR spring-run Chinook 
salmon, SR spring/summer-run Chinook salmon, LCR steelhead, UWR 
steelhead, MCR steelhead, UCR steelhead, SRB steelhead, LCR Chinook 
salmon, LCR coho salmon, SR fall-run Chinook salmon, SR sockeye 
salmon, CR chum salmon, OC coho salmon, SONCC coho salmon. For 
these reasons, and the available toxicity data, the distribution and density 
of point-source discharges in freshwater, the fate, transport, chemical 
transformation, and chemical interactions of the compounds listed in Table 
1.1, the PCE water quality will be adversely affected, and will be 
degraded at the watershed and designation scales.

e. Water Quantity — No effects are likely to occur.
3. Freshwater Migration Corridors

a. Forage — Based on the data provided in the BE on fish and aquatic 
invertebrates, the stressors of the action will adversely affect food items 
for juvenile fishes. Reductions in food quantity can result in reduced 
calories for rearing and migrating fish, which is likely to reduce 
fitness, in watersheds where food is a limiting factor.

Biomass quantity is not a substitute for prey suitability, as differing prey 
behavior patterns and micro-habitat needs can reduce the foraging 
efficiency of juvenile fishes. Pollution tolerant prey, which could be 
favored under the proposed action, may also be less palatable to juvenile 
fishes and therefore reduce actual food availability. For these reasons, and 
the available toxicity data, the distribution and density of point-source 
discharges in freshwater, the fate, transport, chemical transformation, and 
chemical interactions of the compounds listed in Table 1.1, the PCE
forage will be adversely affected, but will not be degraded at the 
watershed or designation scales.

b. Free of Artificial Obstruction — No effects are likely to occur.
c. Natural Cover — No effects are likely to occur.
d. Water Quality — Freshwater migration corridors need to provide good 

water quality and abundant forage to support juvenile development. 
Reductions  in either, can limit the existing and potential carrying capacity
of migration corridors and subsequently reduce their conservation value. 

Collectively, the toxicity data indicate that concentrations of the 
compounds listed in Table 1.1 are sufficient to adversely affect water 
quality in affected watersheds, as they do not support the associated life 
history events, such as smolt growth and development, for UWR Chinook 
salmon, UCR spring-run Chinook salmon, SR spring/summer-run 
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Chinook salmon, LCR steelhead, UWR steelhead, MCR steelhead, UCR 
steelhead, SRB steelhead, LCR Chinook salmon, LCR coho salmon, SR 
fall-run Chinook salmon, SR sockeye salmon, CR chum salmon, OC coho 
salmon, SONCC coho salmon. For these reasons, and the available 
toxicity data, the distribution and density of point-source discharges in 
freshwater, the fate, transport, chemical transformation, and chemical 
interactions of the compounds listed in Table 1.1, the PCE water quality
will be adversely affected, and will be degraded at the watershed and 
designation scales. 

e. Water Quantity — No effects are likely to occur.
4. Estuarine Areas 

a. Forage – Based on the data provided in the BE on fish and aquatic 
invertebrates, the stressors of the action will adversely affect food items 
for juvenile fishes. Reductions in food quantity can result in reduced 
calories for rearing and migrating fish, which is likely to reduce 
fitness, in watersheds where food is a limiting factor.

Biomass quantity is not a substitute for prey suitability, as differing prey 
behavior patterns and micro-habitat needs can reduce the foraging 
efficiency of juvenile fishes. Pollution tolerant prey, which could be 
favored under the proposed action, may also be less palatable to juvenile 
fishes and therefore reduce actual food availability. For these reasons, and 
the available toxicity data, the limited distribution and density of point-
source discharges in saltwater, the fate, transport, chemical transformation, 
and chemical interactions of the compounds listed in Table 1.1, the PCE
forage will be adversely affected, but will not be degraded at the 
watershed or designation scales.

b. Free of obstruction – No effects are likely to occur.
c. Natural cover –No effects are likely to occur. 
d. Water quality — Estuarine areas require good water quality to support 

juvenile and adult physiological transitions between fresh water and salt 
water as well as areas to support growth and maturation.

Collectively, the toxicity data indicate that concentrations of the 
compounds listed in Table 1.1 are sufficient to adversely affect water 
quality in affected estuarine areas, as they do not support the associated 
life history events, such as smolt growth and development, for UWR 
Chinook salmon, UCR spring-run Chinook salmon, SR spring/summer-
run Chinook salmon, LCR steelhead, UWR steelhead, MCR steelhead, 
UCR steelhead, SRB steelhead, LCR Chinook salmon, LCR coho salmon, 
SR fall-run Chinook salmon, SR sockeye salmon, CR chum salmon, OC 
coho salmon, SONCC coho salmon. For these reasons, and the available 
toxicity data, the limited distribution and density of point-source 
discharges in saltwater, the fate, transport, chemical transformation, and 
chemical interactions of the compounds listed in Table 1.1, the PCE water 
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quality will be adversely affected, but will not be degraded at the 
watershed and designation scales. 

5. Nearshore Marine Areas 
a. None designated.

6. Offshore Marine Areas
a. None designated.

Based on the above assessment, the effects of the proposed action, in particular on the freshwater 
PCEs water quality and substrate, will appreciably diminish the conservation value of critical 
habitat at the designation scale for UWR Chinook salmon, UCR spring-run Chinook salmon, SR 
spring/summer-run Chinook salmon, LCR steelhead, UWR steelhead, MCR steelhead, UCR 
steelhead, SRB steelhead, LCR Chinook salmon, LCR coho salmon, SR fall-run Chinook 
salmon, SR sockeye salmon, CR chum salmon, OC coho salmon, SONCC coho salmon.

Green Sturgeon

1. Freshwater Riverine Systems
a. Food resources — Based on the data provided in the BE on fish and 

aquatic invertebrates, the stressors of the action will adversely affect food 
items for juvenile, sub-adult and adult green sturgeon. Reductions in food 
quantity can result in reduced calories for rearing and migrating fish, 
which is likely to reduce fitness, in watersheds where food is a 
limiting factor.

Biomass quantity is not a substitute for prey suitability, as differing prey 
behavior patterns and micro-habitat needs can reduce the foraging 
efficiency of juvenile fishes. Pollution tolerant prey, which could be 
favored under the proposed action, may also be less palatable to juvenile 
fishes and therefore reduce actual food availability. For these reasons, and 
the available toxicity data, the distribution and density of point-source 
discharges in freshwater, the fate, transport, chemical transformation, and 
chemical interactions of the compounds listed in Table 1.1, the PCE food 
resources will be adversely affected, but will not be degraded at the 
designation scale.

b. Migratory corridor — Freshwater migration corridors need to provide 
good water quality and abundant forage to support growth and 
development. Reductions  in either, can limit the existing and potential 
carrying capacity of migration corridors and subsequently reduce their 
conservation value.

For these reasons, and the available toxicity data, the distribution and 
density of point-source discharges in freshwater, the fate, transport, 
chemical transformation, and chemical interactions of the compounds 
listed in Table 1.1, the PCE migratory corridor will be adversely affected, 
and will be degraded at the designation scale.
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c. Sediments as a source of contaminant exposure were not considered by 
EPA in the development of the national criteria, which are the same as the 
criteria proposed by the State of Oregon. The NMFS recognizes that 
considerable technical and practical problems exist in defining water 
quality criteria on a sediment basis, and that this is presently the subject of 
considerable research and debate. Nevertheless, most organic and metal 
contaminants adsorb to organic particulates and settle out in sediments, so 
at sites where there have been past discharges, or where there are 
continuing discharges of contaminants into the water column, they form a 
long-term repository and a continuing source of exposure that must be 
addressed if the water quality component of critical habitat is to be 
protected. Further, although these substances may not readily be 
transferred into the water column, they may still be available to fish 
through food chain transfer from their benthic prey, or through ingestion 
of sediment while feeding. Not having water quality criteria that consider 
uptake through these routes leaves a route of exposure to fish that the 
proposed criteria do not address. For these reasons, and the available 
toxicity data, the distribution and density of point-source discharges in 
freshwater, the fate, transport, chemical transformation, and chemical 
interactions of the compounds listed in Table 1.1, the PCE substrate be 
adversely affected, and will be degraded at the designation scale.

d. Substrate type or size — No effects are likely to occur.
e. Water depth — No effects are likely to occur.
f. Water flow — No effects are likely to occur.
g. Water quality — Freshwater riverine systems need to provide good 

water quality and abundant forage to support growth and development. 
Reductions  in either, can limit the existing and potential carrying capacity
of migration corridors and subsequently reduce their conservation value. 

For these reasons, and the available toxicity data, the distribution and 
density of point-source discharges in freshwater, the fate, transport, 
chemical transformation, and chemical interactions of the compounds 
listed in Table 1.1, the PCE water quality will be adversely affected, and 
will be degraded at the designation scale.

2. Estuarine Systems
a. Food resources — Based on the data provided in the BE on fish and 

aquatic invertebrates, the stressors of the action will adversely affect food 
items for juvenile fishes. Reductions in food quantity can result in reduced 
calories for rearing and migrating fish, which can be expected to reduce 
fitness, in estuaries where food is a limiting factor.

Changes in species composition can have the same results in fitness and
survival. Biomass quantity is not a substitute for prey suitability, as 
differing prey behavior patterns and micro-habitat needs can reduce the 
foraging efficiency of juvenile fishes. Pollution tolerant prey, which could 
be favored under the proposed action, may also be less palatable to 
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juvenile fishes and therefore reduce actual food availability. For these 
reasons, and the available toxicity data, the limited distribution and density 
of point-source discharges in saltwater, the fate, transport, chemical 
transformation, and chemical interactions of the compounds listed in Table 
1.1, the PCE food resources will be adversely affected, but will not be 
degraded at the designation scale.

b. Migratory corridor — Estuarine migration corridors need to provide 
good water quality and abundant forage to support growth and 
development. Reductions  in either, can limit the existing and potential 
carrying capacity of migration corridors and subsequently reduce their 
conservation value.

For these reasons, and the available toxicity data, the limited distribution 
and density of point-source discharges in saltwater, the fate, transport, 
chemical transformation, and chemical interactions of the compounds 
listed in Table 1.1, the PCE migratory corridor will be adversely affected, 
but will not be degraded at the designation scale.

c. Sediments as a source of contaminant exposure were not considered by 
EPA in the development of the national criteria, which are the same as the 
criteria proposed by the State of Oregon. The NMFS recognizes that 
considerable technical and practical problems exist in defining water 
quality criteria on a sediment basis, and that this is presently the subject of 
considerable research and debate. Nevertheless, most organic and metal 
contaminants adsorb to organic particulates and settle out in sediments, so 
at sites where there have been past discharges, or where there are 
continuing discharges of contaminants into the water column, they form a 
long-term repository and a continuing source of exposure that must be 
addressed if the water quality component of critical habitat is to be 
protected. Further, although these substances may not readily be 
transferred into the water column, they may still be available to fish 
through food chain transfer from their benthic prey, or through ingestion 
of sediment while feeding. Not having water quality criteria that consider 
uptake through these routes leaves a route of exposure to fish that the 
proposed criteria do not address. For these reasons, and the available 
toxicity data, the distribution and density of point-source discharges in 
freshwater, the fate, transport, chemical transformation, and chemical 
interactions of the compounds listed in Table 1.1, the PCE substrate be 
adversely affected, and will be degraded at the designation scale.

d. Water flow — No effects are likely to occur.
e. Water depth — No effects are likely to occur.
f. Water quality — Estuarine areas need to provide good water quality and 

abundant forage to support growth and development.

For these reasons, and the available toxicity data, the limited distribution 
and density of point-source discharges in saltwater, the fate, transport, 
chemical transformation, and chemical interactions of the compounds 
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listed in Table 1.1, the PCE water quality will be adversely affected, but 
will not be degraded at the designation scale.

3. Coastal Marine Areas
a. Food Resources — Based on the data provided in the BE on fish and 

aquatic invertebrates, the stressors of the action will adversely affect food 
items for juvenile fishes. Reductions in food quantity can result in reduced 
calories for rearing and migrating fish, which can be expected to reduce 
fitness, in coastal marine areas where food is a limiting factor.

Biomass quantity is not a substitute for prey suitability, as differing prey 
behavior patterns and micro-habitat needs can reduce the foraging 
efficiency of juvenile fishes. Pollution tolerant prey, which could be 
favored under the proposed action, may also be less palatable to juvenile 
fishes and therefore reduce actual food availability. For these reasons, and 
the available toxicity data, the limited distribution and density of point-
source discharges in saltwater, the fate, transport, chemical transformation, 
and chemical interactions of the compounds listed in Table 1.1, the PCE
food resources will be adversely affected, but will not be degraded at the 
designation scale.

b. Migratory Corridor — Coastal marine migration corridors need to 
provide good water quality and abundant forage to support growth and 
development. Reductions  in either, can limit the existing and potential 
carrying capacity of migration corridors and subsequently reduce their 
conservation value.

For these reasons, and the available toxicity data, the limited distribution 
and density of point-source discharges in saltwater, the fate, transport, 
chemical transformation, and chemical interactions of the compounds 
listed in Table 1.1, the PCE migratory corridor will be adversely affected, 
but will not be degraded at the designation scale.

c. Water Quality — Coastal marine areas require good 
water quality and abundant forage to support growth and development. 
Reductions  in either, can limit the existing and potential carrying capacity
of migration corridors and subsequently reduce their conservation value. 

Based on the available toxicity data, the distribution and density of point-
source discharges in salt water, the limited area of saltwater habitat for 
green sturgeon within the action area, the fate, transport, chemical 
transformation, and chemical interactions of the compounds listed in Table 
1.1, the PCE water quality will be adversely affected, but will not be 
degraded at the designation scale.

Based on the above assessment, the effects of the proposed action, in particular on the freshwater 
PCEs water quality, migratory corridors, and sediment quality will appreciably diminish the 
conservation value of critical habitat at the designation scale for green sturgeon. 
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Eulachon

1. Freshwater Spawning
a. Water Flow — No effects are expected to occur.
b. Water Quality — Freshwater spawning sites require water quality 

conditions that support spawning, incubation, and larval development. The 
degradation of water quality by exposure to the stressors of the action is 
indicated via the toxic responses in a variety of aquatic organisms 
including listed species. For these reasons, and the available toxicity data, 
the distribution and density of point-source discharges in freshwater, the 
fate, transport, chemical transformation, and chemical interactions of the 
compounds listed in Table 1.1, the PBF water quality will be adversely 
affected, and will be degraded at the designation scale. 

c. Water Temperature — No effects are expected to occur.
d. Substrate — Sediment contamination by toxic pollutants is likely to 

adversely affect critical habitat because the particulate forms of toxicants 
are either immediately bioavailable via discharge, through re-suspension, 
are a delayed source of toxicity through bioaccumulation, or are available 
when water quality conditions favor dissolution at a later date. 
Specifically, contaminated sediments are expected to influence            
intragravel life stages, food sources, and fish through direct ingestion or 
deposition on the gill surfaces of particulate forms of toxicants. 

Sediments as a source of contaminant exposure were not considered by 
EPA in the development of the national criteria, which are the same as the 
criteria proposed by the State of Oregon. The NMFS recognizes that 
considerable technical and practical problems exist in defining water 
quality criteria on a sediment basis, and that this is presently the subject of 
considerable research and debate. Nevertheless, most organic and metal 
contaminants adsorb to organic particulates and settle out in sediments, so 
at sites where there have been past discharges, or where there are 
continuing discharges of contaminants into the water column, they form a 
long-term repository and a continuing source of exposure that must be 
addressed if the water quality component of critical habitat is to be 
protected. Further, although these substances may not readily be 
transferred into the water column, they may still be available to fish 
through food chain transfer from their benthic prey, or through ingestion 
of sediment while feeding. Not having water quality criteria that consider 
uptake through these routes leaves a route of exposure to fish that the 
proposed criteria do not address. For these reasons, and the available 
toxicity data, the distribution and density of point-source discharges in 
freshwater, the fate, transport, chemical transformation, and chemical 
interactions of the compounds listed in Table 1.1, the PBF substrate be 
adversely affected, and will be degraded at the designation scale.
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2. Freshwater Migration
a. Migratory Corridor — Freshwater migration corridors need to provide 

good water quality to support larval development. Reductions  in either, 
can limit the existing and potential carrying capacity of migration 
corridors and subsequently reduce their conservation value. 

For these reasons, and the available toxicity data, the distribution and 
density of point-source discharges in freshwater, the fate, transport, 
chemical transformation, and chemical interactions of the compounds 
listed in Table 1.1, the PBF migratory corridor will be adversely affected, 
and will be degraded at the designation scale.

b. Water Flow — No effects are expected.
c. Water Quality — For these reasons, and the available toxicity data, the 

distribution and density of point-source discharges in freshwater, the fate, 
transport, chemical transformation, and chemical interactions of the 
compounds listed in Table 1.1, the PBF water quality will be adversely 
affected, and will be degraded at the designation scale.

d. Water Temperature — No effects are expected.
e. Forage — Based on the data provided in the BE on fish and aquatic 

invertebrates, the stressors of the action will adversely affect food items 
for juvenile fishes. Reductions in food quantity can result in reduced 
calories for rearing and migrating fish, which is likely to reduce 
fitness, in watersheds where food is a limiting factor.

Biomass quantity is not a substitute for prey suitability, as differing prey 
behavior patterns and micro-habitat needs can reduce the foraging 
efficiency of juvenile fishes. Pollution tolerant prey, which could be 
favored under the proposed action, may also be less palatable to juvenile 
fishes and therefore reduce actual food availability. For these reasons, and 
the available toxicity data, the distribution and density of point-source 
discharges in freshwater, the fate, transport, chemical transformation, and 
chemical interactions of the compounds listed in Table 1.1, the PBF 
forage will be adversely affected, but will not be degraded at the 
designation scale.

Based on the above assessment, the effects of the proposed action, in particular on the freshwater 
PBFs water quality, substrate, and migratory corridor will appreciably diminish the 
conservation value of critical habitat at the designation scale for eulachon. 

2.6.8 Cumulative Effects

“Cumulative effects” are those effects of future State or private activities, not involving Federal 
activities, that are reasonably certain to occur within the action area of the Federal action subject 
to consultation (50 CFR 402.02). Future Federal actions that are unrelated to the proposed action 
are not considered in this section because they require separate consultation pursuant to section 7 
of the ESA.
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Some types of human activities that contribute to cumulative effects are likely to have adverse 
effects on listed species and critical habitat PCEs. Many of which are activities occurred in the 
recent past and had an effect on the environmental baseline. These can be considered reasonably 
certain to occur in the future because they occurred frequently in the recent past. Within the 
freshwater portion of the action area, non-Federal actions are likely to include human population 
growth, water withdrawals (i.e., those pursuant to senior state water rights) and land use 
practices. In the action area, state, tribal, and local government actions are likely to be in the 
form of legislation, administrative rules, or policy initiatives, shoreline growth management and
resource permitting. 

The states of the west coast region, which contribute water to major river systems, are projected 
to have the most rapid growth of any area in the U.S. within the next few decades. California, 
Idaho, Oregon, and Washington are forecasted to have double digit increases in population for 
each decade from 2000 to 2030 (USCB 2005). Overall, the west coast region had a projected 
population of 72.2 million people in 2010. The U.S. Census Bureau predicts this figure will grow 
to 76.8 million in 2015 and 81.6 million in 2020.

Although general population growth stems from development of metropolitan areas, growth in 
the western states is projected from the enlargement of smaller cities rather than from major 
metropolitan areas. Of the 46 western state metropolitan areas that experienced a 10% growth or 
greater between 2000 and 2008, only the Portland-Vancouver-Beaverton, OR (1.81% per year)
metropolitan area occurs in the action area (USCB 2009).

As these cities border riverine systems, diffuse and extensive growth will increase overall 
volume of contaminant loading from wastewater treatment plants and sediments from sprawling 
urban and suburban development into riverine, estuarine, and marine habitats. Urban runoff from 
impervious surfaces and roadways may also contain oil, heavy metals, PAHs, and other chemical 
pollutants and flow into state surface waters. Inputs of these point and non-point pollution 
sources into numerous rivers and their tributaries will affect water quality in available spawning 
and rearing habitat for salmon. Based on the increase in human population growth, NMFS
expects an associated increase in the number of NPDES permits issued and a concomitant 
increase of pollutant loading.

Mining has historically been a major component of western state economies. With national 
output for metals projected to increase by 4.3% annually, output of western mines should 
increase markedly (Figueroa and Woods 2007). Increases in mining activity will add to existing 
significant levels of mining contaminants entering river basins. Given this trend, we expect 
existing water degradation in Oregon streams that feed into or provide spawning habitat for 
threatened and endangered species to be exacerbated.

As the western states have large tracts of irrigated agriculture, a 2.2% rise in agricultural output 
is anticipated (Figueroa and Woods 2007). Impacts from heightened agricultural production will 
likely result in two negative impacts on listed species. The first impact is the greater use and 
application of pesticide, fertilizers, and herbicides and their increased concentrations and entry 
into freshwater systems. insecticides, and other pollutants from agricultural runoff may further 
degrade existing fish habitats. Second, increased output and water diversions for agriculture may
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also place greater demands upon limited water resources. Water diversions will reduce flow rates 
and alter habitat throughout freshwater systems. As water is drawn off, contaminants will 
become more concentrated in these systems, exacerbating contamination issues in habitats for 
protected species.

The above non-federal actions are likely to pose continuous unquantifiable negative effects on 
listed species addressed in this opinion. These effects include increases in sedimentation, 
increased point and non-point pollution discharges, decreased infiltration of rainwater (leading to 
decreases in shallow groundwater recharge, decreases in hyporheic flow, and decreases in 
summer low flows).

Non-federal actions likely to occur in or near surface waters in the action area may also have 
beneficial effects on listed species addressed in this opinion. They include implementation of 
riparian improvement measures and fish habitat restoration projects, for example. Coupled with 
EPA’s approval of the proposed water quality standards for aquatic life, the effects from
anthropogenic growth on the natural environment will continue to allow toxic discharges to 
affect and influence the overall distribution, survival, and recovery of listed species in the 
Columbia River basin and Oregon.

NMFS also expects the natural phenomena in the action area (e.g., oceanographic features, 
ongoing and future climate change, storms, natural mortality) will continue to influence listed 
species. Climate change effects are expected to be evident as alterations of water yield, peak 
flows, and stream temperature. Other effects, such as increased vulnerability to catastrophic 
wildfires, may occur as climate change alters the structure and distribution of forest and aquatic 
systems.

Although these factors are ongoing to some extent and likely to continue in the future, past 
occurrence is not a guarantee of a continuing level of activity. That will depend on whether there 
are economic, administrative, and legal impediments or safeguards in place. Therefore, although 
NMFS finds it likely that the cumulative effects of these activities will have adverse effects 
commensurate with or greater than those of similar past activities; it is not possible to quantify 
these effects.

2.7 Integration and Synthesis

The Integration and Synthesis section is the final step of NMFS’ assessment of the risk posed to 
species and critical habitat as a result of implementing the proposed action. In this section, we 
add the effects of the action (section 2.6) to the environmental baseline (section 2.5) and the 
cumulative effects (section 2.6.8) to formulate the agency’s biological opinion as to whether the 
proposed action is likely to: (1) Result in appreciable reductions in the likelihood of both 
survival and recovery of the species in the wild by reducing its numbers, reproduction, or 
distribution; or (2) reduce the value of designated or proposed critical habitat for the 
conservation of the species. These assessments are made in full consideration of the status of the 
species and critical habitat (section 2.4).
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This section is comprised of the following: (1) a description of the multiple lines of evidence and 
effects decision criteria used by NMFS to assess toxicity and fitness consequences, (2) a
synthesis of information regarding likely toxicity and environmental effect pathways, species and 
critical habitat status, cumulative effects and fitness consequences associated with exposure to
Oregon’s freshwater and saltwater criteria, and (3) ESU/DPS-specific evaluations. These 
components are described in detail below.

The analysis on multiple lines of evidence and effects decision criteria provides a breakdown of 
the significance of the likely effects of each criterion based on the analysis of the freshwater and 
saltwater toxicity data, an overview of how the toxicity data factor into our effect determinations,
and a description of how NMFS applied the results of the direct mortality population modeling.
The synthesis of information on acute and chronic endpoints, environmental stressors, species 
and critical habitat status, cumulative effects, and fitness consequences is a qualitative risk 
assessment for each criterion that considers endpoint-effects on listed species, risks associated 
with exposure to chemical mixtures, results of the direct mortality population modeling, and 
threats associated with interactions of the criteria with environmental baseline stressors. The 
ESU/DPS-specific evaluations analyze how the proposed action affects population attributes,
species viability, and the conservation value of critical habitat. 

Legacy Compounds. 

In 1987 the EPA banned all uses of dieldrin. In 2010 EPA took action to eliminate all uses of 
endosulfan in the U.S., with a complete phase-out scheduled by 2016. In 1986 the EPA banned 
production of endrin in the U.S. In 1988 EPA banned the use of heptachlor epoxide except for 
limited use for fire ant control in underground transformers. In 2006 EPA issued final orders 
cancelling pesticide products containing lindane. However, the Food and Drug administration 
permits the use of lindane in pharmaceutical products to control lice and scabies. The NMFS 
does not expect population-level adverse effects to listed species considered in this opinion from 
exposure to any of the six legacy criteria (i.e., dieldrin, endosulfan-alpha, endosulfan-beta, 
endrin, heptachlor epoxide, and lindane,) as their use is either prohibited by law or highly 
restricted.

(1) Multiple Lines of Evidence and Effects Decision Criteria.

The foremost line of evidence applied in NMFS’ effects decision is the criterion-specific toxicity 
data. The NMFS coupled this toxicity data analysis with the summary analysis, the chemical 
mixtures analysis, the direct mortality population modeling, and exposure to baseline chemical 
stressors. The NMFS then used this information used to assess the risk associated with exposure 
to the compounds in Table 1.1 on each of the affected species considered in this opinion.

To examine the significance of the effects of all freshwater criteria, NMFS ran the acute criteria 
(for all chemicals) and chronic criteria (for ammonia, cadmium, and copper only) through a 
direct mortality population model (see section 2.6.5 and Appendix 3) to evaluate the magnitude 
of the effects of juvenile mortality on productivity for the salmonid fish species considered in 
this opinion. The NMFS also examined the available toxicity data on ammonia, cadmium, and 
copper for inclusion in a somatic growth model to assess changes in fry growth that would affect 
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population growth rates, but the available data for these compounds could not be translated into 
appropriate input parameters for this model (see Appendix 3). Therefore, NMFS relied on the 
chronic toxicity data analysis for determining the risks of growth impairment and other sublethal 
effects associated with the chronic criteria and the significance of those risks to the listed species 
considered in this opinion. 

The NMFS applied the results of the direct mortality population model as secondary line of 
evidence to assess the potential impact that EPA’s approval of the numeric criteria would have 
on species’ productivity. The NMFS applied the modeling results to the effects analysis in the 
following manner: 

1. For compounds where all four modeling scenarios (described above in section 2.6.5.1)
predicted a measurable level of mortality with a resulting change in (except for the 
legacy compounds), then NMFS considered these compounds to have a very high 
probability to appreciably reduce productivity such that the species’ survival and 
recovery would be at increased risk.

2. For compounds where three of the four modeling scenarios predicted a level of mortality 
with a resulting change in (except for the legacy compounds), NMFS considered these 
compounds to have a high probability to appreciably reduce productivity such that the 
species’ survival and recovery would be at increased risk.

3. For compounds where two of the four modeling scenarios predicted a level of mortality 
with a resulting change in (except for the legacy compounds), NMFS considered these 
compounds to have a moderate-to-high probability to appreciably reduce productivity 
such that the species’ survival and recovery would be at increased risk. 

4. For compounds where one of the four modeling scenarios predicted a level of mortality 
with a resulting change in (except for the legacy compounds), NMFS considered these 
compounds to have a moderate probability to appreciably reduce productivity such that 
the species’ survival and recovery would be at increased risk.

5. For compounds where none of the four modeling scenarios predict a level of mortality, 
NMFS considered these compounds to have a low probability to appreciably reduce 
productivity such that the species’ survival and recovery would be at increased risk. 

These results of the direct mortality population model were then integrated into the primary lines
of evidence in the opinion—the acute toxicity data, chronic toxicity data, the analysis on the 
shortcomings and implications of laboratory-derived toxicity tests, the relative percent mortality 
analysis, and the mixtures analysis—to determine which compounds result in the highest-
intensity of acute and/or chronic toxic effects on the listed species considered in this opinion. As 
part of this integration, NMFS also considered the exposure scenario and the magnitude of the 
change in when assessing which compounds were associated with significant adverse 
toxicological and biological effects.
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Depending upon the modeling scenario for the legacy compounds, the direct mortality modeling 
predicted a negative percent change in . However, since the legacy compounds are either 
prohibited by law or highly restricted, NMFS considered that these compounds would be 
unlikely to appreciably reduce productivity and abundance such that the listed species’ survival 
and recovery would not be at increased risk as water surface concentrations of these compounds 
will continue to decrease in the long term.

NMFS used the salmonid fishes toxicity data as a surrogate for green sturgeon and eulachon, as 
toxicity data for these two species was limited or non-existent, and because the salmonid fishes 
toxicity data sets were the best taxonomic data available (green sturgeon, eulachon, and salmonid 
fishes are in the same superorder: Protacanthopterygii). However, differences in the life history 
strategies and the certainty of similar toxic effects among species for all mechanisms and modes 
of action is not evident in the literature, so the results of the direct mortality population analysis 
for the salmonid fishes do not  necessarily apply to green sturgeon and eulachon. Nonetheless, 
NMFS gives the benefit of the doubt to the listed species, and, based on the evidence considered 
in this opinion, NMFS expects that the stressors of the action to result in mortality (albeit an 
unquantifiable amount) of green sturgeon and eulachon. We further expect, based on the toxicity 
data, that the fitness of green sturgeon and eulachon will be reduced via sub-lethal effects (i.e.,
interference in physiochemical processes, interruption of ecological interactions, changes in 
pathological stress, and toxicosis).

(2) Summary analysis on acute and chronic endpoints, chemical mixtures, 
population modeling, interactions with baseline environmental stressors, and fitness 
consequences associated with exposure to the proposed freshwater and saltwater 
criteria.

The summary analysis is a qualitative assessment of likely fitness consequences due to approval 
and implementation of each proposed criterion that considers:

Acute and chronic toxicity data for the criteria compounds to listed species. 
The likelihood that listed species will encounter mixtures of multiple criteria chemicals in 
mixing zones due to the typical presence of these mixtures in wastewater and stormwater 
discharges under NPDES permits.
The likelihood that listed species will encounter chemicals at concentrations greater than 
criteria concentrations due to overlapping mixing zones in some areas, and to 
environmental baseline stressors that add to the exposures.
Results of the direct mortality population model
The likely effects of interactions of the criteria compounds with other environmental 
baseline stressors (e.g., high water temperature, other toxic substances)

The results of the summary analysis are given in Tables 2.7.1 and 2.7.2.

The summary analysis assesses the overall effects of approving the compounds listed in Table 
1.1, individually and in combination with each other and with environmental baseline stressors, 
on the listed species considered in this opinion. In the summary analysis, we did not add up or 
otherwise mathematically combine its components. Rather, we applied best professional 
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judgment to characterize the intensity of adverse effects on individuals and populations of the 
listed species. We took this approach in large part because the available toxicity data for each 
compound varies significantly by quantity, test method, water source, life stage, etc. Therefore, 
we were not able to generate a mathematical expression or hazard quotient in the summary 
analysis, but did apply the qualitative results in the Integration and Synthesis.
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(3) ESU/DPS-Specific Evaluations

The ESU/DPS-specific evaluations are an integration of the compound-specific acute and 
chronic toxicity data analyses; the analysis on considerations of the shortcomings and 
implications of laboratory-derived toxicity tests (uncertainty analysis), the relative percent 
mortality analysis, the chemical mixtures analysis, the direct mortality population model (when 
applicable), and the summary analysis. For each ESU or DPS, the evaluations are partitioned into 
six parts: (1) a summary of the acute and chronic toxicity data analysis on each species 
considered in this opinion, (2) a summary of the results of the direct mortality population model
(when applicable), (3) an explanation of how effects of the proposed action are likely to affect 
productivity and abundance from multiple stressors, (4) a summary of how reductions in 
productivity and abundance are likely to affect the population attributes spatial structure and
genetic diversity (when applicable), (5) a summary of effects associated with the freshwater and 
saltwater criteria that are likely to adversely affect critical habitat (when applicable) within the 
action area, and (6) conclusions on the listed species and critical habitat.

Furthermore, based on the summary analysis that we described earlier, certain compounds 
proposed by EPA are likely to have significant (high-intensity toxicological effects), long-term 
negative effects on one or more population attributes for the listed species considered in this 
opinion (Tables 2.7.1 and 2.7.2). 

LCR Chinook Salmon.

(1) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; LCR Chinook salmon will suffer 
acute and chronic toxic effects from exposure to the compounds listed in Table 1.1 at the 
concentrations that EPA proposes to approve. We summarize the evidence for these effects and 
describe their significance below.

(2) NMFS used the direct mortality population model as a quantitative method to assess the 
significance of acute toxic effects on long-term productivity and abundance from exposure to the 
freshwater acute criteria (one compound at a time). Based on the direct mortality population 
modeling results, juvenile salmon exposed to aluminum, ammonia, arsenic, lindane, cadmium, 
copper, dieldrin, endosulfan-alpha, endosulfan-beta, endrin, nickel, pentachlorophenol, selenium, 
silver, tributyltin, and zinc are predicted to result in mortality at the population level—relative to 
the baseline population model. The level of mortality will result in negative changes in the 
median population growth rate ( ) for each of the 32 populations. The direct mortality 
population modeling on chromium (III), chromium (VI), heptachlor epoxide, and lead predicted 
zero percent mortality for all four modeling scenarios for each of the 32 populations.

(3) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; and the likelihood of exposure to 
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baseline chemical and physical stressors (e.g., cyanide, PCBs, aldrin, DDT, and high stream 
temperatures), the proposed action is likely to adversely affect LCR Chinook salmon, and is 
likely to appreciably affect the VSP parameters productivity and abundance for LCR Chinook 
salmon.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of LCR 
Chinook salmon through multiple mechanisms, including sustained declines in spawner:spawner 
ratios; decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; 
reduced fecundity; greater pre-reproductive spawning risk; increased influences of 
environmental variation and demographic stochasticity; changes in source-sink dynamics; and 
changes in patterns of gene flow. In the long term, these effects, combined with changes in 
productivity and abundance, are likely to adversely affect the VSP parameters spatial distribution 
and genetic diversity for LCR Chinook salmon.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1 
will incrementally improve water quality conditions for LCR Chinook salmon. Nonetheless, 
based on the analysis of the acute and chronic toxicity data, the critical habitat analysis, the 
chemical mixtures analysis, and the summary analysis, the proposed action would allow 
continued toxic discharges to alter water chemistry, increase mass loading of toxic substances, 
and reduce habitat quality. Based on our analysis of the acute and chronic toxicity data, and the 
fate, transport and chemical interactions of the criteria compounds, the proposed action is likely 
to appreciably reduce the conservation value of the critical habitat of LCR Chinook salmon. In 
particular, the PCE water quality is unlikely to remain functional (i.e., support associated life 
history events, in particular fry/parr/smolt growth and development) at the watershed and 
designation levels. This is based on the magnitude of likely effects on the PCE water quality 
(high-intensity increase in toxicity that affects one or more PCEs) and the overall percentage of 
critical habitat for this species that would be adversely affected (40.2 percent of the total 
designation).

(6) After considering all the information in this opinion, NMFS concludes that the proposed 
action is likely to reduce appreciably the likelihood of both the survival and recovery of LCR 
Chinook salmon. Furthermore, NMFS concludes that the proposed action is likely to reduce 
appreciably the conservation value of LCR Chinook salmon critical habitat such that it will not 
retain the current ability to serve the intended conservation role for the species for either survival 
or recovery.

UWR Chinook Salmon. 

(1) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
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(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; UWR Chinook salmon will suffer 
acute and chronic toxic effects from exposure to the compounds listed in Table 1.1 at the 
concentrations that EPA proposes to approve. We summarize the evidence for these effects and 
describe their significance below.

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria (one compound at a time). Based on the direct mortality population 
modeling results, juvenile salmon exposed to aluminum, ammonia, arsenic, lindane, cadmium, 
copper, dieldrin, endosulfan-alpha, endosulfan-beta, endrin, nickel, pentachlorophenol, selenium, 
silver, tributyltin, and zinc are predicted to result in mortality at the population level—relative to 
the baseline population model. The level of mortality will result in negative changes in the 
median population growth rate ( ) for each of the 7 populations. The direct mortality population 
modeling on chromium (III), chromium (VI), heptachlor epoxide, and lead predicted zero 
percent mortality for all modeling scenarios for each of the 7 populations.

(3) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; and the likelihood of exposure to 
baseline chemical and physical stressors (e.g., cyanide, PCBs, aldrin, DDT, and high stream 
temperatures), the proposed action is likely to adversely affect UWR Chinook salmon, and is 
likely to appreciably affect the VSP parameters productivity and abundance for UWR Chinook 
salmon.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of UWR 
Chinook salmon through multiple mechanisms, including including sustained declines in 
spawner:spawner ratios; decreased smolt-to-adult returns; changes in traits, such as size and age 
of spawners; reduced fecundity; greater pre-reproductive spawning risk; increased influences of 
environmental variation and demographic stochasticity; changes in source-sink dynamics; and 
changes in patterns of gene flow. In the long term, these effects, combined with changes in 
productivity and abundance, are likely to adversely affect the VSP parameters spatial distribution 
and genetic diversity of UWR Chinook salmon.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1 
will incrementally improve water quality conditions for UWR Chinook salmon. Nonetheless, 
based on the analysis of the acute and chronic toxicity data, the critical habitat analysis, the 
chemical mixtures analysis, and the summary analysis, the proposed action would allow 
continued toxic discharges to alter water chemistry, increase mass loading of toxic substances, 
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and reduce habitat quality. Based on our analysis of the acute and chronic toxicity data, and the 
fate, transport and chemical interactions of the criteria compounds, the proposed action is likely 
to appreciably reduce the conservation value of the critical habitat of UWR Chinook salmon. In 
particular, the PCE water quality is unlikely to remain functional (i.e., support associated life 
history events, in particular fry/parr/smolt growth and development) at the watershed and 
designation levels. This is based on the magnitude of likely effects on the PCE water quality 
(high-intensity increase in toxicity that affects one or more PCEs) and the overall percentage of 
critical habitat for this species that would be adversely affected (100 percent of the total 
designation).

(6) After considering all the information in this opinion, NMFS concludes that the proposed 
action is likely to reduce appreciably the likelihood of both the survival and recovery of UWR 
Chinook salmon. Furthermore, NMFS concludes that the proposed action is likely to reduce 
appreciably the conservation value of UWR Chinook salmon critical habitat such that it will not 
retain the current ability for the PCE water quality to serve the intended conservation role for the 
species for either survival or recovery.

UCR Spring-run Chinook Salmon.

(1) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; UCR spring-run Chinook salmon 
will suffer acute and chronic toxic effects from exposure to the compounds listed in Table 1.1 at 
the concentrations that EPA proposes to approve. We summarize the evidence for these effects 
and describe their significance below.

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria (one compound at a time). Based on the direct mortality population 
modeling results, juvenile salmon exposed to aluminum, ammonia, arsenic, lindane, cadmium, 
copper, dieldrin, endosulfan-alpha, endosulfan-beta, endrin, nickel, pentachlorophenol, selenium, 
silver, tributyltin, and zinc are predicted to result in mortality at the population level—relative to 
the baseline population model. The level of mortality will result in negative changes in the 
median population growth rate ( ) for each of the 4 populations. The direct mortality population 
modeling on chromium (III), chromium (VI), heptachlor epoxide, and lead predicted zero 
percent mortality for all modeling scenarios for each of the 4 populations.

(3) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; and the likelihood of exposure to 
baseline chemical and physical stressors (e.g., cyanide, PCBs, aldrin, DDT, and high stream 
temperatures), the proposed action is likely to adversely affect UCR spring-run Chinook salmon, 
and is likely to appreciably affect the VSP parameters productivity and abundance for UCR 
spring-run Chinook salmon.
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(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of UCR 
spring-run Chinook salmon through multiple mechanisms, including sustained declines in 
spawner:spawner ratios; decreased smolt-to-adult returns; changes in traits, such as size and age 
of spawners; reduced fecundity; greater pre-reproductive spawning risk; increased influences of 
environmental variation and demographic stochasticity; changes in source-sink dynamics; and 
changes in patterns of gene flow. In the long term, these effects, combined with changes in 
productivity and abundance, are likely to adversely affect the VSP parameters spatial distribution 
and genetic diversity of UCR spring-run Chinook salmon.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1 
will incrementally improve water quality conditions for UCR spring-run Chinook salmon. 
Nonetheless, based on the analysis of the acute and chronic toxicity data, the critical habitat 
analysis, the chemical mixtures analysis, and the summary analysis, the proposed action would 
allow continued toxic discharges to alter water chemistry, increase mass loading of toxic 
substances, and reduce habitat quality. Based on our analysis of the acute and chronic toxicity 
data, and the fate, transport and chemical interactions of the criteria compounds, the proposed 
action is likely to appreciably reduce the conservation value of the critical habitat of UCR 
spring-run Chinook salmon. In particular, the PCE water quality is unlikely to remain functional 
(i.e., support associated life history events, in particular fry/parr/smolt growth and development) 
at the watershed and designation levels. This is based on the magnitude of likely effects on the 
PCE water quality (high-intensity increase in toxicity that affects one or more PCEs) and the 
overall percentage of critical habitat for this species that would be adversely affected (30.8 
percent of the total designation).

(6) After considering all the information in this opinion, NMFS concludes that the proposed 
action is likely to reduce appreciably the likelihood of both the survival and recovery of UCR 
spring-run Chinook salmon. Furthermore, NMFS concludes that the proposed action is likely to 
reduce appreciably the conservation value of UCR spring-run Chinook salmon critical habitat 
such that it will not retain the current ability to serve the intended conservation role for the 
species for either survival or recovery.

SR Spring/Summer-run Chinook Salmon.

(1) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; SR SS-run Chinook salmon will 
suffer acute and chronic toxic effects from exposure to the compounds listed in Table 1.1 at the 
concentrations that EPA proposes to approve. We summarize the evidence for these effects and 
describe their significance below.
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(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria (one compound at a time). Based on the direct mortality population 
modeling results, juvenile salmon exposed to aluminum, ammonia, arsenic, lindane, cadmium, 
copper, dieldrin, endosulfan-alpha, endosulfan-beta, endrin, nickel, pentachlorophenol, selenium, 
silver, tributyltin, and zinc are predicted to result in mortality at the population level—relative to 
the baseline population model. The level of mortality will result in negative changes in the 
median population growth rate ( ) for each of the 27 populations. The direct mortality 
population modeling on chromium (III), chromium (VI), heptachlor epoxide, and lead predicted 
zero percent mortality for all modeling scenarios for each of the 27 populations.

(3) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; and the likelihood of exposure to 
baseline chemical and physical stressors (e.g., cyanide, PCBs, aldrin, DDT, and high stream 
temperatures), the proposed action is likely to adversely affect SS-run Chinook salmon, and is
likely to appreciably affect the VSP parameters productivity and abundance for SS-run Chinook 
salmon.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of SS-run 
Chinook salmon through multiple mechanisms, including sustained declines in spawner:spawner 
ratios; decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; 
reduced fecundity; greater pre-reproductive spawning risk; increased influences of 
environmental variation and demographic stochasticity; changes in source-sink dynamics; and 
changes in patterns of gene flow. In the long term, these effects, combined with changes in 
productivity and abundance, are likely to adversely affect the VSP parameters spatial distribution 
and genetic diversity of SS-run Chinook salmon.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1 
will incrementally improve water quality conditions for SR SS-run Chinook salmon. 
Nonetheless, based on the analysis of the acute and chronic toxicity data, the critical habitat 
analysis, the chemical mixtures analysis, and the summary analysis, the proposed action would 
allow continued toxic discharges to alter water chemistry, increase mass loading of toxic 
substances, and reduce habitat quality. Based on our analysis of the acute and chronic toxicity 
data, and the fate, transport and chemical interactions of the criteria compounds, the proposed 
action is likely to appreciably reduce the conservation value of the critical habitat of SR SS-run 
Chinook salmon. In particular, the PCE water quality is unlikely to remain functional (i.e.,
support associated life history events, in particular fry/parr/smolt growth and development) at the 
watershed and designation levels. This is based on the magnitude of likely effects on the PCE 
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water quality (high-intensity increase in toxicity that affects one or more PCEs) and the overall 
percentage of critical habitat for this species that would be adversely affected (25.3 percent of the 
total designation).

(6) After considering all the information in this opinion, NMFS concludes that the proposed 
action is likely to reduce appreciably the likelihood of both the survival and recovery for SR SS-
run Chinook salmon. Furthermore, NMFS concludes that the proposed action is likely to reduce 
appreciably the conservation value of SR SS-run Chinook salmon critical habitat such that it will 
not retain the current ability to serve the intended conservation role for the species for either 
survival or recovery.

SR Fall-run Chinook Salmon.

(1) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; SR fall-run Chinook salmon will 
suffer acute and chronic toxic effects from exposure to the compounds listed in Table 1.1 at the 
concentrations that EPA proposes to approve. We summarize the evidence for these effects and 
describe their significance below.

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria (one compound at a time). Based on the direct mortality population 
modeling results, juvenile salmon exposed to aluminum, ammonia, arsenic, lindane, cadmium, 
copper, dieldrin, endosulfan-alpha, endosulfan-beta, endrin, nickel, pentachlorophenol, selenium, 
silver, tributyltin, and zinc are predicted to result in mortality at the population level—relative to 
the baseline population model. The level of mortality will result in negative changes in the 
median population growth rate ( ) for the single SR fall-run Chinook salmon ESU (which 
consists of eight spawning populations). The direct mortality population modeling on chromium 
(III), chromium (VI), heptachlor epoxide, and lead predicted zero percent mortality for all 
modeling scenarios for the single SR fall-run Chinook salmon ESU (which consists of eight 
spawning populations). 

(3) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; and the likelihood of exposure to 
baseline chemical and physical stressors (e.g., cyanide, PCBs, aldrin, DDT, and high stream 
temperatures), the proposed action is likely to adversely affect SR fall-run Chinook salmon, and 
is likely to appreciably affect the VSP parameters productivity and abundance for SR fall-run 
Chinook salmon. 

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
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quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of SR fall-
run Chinook salmon through multiple mechanisms, including sustained declines in 
spawner:spawner ratios; decreased smolt-to-adult returns; changes in traits, such as size and age 
of spawners; reduced fecundity; greater pre-reproductive spawning risk; increased influences of 
environmental variation and demographic stochasticity; changes in source-sink dynamics; and 
changes in patterns of gene flow. In the long term, these effects, combined with changes in 
productivity and abundance, are likely to adversely affect the VSP parameters spatial distribution 
and genetic diversity of SR fall-run Chinook salmon.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1 
will incrementally improve water quality conditions for SR fall-run Chinook salmon. 
Nonetheless, based on the analysis of the acute and chronic toxicity data, the critical habitat 
analysis, the chemical mixtures analysis, and the summary analysis, the proposed action  would 
allow continued toxic discharges to alter water chemistry, increase mass loading of toxic 
substances, and reduce habitat quality. Based on our analysis of the acute and chronic toxicity 
data, and the fate, transport and chemical interactions of the criteria compounds, the proposed 
action is likely to appreciably reduce the conservation value of the critical habitat of SR fall-run 
Chinook salmon. In particular, the PCE water quality is unlikely to remain functional (i.e.,
support associated life history events, in particular fry/parr/smolt growth and development) at the 
watershed and designation levels. This is based on the magnitude of likely effects on the PCE 
water quality (high-intensity increase in toxicity that affects one or more PCEs) and the overall 
percentage of critical habitat for this species that would be adversely affected (25.3 percent of the 
total designation).

(6) After considering all the information in this opinion, NMFS concludes that the proposed 
action is likely to reduce appreciably the likelihood of both the survival and recovery of SR fall-
run Chinook salmon. Furthermore, NMFS concludes that the proposed action is likely to reduce 
appreciably the conservation value of SR fall-run Chinook salmon critical habitat such that it will 
not retain the current ability to serve the intended conservation role for the species for either 
survival or recovery. 

CR Chum Salmon. 

(1) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; CR chum salmon will suffer acute 
and chronic toxic effects from exposure to the compounds listed in Table 1.1 at the 
concentrations that EPA proposes to approve. We summarize the evidence for these effects and 
describe their significance below.

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
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the freshwater acute criteria (one compound at a time). The NMFS used the direct mortality 
population model as a quantitative method to assess the significance of acute toxic effects on 
long-term productivity and abundance from exposure to the freshwater acute criteria (one 
compound at a time). Based on the direct mortality population modeling results, juvenile salmon 
exposed to aluminum, ammonia, arsenic, lindane, cadmium, copper, dieldrin, endosulfan-alpha, 
endosulfan-beta, endrin, nickel, pentachlorophenol, selenium, silver, tributyltin, and zinc are
predicted to result in mortality at the population level—relative to the baseline population model. 
The level of mortality will result in negative changes in the median population growth rate ( )
for each of the 17 populations. The direct mortality population modeling on chromium (III), 
chromium (VI), heptachlor epoxide, and lead predicted zero percent mortality for all modeling 
scenarios for each of the 17 populations. 

(3) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; and the likelihood of exposure to 
baseline chemical and physical stressors (e.g., cyanide, PCBs, aldrin, DDT, and high stream 
temperatures), the proposed action is likely to adversely affect CR chum salmon, and is likely to 
appreciably affect the VSP parameters productivity and abundance diversity of CR chum 
salmon.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of CR chum 
salmon through multiple mechanisms, including sustained declines in spawner:spawner ratios; 
decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; reduced 
fecundity; greater pre-reproductive spawning risk; increased influences of environmental 
variation and demographic stochasticity; changes in source-sink dynamics; and changes in 
patterns of gene flow. In the long term, these effects, combined with changes in productivity and 
abundance, are likely to adversely affect the VSP parameters spatial distribution and genetic 
diversity of CR chum salmon.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1 
will incrementally improve water quality conditions for CR chum salmon. Nonetheless, based on 
the analysis of the acute and chronic toxicity data, the critical habitat analysis, the chemical 
mixtures analysis, and the summary analysis, the proposed action would allow continued toxic 
discharges to alter water chemistry, increase mass loading of toxic substances, and reduce habitat 
quality. Based on our analysis of the acute and chronic toxicity data, and the fate, transport and 
chemical interactions of the criteria compounds, the proposed action is likely to appreciably 
reduce the conservation value of the critical habitat of CR chum salmon. In particular, the PCE 
water quality is unlikely to remain functional (i.e., support associated life history events, in 
particular fry/parr/smolt growth and development) at the watershed and designation levels. This 
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is based on the magnitude of likely effects on the PCE water quality (high-intensity increase in 
toxicity that affects one or more PCEs) and the overall percentage of critical habitat for this 
species that would be adversely affected (26 percent of the total designation).

(6) After considering all the information in this opinion, NMFS concludes that the proposed 
action is likely to reduce appreciably the likelihood of both the survival and recovery of CR 
chum salmon. Furthermore, NMFS concludes that the proposed action is likely to reduce 
appreciably the conservation value of CR chum salmon critical habitat such that it will not retain 
the current ability for the PCE water quality to serve the intended conservation role for the 
species for either survival or recovery. 

LCR Coho Salmon.

(1) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; LCR coho salmon will suffer acute 
and chronic toxic effects from exposure to the compounds listed in Table 1.1 at the 
concentrations that EPA proposes to approve. We summarize the evidence for these effects and 
describe their significance below.

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria (one compound at a time). Based on the direct mortality population 
modeling results, juvenile salmon exposed to aluminum, ammonia, arsenic, lindane, cadmium, 
copper, dieldrin, endosulfan-alpha, endosulfan-beta, endrin, nickel, pentachlorophenol, selenium, 
silver, tributyltin, and zinc are predicted to result in mortality at the population level—relative to 
the baseline population model. The level of mortality will result in negative changes in the 
median population growth rate ( ) for each of the 27 populations. The direct mortality 
population modeling on chromium (III), chromium (VI), heptachlor epoxide, and lead predicted 
zero percent mortality for all modeling scenarios for each of the 27 populations. 

(3) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; and the likelihood of exposure to 
baseline chemical and physical stressors (e.g., cyanide, PCBs, aldrin, DDT, and high stream 
temperatures), the proposed action is likely to adversely affect LCR coho salmon, and is likely to 
appreciably affect the VSP parameters productivity and abundance for LCR coho salmon.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
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abundance can negatively affect the spatial distribution and/or the genetic diversity of LCR coho 
salmon through multiple mechanisms, including sustained declines in spawner:spawner ratios; 
decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; reduced 
fecundity; greater pre-reproductive spawning risk; increased influences of environmental 
variation and demographic stochasticity; changes in source-sink dynamics; and changes in 
patterns of gene flow. In the long term, these effects, combined with changes in productivity and 
abundance, are likely to adversely affect the VSP parameters spatial distribution and genetic 
diversity of LCR coho salmon.

(5) After considering all the information in this opinion, NMFS concludes that the proposed 
action is likely to reduce appreciably the likelihood of both the survival and recovery of LCR 
coho salmon. 

SONCC Coho Salmon. 

(1) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; SONCC coho salmon will suffer 
acute and chronic toxic effects from exposure to the compounds listed in Table 1.1 at the 
concentrations that EPA proposes to approve. We summarize the evidence for these effects and 
describe their significance below.

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria (one compound at a time). Based on the direct mortality population 
modeling results, juvenile salmon exposed to aluminum, ammonia, arsenic, lindane, cadmium, 
copper, dieldrin, endosulfan-alpha, endosulfan-beta, endrin, nickel, pentachlorophenol, selenium, 
silver, tributyltin, and zinc are predicted to result in mortality at the population level—relative to 
the baseline population model. The level of mortality will result in negative changes in the 
median population growth rate ( ) for each of the 42 populations. The direct mortality 
population modeling on chromium (III), chromium (VI), heptachlor epoxide, and lead predicted 
zero percent mortality for all modeling scenarios for each of the 42 populations. 

(3) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; and the likelihood of exposure to 
baseline chemical and physical stressors (e.g., cyanide, PCBs, aldrin, DDT, and high stream 
temperatures), the proposed action is likely to adversely affect SONCC coho salmon, and is
likely to appreciably affect the VSP parameters productivity and abundance for SONCC coho 
salmon.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
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quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of SONCC 
coho salmon through multiple mechanisms, including sustained declines in spawner:spawner 
ratios; decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; 
reduced fecundity; greater pre-reproductive spawning risk; increased influences of 
environmental variation and demographic stochasticity; changes in source-sink dynamics; and 
changes in patterns of gene flow. In the long term, these effects, combined with changes in 
productivity and abundance, are likely to adversely affect the VSP parameters spatial distribution 
and genetic diversity of SONCC coho salmon.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1 
will incrementally improve water quality conditions for SONCC coho salmon. Nonetheless, 
based on the analysis of the acute and chronic toxicity data, the critical habitat analysis, the 
chemical mixtures analysis, and the summary analysis, the proposed action would allow 
continued toxic discharges to alter water chemistry, increase mass loading of toxic substances, 
and reduce habitat quality. Based on our analysis of the acute and chronic toxicity data, and the 
fate, transport and chemical interactions of the criteria compounds, the proposed action is likely 
to appreciably reduce the conservation value of the critical habitat of SONCC coho salmon. In 
particular, the PCE water quality is unlikely to remain functional (i.e., support associated life 
history events, in particular fry/parr/smolt growth and development) at the watershed and 
designation levels. This is based on the magnitude of likely effects on the PCE water quality 
(high-intensity increase in toxicity that affects one or more PCEs) and the overall percentage of 
critical habitat for this species that would be adversely affected (37.8 percent of the total 
designation).

(6) After considering all the information in this opinion, NMFS concludes that the proposed 
action is likely to reduce appreciably the likelihood of both the survival and recovery of SONCC 
coho salmon. Furthermore, NMFS concludes that the proposed action is likely to reduce 
appreciably the conservation value of SONCC coho salmon critical habitat such that it will not 
retain the current ability to serve the intended conservation role for the species for either survival 
or recovery. 

OC Coho Salmon. 

(1) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; OC coho salmon will suffer acute 
and chronic toxic effects from exposure to the compounds listed in Table 1.1 at the 
concentrations that EPA proposes to approve. We summarize the evidence for these effects and 
describe their significance below.

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
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the freshwater acute criteria (one compound at a time). Based on the direct mortality population 
modeling results, juvenile salmon exposed to aluminum, ammonia, arsenic, lindane, cadmium, 
copper, dieldrin, endosulfan-alpha, endosulfan-beta, endrin, nickel, pentachlorophenol, selenium, 
silver, tributyltin, and zinc are predicted to result in mortality at the population level—relative to 
the baseline population model. The level of mortality will result in negative changes in the 
median population growth rate ( ) for each of the 56 populations. The direct mortality 
population modeling on chromium (III), chromium (VI), heptachlor epoxide, and lead predicted 
zero percent mortality for all modeling scenarios for each of the 56 populations. 

(3) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; and the likelihood of exposure to 
baseline chemical and physical stressors (e.g., cyanide, PCBs, aldrin, DDT, and high stream 
temperatures), the proposed action is likely to adversely affect OC coho salmon, and is likely to 
appreciably affect the VSP parameters productivity and abundance for OC coho salmon.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of OC coho 
salmon through multiple mechanisms, including sustained declines in spawner:spawner ratios; 
decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; reduced 
fecundity; greater pre-reproductive spawning risk; increased influences of environmental 
variation and demographic stochasticity; changes in source-sink dynamics; and changes in 
patterns of gene flow. In the long term, these effects, combined with changes in productivity and 
abundance, are likely to adversely affect the VSP parameters spatial distribution and genetic 
diversity of OC coho salmon.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1 
will incrementally improve water quality conditions for OC coho salmon. Nonetheless, based on 
the analysis of the acute and chronic toxicity data, the critical habitat analysis, the chemical 
mixtures analysis, and the summary analysis, the proposed action would allow continued toxic 
discharges to alter water chemistry, increase mass loading of toxic substances, and reduce habitat 
quality. Based on our analysis of the acute and chronic toxicity data, and the fate, transport and 
chemical interactions of the criteria compounds, the proposed action is likely to appreciably 
reduce the conservation value of the critical habitat of OC coho salmon. In particular, the PCE 
water quality is unlikely to remain functional (i.e., support associated life history events, in 
particular fry/parr/smolt growth and development) at the watershed and designation levels. This 
is based on the magnitude of likely effects on the PCE water quality (high-intensity increase in 
toxicity that affects one or more PCEs) and the overall percentage of critical habitat for this 
species that would be adversely affected (100 percent of the total designation).
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(6) After considering all the information in this opinion, NMFS concludes that the proposed 
action is likely to reduce appreciably the likelihood of both the survival and recovery of OC coho 
salmon. Furthermore, NMFS concludes that the proposed action is likely to reduce appreciably 
the conservation value of OC coho salmon critical habitat such that it will not retain the current 
ability to serve the intended conservation role for the species for either survival or recovery. 

SR Sockeye Salmon.

(1) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; SR sockeye salmon will suffer 
acute and chronic toxic effects from exposure to the compounds listed in Table 1.1 at the 
concentrations that EPA proposes to approve. We summarize the evidence for these effects and 
describe their significance below.

(2) NMFS used the direct mortality population model as a quantitative method to assess the 
significance of acute toxic effects on long-term productivity and abundance from exposure to the 
freshwater acute criteria (one compound at a time). Based on the direct mortality population 
modeling results, juvenile salmon exposed to aluminum, ammonia, arsenic, lindane, cadmium, 
copper, dieldrin, endosulfan-alpha, endosulfan-beta, endrin, nickel, pentachlorophenol, selenium, 
silver, tributyltin, and zinc are predicted to result in mortality at the population level—relative to 
the baseline population model. The level of mortality will result in negative changes in the 
median population growth rate ( ) for the single SR sockeye salmon population. The direct 
mortality population modeling on chromium (III), chromium (VI), heptachlor epoxide, and lead 
predicted zero percent mortality for all modeling scenarios for the single SR sockeye salmon 
population.

(3) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; and the likelihood of exposure to 
baseline chemical and physical stressors (e.g., cyanide, PCBs, aldrin, DDT, and high stream 
temperatures), the proposed action is likely to adversely affect SR sockeye salmon, and is likely 
to appreciably affect the VSP parameters productivity and abundance for SR sockeye salmon.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of SR 
sockeye salmon through multiple mechanisms, including sustained declines in spawner:spawner 
ratios; decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; 
reduced fecundity; greater pre-reproductive spawning risk; increased influences of 
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environmental variation and demographic stochasticity; changes in source-sink dynamics; and 
changes in patterns of gene flow. In the long term, these effects, combined with changes in 
productivity and abundance, are likely to adversely affect the VSP parameters spatial distribution 
and genetic diversity of SR sockeye salmon.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1 
will incrementally improve water quality conditions for SR sockeye salmon. Nonetheless, based 
on the analysis of the acute and chronic toxicity data, the critical habitat analysis, the chemical 
mixtures analysis, and the summary analysis, the proposed action would allow continued toxic
discharges to alter water chemistry, increase mass loading of toxic substances, and reduce habitat 
quality. Based on our analysis of the acute and chronic toxicity data, and the fate, transport and 
chemical interactions of the criteria compounds, the proposed action is likely to appreciably 
reduce the conservation value of the critical habitat of SR sockeye salmon. In particular, the PCE 
water quality is unlikely to remain functional (i.e., support associated life history events, in 
particular fry/parr/smolt growth and development) at the watershed and designation levels. This 
is based on the magnitude of likely effects on the PCE water quality (high-intensity increase in 
toxicity that affects one or more PCEs) and the overall percentage of critical habitat for this 
species that would be adversely affected (34.5 percent of the total designation).

(6) After considering all the information in this opinion, NMFS concludes that the proposed 
action is likely to reduce appreciably the likelihood of both the survival and recovery of SR 
sockeye salmon. Furthermore, NMFS concludes that the proposed action is likely to reduce 
appreciably the conservation value of SR sockeye salmon critical habitat such that it will not 
retain the current ability to serve the intended conservation role for the species for either survival 
or recovery.

LCR Steelhead.

(1) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; LCR steelhead will suffer acute 
and chronic toxic effects from exposure to the compounds listed in Table 1.1 at the 
concentrations that EPA proposes to approve. We summarize the evidence for these effects and 
describe their significance below.

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria (one compound at a time). Based on the direct mortality population 
modeling results, juvenile steelhead exposed to aluminum, ammonia, arsenic, lindane, cadmium, 
copper, dieldrin, endosulfan-alpha, endosulfan-beta, endrin, nickel, pentachlorophenol, selenium, 
silver, tributyltin, and zinc are predicted to result in mortality at the population level—relative to 
the baseline population model. The level of mortality will result in negative changes in the 
median population growth rate ( ) for each of the 26 populations. The direct mortality 
population modeling on chromium (III), chromium (VI), heptachlor epoxide, and lead predicted 
zero percent mortality for all modeling scenarios for each of the 26 populations. 
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(3) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; and the likelihood of exposure to 
baseline chemical and physical stressors (e.g., cyanide, PCBs, aldrin, DDT, and high stream 
temperatures), the proposed action is likely to adversely affect LCR steelhead, and is likely to 
appreciably affect the VSP parameters productivity and abundance for LCR steelhead.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of LCR 
steelhead through multiple mechanisms, including sustained declines in spawner:spawner ratios; 
decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; reduced 
fecundity; greater pre-reproductive spawning risk; increased influences of environmental 
variation and demographic stochasticity; changes in source-sink dynamics; and changes in 
patterns of gene flow. In the long term, these effects, combined with changes in productivity and 
abundance, are likely to adversely affect the VSP parameters spatial distribution and genetic 
diversity of LCR steelhead.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1 
will incrementally improve water quality conditions for LCR steelhead. Nonetheless, based on 
the analysis of the acute and chronic toxicity data, the critical habitat analysis, the chemical 
mixtures analysis, and the summary analysis, the proposed action would allow continued toxic 
discharges to alter water chemistry, increase mass loading of toxic substances, and reduce habitat 
quality. Based on our analysis of the acute and chronic toxicity data, and the fate, transport and 
chemical interactions of the criteria compounds, the proposed action is likely to appreciably 
reduce the conservation value of the critical habitat of LCR steelhead. In particular, the PCE 
water quality is unlikely to remain functional (i.e., support associated life history events, in 
particular fry/parr/smolt growth and development) at the watershed and designation levels. This 
is based on the magnitude of likely effects on the PCE water quality (high-intensity increase in 
toxicity that affects one or more PCEs) and the overall percentage of critical habitat for this 
species that would be adversely affected (33 percent of the total designation).

(6) After considering all the information in this opinion, NMFS concludes that the proposed 
action is likely to reduce appreciably the likelihood of both the survival and recovery of LCR 
steelhead. Furthermore, NMFS concludes that the proposed action is likely to reduce appreciably 
the conservation value of LCR steelhead critical habitat such that it will not retain the current 
ability to serve the intended conservation role for the species for either survival or recovery. 
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UWR Steelhead.

(1) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; UWR steelhead will suffer acute 
and chronic toxic effects from exposure to the compounds listed in Table 1.1 at the 
concentrations that EPA proposes to approve. We summarize the evidence for these effects and 
describe their significance below.

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria (one compound at a time). Based on the direct mortality population 
modeling results, juvenile steelhead exposed to aluminum, ammonia, arsenic, lindane, cadmium, 
copper, dieldrin, endosulfan-alpha, endosulfan-beta, endrin, nickel, pentachlorophenol, selenium, 
silver, tributyltin, and zinc are predicted to result in mortality at the population level—relative to 
the baseline population model. The level of mortality will result in negative changes in the 
median population growth rate ( ) for each of the 5 populations. The direct mortality population
modeling on chromium (III), chromium (VI), heptachlor epoxide, and lead predicted zero 
percent mortality for all modeling scenarios for each of the 5 populations. 

(3) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; and the likelihood of exposure to 
baseline chemical and physical stressors (e.g., cyanide, PCBs, aldrin, DDT, and high stream 
temperatures), the proposed action is likely to adversely affect UWR steelhead, and is likely to 
appreciably affect the VSP parameters productivity and abundance for UWR steelhead.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of UWR 
steelhead through multiple mechanisms, including sustained declines in spawner:spawner ratios; 
decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; reduced 
fecundity; greater pre-reproductive spawning risk; increased influences of environmental 
variation and demographic stochasticity; changes in source-sink dynamics; and changes in 
patterns of gene flow. In the long term, these effects, combined with changes in productivity and 
abundance, are likely to adversely affect the VSP parameters spatial distribution and genetic 
diversity of UWR steelhead.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1 
will incrementally improve water quality conditions for SR fall-run Chinook salmon. 
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Nonetheless, based on the analysis of the acute and chronic toxicity data, the critical habitat 
analysis, the chemical mixtures analysis, and the summary analysis, the proposed action would 
allow continued toxic discharges to alter water chemistry, increase mass loading of toxic 
substances, and reduce habitat quality. Based on our analysis of the acute and chronic toxicity 
data, and the fate, transport and chemical interactions of the criteria compounds, the proposed 
action is likely to appreciably reduce the conservation value of the critical habitat of UWR 
steelhead. In particular, the PCE water quality is unlikely to remain functional (i.e., support 
associated life history events, in particular fry/parr/smolt growth and development) at the 
watershed and designation levels. This is based on the magnitude of likely effects on the PCE 
water quality (high-intensity increase in toxicity that affects one or more PCEs) and the overall 
percentage of critical habitat for this species that would be adversely affected (100 percent of the 
total designation).

(6) After considering all the information in this opinion, NMFS concludes that the proposed 
action is likely to reduce appreciably the likelihood of both the survival and recovery of UWR 
steelhead. Furthermore, NMFS concludes that the proposed action is likely to reduce appreciably 
the conservation value of UWR steelhead critical habitat such that it will not retain the current 
ability to serve the intended conservation role for the species for either survival or recovery. 

MCR Steelhead.

(1) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; MCR steelhead will suffer acute 
and chronic toxic effects from exposure to the compounds listed in Table 1.1 at the 
concentrations that EPA proposes to approve. We summarize the evidence for these effects and 
describe their significance below.

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria (one compound at a time). Based on the direct mortality population 
modeling results, juvenile steelhead exposed to aluminum, ammonia, arsenic, lindane, cadmium, 
copper, dieldrin, endosulfan-alpha, endosulfan-beta, endrin, nickel, pentachlorophenol, selenium, 
silver, tributyltin, and zinc are predicted to result in mortality at the population level—relative to 
the baseline population model. The level of mortality will result in negative changes in the 
median population growth rate ( ) for each of the 17 populations. The direct mortality 
population modeling on chromium (III), chromium (VI), heptachlor epoxide, and lead predicted 
zero percent mortality for all modeling scenarios for each of the 17 populations. 

(3) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; and the likelihood of exposure to 
baseline chemical and physical stressors (e.g., cyanide, PCBs, aldrin, DDT, and high stream 
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temperatures), the proposed action is likely to adversely affect MCR steelhead, and is likely to 
appreciably affect the VSP parameters productivity and abundance for MCR steelhead.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of MCR 
steelhead through multiple mechanisms, including sustained declines in spawner:spawner ratios; 
decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; reduced 
fecundity; greater pre-reproductive spawning risk; increased influences of environmental 
variation and demographic stochasticity; changes in source-sink dynamics; and changes in 
patterns of gene flow. In the long term, these effects, combined with changes in productivity and 
abundance, are likely to adversely affect the VSP parameters spatial distribution and genetic 
diversity of MCR steelhead.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1 
will incrementally improve water quality conditions for SR fall-run Chinook salmon. 
Nonetheless, based on the analysis of the acute and chronic toxicity data, the critical habitat 
analysis, the chemical mixtures analysis, and the summary analysis, the proposed action would 
allow continued toxic discharges to alter water chemistry, increase mass loading of toxic 
substances, and reduce habitat quality. Based on our analysis of the acute and chronic toxicity 
data, and the fate, transport and chemical interactions of the criteria compounds, the proposed 
action is likely to appreciably reduce the conservation value of the critical habitat of SR fall-run 
Chinook salmon. In particular, the PCE water quality is unlikely to remain functional (i.e.,
support associated life history events, in particular fry/parr/smolt growth and development) at the 
watershed and designation levels. This is based on the magnitude of likely effects on the PCE 
water quality (high-intensity increase in toxicity that affects one or more PCEs) and the overall 
percentage of critical habitat for this species that would be adversely affected (75.7 percent of the 
total designation).

(6) After considering all the information in this opinion, NMFS concludes that the proposed 
action is likely to reduce appreciably the likelihood of both the survival and recovery of MCR 
steelhead. Furthermore, NMFS concludes that the proposed action is likely to reduce appreciably 
the conservation value of MCR steelhead critical habitat such that it will not retain the current 
ability to serve the intended conservation role for the species for either survival or recovery. 

UCR Steelhead.

(1) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; UCR steelhead will suffer acute 
and chronic toxic effects from exposure to the compounds listed in Table 1.1 at the 
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concentrations that EPA proposes to approve. We summarize the evidence for these effects and 
describe their significance below.

(2) NMFS used the direct mortality population model as a quantitative method to assess the 
significance of acute toxic effects on long-term productivity and abundance from exposure to the 
freshwater acute criteria (one compound at a time). Based on the direct mortality population 
modeling results, juvenile steelhead exposed to aluminum, ammonia, arsenic, lindane, cadmium, 
copper, dieldrin, endosulfan-alpha, endosulfan-beta, endrin, nickel, pentachlorophenol, selenium, 
silver, tributyltin, and zinc are predicted to result in mortality at the population level—relative to 
the baseline population model. The level of mortality will result in negative changes in the 
median population growth rate ( ) for each of the 4 populations. The direct mortality population 
modeling on chromium (III), chromium (VI), heptachlor epoxide, and lead predicted zero 
percent mortality for all modeling scenarios for each of the 4 populations. 

(3) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; and the likelihood of exposure to 
baseline chemical and physical stressors (e.g., cyanide, PCBs, aldrin, DDT, and high stream 
temperatures), the proposed action is likely to adversely affect UCR steelhead, and is likely to 
appreciably affect the VSP parameters productivity and abundance for UCR steelhead.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of UCR 
steelhead through multiple mechanisms, including sustained declines in spawner:spawner ratios; 
decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; reduced 
fecundity; greater pre-reproductive spawning risk; increased influences of environmental 
variation and demographic stochasticity; changes in source-sink dynamics; and changes in 
patterns of gene flow. In the long term, these effects, combined with changes in productivity and 
abundance, are likely to adversely affect the VSP parameters spatial distribution and genetic 
diversity of UCR steelhead.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1 
will incrementally improve water quality conditions for UCR steelhead. Nonetheless, based on 
the analysis of the acute and chronic toxicity data, the critical habitat analysis, the chemical 
mixtures analysis, and the summary analysis, the proposed action would allow continued toxic 
discharges to alter water chemistry, increase mass loading of toxic substances, and reduce habitat 
quality. Based on our analysis of the acute and chronic toxicity data, and the fate, transport and 
chemical interactions of the criteria compounds, the proposed action is likely to appreciably 
reduce the conservation value of the critical habitat of UCR steelhead. In particular, the PCE 
water quality is unlikely to remain functional (i.e., support associated life history events, in 
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particular fry/parr/smolt growth and development) at the watershed and designation levels. This 
is based on the magnitude of likely effects on the PCE water quality (high-intensity increase in 
toxicity that affects one or more PCEs) and the overall percentage of critical habitat for this 
species that would be adversely affected (30.8 percent of the total designation).

(6) After considering all the information in this opinion, NMFS concludes that the proposed 
action is likely to reduce appreciably the likelihood of both the survival and recovery of UCR 
steelhead. Furthermore, NMFS concludes that the proposed action is likely to reduce appreciably 
the conservation value of UCR steelhead critical habitat such that it will not retain the current 
ability to serve the intended conservation role for the species for either survival or recovery.

SRB Steelhead.

(1) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; SRB steelhead will suffer acute 
and chronic toxic effects from exposure to the compounds listed in Table 1.1 at the 
concentrations that EPA proposes to approve. We summarize the evidence for these effects and 
describe their significance below.

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria (one compound at a time). Based on the direct mortality population 
modeling results, juvenile steelhead exposed to aluminum, ammonia, arsenic, lindane, cadmium, 
copper, dieldrin, endosulfan-alpha, endosulfan-beta, endrin, nickel, pentachlorophenol, selenium, 
silver, tributyltin, and zinc are predicted to result in mortality at the population level—relative to 
the baseline population model. The level of mortality will result in negative changes in the 
median population growth rate ( ) for each of the 24 populations. The direct mortality 
population modeling on chromium (III), chromium (VI), heptachlor epoxide, and lead predicted 
zero percent mortality for all modeling scenarios for each of the 24 populations. 

(3) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, the 
direct mortality population model, and the summary analysis; and the likelihood of exposure to 
baseline chemical and physical stressors (e.g., cyanide, PCBs, aldrin, DDT, and high stream 
temperatures), the proposed action is likely to adversely affect SRB steelhead, and is likely to 
appreciably affect the VSP parameters productivity and abundance for SRB steelhead.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
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abundance can negatively affect the spatial distribution and/or the genetic diversity of SRB 
steelhead through multiple mechanisms, including sustained declines in spawner:spawner ratios; 
decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; reduced 
fecundity; greater pre-reproductive spawning risk; increased influences of environmental 
variation and demographic stochasticity; changes in source-sink dynamics; and changes in 
patterns of gene flow. In the long term, these effects, combined with changes in productivity and 
abundance, are likely to adversely affect the VSP parameters spatial distribution and genetic 
diversity of SRB steelhead.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1 
will incrementally improve water quality conditions for SRB steelhead. Nonetheless, based on 
the analysis of the acute and chronic toxicity data, the critical habitat analysis, the chemical 
mixtures analysis, and the summary analysis, the proposed action would allow continued toxic 
discharges to alter water chemistry, increase mass loading of toxic substances, and reduce habitat 
quality. Based on our analysis of the acute and chronic toxicity data, and the fate, transport and 
chemical interactions of the criteria compounds, the proposed action is likely to appreciably 
reduce the conservation value of the critical habitat of SRB steelhead. In particular, the PCE 
water quality is unlikely to remain functional (i.e., support associated life history events, in 
particular fry/parr/smolt growth and development) at the watershed and designation levels. This 
is based on the magnitude of likely effects on the PCE water quality (high-intensity increase in 
toxicity that affects one or more PCEs) and the overall percentage of critical habitat for this 
species that would be adversely affected (34.5 percent of the total designation).

(6) After considering all the information in this opinion, NMFS concludes that the proposed 
action is likely to reduce appreciably the likelihood of both the survival and recovery of SRB 
steelhead. Furthermore, NMFS concludes that the proposed action is likely to reduce appreciably 
the conservation value of SRB steelhead critical habitat such that it will not retain the current 
ability to serve the intended conservation role for the species’ for either survival or recovery. 

Green Sturgeon.

(1) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, and 
the summary analysis; green sturgeon will suffer acute and chronic toxic effects from exposure 
to the compounds listed in Table 1.1 at the concentrations that EPA proposes to approve. We 
summarize the evidence for these effects and describe their significance below.

(2) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, and 
the summary analysis; and the likelihood of exposure to baseline chemical and physical stressors 
(e.g., cyanide, PCBs, aldrin, DDT, and high stream temperatures), the proposed action is likely to 
adversely affect green sturgeon, and is likely to appreciably affect the productivity and 
abundance for green sturgeon.
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(3) The NMFS expects the stressors of the action to result in unquantifiable mortality of 
green sturgeon, and affect green sturgeon fitness via sub-lethal effects (i.e., interference in 
physiochemical processes, interruption of ecological interactions, changes in pathological stress, 
and toxicosis).

(4) In the long term, approval and implementation of the numeric criteria listed in Table 1.1 
will incrementally improve water quality conditions for green sturgeon. Nonetheless, based on 
the analysis of the acute and chronic toxicity data, the critical habitat analysis, the chemical 
mixtures analysis, and the summary analysis, the proposed action would allow continued toxic 
discharges to alter water chemistry, increase mass loading of toxic substances, and reduce habitat 
quality. Based on our analysis of the acute and chronic toxicity data, and the fate, transport and 
chemical interactions of the criteria compounds, the proposed action is likely to appreciably 
reduce the conservation value of the critical habitat of green sturgeon. In particular, the PCE 
water quality is unlikely to remain functional (i.e., support associated life history events at the 
designation level. This is based on the magnitude of likely effects on the PCE water quality 
(high-intensity increase in toxicity that affects one or more PCEs) and the overall percentage of 
critical habitat for this species that would be adversely affected (10.4 percent of the total 
designation).

(5) After considering all the information in this opinion, NMFS concludes that the proposed 
action is likely to reduce appreciably the likelihood of both the survival and recovery of green 
sturgeon. Furthermore, NMFS concludes that the proposed action is likely to reduce appreciably 
the conservation value of green sturgeon critical habitat such that it will not retain the current 
ability to serve the intended conservation role for the species for either survival or recovery. 

Eulachon.

(1) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, and 
the summary analysis; eulachon will suffer acute and chronic toxic effects from exposure to the 
compounds listed in Table 1.1 at the concentrations that EPA proposes to approve. We 
summarize the evidence for these effects and describe their significance below.

(2) Based on the compound-specific acute and chronic toxicity data analyses; the analysis on 
considerations of the shortcomings and implications of laboratory-derived toxicity tests 
(uncertainty analysis), the relative percent mortality analysis, the chemical mixtures analysis, and 
the summary analysis; and the likelihood of exposure to baseline chemical and physical stressors 
(e.g., cyanide, PCBs, aldrin, DDT, and high stream temperatures), the proposed action is likely to 
adversely affect  eulachon, and is likely to appreciably affect the productivity and abundance for 
Eulachon.

(3) The NMFS expects the stressors of the action to result in unquantifiable mortality of 
Eulachon, and affect eulachon fitness via sub-lethal effects (i.e., interference in physiochemical 
processes, interruption of ecological interactions, changes in pathological stress, and toxicosis).
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(4) In the long term, approval and implementation of the numeric criteria listed in Table 1.1 
will incrementally improve water quality conditions for eulachon. Nonetheless, based on the 
analysis of the acute and chronic toxicity data, the critical habitat analysis, the chemical mixtures 
analysis, and the summary analysis, the proposed action would allow continued toxic discharges 
to alter water chemistry, increase mass loading of toxic substances, and reduce habitat quality. 
Based on our analysis of the acute and chronic toxicity data, and the fate, transport and chemical 
interactions of the criteria compounds, the proposed action is likely to appreciably reduce the 
conservation value of the critical habitat of eulachon. In particular the PBF water quality, is 
unlikely to remain functional, i.e., support associated life history events, at the designation level. 
This is based on the magnitude of likely effects on the PBF water quality (high-intensity increase 
in toxicity that affects one or more PBFs) and the overall percentage of critical habitat for this 
species that would be adversely affected (53.9 percent of the total designation). 

(5) After considering all the information in this opinion, NMFS concludes that the proposed 
action is likely to reduce appreciably the likelihood of both the survival and recovery of 
eulachon. Furthermore, NMFS concludes that the proposed action is likely to reduce appreciably 
the conservation value of Eulachon critical habitat such that it will not retain the current ability to 
serve the intended conservation role for the species for either survival or recovery. 

Synthesis

Even though our predicted outcomes regarding the survival and recovery of the listed species 
considered in this opinion, as well the conservation value of their critical habitats, is based on the 
effects of the proposed action as a whole, our analysis is structured such that the proposed 
numeric criteria with the highest-intensity adverse toxicological and adverse biological effects on 
the listed species can be separated and identified. The multiple lines of evidence used in our 
analysis to identify the numeric criteria with the highest-intensity adverse toxicological and
adverse biological effects include: the compound-specific acute and chronic toxicity data
analyses; the analysis on considerations of the shortcomings and implications of laboratory-
derived toxicity tests (uncertainty analysis); the relative percent mortality analysis; the chemical 
mixtures analysis; the direct mortality population model; and the summary analysis. Table 2.7.3
provides a summary of the relative percent mortality analysis in section 2.6. Table 2.7.4 then 
provides a list of the proposed criteria that are likely to cause the highest-intensity adverse 
toxicological and adverse biological effects. Table 2.7.4 also shows which compounds, 
individually and in combination with other compounds and environmental stressors, are likely to 
reduce appreciably the likelihood of both the survival and recovery of the listed species, or 
reduce appreciably the conservation value of their critical habitat.
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2.8 Southern Resident Killer Whales—Effects Analysis

The best available information indicates that salmon are the primary prey of Southern Residents
year round (Section 2.4), including in coastal waters, and that the whales predominantly consume 
Chinook salmon, likely including Oregon salmon stocks. Based on coded wire tag recoveries, 
Oregon salmon stocks are available to Southern Residents across their coastal range (Weitkamp 
2010). The proposed action has the potential to affect Southern Residents indirectly by reducing 
prey quality, increasing toxic chemicals in the whales, and reducing availability of Chinook 
salmon. A decrease in the quality and availability of salmon, and Chinook salmon in particular, 
and an increase of toxic chemicals in individual whales, may adversely affect the entire DPS of 
Southern Resident killer whales.

In this analysis, NMFS considers effects of the proposed action on the Southern Residents by 
qualitatively evaluating the reduction of prey quality caused by the action as well as the potential 
accumulation of toxic chemicals in the whales, and the reduction of prey availability.

Effects of Reduced Prey Quality and Toxic Chemical Accumulation in the Southern 
Resident Killer Whales

The NMFS anticipates increased contaminant loading in Chinook salmon, as described above, 
and therefore also anticipates reduced prey quality and subsequent toxic chemical accumulation 
in the Southern Residents. First, we briefly review the mechanisms for reduced prey quality and 
then discuss the anticipated resulting accumulation of toxic chemicals in the whales.

Reduced Prey Quality

The quality of Chinook salmon is likely influenced by a variety of factors including size of the 
fish and the contaminant load. In addition to the anticipated fish mortality (as described in 
section 2.6.5), some toxic chemicals can cause sub-lethal effects such as a reduction in growth, a
common stress response observed in fish (review in section 2.6.7). Because Southern Residents 
consume mostly large Chinook salmon (review Status of the Species), a reduction in fish growth 
could affect the foraging efficiency of Southern Resident killer whales. However, the degree to 
which reduced fish growth could affect Southern Resident foraging is unknown. When compared 
to current conditions, approval of the proposed criteria will result in reduced pollutant loading 
and reduced body burden of contaminants in fishes. Nonetheless, the proposed water quality 
standards will continue to increase mass loading of toxic substances in the Southern Residents’ 
primary prey with implications for toxic chemical accumulation in the whales, as discussed 
below.

Toxic Chemical Accumulation in the Southern Residents

The NMFS evaluated the effects of toxic chemical accumulation qualitatively. We reviewed the 
best available information about the bioaccumulation, biomagnification, concentration levels in 
the whales, and toxicity of the compounds in Table 1.1 (as introduced earlier), which are:
aluminum, ammonia, arsenic, cadmium, chromium (III and VI), copper, dieldrin, endosulfan 
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(alpha and beta), endrin, heptachlor epoxide, lead, lindane, nickel, PCP, selenium, silver, TBT, 
and zinc.

In many cases the best available information was limited. For example, there is limited 
information about the levels of these compounds in the environment or in the whales, and no 
information about chemical toxicity specifically in Southern Residents. Where there was no data 
on chemical levels in Southern Residents, we considered levels in other marine mammals to 
estimate the potential extent of bioaccumulation in the Southern Residents. This literature review 
helped us put in context the potential killer whale health effects from the proposed water quality 
criteria. First, we identified the compounds in Table 1.1 that were not anticipated to cause 
adverse health effects in the Southern Residents. Second, we identified the compounds in Table 
1.1 that may cause adverse health effects in the Southern Residents.

Compounds with No Anticipated Health Effects. The available data indicate that 
Southern Residents are not at risk of health effects from aluminum, ammonia, nickel, selenium, 
silver, zinc, and PCP. Some of these compounds are essential elements to the nutrition of marine 
mammals (e.g., aluminum, nickel, selenium, and zinc; Das et al. 2003) and are generally found 
in low levels in marine mammals distributed throughout the world’s oceans (see Appendices 10-
5 to 10-8 in O’Shea 1999 for summaries of selected surveys of metals and trace element 
concentrations in tissues of seals, sea lions, toothed whales, baleen whales, sea otters, dugongs, 
manatees, and polar bears). Therefore, these essential elements found in low concentrations in 
marine mammals distributed globally are not anticipated to cause adverse health effects for 
Southern Resident killer whales. Although silver is not considered an essential element for 
mammals, its toxicity is generally not a concern and it has not been measured often in marine 
mammals (O’Hara et al. 2003). Ammonia does not build up in the food chain, but serves as a 
nutrient for plants and bacteria (EPA 2003) and is not anticipated to accumulate in the whales.
PCP is an organochlorine pesticide that does not readily bioaccumulate. When found in marine 
mammals, its presence is likely the result of biotransformation of other chemicals and not 
bioaccumulation (e.g., as observed in bowhead whales, Hoekstra et al. 2003). Furthermore, PCP 
readily degrades in the environment and by all available evidence does not appear to biomagnify
(Garrett and Ross 2010). The NMFS does not anticipate that the proposed action will affect 
accumulation of PCPs in Southern Residents. For these reasons, NMFS does not anticipate that 
the proposed action will result in any health effects from these compounds and we do not discuss 
these compounds further.

Compounds that May Cause Adverse Health Effects. In order to evaluate effects of these 
remaining compounds, we first review the current levels measured in the blubber of Southern 
Residents (or in surrogate marine mammals if data are unavailable for Southern Residents), and 
compare levels to health effect thresholds found for surrogate species. We then consider the 
effects the proposed criteria will have on the whales’ levels over time.

Long-lived, upper trophic-level predators, such as the Southern Residents, are susceptible to 
compounds that biomagnify because even low concentrations in the prey can accumulate and 
magnify to high concentration levels in the predators. Bioaccumulative compounds that have the 
potential to biomagnify are likely to pose the greatest health risks to the Southern Residents.
Therefore, we evaluate the effects of compounds that may bioaccumulate but are not anticipated 
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to biomagnify separate from the compounds that may bioaccumulate and biomagnify. These 
steps are described in more detail below: (1) identify the compounds that may bioaccumulate (or 
increase in concentration in an individual) but are not anticipated to biomagnify (or not 
anticipated to increase in concentration up the food chain), (2) identify the compounds that may 
bioaccumulate and biomagnify, and compare the concentrations of these compounds in the 
Southern Residents or in surrogate species to known health effects levels in surrogate species, 
and (3) put the effects of the proposed action in context by comparing the existing numeric 
criteria with the proposed numeric criteria, and evaluating the anticipated trend in the Southern 
Residents’ long-term bioaccumulation. 

Compounds that may bioaccumulate but are not anticipated to biomagnify. Metals can 
bioaccumulate in the aquatic environment (EPA 2007). However, most metals (with the 
exception of methylmercury), do not appear to biomagnify and are regulated and excreted (Gray 
2002, EPA 2007). As discussed in section 2.6.1., arsenic, cadmium, chromium, copper, and lead
do not appear to biomagnify. Therefore, NMFS anticipates that these metals will not biomagnify 
in the Southern Residents.

Upper trophic-level predators can still accumulate metals even in the absence of 
biomagnification (Reinfelder et al. 1998). However, low levels of arsenic, chromium, copper, 
and lead have been measured in marine mammal tissues (O’Shea 1999, Grant and Ross 2002, 
Das et al. 2003). Although high cadmium levels are measured in some marine mammals, 
cadmium is known to combine with metallothionein (a protein molecule) to mitigate the toxic 
effects (Dietz et al. 1998, Klaassen et al. 2009). Further, no toxic effects of cadmium have been 
observed in marine mammals. Although threshold levels at which adverse health effects occur 
are currently unknown for these metals, the available data indicate that the low levels measured 
in their tissues do not pose a health risk to marine mammals (O’Shea 1999). 

Compounds that may bioaccumulate and biomagnify. The remaining compounds with 
proposed criteria are the organic pollutants that have the ability to biomagnify up the food chain.
These compounds are dieldrin, endosulfan, endrin, heptachlor epoxide, lindane, and TBT. The 
best available data indicate that Southern Residents (or surrogate species) have relatively low 
concentration levels of these compounds (see the Status of the Species). In contrast, the Southern 
Residents have higher levels of the legacy organochlorines, PCBs and DDTs, and the emerging 
PBDEs9.

At certain concentrations, dieldrin, endosulfan, endrin, heptachlor epoxide, lindane, and TBT can 
have a wide variety of toxic effects on organisms including neurotoxicity, reproductive defects, 
tremors and convulsions, organ tissue damage (e.g., liver or kidney tissue damage), cancer, 
endocrine disruption, and reduced immune response (see the Status of the Species). Here we 
compare the concentrations of these compounds in the Southern Residents or in surrogate species 
to known threat levels found in surrogate species. There are currently no known killer whale-
specific health effects thresholds, thereby requiring the use of surrogate species to estimate risks.
There are several different types of threat levels or measures of toxicity used in laboratory 
studies. A median lethal dose, LD50, is the dose required to kill half the tested population in 2 
weeks and generally indicates a substance’s acute toxicity. In contrast, a Lowest Observable 

9 PCBs, DDTs, and PBDEs are not among the proposed criteria in the current action.
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Adverse Effect Level (LOAEL) is the smallest dose that causes a detectable adverse effect 
typically measured when assessing chronic toxicity. Additionally, a No Observable Adverse 
Effect Level (NOAEL) is the highest dose at which no adverse effects occur. Dieldrin, 
endosulfan, endrin, heptachlor epoxide, lindane, and TBT levels in Southern Residents and 
surrogate marine mammals are below the threat levels (e.g., LD50, NOAEL, LOAEL) in 
laboratory species from different studies identified in Table 2.8.1. For example, alpha endosulfan 
levels determined in the blubber of Southern Residents were below the limits of quantification (< 
2.2 - < 14 ng/g wet weight). This average level is substantially below the NOAEL found for rats 
and grey partridge at 2,400 to 40,000 ng/g wet weight, respectively (see Table 2.6.9.1).
Therefore, we anticipate that the Southern Residents’ current levels of these compounds do not 
pose a health threat to the whales.

Table 2.8.1 Measured concentration levels in marine mammals compared to threat levels 
found in laboratory species.

Current Levels Threat Levels

Compound
Measured 

Concentration/Species Reference
Concentration

Species Reference
(ng/g wet weight) (ng/g wet weight)

Dieldrin
9.2 – 440 / Southern 

Residents 1 25,000 - 168,000 2 week-old rats 7

Endosulfan < 2.2 - < 14 / 
Southern Residents

1 40,000 grey partridge 8; 9

2,400 rat 10; 9

Endrin

ND -
/ blue and humpback 

whales 2 25 dog 11
Heptachlor 
epoxide

5.3 – 660 / Southern 
Residents 1

195,000-250,000 (ng/g 
bw) rat 12

Lindane
< 1.9 – 17 / Southern 

Residents 0.3 ng/g/day rat 13
1

TBT 100/killer whales 3 >10,000 Dall's porpoise 14

180/ killer whales 4 > 120 rat* and rabbit** 15*; 16**

PCB
1,306 -39,420 / 

Southern Residents 5, 6

100-200
(dietary NOAEL & 

LOAEL) seals and dolphins 17

DDT
426 - 35,040 / 

Southern Residents 5, 6 50,000 ng/g/day mallard 18

PBDE
199 -2,745/ Southern 

Residents 5, 6
170-460 ng/g lw in 

blubber grey seal 19
ND = non detect, lw = lipid wet References: (1) G. Ylitalo NWFSC, pers. comm.; (2) Metcalfe et al. 2004; (3)
Kannan et al. 1997; (4) Tanabe et al. 1998; (5) Krahn et al. 2007a; (6) Krahn et al. 2009; (7) EPA 2003; (8) Sample
et al. 1996; (9) Small and Solomon 2005; (10) USEPA 2005, as cited in Small and Solomon 2005; (11) FAO/WHO 
1971; (12) Heptachlor epoxide fact sheet CAS Number: 1024-57-3; (13) USEPA 1999; (14) Kim et al. 1998; (15) 
Snoeij et al. 1986; (16) Elferink et al. 1986; (17) Kannan et al. 2000; (18) Tucker and Crabtree 1970) ; (19) Hall et 
al. 2003.
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Comparison Between Existing Criteria and Proposed Criteria and the Resulting Trend 
in Long Term Accumulation in Southern Residents

In this section, we put the effects of the proposed action in context by comparing the existing 
numeric criteria with the proposed numeric criteria (see Table 2.8.1), and evaluating the resulting 
trend in long term bioaccumulation in the Southern Residents. As discussed above, several 
compounds (i.e., arsenic, cadmium, chromium, copper, and lead) are not anticipated to 
biomagnify, are likely to be low in concentration in the Southern Residents, and are not currently 
toxic. The proposed numeric criteria for arsenic, cadmium, and chromium (III) are likely to 
result in less accumulation in the Southern Residents than with the existing numeric criteria (see 
Table 2.8.2). The proposed numeric criteria for chromium (VI) will not change from the existing 
criteria, and therefore we assume the accumulation of chromium (VI) in the whales will remain 
the same. Lastly, the proposed criteria for copper and lead are more strict for freshwater and less 
strict for saltwater. Given that copper and lead are not likely to biomagnify, we do not anticipate 
that a small increase of these compounds in saltwater will cause a measurable increase in 
concentration in the whales. Therefore, we anticipate that approval of the proposed criteria for 
these compounds will not increase the potential for adverse health effects in the whales.

The proposed numeric criteria for the bioaccumulative compounds that biomagnify (e.g.dieldrin, 
endosulfan, endrin, heptachlor epoxide, lindane, and TBT) are likely to result in less 
accumulation than with the existing numeric criteria (see Table 2.8.2). For example, several of 
these compounds (e.g., endosulfan, heptachlor epoxide, and TBT) were previously unregulated. 
Although dieldrin and endrin have both more strict and less strict proposed criteria, the exposure 
of dieldrin and endrin will be from past usage since they have been banned for 20 to 30 years.
Dieldrin and endrin could theoretically be in surface waters, however, occurrence will be very 
minimal as these compounds strongly adhere to sediment (as previously discussed). Overall, 
accumulation of these compounds will be either reduced, or the same, and is not a health 
concern. Therefore, we anticipate that approval of the proposed criteria for these compounds will 
either not change accumulation or potential health effects or, in some cases may reduce 
accumulation and the risk of health effects in the whales.
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Table 2.8.2. Resulting accumulation in the Southern Resident killer whales from the proposed 
changes in the numeric criteria.

Compound

Change in Criteria

Accumulation in WhalesFreshwater Salwater

Acute Chronic Acute Chronic

Arsenic decrease decrease same same decrease

Cadmium decrease decrease decrease decrease decrease

Chromium (III) decrease decrease decrease

Chromium (VI) same same same same same

Copper decrease decrease increase increase same

Dieldrin decrease increase decrease

Endosulfan (-a,-b) prev. unreg. prev. unreg. prev. unreg. prev. unreg. decrease

Endrin decrease increase decrease

Heptachlor epoxide prev. unreg. prev. unreg. prev. unreg. prev. unreg. decrease

Lead decrease decrease increase increase same

Lindane decrease decrease

TBT prev. unreg. prev. unreg. prev. unreg. prev. unreg. decrease

In summary, when compared to current conditions, the proposed criteria will result in reduced 
bioaccumulation and biomagnification in the Southern Residents. Based on the best available 
information, we anticipate that the currently low concentrations of bioaccumulative compounds 
in the whales will remain low, and that these levels are substantially lower than threat levels 
found in surrogate species and are not anticipated to pose a risk to the Southern Residents.

Effects of Reduced Prey Availability

We rely on the salmon determinations to ensure that the proposed action does not appreciably 
reduce the likelihood of survival and recovery of the Southern Residents in the long term. Later 
in this opinion, NMFS concludes that the proposed action is likely to appreciably reduce the 
likelihood of survival and recovery of the UWR Chinook salmon, UCR spring-run Chinook 
salmon, SR spring/summer-run Chinook salmon, LCR steelhead, UWR steelhead, MCR 
steelhead, UCR steelhead, SRB steelhead, LCR Chinook salmon, LCR coho salmon, SR fall-run 
Chinook salmon, SR sockeye salmon, CR chum salmon, OC coho salmon, SONCC coho salmon, 
green sturgeon, and Eulachon. In other words, the proposed action appreciably increases the risk 
of extinction of these listed species.

Our analysis focused on the short- and long-term reductions in Chinook salmon available to the 
whales as a result of the proposed action. Below we discuss the effects from (1) the short-term or 
annual reduction in Chinook salmon stocks, and (2) the long-term appreciable reduction in the 
likelihood of survival and recovery of UWR Chinook salmon, UCR spring-run Chinook salmon, 
SR spring/summer-run Chinook salmon, LCR Chinook salmon, and SR fall-run Chinook salmon.
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Short-term or annual reduction in Chinook stocks

Mortality of Chinook could affect the annual prey availability to the whales where the marine 
ranges of the affected Chinook stocks and the whales overlap. Mortality of adult Chinook salmon 
could affect the quantity of prey available to the whales in a given year, whereas mortality of 
juvenile Chinook salmon could affect prey availability in future years. Juvenile mortality from 
exposure to the compounds in Table 1.1 translates to the effective loss of only a few adult-
equivalent Chinook salmon from a variety of runs three to five years after the juvenile mortality 
occurred (i.e., by the time these juveniles would have grown to be adults and available prey of 
killer whales). This reduction would occur each year that the proposed criteria remain in place.

Given the total quantity of prey available to Southern Resident killer whales throughout their 
range, this annual reduction in prey is extremely small, and although measurable, the percent 
reduction in prey abundance is not anticipated to be different from zero by multiple decimal 
places (based on NMFS’ previous analyses of the effects of salmon harvest on Southern 
Residents; e.g., NMFS 2008e, NMFS 2011). Because the annual reduction is so small, there is 
also a low probability that any of the juvenile Chinook salmon killed from implementation of the 
proposed action would be intercepted by the killer whales across their vast range in the absence 
of the proposed action. Therefore, NMFS anticipates that the short-term reduction of Chinook 
salmon would have an insignificant effect on Southern Resident killer whales.

Long-term appreciable reduction in the likelihood of survival and recovery of UWR 
Chinook salmon, UCR spring-run Chinook salmon, SR spring/summer-run Chinook salmon, 
LCR Chinook salmon, and SR fall-run Chinook salmon

NMFS qualitatively evaluated long-term effects on the Southern Residents from the anticipated 
appreciable reduction in the likelihood of survival and recovery of UWR Chinook salmon, UCR 
spring-run Chinook salmon, SR spring/summer-run Chinook salmon, LCR Chinook salmon, and 
SR fall-run Chinook salmon. We assessed the likelihood for localized depletions, and long-term 
implications for Southern Residents’ survival and recovery, resulting from the increased risk of 
extinction of UWR Chinook salmon, UCR spring-run Chinook salmon, SR spring/summer-run 
Chinook salmon, LCR Chinook salmon, and SR fall-run Chinook salmon. In this way, NMFS 
can determine whether the increased likelihood of extinction of prey species is also likely to 
appreciably reduce the likelihood of survival and recovery of Southern Residents. 

A reduction in prey would occur over time as abundance declined for UWR Chinook salmon, 
UCR spring-run Chinook salmon, SR spring/summer-run Chinook salmon, LCR Chinook 
salmon, and SR fall-run Chinook salmon. Hatchery programs, which account for a portion of the 
production of these ESUs, may provide a short-term buffer, but it is uncertain whether hatchery-
only stocks could be sustained indefinitely. The total 5-year geometric mean abundance for the 5 
ESUs (UWR Chinook salmon, UCR spring-run Chinook salmon, SR spring/summer-run 
Chinook salmon, LCR Chinook salmon, and the SR fall-run Chinook salmon) is 128,534 total 
spawners. The loss of these ESUs would also preclude the potential for their future recovery to 
healthy, more substantial numbers. Fewer populations contributing to Southern Residents’ prey 
base will reduce the representation of diversity in life histories, resiliency in withstanding 
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stochastic events, and redundancy to ensure there is a margin of safety for the salmon and 
Southern Residents to withstand catastrophic events. 

The long-term reduction of UWR Chinook salmon, UCR spring-run Chinook salmon, SR 
spring/summer-run Chinook salmon, LCR Chinook salmon, and SR fall-run Chinook salmon can 
lead to nutritional stress in the whales. Nutritional stress can lead to reduced body size and 
condition of individuals and can also lower reproductive and survival rates. Prey sharing would 
distribute more evenly the effects of prey limitation across individuals of the population that 
would otherwise be the case. Therefore, poor nutrition from the reduction of prey could 
contribute to additional mortality in this population. Food scarcity could also cause whales to 
draw on fat stores, mobilizing contaminants stored in their fat and affecting reproduction and 
immune function.

Differences in adult salmon life histories and locations of their natal streams likely affect the 
distribution of salmon across the Southern Residents’ coastal range. The continued decline and 
potential extinction of the UWR Chinook salmon, UCR spring-run Chinook salmon, SR 
spring/summer-run Chinook salmon, LCR Chinook salmon, and SR fall-run Chinook salmon,
and consequent interruption in the geographic continuity of salmon-bearing watersheds in the 
Southern Residents’ coastal range, is likely to alter the distribution of migrating salmon and 
increase the likelihood of localized depletions in prey, with adverse effects on the Southern 
Residents’ ability to meet their energy needs. A fundamental change in the prey base originating 
from Oregon is likely to result in Southern Residents abandoning areas in search of more 
abundant prey or expending substantial effort to find depleted prey resources. This potential 
increase in energy demands should have the same effect on an animal’s energy budget as 
reductions in available energy, such as one would expect from reductions in prey.

In summary, approval of the numeric criteria listed in Table 1.1 in the long term will increase the 
likelihood of extinction of the Chinook salmon stocks which will appreciably reduce the 
likelihood of survival and recovery of the Southern Resident killer whales. 

2.8.1. Integration and Synthesis: Southern Resident Killer Whales.

Based on the analysis of the acute and chronic toxicity data, the results of the summary analysis,
and the predicted long-term effects on UWR Chinook salmon, UCR spring-run Chinook salmon, 
SR spring/summer-run Chinook salmon, SR fall-run Chinook salmon, and LCR Chinook salmon, 
the proposed action is likely to affect the productivity and abundance, spatial distribution, and 
affect the long-term viability of Southern Resident killer whales.

Several factors identified in the final recovery plan for Southern Resident killer whales may be 
limiting recovery. These are quantity and quality of prey, toxic chemicals that accumulate in top 
predators, and disturbance from sound and vessels. Oil spills are also a risk factor. It is likely that 
multiple threats are acting together. For example, reduction in prey availability makes it harder 
for the whales to locate and capture prey, which can cause them to expend more energy and 
catch less food. Although it is not clear which threat or threats are most significant to the survival 
and recovery of Southern Residents, all of the threats are important to address.
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The Southern Resident killer whale DPS is composed of one small population (88 whales) which 
is currently at most half of its likely previous size (140 to as many as 400 whales). The effective 
population size (based on the number of breeders under ideal genetic conditions) of 26 whales is 
very small, and this in combination with the absence of gene flow from other populations may 
elevate the risk from inbreeding and other issues associated with genetic deterioration. This 
population has a variable growth rate (28-year mean=0.3% ± 3.2% s.d), and risk of quasi 
extinction that ranges from 1% to as high as 66% over a 100-year horizon, depending on the 
population’s survival rate and the probability and magnitude of catastrophic events. Because of 
this population’s small size, it is susceptible to demographic stochasticity and genetic 
deterioration, as described in the Status of the Species. The influences of demographic 
stochasticity and potential genetic issues in combination with other sources of random variation 
combine to amplify the probability of extinction, known as the extinction vortex.

The larger the population size, the greater the buffer against stochastic events. It also follows that 
the longer the population stays at a small size, the greater its exposure to demographic stochastic 
risks and genetic risks. In addition, as described in the Status of the Species section, small 
populations are inherently at risk because of the unequal reproductive success of individuals 
within the population. The more individuals added to a population in any generation, the more 
chances of adding a reproductively successful individual. Random chance can also affect the sex 
ratio and genetic diversity of a small population, leading to lowered reproductive success of the 
population as a whole. For these reasons, the failure to add even a few individuals to a small 
population in the near term can have long-term consequences for that population’s ability to 
survive and recover into the future. A delisting criterion for the Southern Resident killer whale 
DPS is an average growth rate of 2.3% for 28 years (NMFS 2008a). In light of the current 
average growth rate of 0.3%, this recovery criterion and the risk of stochastic events and genetic 
issues described above underscore the importance for the population to grow quickly.

The effects of the proposed action include bioaccumulation, biomagnification, and reduced prey 
quality and quantity. As explained in the section [Toxic Chemical Accumulation in the Southern 
Residents], compared to current conditions, the proposed criteria will result in the same levels for 
some compounds and reduced bioaccumulation and reduced biomagnification in the Southern 
Residents for some compounds. The NMFS anticipates that the relatively low concentrations of 
the bioaccumulative compounds in the whales will remain low and below health effects 
thresholds found in surrogate species. For these reasons, NMFS anticipates that the effects of the 
proposed action on the accumulation of the toxic chemicals in Southern Residents will be 
insignificant.

As explained in the section Effects of Prey Reduction, the anticipated short-term reduction of 
Chinook salmon associated with the proposed action would result in an insignificant annual 
reduction in adult equivalent prey resources for Southern Resident killer whales.

Over the long-term, however, the proposed action will increase the risk of extinction of UWR 
Chinook salmon, UCR spring-run Chinook salmon, SR spring/summer-run Chinook salmon, SR 
fall-run Chinook salmon, and LCR Chinook salmon stocks and could result in a greater reduction 
in prey quantity and affect availability of prey in other ways (i.e., spatially or temporally). Fewer 
populations contributing to Southern Residents’ prey base will reduce the representation of 
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diversity in life histories, resiliency in withstanding stochastic events, and redundancy to ensure 
there is a margin of safety for the salmon and Southern Residents to withstand catastrophic 
events. These reductions increase the extinction risk of Southern Residents. 

The extinction of UWR Chinook salmon, UCR spring-run Chinook salmon, SR spring/summer-
run Chinook salmon, SR fall-run Chinook salmon, and LCR Chinook salmon would reduce prey 
availability and increase the likelihood for local depletions of prey in particular locations and 
times. In response, the Southern Residents would increase foraging effort or abandon areas in 
search of more abundant prey. Reductions in prey or a resulting requirement of increased 
foraging efficiency increase the likelihood of physiological effects. The Southern Residents 
would likely experience nutritional, reproductive, or other health effects (e.g., reduced immune 
function from drawing on fat stores and mobilizing contaminants in the blubber) from this 
reduced prey availability. These effects would lead to reduced body size and condition of 
individuals and can also lower reproductive and survival rates and thereby diminish the potential 
for Southern Residents to recover.

In summary: (1) The toxic chemicals discussed in this opinion have the ability to 
accumulate in the Southern Residents, however, bioaccumulation and biomagnification is 
expected to be relatively low, and levels in the whales are not anticipated to cause health effects.
Furthermore, the proposed criteria will result in reduced bioaccumulation and biomagnifications 
of some compounds and levels will remain low and below health effects thresholds in the 
Southern Residents. (2) Short-term (or annual) reduction in prey availability associated with the 
proposed action would result in an insignificant annual reduction in adult equivalent prey 
resources for Southern Resident killer whales. (3) Increased risk of extinction of LCR Chinook 
salmon, UWR Chinook salmon, UCR spring-run Chinook salmon, SR spring/summer-run 
Chinook salmon, SR fall-run Chinook salmon, as a long-term consequence of the proposed 
action increases the risk of a permanent reduction in prey available to Southern Residents, and
increases the likelihood for local depletions of prey in particular locations and times. (4) Losing 
the potential for future recovery of LCR Chinook salmon, UWR Chinook salmon, UCR spring-
run Chinook salmon, SR spring/summer-run Chinook salmon, SR fall-run Chinook salmon, 
appreciabley diminishes the potential for Southern Residents to recover.

2.9 Conclusion 

After reviewing the best available scientific and commercial information regarding the biological 
requirements and the status of LCR Chinook salmon, UWR Chinook salmon, UCR spring-run 
Chinook salmon, SR spring/summer-run Chinook salmon, SR fall-run Chinook salmon, CR
chum salmon, LCR coho salmon, SONCC coho salmon, OC coho salmon, SR sockeye salmon, 
LCR steelhead, UWR steelhead, MCR steelhead, UCR steelhead, SRB steelhead, green sturgeon, 
Eulachon and Southern Resident killer whales considered in this opinion (section 2.4), the 
environmental baseline (section 2.5) for the action area, the effects of the proposed action
(section 2.6), and the cumulative effects (section 2.6.8), NMFS concludes that the proposed 
action is likely to jeopardize the continued existence of LCR Chinook salmon, UWR Chinook 
salmon, UCR spring-run Chinook salmon, SR spring/summer-run Chinook salmon, SR fall-run 
Chinook salmon, CR chum salmon, LCR coho salmon, SONCC coho salmon, OC coho salmon, 
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SR sockeye salmon, LCR steelhead, UWR steelhead, MCR steelhead, UCR steelhead, SRB 
steelhead, green sturgeon, Eulachon, and Southern Resident killer whales.

Furthermore, NMFS has determined NMFS has determined that the proposed action will result in 
the destruction or adverse modification of critical habitat as a result of degraded water quality in 
Oregon for LCR Chinook salmon, UWR Chinook salmon, UCR spring-run Chinook salmon, SR 
spring/summer-run Chinook salmon, SR fall-run Chinook salmon, CR chum salmon, SONCC 
coho salmon, OC coho salmon, SR sockeye salmon, LCR steelhead, UWR steelhead, MCR 
steelhead, UCR steelhead, SRB steelhead, green sturgeon, and Eulachon.

2.10. Reasonable and Prudent Alternative

This opinion has concluded that the proposed action will jeopardize the continued existence of 
LCR Chinook salmon, UWR Chinook salmon, UCR spring-run Chinook salmon, SR 
spring/summer-run Chinook salmon, SR fall-run Chinook salmon, CR chum salmon, LCR coho 
salmon, SONCC coho salmon, OC coho salmon, SR sockeye salmon, LCR steelhead, UWR 
steelhead, MCR steelhead, UCR steelhead, SRB steelhead, green sturgeon, eulachon, and 
Southern Resident killer whales.

This opinion also concluded that the proposed action will destroy or adversely modify critical 
habitat for LCR Chinook salmon, UWR Chinook salmon, UCR spring-run Chinook salmon, SR 
spring/summer-run Chinook salmon, SR fall-run Chinook salmon, CR chum salmon, SONCC 
coho salmon, OC coho salmon, SR sockeye salmon, LCR steelhead, UWR steelhead, MCR 
steelhead, UCR steelhead, SRB steelhead, green sturgeon, and eulachon.

Therefore, NMFS must discuss with EPA the availability of reasonable and prudent alternatives 
(RPAs) that EPA can take to avoid violation of EPA’s ESA section 7(a)(2) responsibilities (50 
CFR 402.14(g)(5)). RPAs are alternative actions identified during formal consultation that:      
(1) can be implemented in a manner consistent with the intended purpose of the action, (2) can 
be implemented consistent with the scope of the Federal agency's legal authority and jurisdiction, 
(3) are economically and technologically feasible, and (4) that NMFS believes would avoid the 
likelihood of jeopardizing the continued existence of listed species or resulting in the destruction 
or adverse modification of critical habitat (50 CFR 402.02). 

This section presents EPA with an RPA that will avoid jeopardy and destruction or adverse 
modification of critical habitat, while meeting the requirements listed above. Because this 
opinion has found jeopardy and destruction or adverse modification of critical habitat, the EPA is 
required to notify NMFS of its final decision on the implementation of the reasonable and 
prudent alternative.

2.10.1 Proposed RPA

The NMFS identified seven criteria (i.e., copper [acute and chronic], ammonia [acute and
chronic], cadmium [acute], and aluminum [acute and chronic])—that would cause significant 
adverse toxicological and biological effects on the listed species considered in this opinion. 
Individually and in combination with exposure to multiple compounds and stressors, these 
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criteria are likely to reduce appreciably the likelihood of both the survival and recovery of the 
listed species, and are likely to reduce appreciably the conservation value of their critical 
habitats. 

The NMFS and the EPA considered a variety of alternatives to avoid jeopardy and destruction or 
adverse modification of critical habitat to the listed species considered in this opinion. Based on 
the best available information, NMFS and EPA were able to identify alternative numeric criteria 
for three of the seven criteria (acute and chronic copper, chronic ammonia). The alternative 
criteria are supported by both the best available information considered in this opinion as well as 
recent reanalysis conducted by EPA under the CWA.10 These criteria will avoid 
jeopardy/adverse modification and are also within EPA’s authority to implement. 

For the remaining four criteria found to result in jeopardy/adverse modification, discussions 
between NMFS and EPA about the availability of an RPA that meets the regulatory criteria did 
not result in revised numeric criteria. Instead, the RPA specifies biological requirements to 
satisfy the conservation needs of the affected species and specific parameters EPA must work 
within to derive criteria that meet those requirements and avoid jeopardy and adverse 
modification of critical habitat.

Copper 

Acute. The EPA shall disapprove the State of Oregon’s acute criterion of 13 μg/L at 100 
mg/L CaCO3 for freshwater copper.

The EPA shall recommend that the State of Oregon adopt, and EPA will promulgate if 
necessary, a new acute criterion of 2.3 g/L for freshwater copper using EPA’s 2007 BLM-based 
aquatic life criteria. The EPA will ensure that the new acute copper criterion will be effective 
within 24 months after EPA’s final action to approve or disapprove Oregon’s proposed water 
quality criteria under the CWA.

Chronic. The EPA shall disapprove the State of Oregon’s chronic criterion of 9 μg/L at 
100 mg/L CaCO3 for freshwater copper.

The EPA shall recommend that the State of Oregon adopt, and EPA will promulgate if
necessary, a new chronic criterion of 1.45 g/L for freshwater copper using EPA’s 2007 BLM-
based aquatic life criteria. The EPA will ensure that the new chronic copper criterion will be 
effective within 24 months after EPA’s final action to approve or disapprove Oregon’s proposed 
water quality criteria under the CWA.

Ammonia

Acute. The EPA shall use the Process for Deriving Criteria, specified below, to derive an 
acute criterion for freshwater ammonia at pH 8 and 20°C (total ammonia-N). The EPA shall 
recommend that the State of Oregon adopt, and EPA will promulgate if necessary, the derived 

10http://water.epa.gov/scitech/swguidance/standards/criteria/aqlife/pollutants/copper/upload/2009_04_27_criteria_co
pper_2007_criteria-full.pdf
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acute ammonia criteria. The EPA will ensure that the derived acute ammonia criteria will be 
effective within 24 months after EPA’s final action to approve or disapprove Oregon’s proposed 
water quality criteria under the CWA.

Chronic. The EPA shall disapprove the State of Oregon’s chronic criterion of 1.7 mg/L at 
pH 8 and 20°C for freshwater ammonia (total ammonia-N).

The EPA shall recommend that the State of Oregon maintain the current chronic criterion of 0.76 
mg/L at pH 8 and 20°Cfor freshwater ammonia (total ammonia-N).

Cadmium

Acute.The EPA shall disapprove the State of Oregon’s acute criterion of 2.0 g/L at 100 
mg/L CaCO3 for freshwater cadmium. 

The EPA shall use the Process for Deriving Criteria, specified below, to derive an acute criterion 
for the State of Oregon for freshwater cadmium. The EPA shall recommend that the State adopt, 
and EPA will promulgate if necessary, the derived acute cadmium criteria. The EPA will ensure 
that the derived acute ammonia criteria will be effective within 24 months after EPA’s final to 
approve or disapprove Oregon’s proposed water quality criteria under the CWA.

Aluminum11

Acute. The EPA shall disapprove the State of Oregon’s acute criterion of 750 μg/L at pH 
6.5-9.0for freshwater aluminum.

The EPA shall use the Process for Deriving Criteria, specified below, to derive an acute criterion 
for the State of Oregon for freshwater aluminum at pH 6.5-9.0. The EPA shall recommend that 
the State of Oregon adopt, and EPA will promulgate if necessary, the derived acute aluminum 
criteria. The EPA will ensure that the derived acute aluminum criteria will be effective within 24 
months after EPA’s final action to approve or disapprove Oregon’s proposed water quality 
criteria under the CWA.

Chronic. The EPA shall disapprove the State of Oregon’s chronic criterion of 87 μg/L at 
pH 6.5-9.0for freshwater aluminum.

11 On August 9, 2012, EPA sent NMFS a letter withdrawing their request for consultation on Oregon’s acute and 
chronic aluminum criteria as “EPA has determined that the BE submitted to NMFS in January 2008 incorrectly 
described the proposed federal action under consultation for aluminum (i.e., CW A § 303(c)(3) approval of Oregon's 
submission of aluminum criteria). Specifically, Oregon’s submitted description of the pollutant refers to aluminum 
in waters with a pH of 6.5- 9.0, but a footnote in the criterion itself indicates that the criterion is meant to apply to 
waters with pH less than 6.6 and hardness less than 12 mg/L (as CaCO3).” Due to the court-ordered deadline of 
August 14, 2012, NMFS did not have time to modify its opinion to exclude acute and chronic aluminum from the 
document. The NMFS acknowledges EPA’s revision to the proposed action, however, and notes it does not 
anticipate EPA will carry out the RPA for aluminum in light of this change. The NMFS will await a further request 
from EPA relating to EPA’s potential future actions regarding Oregon's aluminum criteria.
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The EPA shall use the Process for Deriving Criteria, specified below, to derive a chronic 
criterion for the State of Oregon for freshwater aluminum at pH 6.5-9.0. The EPA shall 
recommend that the State of Oregon adopt, and EPA will promulgate if necessary, the derived 
chronic aluminum criteria. The EPA will ensure that the derived chronic aluminum criteria will 
be effective within 24 months after EPA’s final action to approve or disapprove Oregon’s 
proposed water quality criteria under the CWA.

Process for Deriving Criteria

The EPA shall utilize analytical methods that meet specified requirements to derive numeric 
criteria for aquatic life, taking into account the same factors that NMFS did in completing its 
analysis for the other criteria in this opinion. The EPA will then evaluate the analytical results 
with a population model that meets the requirements set out below, and thus is equivalent to that 
used by NMFS in this opinion, to confirm that the derived criteria will not jeopardize listed fish 
or adversely modify their critical habitat. 

In particular, the EPA shall derive criteria for acute ammonia, acute cadmium, and acute and 
chronic aluminum in compliance with the following five requirements:

1) Only use toxicity data for ammonia, cadmium, and aluminum that is specific to salmonid 
fishes (if new information becomes available for these compounds for green sturgeon and 
eulachon, then EPA shall include this data in its analysis); 

2) All toxicity data used to derive the numeric criteria must be curve-fitted, where the 
literature provides the necessary data to perform this step; 

3) When available, the curve-fitted toxicity data must be used to extrapolate threshold acute 
and chronic toxic effect concentrations;

4) Derived criteria must be model-adjusted to account for chemical mixtures; and,
5) An appropriate population model must be applied to the derived criteria, and must predict 

no negative change in the intrinsic population growth rate (e.g., lambda, ). 

More specifically, EPA shall ensure that the derived criteria are developed in compliance with 
the following mandatory sideboards:

The EPA shall use toxicity data specific to salmonid fishes. The EPA shall use the acute 
and chronic toxicity data in this opinion as a minimum data set. For green sturgeon and 
eulachon, EPA shall use the salmonid fishes toxicity data for this analysis, as described in 
section 2.6.2 in this opinion, in addition to any new data that becomes available for green 
sturgeon and eulachon.
The EPA shall use toxicity data based on exposure-response curves and fixed durations 
toxicity tests to estimate acute and chronic toxic effect thresholds to assess effects on 
multiple life stages and multiple endpoints, to include at a minimum: mortality, latent 
mortality, reproduction, growth, physiological, cellular, behavioral, and biochemical 
effects, where the data exists. The EPA may use existing toxicity data for ammonia, 
cadmium, and aluminum or generate new data, but the data shall be curve-fitted (see 
Figure 2.6.1.1) to determine the minimum effect thresholds (e.g., 5%) at which acute and 
chronic toxic effects are predicted. The minimum effects thresholds shall be used to 
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derive the criteria instead of using the EPA acute adjustment factor or the acute-to-
chronic ratio to derive criteria.
The EPA shall ensure that each derived criterion for ammonia, cadmium, and aluminum 
is adjusted to account for chemical mixtures using a concentration–addition model or 
response-addition model to determine whether or not exposure to multiple compounds 
will result in additive effects to the listed species considered in this opinion. The 
concentration–addition model or response-addition model shall include all compounds 
listed in Table 1.1. If the mixture effects prediction is greater than one, EPA shall adjust 
the concentrations for ammonia, cadmium, and aluminum until the mixture effects 
prediction is less than one. 
The EPA shall ensure that the derived criteria for ammonia, cadmium, and aluminum do 
not result in a negative change in the intrinsic population growth rate based on the 
geometric mean abundance data for each life history type, i.e., coho salmon (O. kisutch), 
sockeye salmon (O. nerka) and ocean-type and stream-type Chinook salmon (O. 
tshawytscha), of salmonid fish considered in this opinion, at the population scale. The 
EPA shall use stream-type Chinook salmon as a surrogate for steelhead, and ocean-type 
Chinook salmon as a surrogate for chum salmon in the population model, as described in 
section 2.6.5.1 of this opinion. Pacific salmon and steelhead abundance data is available 
from the Northwest Fisheries Science Center Salmon Population Summary Database12 or 
from the Columbia Basin Fish and Wildlife Authority Status of the Fish and Wildlife 
Resources Database13. The abundance data used for the population growth rate analysis 
shall include data from all years with available abundance data. For green sturgeon and 
eulachon, EPA shall use the salmonid fishes toxicity data and modeling results as 
surrogate data and outputs for this analysis. 
To ensure that the derived numeric criteria for ammonia, cadmium, and aluminum meet 
the population growth rate condition of the RPA, EPA shall run the criteria for ammonia, 
cadmium, and aluminum through a population model (e.g., Leslie Matrix), parameterized 
for Pacific salmonid fishes. Model requirements include: (1) scenarios based on change 
in first year survival; (2) an assumption that the populations are density-independent, to 
reduce the probability of Type II errors; (3) sigmoid slopes are generated from the data 
used to derive the numeric criteria, and if a slope cannot be generated from the data, EPA 
shall use the default sigmoid slope of 3.6 used in this opinion; and (4) exposure-response 
scenarios using the geometric mean of the curve-fitted data, and the minimum species 
mean value of the curve-fitted data, from the toxicity data used to derive the numeric 
criteria. 

2.10.2 Compliance with RPA Criteria

A reasonable and prudent alternative to the proposed action is one that avoids jeopardy by 
ensuring that the action’s effects do not appreciably increase the risks to the species’ potential for 
survival or to the species’ potential for recovery. It also must avoid destruction or adverse 
modification of designated critical habitat. A detailed analysis of how the RPA avoids jeopardy 

12https://www.webapps.nwfsc.noaa.gov/sps
13http://sotr.cbfwa.org
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and destruction or adverse modification of critical habitat is set out in section 2.10.3, below. In 
summary:

Implementation of the RPA avoids jeopardy to the listed species of fish because: 

We find that, based on the acute and chronic data in this opinion, effects of the revised 
action will not manifest at the population scale.
We considered factors such as latent mortality and hypothesis tests in our effects analysis 
to assess the uncertainty of the revised action.
The revised action will not result in appreciable population-level effects, (i.e., lethal and 
sublethal effects do not result in a negative change in the intrinsic population growth rate, 
e.g., lambda, ).
The available evidence indicates that the revised action is unlikely to appreciably affect 
invertebrate productivity and abundance. 
The requirement to adjust the criteria using a concentration–addition model or response-
addition model will ensure that the revised action has a low probability of causing 
additive effects to the listed species.
It can reasonably be concluded that the time needed to fully implement the revised action 
will not measurably impact the listed ESUs/DPSs or their critical habitat affected by this 
action.

For similar reasons, implementation of the RPA avoids adverse modification of the critical 
habitats for the listed species fish because:

The revised action will not adversely modify critical habitats for the listed species 
considered in this opinion as the data suggests that the criteria concentrations are likely to 
have low-intensity adverse effects on the PCEs substrate, forage, or water quality at the 
watershed and designation scales. The available evidence indicates that the revised action 
is unlikely to appreciably affect invertebrate productivity and abundance. 
The revised action will minimize loading of copper, ammonia, cadmium, and aluminum 
in the affected watersheds so that habitat functions are maintained consistent with the 
conservation needs of the species.
It can reasonably be concluded that the delay in implementing the revised action will not 
measurably impact the listed ESUs/DPSs or their critical habitat affected by this action.

Implementation of the RPA avoids jeopardy to Southern Resident killer whales because, for 
those listed fish species that are prey for Southern Resident killer whales and the subject of this 
opinion, the RPA will ensure the impact on productivity and abundance is at a level where it 
does not pose an appreciable risk to the listed fish species and their designated critical habitats.
Implementation of the RPA will also decrease the accumulation of toxic chemicals in the whales 
by reducing the bioaccumulation and toxic burdens in their prey to levels consistent with 
recovery of the listed species. For these reasons, NMFS expects that implementation of the RPA 
will avoid jeopardy for Southern Resident killer whales.

The reasonable and prudent alternative must also be: (1) consistent with the intended purpose of 
the action; (2) within the scope of the Federal agency's legal authority and jurisdiction; and 
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(3) economically and technologically feasible. This RPA is consistent with the purpose of EPA’s 
action, as it will ensure that Oregon’s water quality criteria for toxic pollutants will be protective 
of aquatic species. The EPA has authority, under the Clean Water Act, to ensure that state water 
quality standards are consistent with the requirements of the Clean Water Act requirements, 
which include ensuring that aquatic life is adequately protected.

Implementation of the RPA may impose some additional costs on the State of Oregon by 
requiring the state to meet more stringent numeric criteria than proposed, but neither the State of 
Oregon nor EPA conducted an economics analysis for the proposed action. With respect to 
chronic ammonia and acute and chronic copper, the RPA has been demonstrated to be 
economically and technologically feasible, because the freshwater chronic criterion of 0.76 mg/L 
for freshwater ammonia (total ammonia-N) at pH 8 and 20°C is currently being implemented in 
Oregon, and the acute and chronic criteria for copper are EPA’s nationally recommended aquatic 
life criteria. For acute ammonia, acute cadmium, and acute and chronic aluminum, the RPA is 
economically and technologically feasible for EPA since it requires the agency to conduct an 
analysis and ensure the derived criteria are implemented in the State of Oregon, both functions 
that can be readily accommodated within the agency’s normal course of business.

2.10.3 RPA Effects Analysis

The RPA Effects analysis is provided with reference to the effects of the action detailed above 
(section 2.6), which analyses effects of all criteria. This section provides particularized 
discussion of the seven criteria for which an RPA is provided.

2.10.3.1 Copper – Acute and Chronic

The revised criteria for copper are 1.45 μg/L (chronic) and 2.3 μg/L (acute), using EPA’s 2007 
BLM-based aquatic life criteria.14

The NMFS has determined that these revised criteria satisfy the conservation needs of the 
species and function of critical habitat PCEs because when we apply the same analysis that we 
used in the Effects Analysis, as described in section 2.6 of this opinion to the revised copper 
criteria, we find that the revised acute and chronic criteria for copper are unlikely to cause acute 
or chronic toxic effects to the listed fishes considered in this opinion that would manifest at the 
population scale.

More specifically:

The NMFS compared the acute and chronic toxicity data in section 2.6.2.2.6 of this opinion 
to the revised criteria. For the acute criterion, none of the LC50 data was identified as being 

14With regard to BLM-derived freshwater criteria, to develop a site-specific criterion for a stream reach, one is faced 
with determining what single criterion is appropriate even though a BLM criterion calculated for the event 
corresponding to the input water chemistry conditions will be time-variable. This is not a new problem unique to the 
BLM—hardness-dependent metals criteria are also time-variable values. Although the variability of hardness over 
time can be characterized, EPA has not provided guidance on how to calculate site-specific criteria considering this 
variability.
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less than the revised acute criterion, the relative percent mortality analysis predicts a median 
toxicity potential of an LC1.2, and only 11 of the 150 chronic data points were identified as 
being less than the revised chronic criterion.
To take into account the shortcomings and implications of laboratory-derived toxicity tests 
and the ecological consequences for field-exposed fishes, we considered factors such as 
latent mortality and hypothesis tests in our effects analysis to assess the uncertainty of the 
revised criteria 
The NMFS ran the revised acute criterion for freshwater copper of 2.3 μg/L through the 
direct mortality population model (Appendix 1) using the geometric mean and the minimum
species mean values of the LC50 data for copper to assess effects on mortality and lambda.
The exposure-response scenario using the minimum species mean value with the revised 
criterion concentration of 2.3 μg/L predicted 1% mortality for all life history types with a 0% 
change in for all life history types. The exposure-response scenario using the geometric 
mean value predicted 0% mortality with 0% change in for all life history types. The NMFS
considers the results of the direct mortality population model using the minimum species 
mean value to be a very conservative exposure-response scenario. The fact that this 
conservative exposure-response scenario predicts no change in for any of the life history 
types provides a level of assurance that the revised acute criterion for freshwater copper of 
2.3 μg/L is unlikely to cause population-level adverse effects.
Our analysis of the revised chronic criterion suggests that the revised criterion concentration 
is likely to avoid adverse chemosensory and behavioral effects to juvenile salmonid fishes 
(Hecht et al. 2007).
The available evidence indicates that the chronic criterion for copper is unlikely to 
appreciably affect invertebrate productivity and abundance. 
For similar reasons, the revised criteria for copper will not adversely modify critical habitats 
for the listed species considered in this opinion as the data suggests that the criteria 
concentrations are likely to have low-intensity adverse effects on the PCEs substrate, forage, 
or water quality at the watershed and designation scales.

2.10.3.2 Ammonia – Chronic

The revised chronic criterion for ammonia is 0.76 mg/L as N (NH3-nitrogen) at pH of 8.0 and 
20°C.

The NMFS has determined that these revised criteria satisfy the conservation needs of the 
species and function of critical habitat PCEs because when we apply the same analysis that we 
used in the Effects Analysis, as described in section 2.6 of this opinion to the revised ammonia
criterion, we find that, the revised chronic criterion for ammonia is unlikely to cause chronic 
toxic effects to the listed fishes considered in this opinion that would manifest at the population 
scale.

More specifically:

The NMFS compared the chronic toxicity data in section 2.6.2.1.7 of this opinion to the 
revised criterion. For the chronic criterion only 9 of the 19 chronic data points were identified 
as being less than the revised chronic criterion. As described in the opinion, NMFS only 
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selected toxicity data in the core data file with a reported concentration type of total 
ammonia. For these toxicity studies, temperature and pH were not reported in the core data 
files; therefore verification regarding normalization was not possible and creates uncertainty. 
Therefore, as an additional step to address this uncertainty and to assess the potential for 
chronic toxic effects of ammonia to the listed species considered in this opinion using an 
additional line of evidence, NMFS used four ACRs described in section 2.6.2.1.7 of this 
opinion to estimate a NOEC for ammonia. These produced no concentrations less than the 
chronic criterion concentration, which indicates that listed species exposed to waters equal to 
chronic criterion concentrations may not suffer chronic toxic effects. To take into account the 
shortcomings and implications of laboratory-derived toxicity tests and the ecological 
consequences for field-exposed fishes, we considered factors such as hypothesis tests in our 
effects analysis to assess the uncertainty of the revised criteria. 
The NMFS also considered non-lethal effects based on best available information and 
determined that they would be suffered at low-intensity.
The revised criterion for ammonia will not adversely modify critical habitats for the listed 
species considered in this opinion as the data suggests that the criteria concentrations are 
likely to have low-intensity adverse effects on the PCEs substrate, forage. Ammonia does not 
bioaccumulate or bind to sediments—therefore effects on the PCEs substrate and forage are 
unlikely to be affected in a manner inconsistent with the recovery requirements of the listed 
fishes considered in this opinion. Furthermore, based on the ACR analyses, the revised 
criterion is likely to have low-intensity adverse effects on the PCEs substrate, forage, or 
water quality at the watershed and designation scales.

2.10.3.3 Derived Criteria

The EPA will derive criteria for acute ammonia, acute cadmium, and acute and chronic 
aluminum in accordance with the Process for Deriving Criteria set out above to ensure an 
adequately protective criterion is established.

The NMFS has determined that the derived criteria will satisfy the conservation needs of the 
species and function of critical habitat PCEs because the RPA relies on a conservative, well-
defined methodology and requires EPA to ensure that the acute criterion for ammonia, the acute 
criterion for cadmium, and the acute and chronic criteria for aluminum do not cause a change in 
the intrinsic population growth rate (e.g., ). More specifically, NMFS developed the following 
requirements to address the uncertainties associated with the toxicity data, sublethal effects, 
multiple environmental stressors, and biological requirements consistent with the principles of 
conservation biology.

Toxicity Data

Because EPA is required to use toxicity data specific to salmonid fishes (and green sturgeon and 
eulachon, if it becomes available), this will minimize the uncertainties regarding the use of 
surrogate species and methodologies, e.g., interspecies correlation analyses, to derive criteria that 
are consistent with the biological requirement of the species considered in this opinion.
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Curve-fitted Data to Extrapolate Threshold Concentrations

The EPA is required to use toxicity data based on exposure-response curves and fixed durations 
toxicity tests to estimate acute and chronic toxic effect thresholds to assess effects on multiple 
life stages and multiple endpoints, to include at a minimum: mortality, latent mortality, 
reproduction, growth, physiological, cellular, behavioral, and biochemical effects, where the data 
exists. This requirement operates to ensure the derived criteria account for effects beyond the 
standard mortality, growth, and reproduction endpoints, but considers effects on a species life 
cycle and on sublethal endpoint that can affect the fitness and survival of affected species. 

Adjust for Chemical Mixtures

The EPA is required to adjust each derived criterion for chemical mixtures using a 
concentration–addition model or response-addition model to determine whether or not exposure 
to multiple compounds will result in additive effects to the listed species. This requirement 
operates to ensure that environmental exposure conditions are considered in the development of 
the derived criteria. Fish exposed to multiple compounds, versus a single compound exposure, 
are likely to suffer toxicity greater than the assessment effects such as mortality, reduced growth, 
impairment of essential behaviors related to successful rearing and migration, cellular trauma, 
physiological trauma, and reproductive failure. The requirement to adjust the criteria using a 
concentration–addition model or response-addition model will ensure that the derived criteria 
have a low probability of causing additive effects to the listed species. 

No Negative Change in Intrinsic Population Growth

Important assurances are provided by the requirement that the derived criteria do not result in a 
negative change in the intrinsic population growth rate based on the geometric mean abundance 
data for each life history type (as determined by a population model parameterized for Pacific 
salmonid fishes and otherwise meeting the RPA requirements). The requirement that the derived
criteria are run through a population model is a method to assess population-level effects. A 
change in the intrinsic population growth rate, e.g., , is an accepted population parameter often 
used in evaluating population productivity, status, and viability. The NMFS uses changes in 
when estimating the status of species, conducting risk and viability assessments, developing 
recovery plans, ESA consultations, and communicating with other federal, state and local 
agencies (McClure et al., 2003). While values of <1.0 indicate a declining population, in cases 
when an exposure causes the population growth rate to decrease more than natural variability, a 
loss of productivity will result even if lambda remains above 1.0. Decreases in response to 
chemical exposures can be a cause for concern since the impact could make a population more 
susceptible to declining (lambda dropping below 1.0) due to impacts from other stressors. 
Therefore, the no change in the intrinsic population growth rate ensures that effects from the 
derived criteria will not manifest at the population scale, and are consistent with the recovery of 
the species considered in this opinion.
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2.10.3.4. Mixtures Analysis

Since EPA has not derived specific numeric criteria for acute ammonia, acute cadmium, and 
acute and chronic aluminum, NMFS cannot run the revised numbers through the concentration-
addition model used in this section 2.6.4 of this opinion to generate a revised mixtures effects 
prediction. Nonetheless, the requirement to adjust the criteria using a concentration–addition 
model or response-addition model will ensure that the revised criteria have considered 
environmental exposure conditions of multiple compounds.

2.10.3.5 Implementation Period

The NMFS evaluated the impact of the time lag between completion of the opinion and
implementation of the revised action. In the proposed action, EPA assumed that the numeric 
criteria would be met outside the State’s applicable mixing zone boundaries, i.e., that the criteria 
represent ambient water quality conditions. The NMFS carried the assumption that the criteria 
concentrations represent the ambient water quality conditions through its analysis of the 
proposed action and of the RPA. Yet, based on Oregon DEQ’s water quality assessment program 
data,15 it appears there is variability in the current concentrations of toxics and their distribution 
throughout the subbasins in Oregon. Therefore, it may be some time before ambient water 
quality conditions reach criteria concentrations. 

To explore this in more detail, NMFS compared the current water quality baseline against the 
ambient criteria identified in the RPA to determine the likelihood that concentrations of these 
toxics would exceed the criteria identified in the RPA during the implementation period. The 
NMFS focused its analysis on the chronic criteria for ammonia. The NMFS determined that 
ammonia is a reasonable proxy for the remaining criteria because the RPA criteria for chronic 
ammonia is the same criterion currently in place;16 thus, ammonia provides a natural reflection 
of the current distribution of the proposed new criterion, which is conducive to assessing the 
likelihood that the new criterion will be exceeded in a significant manner across the State during 
the implementation period. In addition, the other criteria do not so readily lend themselves to 
analysis.17

The data that we used was derived from Oregon Department of Environmental Quality’s Water 
Quality Assessment Database. We extracted all available records associated with lakes and 
streams that had data for ammonia. The data included 273 records from river reaches in 64 
subbasins across Oregon. Only four reaches in four subbasins were identified as sufficiently 
water quality limited as a result of ammonia to warrant listing on the State’s CWA section 303(d) 
list. Three of these subbasins are above the range of anadromous fish. The remainder of the 
subbasins had no reaches that had high enough concentrations of ammonia to warrant listing on 
the 303(d) list. Even in the more densely populated area of the Willamette, approximately 68% 

15http://www.deq.state.or.us/lab/wqm/watershed.htm
16The RPA states that EPA shall approve a new chronic criterion for the State of Oregon by maintaining the current 
chronic criterion of 0.76 mg/L at pH 8 and 20°C for freshwater ammonia (total ammonia-N).
17 The derived criteria are not yet available for this type of analysis and because the copper criteria will be developed 
using the BLM approach it cannot be evaluated independent of other parameters necessary to determine site specific 
values.
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of the reported reaches were fully attaining for ammonia. Extrapolating generally from the 
ammonia data, which demonstrates that actual current concentrations are distributed in very 
irregular patterns almost entirely below the RPA criteria concentrations, it can reasonably be 
concluded that the time needed to implement the revised action will not measurably impact the 
listed ESUs/DPSs or their designated critical habitat affected by this action.

2.10.4 RPA Integration and Synthesis

For the RPA Effects Analysis, NMFS integrated the effects of the revised and derived criteria for 
copper, ammonia, cadmium, and aluminum into an overall effects analysis, taking into account 
the effects of the other criteria proposed by EPA. Similar to the RPA Effects Analysis, the RPA 
Integration and Synthesis considers the effects of the action as a whole, with additional focus on 
the seven compounds that NMFS identified with the highest-intensity adverse toxicological and
adverse biological effects on the listed species considered in this opinion. 

The RPA Integration and Synthesis section fully considers the effects of the action (section 2.6) 
to the environmental baseline (section 2.5), the cumulative effects (section 2.6.8), and the 
Integration and Synthesis (section 2.7) to formulate the agency’s biological opinion as to whether 
the revised action is likely to: (1) Result in appreciable reductions in the likelihood of both 
survival and recovery of the species in the wild by reducing its numbers, reproduction, or 
distribution; or (2) reduce the value of designated or proposed critical habitat for the 
conservation of the species. These assessments are made in full consideration of the status of the
species and critical habitat (section 2.4).

ESU/DPS-Specific Evaluations

LCR Chinook Salmon. 

(1) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis of the shortcomings and implications of laboratory-derived 
toxicity tests (uncertainty analysis) for copper and chronic ammonia, the relative percent 
mortality analysis for copper, the direct mortality population model for copper, the summary 
analysis for copper and chronic ammonia, and the RPA-specific minimum biological 
requirements for acute ammonia, acute cadmium, and acute and chronic aluminum along with 
consideration of the other proposed numeric criteria; LCR Chinook salmon and the PCEs of their 
designated critical habitat will experience some acute and chronic toxic effects from exposure to 
the 65 numeric criteria under the revised action. For the reasons discussed in the prior RPA 
sections above and summarized below, these effects will manifest at an individual level (or 
group of individuals) for the ESU and its PCEs, but will not rise to the population level for LCR 
Chinook salmon or the broader watershed scale for their critical habitat. 

(2) NMFS used the direct mortality population model as a quantitative method to assess the 
significance of acute toxic effects on long-term productivity and abundance from exposure to the 
freshwater acute criteria for copper. The direct mortality population modeling predicted 1% 
mortality for all life history types at the population level—relative to the baseline population 
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model. This level of mortality will not result in negative changes in the median population 
growth rate ( ) for each of the 32 populations.

(3) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis on considerations of the shortcomings and implications of 
laboratory-derived toxicity tests (uncertainty analysis) for copper and chronic ammonia, the 
relative percent mortality analysis for copper, the direct mortality population model for copper, 
the summary analysis for copper and chronic ammonia, and the RPA-specific minimum 
biological requirements for acute ammonia, acute cadmium, and acute and chronic aluminum; 
and the likelihood of exposure to baseline chemical and physical stressors (e.g., cyanide, PCBs, 
aldrin, DDT, and high stream temperatures) along with consideration of the other proposed 
numeric criteria, the revised action is likely to adversely affect LCR Chinook salmon, but is not 
likely to appreciably affect the VSP parameters productivity and abundance for LCR Chinook 
salmon. Based on the aforementioned analysis in this opinion and in the RPA Effects Analysis, 
the revised action adequately provides for the conservation needs of LCR Chinook salmon such 
that effects will manifest at an individual level (or group of individuals), but not at the population 
level.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of LCR 
Chinook salmon through multiple mechanisms, including sustained declines in spawner:spawner 
ratios; decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; 
reduced fecundity; greater pre-reproductive spawning risk; increased influences of 
environmental variation and demographic stochasticity; changes in source-sink dynamics; and 
changes in patterns of gene flow. In the long term, the revised action will not produce changes in 
productivity and abundance. Therefore, the effects described in this section, with consideration 
of the VSP parameters productivity and abundance, are unlikely to appreciably diminish the VSP 
parameters spatial distribution and genetic diversity for LCR Chinook salmon. Based on the 
aforementioned analysis in this opinion and in the RPA Effects Analysis, the revised action 
adequately provides for the conservation needs of LCR Chinook salmon such that effects will 
manifest at an individual level (or group of individuals), but not at the population level.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1, 
and the revised and derived criteria for copper, ammonia, cadmium, and aluminum, will ensure 
water quality conditions necessary to support the conservation needs of LCR Chinook salmon. 
Specifically, the revised action would minimize mass loading of toxic substances to levels that 
adequately provides for the function of the PCEs and the conservation needs of LCR Chinook 
salmon. Therefore, EPA’s approval is not likely to appreciably reduce the conservation value of 
the critical habitat of LCR Chinook salmon. This conclusion is based on the magnitude of likely 
effects on the PCE water quality (low-to-moderate decrease in toxicity that affects one or more 
PCEs) and the overall percentage of critical habitat for this species that would be adversely 
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affected (40.2 percent of the total designation), but will not appreciably reduce the conservation 
value.

(6) NMFS evaluated the impact of the implementation period, i.e., the time between 
completion of the opinion and implementation of the revised action. Based on Oregon DEQ’s 
water quality assessment program data, it appears there is variability in the current 
concentrations of toxics and their distribution throughout the subbasins in Oregon. Therefore, it 
may be some time before criteria concentrations reach ambient water quality conditions. As an 
example, ammonia data demonstrates that actual current concentrations are distributed in very 
irregular patterns almost entirely below the RPA criteria concentrations. Extrapolating generally 
from this, it can reasonably be concluded that the delay in implementing the revised action will 
not measurably impact the listed ESUs/DPSsor their designated critical habitat affected by this 
action.

(7) After considering all the information in this opinion, NMFS concludes that the revised 
action is not likely to reduce appreciably the likelihood of both the survival and recovery of LCR 
Chinook salmon. Furthermore, NMFS concludes that the revised action is not likely to reduce 
appreciably the conservation value of LCR Chinook salmon critical habitat such that it will retain 
the current ability to serve the intended conservation role for the species for either survival or 
recovery.

UWR Chinook Salmon.

(1) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis of the shortcomings and implications of laboratory-derived 
toxicity tests (uncertainty analysis) for copper and chronic ammonia, the relative percent 
mortality analysis for copper, the direct mortality population model for copper, the summary 
analysis for copper and chronic ammonia, and the RPA-specific minimum biological 
requirements for acute ammonia, acute cadmium, and acute and chronic aluminum along with 
consideration of the other proposed numeric criteria; UWR Chinook salmon and the PCEs of 
their designated critical habitat will experience some acute and chronic toxic effects from 
exposure to the 65 numeric criteria under the revised action. For the reasons discussed in the 
prior RPA sections above and summarized below, these effects will manifest at an individual 
level (or group of individuals) for the ESU and its PCEs, but will not rise to the population level 
for UWR Chinook salmon or the broader watershed scale for their critical habitat.

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria for copper. The direct mortality population modeling predicted 1% 
mortality for all life history types at the population level—relative to the baseline population 
model. This level of mortality will not result in negative changes in the median population 
growth rate ( ) for each of the 7 populations.

(3) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis on considerations of the shortcomings and implications of 
laboratory-derived toxicity tests (uncertainty analysis) for copper and chronic ammonia, the 
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relative percent mortality analysis for copper, the direct mortality population model for copper, 
the summary analysis for copper and chronic ammonia, and the RPA-specific minimum 
biological requirements for acute ammonia, acute cadmium, and acute and chronic aluminum; 
and the likelihood of exposure to baseline chemical and physical stressors (e.g., cyanide, PCBs, 
aldrin, DDT, and high stream temperatures) along with consideration of the other proposed 
numeric criteria, the revised action is likely to adversely affect UWR Chinook salmon, but is not 
likely to appreciably affect the VSP parameters productivity and abundance for UWR Chinook 
salmon. Based on the aforementioned analysis in this opinion and in the RPA Effects Analysis, 
the revised action adequately provides for the conservation needs of UWR Chinook salmon such 
that effects will manifest at an individual level (or group of individuals), but not at the population 
level.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of UWR 
Chinook salmon through multiple mechanisms, including sustained declines in spawner:spawner 
ratios; decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; 
reduced fecundity; greater pre-reproductive spawning risk; increased influences of 
environmental variation and demographic stochasticity; changes in source-sink dynamics; and 
changes in patterns of gene flow. In the long term, the revised action will not produce changes in 
productivity and abundance. Therefore, the effects described in this section, with consideration 
of the VSP parameters productivity and abundance, are unlikely to appreciably diminish the VSP 
parameters spatial distribution and genetic diversity for UWR Chinook salmon. Based on the 
aforementioned analysis in this opinion and in the RPA Effects Analysis, the revised action 
adequately provides for the conservation needs of UWR Chinook salmon such that effects will 
manifest at an individual level (or group of individuals), but not at the population level.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1, 
and the revised and derived criteria for copper, ammonia, cadmium, and aluminum, will 
incrementally improve water quality conditions for UWR Chinook salmon. Specifically, the 
revised action would minimize mass loading of toxic substances, and improve habitat quality that 
adequately provides for the conservation needs of UWR Chinook salmon. Therefore, EPA’s 
approval is not likely to appreciably reduce the conservation value of the critical habitat of UWR
Chinook salmon. This conclusion is based on the magnitude of likely effects on the PCE water 
quality (low-to-moderate decrease in toxicity that affects one or more PCEs) and the overall 
percentage of critical habitat for this species that would be adversely affected (100 percent of the 
total designation), but will not appreciably reduce the conservation value.

(6) The NMFS evaluated the impact of the implementation period, i.e., the time between 
completion of the opinion and implementation of the revised action. Based on Oregon DEQ’s 
water quality assessment program data, it appears there is variability in the current 
concentrations of toxics and their distribution throughout the subbasins in Oregon. Therefore, it 
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may be some time before criteria concentrations reach ambient water quality conditions. As an 
example, ammonia data demonstrates that actual current concentrations are distributed in very 
irregular patterns almost entirely below the RPA criteria concentrations. Extrapolating generally 
from this, it can reasonably be concluded that the delay in implementing the revised action will 
not measurably impact the listed ESUs/DPSs or their designated critical habitat affected by this 
action.

(7) After considering all the information in this opinion, NMFS concludes that the revised 
action is not likely to reduce appreciably the likelihood of both the survival and recovery of 
UWR Chinook salmon. Furthermore, NMFS concludes that the revised action is not likely to 
reduce appreciably the conservation value of UWR Chinook salmon critical habitat such that it 
will retain the current ability to serve the intended conservation role for the species for either 
survival or recovery.

UCR Spring-run Chinook Salmon.

(1) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis of the shortcomings and implications of laboratory-derived
toxicity tests (uncertainty analysis) for copper and chronic ammonia, the relative percent 
mortality analysis for copper, the direct mortality population model for copper, the summary 
analysis for copper and chronic ammonia, and the RPA-specific minimum biological 
requirements for acute ammonia, acute cadmium, and acute and chronic aluminum along with 
consideration of the other proposed numeric criteria; UCR spring-run Chinook salmon and the 
PCEs of their designated critical habitat will experience some acute and chronic toxic effects 
from exposure to the 65 numeric criteria under the revised action. For the reasons discussed in 
the prior RPA sections above and summarized below, these effects will manifest at an individual 
level (or group of individuals) for the ESU and its PCEs, but will not rise to the population level 
for UCR spring-run Chinook salmon or the broader watershed scale for their critical habitat. 

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria for copper. The direct mortality population modeling predicted 1% 
mortality for all life history types at the population level—relative to the baseline population 
model. This level of mortality will not result in negative changes in the median population 
growth rate ( ) for each of the 4 populations.

(3) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis on considerations of the shortcomings and implications of 
laboratory-derived toxicity tests (uncertainty analysis) for copper and chronic ammonia, the 
relative percent mortality analysis for copper, the direct mortality population model for copper, 
the summary analysis for copper and chronic ammonia, and the RPA-specific minimum 
biological requirements for acute ammonia, acute cadmium, and acute and chronic aluminum; 
and the likelihood of exposure to baseline chemical and physical stressors (e.g., cyanide, PCBs, 
aldrin, DDT, and high stream temperatures) along with consideration of the other proposed 
numeric criteria, the revised action is likely to adversely affect UCR spring-run Chinook salmon, 
but is not likely to appreciably affect the VSP parameters productivity and abundance for UCR 
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spring-run Chinook salmon. Based on the aforementioned analysis in this opinion and in the 
RPA Effects Analysis, the revised action adequately provides for the conservation needs of UCR 
spring-run Chinook salmon such that effects will manifest at an individual level (or group of 
individuals), but not at the population level.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of UCR 
spring-run Chinook salmon through multiple mechanisms, including sustained declines in 
spawner:spawner ratios; decreased smolt-to-adult returns; changes in traits, such as size and age 
of spawners; reduced fecundity; greater pre-reproductive spawning risk; increased influences of 
environmental variation and demographic stochasticity; changes in source-sink dynamics; and 
changes in patterns of gene flow. In the long term, the revised action will not produce changes in 
productivity and abundance. Therefore, the effects described in this section, with consideration 
of the VSP parameters productivity and abundance, are unlikely to appreciably diminish the VSP 
parameters spatial distribution and genetic diversity for UCR spring-run Chinook salmon. Based 
on the aforementioned analysis in this opinion and in the RPA Effects Analysis, the revised 
action adequately provides for the conservation needs of UCR spring-run Chinook salmon such 
that effects will manifest at an individual level (or group of individuals), but not at the population 
level.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1, 
and the revised and derived criteria for copper, ammonia, cadmium, and aluminum, will ensure
water quality conditions necessary to support the conservation needs of UCR spring-run Chinook 
salmon. Specifically, the revised action would minimize mass loading of toxic substances to 
levels that adequately provides for the function of the PCEs and the conservation needs of UCR 
spring-run Chinook salmon. Therefore, EPA’s approval is not likely to appreciably reduce the 
conservation value of the critical habitat of UCR spring-run Chinook salmon. This conclusion is 
based on the magnitude of likely effects on the PCE water quality (low-to-moderate decrease in 
toxicity that affects one or more PCEs) and the overall percentage of critical habitat for this 
species that would be adversely affected (30.8 percent of the total designation), but will not 
appreciably reduce the conservation value.

(6) The NMFS evaluated the impact of the implementation period, i.e., the time between 
completion of the opinion and implementation of the revised action. Based on Oregon DEQ’s 
water quality assessment program data, it appears there is variability in the current 
concentrations of toxics and their distribution throughout the subbasins in Oregon. Therefore, it 
may be some time before criteria concentrations reach ambient water quality conditions. As an 
example, ammonia data demonstrates that actual current concentrations are distributed in very 
irregular patterns almost entirely below the RPA criteria concentrations. Extrapolating generally 
from this, it can reasonably be concluded that the delay in implementing the revised action will 
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not measurably impact the listed ESUs/DPSs or their designated critical habitat affected by this 
action.

(7) After considering all the information in this opinion, NMFS concludes that the revised 
action is not likely to reduce appreciably the likelihood of both the survival and recovery of UCR 
spring-run Chinook salmon. Furthermore, NMFS concludes that the revised action is not likely 
to reduce appreciably the conservation value of UCR spring-run Chinook salmon critical habitat 
such that it will retain the current ability to serve the intended conservation role for the species 
for either survival or recovery.

SR Spring/Summer-run Chinook Salmon.

(1) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis of the shortcomings and implications of laboratory-derived 
toxicity tests (uncertainty analysis) for copper and chronic ammonia, the relative percent 
mortality analysis for copper, the direct mortality population model for copper, the summary 
analysis for copper and chronic ammonia, and the RPA-specific minimum biological 
requirements for acute ammonia, acute cadmium, and acute and chronic aluminum along with 
consideration of the other proposed numeric criteria; SS-run Chinook salmon and the PCEs of 
their designated critical habitat will experience some acute and chronic toxic effects from 
exposure to the 65 numeric criteria under the revised action. For the reasons discussed in the 
prior RPA sections above and summarized below, these effects will manifest at an individual 
level (or group of individuals) for the ESU and its PCEs, but will not rise to the population level 
for SS-run Chinook salmon or the broader watershed scale for their critical habitat. 

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria for copper. The direct mortality population modeling predicted 1% 
mortality for all life history types at the population level—relative to the baseline population 
model. This level of mortality will not result in negative changes in the median population 
growth rate ( ) for each of the 27 populations.

(3) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis on considerations of the shortcomings and implications of 
laboratory-derived toxicity tests (uncertainty analysis) for copper and chronic ammonia, the 
relative percent mortality analysis for copper, the direct mortality population model for copper, 
the summary analysis for copper and chronic ammonia, and the RPA-specific minimum 
biological requirements for acute ammonia, acute cadmium, and acute and chronic aluminum; 
and the likelihood of exposure to baseline chemical and physical stressors (e.g., cyanide, PCBs, 
aldrin, DDT, and high stream temperatures) along with consideration of the other proposed 
numeric criteria, the revised action is likely to adversely affect SS-run Chinook salmon, but is 
not likely to appreciably affect the VSP parameters productivity and abundance for SS-run 
Chinook salmon. Based on the aforementioned analysis in this opinion and in the RPA Effects 
Analysis, the revised action adequately provides for the conservation needs of SS-run Chinook 
salmon such that effects will manifest at an individual level (or group of individuals), but not at 
the population level.
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(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of SS-run 
Chinook salmon through multiple mechanisms, including sustained declines in spawner:spawner 
ratios; decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; 
reduced fecundity; greater pre-reproductive spawning risk; increased influences of 
environmental variation and demographic stochasticity; changes in source-sink dynamics; and 
changes in patterns of gene flow. In the long term, the revised action will not produce changes in 
productivity and abundance. Therefore, the effects described in this section, with consideration 
of the VSP parameters productivity and abundance, are unlikely to appreciably diminish the VSP 
parameters spatial distribution and genetic diversity for SS-run Chinook salmon. Based on the 
aforementioned analysis in this opinion and in the RPA Effects Analysis, the revised action 
adequately provides for the conservation needs of SS-run Chinook salmon such that effects will 
manifest at an individual level (or group of individuals), but not at the population level.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1, 
and the revised and derived criteria for copper, ammonia, cadmium, and aluminum, will ensure 
water quality conditions necessary to support the conservation needs of SS-run Chinook salmon.
Specifically, the revised action would minimize mass loading of toxic substances to levels that 
adequately provides for the function of the PCEs and the conservation needs of SS-run Chinook 
salmon. Therefore, EPA’s approval is not likely to appreciably reduce the conservation value of 
the critical habitat of SS-run Chinook salmon. This conclusion is based on the magnitude of 
likely effects on the PCE water quality (low-to-moderate decrease in toxicity that affects one or 
more PCEs) and the overall percentage of critical habitat for this species that would be adversely 
affected (25.3 percent of the total designation), but will not appreciably reduce the conservation 
value.

(6) The NMFS evaluated the impact of the implementation period, i.e., the time between 
completion of the opinion and implementation of the revised action. Based on Oregon DEQ’s 
water quality assessment program data, it appears there is variability in the current 
concentrations of toxics and their distribution throughout the subbasins in Oregon. Therefore, it 
may be some time before criteria concentrations reach ambient water quality conditions. As an 
example, ammonia data demonstrates that actual current concentrations are distributed in very 
irregular patterns almost entirely below the RPA criteria concentrations. Extrapolating generally 
from this, it can reasonably be concluded that the delay in implementing the revised action will 
not measurably impact the listed ESUs/DPSs or their designated critical habitat affected by this 
action.

(7) After considering all the information in this opinion, NMFS concludes that the revised 
action is not likely to reduce appreciably the likelihood of both the survival and recovery for SR 
SS-run Chinook salmon. Furthermore, NMFS concludes that the revised action is not likely to 
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reduce appreciably the conservation value of SR SS-run Chinook salmon critical habitat such 
that it will retain the current ability to serve the intended conservation role for the species for 
either survival or recovery.

SR Fall-run Chinook Salmon.

(1) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis of the shortcomings and implications of laboratory-derived 
toxicity tests (uncertainty analysis) for copper and chronic ammonia, the relative percent 
mortality analysis for copper, the direct mortality population model for copper, the summary 
analysis for copper and chronic ammonia, and the RPA-specific minimum biological 
requirements for acute ammonia, acute cadmium, and acute and chronic aluminum along with 
consideration of the other proposed numeric criteria; SR fall-run Chinook salmon and the PCEs 
of their designated critical habitat will experience some acute and chronic toxic effects from 
exposure to the 65 numeric criteria under the revised action. For the reasons discussed in the 
prior RPA sections above and summarized below, these effects will manifest at an individual 
level (or group of individuals) for the ESU and its PCEs, but will not rise to the population level 
for SR fall-run Chinook salmon or the broader watershed scale for their critical habitat. 

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria for copper. The direct mortality population modeling predicted 1% 
mortality for all life history types at the population level—relative to the baseline population 
model. This level of mortality will not result in negative changes in the median population 
growth rate ( ) for the single SR fall-run Chinook salmon ESU (which consists of eight 
spawning populations). 

(3) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis on considerations of the shortcomings and implications of 
laboratory-derived toxicity tests (uncertainty analysis) for copper and chronic ammonia, the 
relative percent mortality analysis for copper, the direct mortality population model for copper, 
the summary analysis for copper and chronic ammonia, and the RPA-specific minimum 
biological requirements for acute ammonia, acute cadmium, and acute and chronic aluminum; 
and the likelihood of exposure to baseline chemical and physical stressors (e.g., cyanide, PCBs, 
aldrin, DDT, and high stream temperatures) along with consideration of the other proposed 
numeric criteria, the revised action is likely to adversely affect SR fall-run Chinook salmon, but 
is not likely to appreciably affect the VSP parameters productivity and abundance for SR fall-run 
Chinook salmon. Based on the aforementioned analysis in this opinion and in the RPA Effects 
Analysis, the revised action adequately provides for the conservation needs of SR fall-run 
Chinook salmon such that effects will manifest at an individual level (or group of individuals), 
but not at the population level.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
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arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of SR fall-
run Chinook salmon through multiple mechanisms, including sustained declines in 
spawner:spawner ratios; decreased smolt-to-adult returns; changes in traits, such as size and age 
of spawners; reduced fecundity; greater pre-reproductive spawning risk; increased influences of 
environmental variation and demographic stochasticity; changes in source-sink dynamics; and
changes in patterns of gene flow. In the long term, the revised action will not produce changes in 
productivity and abundance. Therefore, the effects described in this section, with consideration 
of the VSP parameters productivity and abundance, are unlikely to appreciably diminish the VSP 
parameters spatial distribution and genetic diversity for SR fall-run Chinook salmon. Based on 
the aforementioned analysis in this opinion and in the RPA Effects Analysis, the revised action 
adequately provides for the conservation needs of SR fall-run Chinook salmon such that effects 
will manifest at an individual level (or group of individuals), but not at the population level.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1, 
and the revised and derived criteria for copper, ammonia, cadmium, and aluminum, will ensure 
water quality conditions necessary to support the conservation needs of SR fall-run Chinook 
salmon. Specifically, the revised action would minimize mass loading of toxic substances to 
levels that adequately provides for the function of the PCEs and the conservation needs of SR 
fall-run Chinook salmon. Therefore, EPA’s approval is not likely to appreciably reduce the 
conservation value of the critical habitat of SR fall-run Chinook salmon. This conclusion is 
based on the magnitude of likely effects on the PCE water quality (low-to-moderate decrease in 
toxicity that affects one or more PCEs) and the overall percentage of critical habitat for this 
species that would be adversely affected (25.3 percent of the total designation), but will not 
appreciably reduce the conservation value.

(6) The NMFS evaluated the impact of the implementation period, i.e., the time between 
completion of the opinion and implementation of the revised action. Based on Oregon DEQ’s 
water quality assessment program data, it appears there is variability in the current 
concentrations of toxics and their distribution throughout the subbasins in Oregon. Therefore, it 
may be some time before criteria concentrations reach ambient water quality conditions. As an 
example, ammonia data demonstrates that actual current concentrations are distributed in very 
irregular patterns almost entirely below the RPA criteria concentrations. Extrapolating generally
from this, it can reasonably be concluded that the delay in implementing the revised action will 
not measurably impact the listed ESUs/DPSs or their designated critical habitat affected by this 
action.

(7) After considering all the information in this opinion, NMFS concludes that the revised 
action is not likely to reduce appreciably the likelihood of both the survival and recovery of SR 
fall-run Chinook salmon. Furthermore, NMFS concludes that the revised action is not likely to 
reduce appreciably the conservation value of SR fall-run Chinook salmon critical habitat such 
that it will retain the current ability to serve the intended conservation role for the species for 
either survival or recovery. 
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CR Chum Salmon.

(1) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis of the shortcomings and implications of laboratory-derived 
toxicity tests (uncertainty analysis) for copper and chronic ammonia, the relative percent 
mortality analysis for copper, the direct mortality population model for copper, the summary 
analysis for copper and chronic ammonia, and the RPA-specific minimum biological 
requirements for acute ammonia, acute cadmium, and acute and chronic aluminum along with 
consideration of the other proposed numeric criteria; CR chum salmon and the PCEs of their 
designated critical habitat will experience some acute and chronic toxic effects from exposure to 
the 65 numeric criteria under the revised action. For the reasons discussed in the prior RPA 
sections above and summarized below, these effects will manifest at an individual level (or 
group of individuals) for the ESU and its PCEs, but will not rise to the population level for CR 
chum salmon or the broader watershed scale for their critical habitat. 

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria for copper. The direct mortality population modeling predicted 1% 
mortality for all life history types at the population level—relative to the baseline population 
model. This level of mortality will not result in negative changes in the median population 
growth rate ( ) for each of the 17 populations. 

(3) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis on considerations of the shortcomings and implications of 
laboratory-derived toxicity tests (uncertainty analysis) for copper and chronic ammonia, the 
relative percent mortality analysis for copper, the direct mortality population model for copper, 
the summary analysis for copper and chronic ammonia, and the RPA-specific minimum 
biological requirements for acute ammonia, acute cadmium, and acute and chronic aluminum; 
and the likelihood of exposure to baseline chemical and physical stressors (e.g., cyanide, PCBs, 
aldrin, DDT, and high stream temperatures) along with consideration of the other proposed 
numeric criteria, the revised action is likely to adversely affect CR chum salmon, but is not likely 
to appreciably affect the VSP parameters productivity and abundance for CR chum salmon. 
Based on the aforementioned analysis in this opinion and in the RPA Effects Analysis, the 
revised action adequately provides for the conservation needs of CR chum salmon such that 
effects will manifest at an individual level (or group of individuals), but not at the population 
level.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of CR chum 
salmon through multiple mechanisms, including sustained declines in spawner:spawner ratios; 
decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; reduced 
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fecundity; greater pre-reproductive spawning risk; increased influences of environmental 
variation and demographic stochasticity; changes in source-sink dynamics; and changes in 
patterns of gene flow. In the long term, the revised action will not produce changes in 
productivity and abundance. Therefore, the effects described in this section, with consideration 
of the VSP parameters productivity and abundance, are unlikely to appreciably diminish the VSP 
parameters spatial distribution and genetic diversity for CR chum salmon. Based on the 
aforementioned analysis in this opinion and in the RPA Effects Analysis, the revised action 
adequately provides for the conservation needs of CR chum salmon such that effects will 
manifest at an individual level (or group of individuals), but not at the population level.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1, 
and the revised and derived criteria for copper, ammonia, cadmium, and aluminum, will ensure 
water quality conditions necessary to support the conservation needs of CR chum salmon. 
Specifically, the revised action would minimize mass loading of toxic substances to levels that 
adequately provides for the function of the PCEs and the conservation needs of CR chum 
salmon. Therefore, EPA’s approval is not likely to appreciably reduce the conservation value of 
the critical habitat of CR chum salmon. This conclusion is based on the magnitude of likely 
effects on the PCE water quality (low-to-moderate decrease in toxicity that affects one or more 
PCEs) and the overall percentage of critical habitat for this species that would be adversely 
affected (26 percent of the total designation), but will not appreciably reduce the conservation 
value.

(6) The NMFS evaluated the impact of the implementation period, i.e., the time between 
completion of the opinion and implementation of the revised action. Based on Oregon DEQ’s 
water quality assessment program data, it appears there is variability in the current 
concentrations of toxics and their distribution throughout the subbasins in Oregon. Therefore, it 
may be some time before criteria concentrations reach ambient water quality conditions. As an 
example, ammonia data demonstrates that actual current concentrations are distributed in very 
irregular patterns almost entirely below the RPA criteria concentrations. Extrapolating generally 
from this, it can reasonably be concluded that the delay in implementing the revised action will 
not measurably impact the listed ESUs/DPSs or their designated critical habitat affected by this 
action.

(6) After considering all the information in this opinion, NMFS concludes that the revised 
action is not likely to reduce appreciably the likelihood of both the survival and recovery of CR 
chum salmon. Furthermore, NMFS concludes that the revised action is not likely to reduce 
appreciably the conservation value of CR chum salmon critical habitat such that it will retain the 
current ability for the PCE water quality to serve the intended conservation role for the species 
for either survival or recovery. 
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LCR Coho Salmon.

(1) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis of the shortcomings and implications of laboratory-derived 
toxicity tests (uncertainty analysis) for copper and chronic ammonia, the relative percent 
mortality analysis for copper, the direct mortality population model for copper, the summary 
analysis for copper and chronic ammonia, and the RPA-specific minimum biological 
requirements for acute ammonia, acute cadmium, and acute and chronic aluminum along with 
consideration of the other proposed numeric criteria; LCR coho salmon and the PCEs of their 
designated critical habitat will experience some acute and chronic toxic effects from exposure to 
the 65 numeric criteria under the revised action. For the reasons discussed in the prior RPA 
sections above and summarized below, these effects will manifest at an individual level (or 
group of individuals) for the ESU and its PCEs, but will not rise to the population level for LCR 
coho salmon or the broader watershed scale for their critical habitat. 

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria for copper. The direct mortality population modeling predicted 1% 
mortality for all life history types at the population level—relative to the baseline population 
model. This level of mortality will not result in negative changes in the median population 
growth rate ( ) for each of the 27 populations. 

(3) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis on considerations of the shortcomings and implications of 
laboratory-derived toxicity tests (uncertainty analysis) for copper and chronic ammonia, the 
relative percent mortality analysis for copper, the direct mortality population model for copper, 
the summary analysis for copper and chronic ammonia, and the RPA-specific minimum
biological requirements for acute ammonia, acute cadmium, and acute and chronic aluminum; 
and the likelihood of exposure to baseline chemical and physical stressors (e.g., cyanide, PCBs, 
aldrin, DDT, and high stream temperatures) along with consideration of the other proposed 
numeric criteria, the revised action is likely to adversely affect LCR coho salmon, but is not 
likely to appreciably affect the VSP parameters productivity and abundance for LCR coho 
salmon. Based on the aforementioned analysis in this opinion and in the RPA Effects Analysis, 
the revised action adequately provides for the conservation needs of LCR coho salmon such that 
effects will manifest at an individual level (or group of individuals), but not at the population 
level.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of LCR coho 
salmon through multiple mechanisms, including sustained declines in spawner:spawner ratios; 
decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; reduced 
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fecundity; greater pre-reproductive spawning risk; increased influences of environmental 
variation and demographic stochasticity; changes in source-sink dynamics; and changes in 
patterns of gene flow. In the long term, the revised action will not produce changes in 
productivity and abundance. Therefore, the effects described in this section, with consideration 
of the VSP parameters productivity and abundance, are unlikely to appreciably diminish the VSP 
parameters spatial distribution and genetic diversity for LCR coho salmon. Based on the 
aforementioned analysis in this opinion and in the RPA Effects Analysis, the revised action 
adequately provides for the conservation needs of LCR coho salmon such that effects will 
manifest at an individual level (or group of individuals), but not at the population level.

(5) The NMFS evaluated the impact of the implementation period, i.e., the time between 
completion of the opinion and implementation of the revised action. Based on Oregon DEQ’s 
water quality assessment program data, it appears there is variability in the current 
concentrations of toxics and their distribution throughout the subbasins in Oregon. Therefore, it 
may be some time before criteria concentrations reach ambient water quality conditions. As an 
example, ammonia data demonstrates that actual current concentrations are distributed in very 
irregular patterns almost entirely below the RPA criteria concentrations. Extrapolating generally 
from this, it can reasonably be concluded that the delay in implementing the revised action will 
not measurably impact the listed ESUs/DPSs or their designated critical habitat affected by this 
action.

(6) After considering all the information in this opinion, NMFS concludes that the revised 
action is not likely to reduce appreciably the likelihood of both the survival and recovery of LCR 
coho salmon. 

SONCC Coho Salmon.

(1) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis of the shortcomings and implications of laboratory-derived 
toxicity tests (uncertainty analysis) for copper and chronic ammonia, the relative percent 
mortality analysis for copper, the direct mortality population model for copper, the summary 
analysis for copper and chronic ammonia, and the RPA-specific minimum biological 
requirements for acute ammonia, acute cadmium, and acute and chronic aluminum along with 
consideration of the other proposed numeric criteria; SONCC coho salmon and the PCEs of their 
designated critical habitat will experience some acute and chronic toxic effects from exposure to 
the 65 numeric criteria under the revised action. For the reasons discussed in the prior RPA 
sections above and summarized below, these effects will manifest at an individual level (or 
group of individuals) for the ESU and its PCEs, but will not rise to the population level for 
SONCC coho salmon or the broader watershed scale for their critical habitat. 

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria for copper. The direct mortality population modeling predicted 1% 
mortality for all life history types at the population level—relative to the baseline population 
model. This level of mortality will not result in negative changes in the median population 
growth rate ( ) for each of the 42 populations. 
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(3) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis on considerations of the shortcomings and implications of 
laboratory-derived toxicity tests (uncertainty analysis) for copper and chronic ammonia, the 
relative percent mortality analysis for copper, the direct mortality population model for copper, 
the summary analysis for copper and chronic ammonia, and the RPA-specific minimum 
biological requirements for acute ammonia, acute cadmium, and acute and chronic aluminum; 
and the likelihood of exposure to baseline chemical and physical stressors (e.g., cyanide, PCBs, 
aldrin, DDT, and high stream temperatures) along with consideration of the other proposed 
numeric criteria, the revised action is likely to adversely affect SONCC coho salmon, but is not 
likely to appreciably affect the VSP parameters productivity and abundance for SONCC coho 
salmon. Based on the aforementioned analysis in this opinion and in the RPA Effects Analysis, 
the revised action adequately provides for the conservation needs of SONCC coho salmon such 
that effects will manifest at an individual level (or group of individuals), but not at the population 
level.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of SONCC 
coho salmon through multiple mechanisms, including sustained declines in spawner:spawner 
ratios; decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; 
reduced fecundity; greater pre-reproductive spawning risk; increased influences of 
environmental variation and demographic stochasticity; changes in source-sink dynamics; and 
changes in patterns of gene flow. In the long term, the revised action will not produce changes in 
productivity and abundance. Therefore, the effects described in this section, with consideration 
of the VSP parameters productivity and abundance, are unlikely to appreciably diminish the VSP 
parameters spatial distribution and genetic diversity for SONCC coho salmon. Based on the 
aforementioned analysis in this opinion and in the RPA Effects Analysis, the revised action 
adequately provides for the conservation needs of SONCC coho salmon such that effects will 
manifest at an individual level (or group of individuals), but not at the population level.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1, 
and the revised and derived criteria for copper, ammonia, cadmium, and aluminum, will ensure 
water quality conditions necessary to support the conservation needs of SONCC coho salmon. 
Specifically, the revised action would minimize mass loading of toxic substances to levels that 
adequately provides for the function of the PCEs and the conservation needs of SONCC coho 
salmon. Therefore, EPA’s approval is not likely to appreciably reduce the conservation value of 
the critical habitat of SONCC coho salmon. This conclusion is based on the magnitude of likely 
effects on the PCE water quality (low-to-moderate decrease in toxicity that affects one or more 
PCEs) and the overall percentage of critical habitat for this species that would be adversely 
affected (37.8 percent of the total designation), but will not appreciably reduce the conservation 
value.
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(6) The NMFS evaluated the impact of the implementation period, i.e., the time between 
completion of the opinion and implementation of the revised action. Based on Oregon DEQ’s 
water quality assessment program data, it appears there is variability in the current 
concentrations of toxics and their distribution throughout the subbasins in Oregon. Therefore, it 
may be some time before criteria concentrations reach ambient water quality conditions. As an 
example, ammonia data demonstrates that actual current concentrations are distributed in very 
irregular patterns almost entirely below the RPA criteria concentrations. Extrapolating generally 
from this, it can reasonably be concluded that the delay in implementing the revised action will 
not measurably impact the listed ESUs/DPSs or their designated critical habitat affected by this 
action.

(7) After considering all the information in this opinion, NMFS concludes that the revised 
action is not likely to reduce appreciably the likelihood of both the survival and recovery of 
SONCC coho salmon. Furthermore, NMFS concludes that the revised action is not likely to 
reduce appreciably the conservation value of SONCC coho salmon critical habitat such that it 
will retain the current ability to serve the intended conservation role for the species for either 
survival or recovery. 

OC Coho Salmon.

(1) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis of the shortcomings and implications of laboratory-derived 
toxicity tests (uncertainty analysis) for copper and chronic ammonia, the relative percent 
mortality analysis for copper, the direct mortality population model for copper, the summary 
analysis for copper and chronic ammonia, and the RPA-specific minimum biological 
requirements for acute ammonia, acute cadmium, and acute and chronic aluminum along with 
consideration of the other proposed numeric criteria; OC coho salmon and the PCEs of their 
designated critical habitat will experience some acute and chronic toxic effects from exposure to 
the 65 numeric criteria under the revised action. For the reasons discussed in the prior RPA 
sections above and summarized below, these effects will manifest at an individual level (or 
group of individuals) for the ESU and its PCEs, but will not rise to the population level for OC 
coho salmon or the broader watershed scale for their critical habitat.

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria for copper. The direct mortality population modeling predicted 1% 
mortality for all life history types at the population level—relative to the baseline population 
model. This level of mortality will not result in negative changes in the median population 
growth rate ( ) for each of the 56 populations.

(3) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis on considerations of the shortcomings and implications of 
laboratory-derived toxicity tests (uncertainty analysis) for copper and chronic ammonia, the
relative percent mortality analysis for copper, the direct mortality population model for copper, 
the summary analysis for copper and chronic ammonia, and the RPA-specific minimum 
biological requirements for acute ammonia, acute cadmium, and acute and chronic aluminum; 
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and the likelihood of exposure to baseline chemical and physical stressors (e.g., cyanide, PCBs, 
aldrin, DDT, and high stream temperatures) along with consideration of the other proposed 
numeric criteria, the revised action is likely to adversely affect OC coho salmon, but is not likely 
to appreciably affect the VSP parameters productivity and abundance for OC coho salmon. 
Based on the aforementioned analysis in this opinion and in the RPA Effects Analysis, the 
revised action adequately provides for the conservation needs of OC coho salmon such that 
effects will manifest at an individual level (or group of individuals), but not at the population 
level.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance.
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of OC coho 
salmon through multiple mechanisms, including sustained declines in spawner:spawner ratios; 
decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; reduced 
fecundity; greater pre-reproductive spawning risk; increased influences of environmental 
variation and demographic stochasticity; changes in source-sink dynamics; and changes in 
patterns of gene flow. In the long term, the revised action will not produce changes in 
productivity and abundance. Therefore, the effects described in this section, with consideration 
of the VSP parameters productivity and abundance, are unlikely to appreciably diminish the VSP 
parameters spatial distribution and genetic diversity for OC coho salmon. Based on the 
aforementioned analysis in this opinion and in the RPA Effects Analysis, the revised action 
adequately provides for the conservation needs of OC coho salmon such that effects will 
manifest at an individual level (or group of individuals), but not at the population level.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1, 
and the revised and derived criteria for copper, ammonia, cadmium, and aluminum, will ensure 
water quality conditions necessary to support the conservation needs of OC salmon. Specifically, 
the revised action would minimize mass loading of toxic substances to levels that adequately 
provides for the function of the PCEs and the conservation needs of OC coho salmon. Therefore, 
EPA’s approval is not likely to appreciably reduce the conservation value of the critical habitat 
of OC coho salmon. This conclusion is based on the magnitude of likely effects on the PCE 
water quality (low-to-moderate decrease in toxicity that affects one or more PCEs) and the 
overall percentage of critical habitat for this species that would be adversely affected (100 
percent of the total designation), but will not appreciably reduce the conservation value. 

(6) The NMFS evaluated the impact of the implementation period, i.e., the time between 
completion of the opinion and implementation of the revised action. Based on Oregon DEQ’s 
water quality assessment program data, it appears there is variability in the current 
concentrations of toxics and their distribution throughout the subbasins in Oregon. Therefore, it 
may be some time before criteria concentrations reach ambient water quality conditions. As an 
example, ammonia data demonstrates that actual current concentrations are distributed in very 
irregular patterns almost entirely below the RPA criteria concentrations. Extrapolating generally 
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from this, it can reasonably be concluded that the delay in implementing the revised action will 
not measurably impact the listed ESUs/DPSs or their designated critical habitat affected by this 
action.

(7) After considering all the information in this opinion, NMFS concludes that the revised 
action is not likely to reduce appreciably the likelihood of both the survival and recovery of OC 
coho salmon. Furthermore, NMFS concludes that the revised action is not likely to reduce 
appreciably the conservation value of OC coho salmon critical habitat such that it will retain the 
current ability to serve the intended conservation role for the species for either survival or 
recovery. 

SR Sockeye Salmon.

(1) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis of the shortcomings and implications of laboratory-derived 
toxicity tests (uncertainty analysis) for copper and chronic ammonia, the relative percent
mortality analysis for copper, the direct mortality population model for copper, the summary 
analysis for copper and chronic ammonia, and the RPA-specific minimum biological 
requirements for acute ammonia, acute cadmium, and acute and chronic aluminum along with 
consideration of the other proposed numeric criteria; SR sockeye salmon and the PCEs of their 
designated critical habitat will experience some acute and chronic toxic effects from exposure to 
the 65 numeric criteria under the revised action. For the reasons discussed in the prior RPA 
sections above and summarized below, these effects will manifest at an individual level (or 
group of individuals) for the ESU and its PCEs, but will not rise to the population level for SR 
sockeye salmon or the broader watershed scale for their critical habitat.

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria for copper. The direct mortality population modeling predicted 1% 
mortality for all life history types at the population level—relative to the baseline population 
model. This level of mortality will not result in negative changes in the median population 
growth rate ( ) for the single SR sockeye salmon population. 

(3) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis on considerations of the shortcomings and implications of 
laboratory-derived toxicity tests (uncertainty analysis) for copper and chronic ammonia, the 
relative percent mortality analysis for copper, the direct mortality population model for copper, 
the summary analysis for copper and chronic ammonia, and the RPA-specific minimum 
biological requirements for acute ammonia, acute cadmium, and acute and chronic aluminum; 
and the likelihood of exposure to baseline chemical and physical stressors (e.g., cyanide, PCBs, 
aldrin, DDT, and high stream temperatures) along with consideration of the other proposed 
numeric criteria, the revised action is likely to adversely affect SR sockeye salmon, but is not 
likely to appreciably affect the VSP parameters productivity and abundance for SR sockeye 
salmon. Based on the aforementioned analysis in this opinion and in the RPA Effects Analysis, 
the revised action adequately provides for the conservation needs of SR sockeye salmon such 
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that effects will manifest at an individual level (or group of individuals), but not at the population 
level.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of SR 
sockeye salmon through multiple mechanisms, including sustained declines in spawner:spawner 
ratios; decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; 
reduced fecundity; greater pre-reproductive spawning risk; increased influences of 
environmental variation and demographic stochasticity; changes in source-sink dynamics; and 
changes in patterns of gene flow. In the long term, the revised action will not produce changes in 
productivity and abundance. Therefore, the effects described in this section, with consideration 
of the VSP parameters productivity and abundance, are unlikely to appreciably diminish the VSP 
parameters spatial distribution and genetic diversity for SR sockeye salmon. Based on the 
aforementioned analysis in this opinion and in the RPA Effects Analysis, the revised action 
adequately provides for the conservation needs of SR sockeye salmon such that effects will 
manifest at an individual level (or group of individuals), but not at the population level.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1, 
and the revised and derived criteria for copper, ammonia, cadmium, and aluminum, will ensure 
water quality conditions necessary to support the conservation needs of SR sockeye salmon. 
Specifically, the revised action would minimize mass loading of toxic substances to levels that 
adequately provides for the function of the PCEs and the conservation needs of SR sockeye 
salmon. Therefore, EPA’s approval is not likely to appreciably reduce the conservation value of 
the critical habitat of SR sockeye salmon. This conclusion is based on the magnitude of likely 
effects on the PCE water quality (low-to-moderate decrease in toxicity that affects one or more 
PCEs) and the overall percentage of critical habitat for this species that would be adversely 
affected (34.5 percent of the total designation), but will not appreciably reduce the conservation 
value.

(6) The NMFS evaluated the impact of the implementation period, i.e., the time between 
completion of the opinion and implementation of the revised action. Based on Oregon DEQ’s 
water quality assessment program data, it appears there is variability in the current 
concentrations of toxics and their distribution throughout the subbasins in Oregon. Therefore, it 
may be some time before criteria concentrations reach ambient water quality conditions. As an 
example, ammonia data demonstrates that actual current concentrations are distributed in very 
irregular patterns almost entirely below the RPA criteria concentrations. Extrapolating generally 
from this, it can reasonably be concluded that the delay in implementing the revised action will 
not measurably impact the listed ESUs/DPSs or their designated critical habitat affected by this 
action.
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(7) After considering all the information in this opinion, NMFS concludes that the revised 
action is not likely to reduce appreciably the likelihood of both the survival and recovery of SR 
sockeye salmon. Furthermore, NMFS concludes that the revised action is not likely to reduce 
appreciably the conservation value of SR sockeye salmon critical habitat such that it will retain 
the current ability to serve the intended conservation role for the species for either survival or 
recovery.

LCR Steelhead.

(1) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis of the shortcomings and implications of laboratory-derived 
toxicity tests (uncertainty analysis) for copper and chronic ammonia, the relative percent 
mortality analysis for copper, the direct mortality population model for copper, the summary 
analysis for copper and chronic ammonia, and the RPA-specific minimum biological 
requirements for acute ammonia, acute cadmium, and acute and chronic aluminum along with 
consideration of the other proposed numeric criteria; LCR steelhead and the PCEs of their 
designated critical habitat will experience some acute and chronic toxic effects from exposure to 
the 65 numeric criteria under the revised action. For the reasons discussed in the prior RPA 
sections above and summarized below, these effects will manifest at an individual level (or 
group of individuals) for the DPS and its PCEs, but will not rise to the population level for LCR 
steelhead or the broader watershed scale for their critical habitat. 

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria for copper. The direct mortality population modeling predicted 1% 
mortality for all life history types at the population level—relative to the baseline population 
model. This level of mortality will not result in negative changes in the median population 
growth rate ( ) for each of the 26 populations. 

(3) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis on considerations of the shortcomings and implications of 
laboratory-derived toxicity tests (uncertainty analysis) for copper and chronic ammonia, the 
relative percent mortality analysis for copper, the direct mortality population model for copper, 
the summary analysis for copper and chronic ammonia, and the RPA-specific minimum 
biological requirements for acute ammonia, acute cadmium, and acute and chronic aluminum; 
and the likelihood of exposure to baseline chemical and physical stressors (e.g., cyanide, PCBs, 
aldrin, DDT, and high stream temperatures) along with consideration of the other proposed 
numeric criteria, the revised action is likely to adversely affect LCR steelhead, but is not likely to 
appreciably affect the VSP parameters productivity and abundance for LCR steelhead. Based on 
the aforementioned analysis in this opinion and in the RPA Effects Analysis, the revised action 
adequately provides for the conservation needs of LCR steelhead such that effects will manifest 
at an individual level (or group of individuals), but not at the population level.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
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quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of LCR 
steelhead through multiple mechanisms, including sustained declines in spawner:spawner ratios; 
decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; reduced 
fecundity; greater pre-reproductive spawning risk; increased influences of environmental 
variation and demographic stochasticity; changes in source-sink dynamics; and changes in 
patterns of gene flow. In the long term, the revised action will not produce changes in 
productivity and abundance. Therefore, the effects described in this section, with consideration 
of the VSP parameters productivity and abundance, are unlikely to appreciably diminish the VSP 
parameters spatial distribution and genetic diversity for LCR steelhead. Based on the 
aforementioned analysis in this opinion and in the RPA Effects Analysis, the revised action 
adequately provides for the conservation needs of LCR steelhead such that effects will manifest 
at an individual level (or group of individuals), but not at the population level.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1, 
and the revised and derived criteria for copper, ammonia, cadmium, and aluminum, will ensure 
water quality conditions necessary to support the conservation needs of LCR steelhead.
Specifically, the revised action would minimize mass loading of toxic substances to levels that 
adequately provides for the function of the PCEs and the conservation needs of LCR steelhead. 
Therefore, EPA’s approval is not likely to appreciably reduce the conservation value of the 
critical habitat of LCR steelhead. This conclusion is based on the magnitude of likely effects on 
the PCE water quality (low-to-moderate decrease in toxicity that affects one or more PCEs) and 
the overall percentage of critical habitat for this species that would be adversely affected (33 
percent of the total designation), but will not appreciably reduce the conservation value.

(6) The NMFS evaluated the impact of the implementation period, i.e., the time between 
completion of the opinion and implementation of the revised action. Based on Oregon DEQ’s 
water quality assessment program data, it appears there is variability in the current 
concentrations of toxics and their distribution throughout the subbasins in Oregon. Therefore, it 
may be some time before criteria concentrations reach ambient water quality conditions. As an 
example, ammonia data demonstrates that actual current concentrations are distributed in very 
irregular patterns almost entirely below the RPA criteria concentrations. Extrapolating generally 
from this, it can reasonably be concluded that the delay in implementing the revised action will 
not measurably impact the listed ESUs/DPSs or their designated critical habitat affected by this 
action.

(7) After considering all the information in this opinion, NMFS concludes that the revised 
action is not likely to reduce appreciably the likelihood of both the survival and recovery of LCR 
steelhead. Furthermore, NMFS concludes that the revised action is not likely to reduce 
appreciably the conservation value of LCR steelhead critical habitat such that it will retain the 
current ability to serve the intended conservation role for the species for either survival or 
recovery. 
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UWR Steelhead.

(1) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis of the shortcomings and implications of laboratory-derived 
toxicity tests (uncertainty analysis) for copper and chronic ammonia, the relative percent 
mortality analysis for copper, the direct mortality population model for copper, the summary 
analysis for copper and chronic ammonia, and the RPA-specific minimum biological 
requirements for acute ammonia, acute cadmium, and acute and chronic aluminum along with 
consideration of the other proposed numeric criteria; UWR steelhead and the PCEs of their 
designated critical habitat will experience some acute and chronic toxic effects from exposure to 
the 65 numeric criteria under the revised action. For the reasons discussed in the prior RPA 
sections above and summarized below, these effects will manifest at an individual level (or 
group of individuals) for the DPS and its PCEs, but will not rise to the population level for UWR 
steelhead or the broader watershed scale for their critical habitat. 

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria for copper. The direct mortality population modeling predicted 1% 
mortality for all life history types at the population level—relative to the baseline population 
model. This level of mortality will not result in negative changes in the median population 
growth rate ( ) for each of the 5 populations. 

(3) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis on considerations of the shortcomings and implications of 
laboratory-derived toxicity tests (uncertainty analysis) for copper and chronic ammonia, the 
relative percent mortality analysis for copper, the direct mortality population model for copper, 
the summary analysis for copper and chronic ammonia, and the RPA-specific minimum 
biological requirements for acute ammonia, acute cadmium, and acute and chronic aluminum; 
and the likelihood of exposure to baseline chemical and physical stressors (e.g., cyanide, PCBs, 
aldrin, DDT, and high stream temperatures) along with consideration of the other proposed 
numeric criteria, the revised action is likely to adversely affect UWR steelhead, but is not likely 
to appreciably affect the VSP parameters productivity and abundance for UWR steelhead. Based 
on the aforementioned analysis in this opinion and in the RPA Effects Analysis, the revised 
action adequately provides for the conservation needs of UWR steelhead such that effects will 
manifest at an individual level (or group of individuals), but not at the population level.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of UWR 
steelhead through multiple mechanisms, including sustained declines in spawner:spawner ratios; 
decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; reduced 
fecundity; greater pre-reproductive spawning risk; increased influences of environmental 
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variation and demographic stochasticity; changes in source-sink dynamics; and changes in 
patterns of gene flow. In the long term, the revised action will not produce changes in 
productivity and abundance. Therefore, the effects described in this section, with consideration 
of the VSP parameters productivity and abundance, are unlikely to appreciably diminish the VSP 
parameters spatial distribution and genetic diversity for UWR steelhead. Based on the 
aforementioned analysis in this opinion and in the RPA Effects Analysis, the revised action 
adequately provides for the conservation needs of UWR steelhead such that effects will manifest 
at an individual level (or group of individuals), but not at the population level.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1, 
and the revised and derived criteria for copper, ammonia, cadmium, and aluminum, will ensure 
water quality conditions necessary to support the conservation needs of UWR steelhead.
Specifically, the revised action would minimize mass loading of toxic substances to levels that 
adequately provides for the function of the PCEs and the conservation needs of UWR steelhead. 
Therefore, EPA’s approval is not likely to appreciably reduce the conservation value of the 
critical habitat of UWR steelhead. This conclusion is based on the magnitude of likely effects on 
the PCE water quality (low-to-moderate decrease in toxicity that affects one or more PCEs) and 
the overall percentage of critical habitat for this species that would be adversely affected (100 
percent of the total designation), but will not appreciably reduce the conservation value.

(6) The NMFS evaluated the impact of the implementation period, i.e., the time between 
completion of the opinion and implementation of the revised action. Based on Oregon DEQ’s 
water quality assessment program data, it appears there is variability in the current 
concentrations of toxics and their distribution throughout the subbasins in Oregon. Therefore, it 
may be some time before criteria concentrations reach ambient water quality conditions. As an 
example, ammonia data demonstrates that actual current concentrations are distributed in very 
irregular patterns almost entirely below the RPA criteria concentrations. Extrapolating generally 
from this, it can reasonably be concluded that the delay in implementing the revised action will 
not measurably impact the listed ESUs/DPSs or their designated critical habitat affected by this 
action.

(7) After considering all the information in this opinion, NMFS concludes that the revised 
action is not likely to reduce appreciably the likelihood of both the survival and recovery of 
UWR steelhead. Furthermore, NMFS concludes that the revised action is not likely to reduce 
appreciably the conservation value of UWR steelhead critical habitat such that it will retain the 
current ability to serve the intended conservation role for the species for either survival or 
recovery. 

MCR Steelhead.

(1) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis of the shortcomings and implications of laboratory-derived 
toxicity tests (uncertainty analysis) for copper and chronic ammonia, the relative percent 
mortality analysis for copper, the direct mortality population model for copper, the summary 
analysis for copper and chronic ammonia, and the RPA-specific minimum biological 
requirements for acute ammonia, acute cadmium, and acute and chronic aluminum along with 
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consideration of the other proposed numeric criteria; MCR steelhead and the PCEs of their 
designated critical habitat will experience some acute and chronic toxic effects from exposure to 
the 65 numeric criteria under the revised action. For the reasons discussed in the prior RPA 
sections above and summarized below, these effects will manifest at an individual level (or 
group of individuals) for the DPS and its PCEs, but will not rise to the population level for MCR 
steelhead or the broader watershed scale for their critical habitat. 

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria for copper. The direct mortality population modeling predicted 1% 
mortality for all life history types at the population level—relative to the baseline population 
model. This level of mortality will not result in negative changes in the median population 
growth rate ( ) for each of the 17 populations. 

(3) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis on considerations of the shortcomings and implications of 
laboratory-derived toxicity tests (uncertainty analysis) for copper and chronic ammonia, the 
relative percent mortality analysis for copper, the direct mortality population model for copper, 
the summary analysis for copper and chronic ammonia, and the RPA-specific minimum 
biological requirements for acute ammonia, acute cadmium, and acute and chronic aluminum; 
and the likelihood of exposure to baseline chemical and physical stressors (e.g., cyanide, PCBs, 
aldrin, DDT, and high stream temperatures) along with consideration of the other proposed 
numeric criteria, the revised action is likely to adversely affect MCR steelhead, but is not likely 
to appreciably affect the VSP parameters productivity and abundance for MCR steelhead. Based 
on the aforementioned analysis in this opinion and in the RPA Effects Analysis, the revised 
action adequately provides for the conservation needs of MCR steelhead such that effects will 
manifest at an individual level (or group of individuals), but not at the population level.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of MCR 
steelhead through multiple mechanisms, including sustained declines in spawner:spawner ratios; 
decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; reduced 
fecundity; greater pre-reproductive spawning risk; increased influences of environmental 
variation and demographic stochasticity; changes in source-sink dynamics; and changes in
patterns of gene flow. In the long term, the revised action will not produce changes in 
productivity and abundance. Therefore, the effects described in this section, with consideration 
of the VSP parameters productivity and abundance, are unlikely to appreciably diminish the VSP 
parameters spatial distribution and genetic diversity for MCR steelhead. Based on the 
aforementioned analysis in this opinion and in the RPA Effects Analysis, the revised action 
adequately provides for the conservation needs of MCR steelhead such that effects will manifest 
at an individual level (or group of individuals), but not at the population level. 
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(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1, 
and the revised and derived criteria for copper, ammonia, cadmium, and aluminum, will ensure 
water quality conditions necessary to support the conservation needs of MCR steelhead.
Specifically, the revised action would minimize mass loading of toxic substances to levels that 
adequately provides for the function of the PCEs and the conservation needs of MCR steelhead. 
Therefore, EPA’s approval is not likely to appreciably reduce the conservation value of the 
critical habitat of MCR steelhead. This conclusion is based on the magnitude of likely effects on 
the PCE water quality (low-to-moderate decrease in toxicity that affects one or more PCEs) and 
the overall percentage of critical habitat for this species that would be adversely affected (75.7 
percent of the total designation), but will not appreciably reduce the conservation value.

(6) The NMFS evaluated the impact of the implementation period, i.e., the time between 
completion of the opinion and implementation of the revised action. Based on Oregon DEQ’s 
water quality assessment program data, it appears there is variability in the current 
concentrations of toxics and their distribution throughout the subbasins in Oregon. Therefore, it 
may be some time before criteria concentrations reach ambient water quality conditions. As an 
example, ammonia data demonstrates that actual current concentrations are distributed in very 
irregular patterns almost entirely below the RPA criteria concentrations. Extrapolating generally 
from this, it can reasonably be concluded that the delay in implementing the revised action will 
not measurably impact the listed ESUs/DPSs or their designated critical habitat affected by this 
action.

(7) After considering all the information in this opinion, NMFS concludes that the revised 
action is not likely to reduce appreciably the likelihood of both the survival and recovery of 
MCR steelhead. Furthermore, NMFS concludes that the revised action is not likely to reduce 
appreciably the conservation value of MCR steelhead critical habitat such that it will retain the 
current ability to serve the intended conservation role for the species for either survival or 
recovery. 

UCR Steelhead.

(1) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis of the shortcomings and implications of laboratory-derived 
toxicity tests (uncertainty analysis) for copper and chronic ammonia, the relative percent 
mortality analysis for copper, the direct mortality population model for copper, the summary 
analysis for copper and chronic ammonia, and the RPA-specific minimum biological 
requirements for acute ammonia, acute cadmium, and acute and chronic aluminum along with 
consideration of the other proposed numeric criteria; UCR steelhead and the PCEs of their 
designated critical habitat will experience some acute and chronic toxic effects from exposure to 
the 65 numeric criteria under the revised action. For the reasons discussed in the prior RPA 
sections above and summarized below, these effects will manifest at an individual level (or 
group of individuals) for the DPS and its PCEs, but will not rise to the population level for UCR 
steelhead or the broader watershed scale for their critical habitat. 

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
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the freshwater acute criteria for copper. The direct mortality population modeling predicted 1% 
mortality for all life history types at the population level—relative to the baseline population 
model. This level of mortality will not result in negative changes in the median population 
growth rate ( ) for each of the 4 populations. 

(3) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis on considerations of the shortcomings and implications of 
laboratory-derived toxicity tests (uncertainty analysis) for copper and chronic ammonia, the 
relative percent mortality analysis for copper, the direct mortality population model for copper, 
the summary analysis for copper and chronic ammonia, and the RPA-specific minimum 
biological requirements for acute ammonia, acute cadmium, and acute and chronic aluminum; 
and the likelihood of exposure to baseline chemical and physical stressors (e.g., cyanide, PCBs, 
aldrin, DDT, and high stream temperatures) along with consideration of the other proposed 
numeric criteria, the revised action is likely to adversely affect UCR steelhead, but is not likely
to appreciably affect the VSP parameters productivity and abundance for UCR steelhead. Based 
on the aforementioned analysis in this opinion and in the RPA Effects Analysis, the revised 
action adequately provides for the conservation needs of UCR steelhead such that effects will 
manifest at an individual level (or group of individuals), but not at the population level.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of UCR 
steelhead through multiple mechanisms, including sustained declines in spawner:spawner ratios; 
decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; reduced 
fecundity; greater pre-reproductive spawning risk; increased influences of environmental 
variation and demographic stochasticity; changes in source-sink dynamics; and changes in 
patterns of gene flow. In the long term, the revised action will not produce changes in 
productivity and abundance. Therefore, the effects described in this section, with consideration 
of the VSP parameters productivity and abundance, are unlikely to appreciably diminish the VSP 
parameters spatial distribution and genetic diversity for UCR steelhead. Based on the 
aforementioned analysis in this opinion and in the RPA Effects Analysis, the revised action 
adequately provides for the conservation needs of UCR steelhead such that effects will manifest 
at an individual level (or group of individuals), but not at the population level.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1, 
and the revised and derived criteria for copper, ammonia, cadmium, and aluminum, will ensure 
water quality conditions necessary to support the conservation needs of UCR steelhead.
Specifically, the revised action would minimize mass loading of toxic substances to levels that 
adequately provides for the function of the PCEs and the conservation needs of UCR steelhead. 
Therefore, EPA’s approval is not likely to appreciably reduce the conservation value of the 
critical habitat of UCR steelhead. This conclusion is based on the magnitude of likely effects on 
the PCE water quality (low-to-moderate decrease in toxicity that affects one or more PCEs) and 
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the overall percentage of critical habitat for this species that would be adversely affected (30.8 
percent of the total designation), but will not appreciably reduce the conservation value.

(6) The NMFS evaluated the impact of the implementation period, i.e., the time between 
completion of the opinion and implementation of the revised action. Based on Oregon DEQ’s 
water quality assessment program data, it appears there is variability in the current 
concentrations of toxics and their distribution throughout the subbasins in Oregon. Therefore, it 
may be some time before criteria concentrations reach ambient water quality conditions. As an 
example, ammonia data demonstrates that actual current concentrations are distributed in very 
irregular patterns almost entirely below the RPA criteria concentrations. Extrapolating generally 
from this, it can reasonably be concluded that the delay in implementing the revised action will 
not measurably impact the listed ESUs/DPSs or their designated critical habitat affected by this 
action.

(7) After considering all the information in this opinion, NMFS concludes that the revised 
action is not likely to reduce appreciably the likelihood of both the survival and recovery of UCR 
steelhead. Furthermore, NMFS concludes that the revised action is not likely to reduce 
appreciably the conservation value of UCR steelhead critical habitat such that it will retain the 
current ability to serve the intended conservation role for the species for either survival or 
recovery.

SRB Steelhead.

(1) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis of the shortcomings and implications of laboratory-derived 
toxicity tests (uncertainty analysis) for copper and chronic ammonia, the relative percent 
mortality analysis for copper, the direct mortality population model for copper, the summary 
analysis for copper and chronic ammonia, and the RPA-specific minimum biological 
requirements for acute ammonia, acute cadmium, and acute and chronic aluminum along with 
consideration of the other proposed numeric criteria; SRB steelhead and the PCEs of their 
designated critical habitat will experience some acute and chronic toxic effects from exposure to 
the 65 numeric criteria under the revised action. For the reasons discussed in the prior RPA 
sections above and summarized below, these effects will manifest at an individual level (or 
group of individuals) for the DPS and its PCEs, but will not rise to the population level for SRB 
steelhead or the broader watershed scale for their critical habitat. 

(2) The NMFS used the direct mortality population model as a quantitative method to assess 
the significance of acute toxic effects on long-term productivity and abundance from exposure to 
the freshwater acute criteria for copper. The direct mortality population modeling predicted 1% 
mortality for all life history types at the population level—relative to the baseline population 
model. This level of mortality will not result in negative changes in the median population 
growth rate ( ) for each of the 24 populations.

(3) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis on considerations of the shortcomings and implications of 
laboratory-derived toxicity tests (uncertainty analysis) for copper and chronic ammonia, the 
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relative percent mortality analysis for copper, the direct mortality population model for copper, 
the summary analysis for copper and chronic ammonia, and the RPA-specific minimum 
biological requirements for acute ammonia, acute cadmium, and acute and chronic aluminum; 
and the likelihood of exposure to baseline chemical and physical stressors (e.g., cyanide, PCBs, 
aldrin, DDT, and high stream temperatures) along with consideration of the other proposed 
numeric criteria, the revised action is likely to adversely affect SRB steelhead, but is not likely to 
appreciably affect the VSP parameters productivity and abundance for SRB steelhead. Based on 
the aforementioned analysis in this opinion and in the RPA Effects Analysis, the revised action 
adequately provides for the conservation needs of SRB steelhead such that effects will manifest 
at an individual level (or group of individuals), but not at the population level.

(4) The analysis in this opinion primarily evaluates effects on productivity and abundance. 
However, population abundance is directly related to the quantity (capacity) of habitat available, 
productivity (intrinsic smolts per spawner or adults per spawner) is most strongly tied to habitat 
quality, and spatial distribution and genetic diversity are both strongly influenced by the spatial 
arrangement and variety of suitable habitats within a population’s range (Wainwright et al.
2008). The link between long-term changes in productivity and long-term reductions in 
abundance can negatively affect the spatial distribution and/or the genetic diversity of SRB 
steelhead through multiple mechanisms, including sustained declines in spawner:spawner ratios; 
decreased smolt-to-adult returns; changes in traits, such as size and age of spawners; reduced 
fecundity; greater pre-reproductive spawning risk; increased influences of environmental 
variation and demographic stochasticity; changes in source-sink dynamics; and changes in 
patterns of gene flow. In the long term, the revised action will not produce changes in 
productivity and abundance. Therefore, the effects described in this section, with consideration 
of the VSP parameters productivity and abundance, are unlikely to appreciably diminish the VSP 
parameters spatial distribution and genetic diversity for SRB steelhead. Based on the 
aforementioned analysis in this opinion and in the RPA Effects Analysis, the revised action 
adequately provides for the conservation needs of SRB steelhead such that effects will manifest 
at an individual level (or group of individuals), but not at the population level.

(5) In the long term, approval and implementation of the numeric criteria listed in Table 1.1, 
and the revised and derived criteria for copper, ammonia, cadmium, and aluminum, will ensure 
water quality conditions necessary to support the conservation needs of SRB steelhead.
Specifically, the revised action would minimize mass loading of toxic substances to levels that 
adequately provides for the function of the PCEs and the conservation needs of SRB steelhead. 
Therefore, EPA’s approval is not likely to appreciably reduce the conservation value of the 
critical habitat of SRB steelhead. This conclusion is based on the magnitude of likely effects on 
the PCE water quality (low-to-moderate decrease in toxicity that affects one or more PCEs) and 
the overall percentage of critical habitat for this species that would be adversely affected (34.5 
percent of the total designation), but will not appreciably reduce the conservation value.

(6) The NMFS evaluated the impact of the implementation period, i.e., the time between 
completion of the opinion and implementation of the revised action. Based on Oregon DEQ’s 
water quality assessment program data, it appears there is variability in the current 
concentrations of toxics and their distribution throughout the subbasins in Oregon. Therefore, it 
may be some time before criteria concentrations reach ambient water quality conditions. As an 
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example, ammonia data demonstrates that actual current concentrations are distributed in very 
irregular patterns almost entirely below the RPA criteria concentrations. Extrapolating generally 
from this, it can reasonably be concluded that the delay in implementing the revised action will 
not measurably impact the listed ESUs/DPSs or their designated critical habitat affected by this 
action.

(7) After considering all the information in this opinion, NMFS concludes that the revised 
action is not likely to reduce appreciably the likelihood of both the survival and recovery of SRB 
steelhead. Furthermore, NMFS concludes that the revised action is not likely to reduce 
appreciably the conservation value of SRB steelhead critical habitat such that it will retain the 
current ability to serve the intended conservation role for the species’ for either survival or 
recovery. 

Green Sturgeon.

(1) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis of the shortcomings and implications of laboratory-derived 
toxicity tests (uncertainty analysis) for copper and chronic ammonia, the relative percent 
mortality analysis for copper, the summary analysis for copper and chronic ammonia, and the 
RPA-specific minimum biological requirements for acute ammonia, acute cadmium, and acute 
and chronic aluminum along with consideration of the other proposed numeric criteria; green 
sturgeon and the PCEs of their designated critical habitat will experience some acute and chronic 
toxic effects from exposure to the 65 numeric criteria under the revised action. For the reasons 
discussed in the prior RPA sections above and summarized below, these effects will manifest at 
an individual level (or group of individuals) for the DPS and its PCEs, but will not rise to the 
population level for green sturgeon or the broader watershed scale for their critical habitat. 

(2) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis on considerations of the shortcomings and implications of 
laboratory-derived toxicity tests (uncertainty analysis) for copper and chronic ammonia, the 
relative percent mortality analysis for copper, the summary analysis for copper and chronic 
ammonia, and the RPA-specific minimum biological requirements for acute ammonia, acute 
cadmium, and acute and chronic aluminum; and the likelihood of exposure to baseline chemical 
and physical stressors (e.g., cyanide, PCBs, aldrin, DDT, and high stream temperatures) along 
with consideration of the other proposed numeric criteria, the revised action is likely to adversely 
affect green sturgeon, but is not likely to appreciably affect the VSP parameters productivity and 
abundance for green sturgeon. Based on the aforementioned analysis in this opinion and in the 
RPA Effects Analysis, the revised action adequately provides for the conservation needs of green 
sturgeon such that effects will manifest at an individual level (or group of individuals), but not at 
the population level.

(3) In the long term, approval and implementation of the numeric criteria listed in Table 1.1, 
and the revised and derived criteria for copper, ammonia, cadmium, and aluminum, will ensure 
water quality conditions necessary to support the conservation needs of green sturgeon.
Specifically, the revised action would minimize mass loading of toxic substances to levels that 
adequately provides for the function of the PCEs and the conservation needs of green sturgeon. 
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Therefore, EPA’s approval is not likely to appreciably reduce the conservation value of the 
critical habitat of green sturgeon. This conclusion is based on the magnitude of likely effects on 
the PCE water quality (low-to-moderate decrease in toxicity that affects one or more PCEs) and 
the overall percentage of critical habitat for this species that would be adversely affected (10.4 
percent of the total designation), but will not appreciably reduce the conservation value.

(4) The NMFS evaluated the impact of the implementation period, i.e., the time between 
completion of the opinion and implementation of the revised action. Based on Oregon DEQ’s 
water quality assessment program data, it appears there is variability in the current 
concentrations of toxics and their distribution throughout the subbasins in Oregon. Therefore, it 
may be some time before criteria concentrations reach ambient water quality conditions. As an 
example, ammonia data demonstrates that actual current concentrations are distributed in very 
irregular patterns almost entirely below the RPA criteria concentrations. Extrapolating generally 
from this, it can reasonably be concluded that the delay in implementing the revised action will 
not measurably impact the listed ESUs/DPSs or their designated critical habitat affected by this 
action.

(5) After considering all the information in this opinion, NMFS concludes that the revised 
action is likely not to reduce appreciably the likelihood of both the survival and recovery of 
green sturgeon. Furthermore, NMFS concludes that the revised action is not likely to reduce 
appreciably the conservation value of green sturgeon critical habitat such that it will retain the 
current ability to serve the intended conservation role for the species for either survival or 
recovery. 

Eulachon.

(1) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis of the shortcomings and implications of laboratory-derived 
toxicity tests (uncertainty analysis) for copper and chronic ammonia, the relative percent 
mortality analysis for copper, the summary analysis for copper and chronic ammonia, and the 
RPA-specific minimum biological requirements for acute ammonia, acute cadmium, and acute 
and chronic aluminum along with consideration of the other proposed numeric criteria; eulachon 
and the PCEs of their designated critical habitat will experience some acute and chronic toxic 
effects from exposure to the 65 numeric criteria under the revised action. For the reasons 
discussed in the prior RPA sections above and summarized below, these effects will manifest at 
an individual level (or group of individuals) for the DPS and its PCEs, but will not rise to the 
population level for eulachon or the broader watershed scale for their critical habitat.

(2) Based on the compound-specific acute and chronic toxicity data analysis for copper and 
chronic ammonia; the analysis on considerations of the shortcomings and implications of 
laboratory-derived toxicity tests (uncertainty analysis) for copper and chronic ammonia, the 
relative percent mortality analysis for copper, the summary analysis for copper and chronic 
ammonia, and the RPA-specific minimum biological requirements for acute ammonia, acute 
cadmium, and acute and chronic aluminum; and the likelihood of exposure to baseline chemical 
and physical stressors (e.g., cyanide, PCBs, aldrin, DDT, and high stream temperatures) along 
with consideration of the other proposed numeric criteria, the revised action is likely to adversely 
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affect eulachon, but is not likely to appreciably affect the VSP parameters productivity and 
abundance for eulachon. Based on the aforementioned analysis in this opinion and in the RPA 
Effects Analysis, the revised action adequately provides for the conservation needs of eulachon 
such that effects will manifest at an individual level (or group of individuals), but not at the 
population level.

(3) In the long term, approval and implementation of the numeric criteria listed in Table 1.1, 
and the revised and derived criteria for copper, ammonia, cadmium, and aluminum, will ensure 
water quality conditions necessary to support the conservation needs of eulachon. Specifically, 
the revised action would minimize mass loading of toxic substances to levels that adequately 
provides for the function of the PCEs and the conservation needs of eulachon. Therefore, EPA’s 
approval is not likely to appreciably reduce the conservation value of the critical habitat of 
eulachon. This conclusion is based on the magnitude of likely effects on the PCE water quality 
(low-to-moderate decrease in toxicity that affects one or more PCEs) and the overall percentage 
of critical habitat for this species that would be adversely affected (53.9 percent of the total 
designation), but will not appreciably reduce the conservation value.

(4) The NMFS evaluated the impact of the implementation period, i.e., the time between 
completion of the opinion and implementation of the revised action. Based on Oregon DEQ’s 
water quality assessment program data, it appears there is variability in the current 
concentrations of toxics and their distribution throughout the subbasins in Oregon. Therefore, it 
may be some time before criteria concentrations reach ambient water quality conditions. As an 
example, ammonia data demonstrates that actual current concentrations are distributed in very 
irregular patterns almost entirely below the RPA criteria concentrations. Extrapolating generally 
from this, it can reasonably be concluded that the delay in implementing the revised action will 
not measurably impact the listed ESUs/DPSs or their designated critical habitat affected by this 
action.

(5) After considering all the information in this opinion, NMFS concludes that the revised 
action is not likely to reduce appreciably the likelihood of both the survival and recovery of 
eulachon. Furthermore, NMFS concludes that the revised action is not likely to reduce 
appreciably the conservation value of Eulachon critical habitat such that it will retain the current 
ability to serve the intended conservation role for the species for either survival or recovery. 

Southern Resident Killer Whales.

As explained in section 2.8, we previously concluded that in the short-term, annual reductions in 
salmon prey caused by the proposed action would not have significant effects on Southern 
Resident killer whales. However, we determined that in the long-term, the continued decline and 
potential extinction of the UWR Chinook salmon, UCR spring-run Chinook salmon, SR 
spring/summer-run Chinook salmon, LCR Chinook salmon, and SR fall-run Chinook salmon,
and consequent interruption in the geographic continuity of salmon-bearing watersheds in the 
Southern Residents’ coastal range was likely to alter the distribution of migrating salmon and 
increase the likelihood of localized depletions in prey, with adverse effects on the Southern 
Residents’ ability to meet their energy needs. We concluded that the proposed action would
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appreciably reduce the likelihood of survival and recovery of the Southern Resident killer 
whales.

Under the RPA, there will remain a reduction in prey in the short-term. However, as discussed in 
section 2.8, the annual prey reduction will be extremely small, and the probability is low that any 
of the juvenile Chinook salmon killed from implementation of the RPA would be intercepted by 
the killer whales across their vast range. Therefore, NMFS anticipates that the short-term 
reduction of Chinook salmon from the implementation of the RPA will have an insignificant 
effect on Southern Resident killer whales. The RPA will remove the long-term threat to killer 
whales by avoiding population-level and ESU/DPS-level effects to salmonids. Because the RPA 
will avoid ESU/DPS-level effects on abundance and productivity, and because we expect any 
short-term prey reductions to be insignificant, we also expect long-term effects from the RPA to 
be insignificant for Southern Resident killer whales. Also as discussed in Section 2.8, the 
available data indicate that Southern Residents are not at risk of health effects from the toxic 
criteria considered in this opinion. Because the RPA will further reduce levels of copper, 
ammonia, cadmium, and aluminum, we expect that any effects from the revised criteria will be 
insignificant and/or discountable.

In summary, implementation of the RPA avoids jeopardy to Southern Resident killer whales 
because it will reduce the impact on salmonids productivity and abundance to a level where it 
will not cause a discernable reduction in prey for Southern Resident killer whales and will also 
avoid adverse health effects to the whales.

Conclusion

Based on these considerations and the foregoing description of the RPA, NMFS finds that the
RPA meets each of the criteria stated at 50 CFR 402.02. 

After reviewing the best available scientific and commercial information regarding the biological 
requirements and the status of LCR Chinook salmon, UWR Chinook salmon, UCR spring-run 
Chinook salmon, SR spring/summer-run Chinook salmon, SR fall-run Chinook salmon, CR
chum salmon, LCR coho salmon, SONCC coho salmon, OC coho salmon, SR sockeye salmon, 
LCR steelhead, UWR steelhead, MCR steelhead, UCR steelhead, SRB steelhead, green sturgeon, 
eulachon and Southern Resident killer whales considered in this opinion (section 2.4), the 
environmental baseline (section 2.5) for the action area, the effects of the proposed action 
(section 2.6), the cumulative effects (section 2.6.8), and the RPA (section 2.10), NMFS 
concludes that the revised action is not likely to jeopardize the continued existence of LCR 
Chinook salmon, UWR Chinook salmon, UCR spring-run Chinook salmon, SR spring/summer-
run Chinook salmon, SR fall-run Chinook salmon, CR chum salmon, LCR coho salmon, 
SONCC coho salmon, OC coho salmon, SR sockeye salmon, LCR steelhead, UWR steelhead, 
MCR steelhead, UCR steelhead, SRB steelhead, green sturgeon, eulachon, and Southern 
Resident killer whales.

Furthermore, NMFS has determined NMFS has determined that the revised action will not result 
in the destruction or adverse modification of critical habitat as a result of degraded water quality 
in Oregon for LCR Chinook salmon, UWR Chinook salmon, UCR spring-run Chinook salmon, 
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SR spring/summer-run Chinook salmon, SR fall-run Chinook salmon, CR chum salmon,
SONCC coho salmon, OC coho salmon, SR sockeye salmon, LCR steelhead, UWR steelhead, 
MCR steelhead, UCR steelhead, SRB steelhead, green sturgeon, and eulachon. 

2.11 Incidental Take Statement

Section 9 of the ESA and Federal regulations pursuant to section 4(d) of the ESA prohibit the 
take of endangered and threatened species, respectively, without a special exemption. Take is 
defined as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to attempt 
to engage in any such conduct. Harm is further defined by regulation to include significant 
habitat modification or degradation that results in death or injury to listed species by significantly 
impairing essential behavioral patterns, including breeding, feeding, or sheltering. Incidental take 
is defined as take that is incidental to, and not the purpose of, the carrying out of an otherwise 
lawful activity. For this consultation, we interpret “harass” to mean an intentional or negligent 
action that has the potential to injure an animal or disrupt its normal behaviors to a point where 
such behaviors are abandoned or significantly altered.18 Section 7(b)(4) and section 7(o)(2) 
provide that taking that is incidental to an otherwise lawful agency action is not considered to be 
prohibited taking under the ESA if that action is performed in compliance with the terms and 
conditions of this incidental take statement.

The NMFS has not yet promulgated an ESA section 4(d) rule prohibiting take of threatened  
eulachon. Anticipating that such a rule may be issued in the future, we have included a 
prospective incidental take exemption for eulachon. The elements of this ITS that relate to 
eulachon would take effect on the effective date of any future 4(d) rule prohibiting take of 
eulachon.

2.11.1 Amount or Extent of Take

All of the species of ESA-listed salmon, steelhead, green sturgeon, and eulachon analyzed in this 
opinion will be exposed to concentrations of criteria chemicals in the action area that are directly 
related to the action under the RPA. These concentrations of chemicals are likely to cause deaths 
and injuries of the listed species. These concentrations are also likely to cause habitat 
degradation that will result in the death or injury of listed species by reducing the availability of 
suitable prey organisms and thereby significantly impairing the essential behavioral pattern of 
feeding. All life stages are likely to be affected due to direct exposure of adults and/or juveniles 
to the chemicals and to latent effects on gametes following exposure of gravid adults. For the 
reasons set forth in the RPA section (section 2.10), incidental take of Southern Resident killer 
whales is not likely and therefore killer whales are not included within this ITS.

18 NMFS has not adopted a regulatory definition of harassment under the ESA. The World English Dictionary 
defines harass as “to trouble, torment, or confuse by continual persistent attacks, questions, etc.” The U.S. Fish and 
Wildlife Service defines “harass” in its regulations as “an intentional or negligent act or omission which creates the 
likelihood of injury to wildlife by annoying it to such an extent as to significantly disrupt normal behavioral patterns 
which include, but are not limited to, breeding, feeding, or sheltering (50 CFR 17.3). The interpretation we adopt in 
this consultation is consistent with our understanding of the dictionary definition of harass and is consistent with the 
Service’s interpretation of the term.

Exhibit 7b



-591-

Incidental take caused by the habitat-related effects of this action cannot be accurately quantified 
as a number of fish to be taken, because the number of fish at a given location at a given time are 
affected by myriad abiotic and biotic factors such as habitat quality and availability, competition, 
and predation, as well as interactions among these factors. These factors interact in ways that 
may be random or directional, and may operate across broader temporal and spatial scales that 
are affected by the proposed action. Thus, the distribution and abundance of fish within the 
action area cannot be attributed entirely to habitat conditions, nor can NMFS precisely predict 
the number of fish that are reasonably certain to be injured or killed due to habitat degradation 
related to the proposed action. Also, there is no feasible way to count, observe, or determine the 
number of fish that would be injured or killed by exposure to compounds listed in Table 1.1. 
This is because (1) the effects of the action would take place over a large geographic area (the 
action area for this consultation covers approximately 90,000 square miles, including the 
nearshore environment of the Pacific Ocean along the Oregon coast), and most injuries or deaths 
are likely to occur in areas where fish cannot be observed (e.g., deep water or remote areas);            
(2) even if injured or dead fish were observed, it would be difficult or impossible in many cases
to determine an exact cause of injury or death; and (3) sublethal effects of the proposed action 
could manifest later in time at locations where they could not readily be observed (e.g., the 
Pacific Ocean).

In this case, NMFS will use quantitative measurements of ambient concentrations of ammonia 
and copper as surrogates for the amount of incidental take due to the action under the RPA. 
Ammonia and copper are suitable surrogates for the amount of incidental take for several
reasons. Both chemicals are commonly discharged throughout the action area. These were 
among the most toxic chemicals analyzed by NMFS, and therefore they are likely to contribute 
significantly to incidental take. As described in the effects analysis, exposure to these chemicals 
is likely to cause chronic toxic effects at criterion concentrations that are reasonably certain to 
result in eventual death or injury of some individuals of the listed species considered in this 
opinion. There is abundant data about how both chemicals affect fish and invertebrate species 
that may be prey items. Although many of the criteria chemicals under the RPA action may be 
discharged at or below levels that can be accurately measured with current analytical methods, 
ammonia and copper concentrations that are likely to cause sublethal, adverse effects on the 
ESA-listed species are readily measurable. Because of similar fate and transport pathways 
(particularly with respect to copper and other metals), concentrations of ammonia and copper are 
likely to correlate reasonably well with concentrations of other criteria compounds and can 
thereby serve as surrogates for the overall extent of take indicator.

The NMFS selected the chronic criterion concentrations for ammonia and copper because, as 
compared to the acute concentrations, they provide a more continuous environmental 
concentration that could be monitored over the long term at the scale of the stream/river reach or 
watershed. Acute concentrations are more likely to be exceeded in highly localized areas for 
short periods of time, and therefore would be difficult to detect by monitoring designed to 
determine trends at larger scales of time and space that are needed to assess the overall extent of 
take. Also, exceedences of chronic concentrations in many cases likely will result in exceedences 
of acute concentrations.
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The NMFS proposes to use the ambient water quality monitoring network program of the DEQ 
to determine whether the extent of take is exceeded. The DEQ monitors a fixed station network 
of 131 sites on more than 50 large rivers and streams across the state in its ambient program.19

These sites, shown in Figure 2.11.1.1., cover 4th order and larger rivers in 16 basins delineated by 
the DEQ. Some of these basins are inhabited by only one ESA-listed species considered in this 
opinion, some are inhabited by more than one ESA-listed species, and some are not inhabited by 
ESA-listed species (e.g., the Powder and Malheur basins). The DEQ selected these sites to 
represent all major rivers in the state and provide statewide geographical representation. The 
sites are primarily “integrator” sites, meaning they reflect the integrated water quality effects 
from point and nonpoint source activities as well as the natural geological and hydrological 
factors for the watershed. Larger river basins have multiple sites, which may be based on 
tributaries, land use changes, topographical changes, ecoregions, point sources, and nonpoint 
sources.

Figure 2.11.1.1. Fixed stations in the ambient water quality monitoring network of the 
DEQ. Text box in lower right is not relevant to the incidental take 
statement.

19Telephone discussion between Jeff Lockwood, NMFS, and Aaron Borisenko, DEQ, August 7, 2012.
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The DEQ uses its ambient monitoring program to understand trends in Oregon's water quality 
over time, determine whether there is too much pollution in a water body, and set limits of how 
much pollution a water body can safely receive. The DEQ regularly samples sites within the 
action area for this consultation. At its ambient monitoring sites, DEQ monitors ammonia 
concentrations, but it does not currently monitor concentrations of any metals. 

In order to comply with this incidental take statement, EPA will need to ensure that monitoring 
for ambient concentrations of ammonia and copper occurs at DEQ sample sites consistent with 
the final monitoring plan that will be developed within 12 months of the signing of this opinion. 
The EPA shall ensure that implementation of the monitoring plan (which will incorporate both 
the ammonia and the copper criteria) within 6 months of when EPA approves the new criteria for 
ammonia and copper.

The extent of take for a given ESA-listed species will be exceeded if, in any given DEQ fourth-
field or larger USGS hydrologic unit code watershed (as delineated and labeled in Figure 
2.11.1.1) that is inhabited by that species, the median value of the valid results for freshwater 
samples taken in that watershed for ammonia or copper are higher than the threshold values of 
0.76 mg/L at pH 8 and 20°C for ammonia, or 1.45 μg/L for copper, respectively, for two
consecutive sampling periods. As recognized in the biological opinion, there will be a time lag 
between establishment of the criteria and incorporation within the terms of all NPDES permits in 
the state. 

To account for this lag period in the event of an exceedence in a given watershed, the extent of 
take indicator will be triggered only when at least 75 percent of the watershed NPDES permits 
have been issued under the new criteria. This approach is necessary because it would be 
unreasonable to assume that all NPDES permits will incorporate the new criteria until existing 
permits written under the old criteria are renewed over the 5-year permit cycle.

Although the extent of take indicators are the same as the revised criteria for freshwater chronic 
ammonia and copper, they nevertheless will function as an independent trigger for reinitiation of 
consultation, because establishing the criteria does not ensure that the criteria always will be met. 
As the State of Oregon’s current CWA section 303(d) list illustrates, waters within the state for 
various reasons can exceed established water quality standards. The chosen surrogates of chronic 
copper and ammonia measured as specified above will function to establish predetermined 
instances where monitored watersheds exceed established levels of toxic compounds and
therefore the effects analysis of this biological opinion.

2.11.2 Effect of the Take

In section 2.10, NMFS determined that the anticipated level of incidental take, coupled with 
other effects of the proposed action, is not likely to result in jeopardy to the species or 
destruction or adverse modification of critical habitat when the RPA is implemented. 
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2.11.3 Reasonable and Prudent Measures

“Reasonable and prudent measures” are nondiscretionary measures to minimize the amount or 
extent of incidental take (50 CFR 402.02). The following measures are necessary and appropriate 
to minimize the impact of incidental take of listed species from the proposed action.

1. The EPA shall monitor and report to NMFS on the implementation of the RPA. 
2. The EPA shall ensure completion of the monitoring and reporting program to ensure that 

the extent of take is not exceeded, and to confirm that the terms and conditions in this 
incidental take statement are effective in avoiding and minimizing incidental take.

2.11.4 Terms and Conditions

The terms and conditions described below are non-discretionary, and the EPA must comply with 
them in order to implement the reasonable and prudent measures (50 CFR 402.14). The EPA has 
a continuing duty to monitor the impacts of incidental take and must report the progress of the 
action and its impact on the species as specified in this incidental take statement (50 CFR 
402.14). If the EPA does not comply with the following terms and conditions, the protective 
coverage of section 7(o)(2) likely will lapse.

1. To implement reasonable and prudent measure # 1 (monitoring the implementation of the 
RPA) the EPA shall: 

a. Implement oversight of the State of Oregon’s NPDES program to ensure that the 
NPDES permit protocols are implemented in a manner consistent with the EPA 
technical support document (EPA 1991) and that (a) the State of Oregon is 
renewing NPDES permits in a manner consistent with the Clean Water Act and its 
implementing regulations; and (b) the numeric criteria proposed for approval by 
EPA, as well as any numeric criteria that change when derived by EPA or adopted 
by the State of Oregon consistent with the RPA, are being implemented in all new 
and renewed NPDES permits.

b. Provide NMFS with annual reports on the monitoring requirements by October 31 
of each year, for a minimum of 10 years from the date of EPA’s final action under 
the Clean Water Act on Oregon’s proposed criteria. Each of these reports shall 
include:

i. An assessment of whether or not the State of Oregon is renewing all 
NPDES permits within the normal 5-year renewal period.

ii. An assessment of the extent to which the State of Oregon is implementing 
the numeric criteria proposed for approval by EPA, as well as any numeric 
criteria that change when derived by EPA or adopted by the State of
Oregon consistent with the RPA, in new and renewed NPDES permits.

2. To implement reasonable and prudent measure #2 (monitoring and reporting program)
the EPA shall: 

a. Work with NMFS and the DEQ to develop a plan to collect, analyze and 
summarize the data on ambient concentrations of ammonia and copper in all 
freshwater monitoring sites in the DEQ’s ambient monitoring network that are in 
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streams or rivers inhabited by ESA-listed species. The monitoring plan shall be 
finalized no later than 12 months from the date of this opinion. 

b. Ensure that sampling, analysis and reporting the monitoring for ambient 
concentrations of ammonia and copper at the DEQ sample sites begins within 6 
months of when EPA approves the new criteria for ammonia and copper. 

c. After monitoring and reporting begin, notify NMFS if any of the incidental take 
thresholds described in this incidental take statement are exceeded within 1 month 
of receiving the information from the DEQ.

d. Provide NMFS with annual reports on the monitoring requirements by October 31 
of each year, for a minimum of 10 years from the date of EPA’s final action under 
the Clean Water Act on Oregon’s proposed criteria. Each of these reports shall 
include a summary of the results of the monitoring of ambient concentrations of 
ammonia and copper (as described in term/condition 1.b. above).

2.12 Conservation Recommendations

Section 7(a)(1) of the ESA directs Federal agencies to use their authorities to further the 
purposes of the ESA by carrying out conservation programs for the benefit of the threatened and 
endangered species. Conservation recommendations are discretionary measures suggested to 
minimize or avoid adverse effects of a proposed action on listed species or critical habitats, or 
regarding development of  additional information. The following conservation recommendations 
are discretionary measures that are suggestions regarding discretionary measures to minimize or 
avoid adverse effects of a proposed action on listed species or critical habitat or regarding the 
development of information (50 CFR 402.02) consistent with these obligations, and therefore 
should be carried out by the EPA for the proposed action: 

1. To improve the potential for recovery of listed species in the State of Oregon, the EPA 
should carry out management actions to reverse threats to survival as identified in the 
Columbia River Basin recovery plans for salmon and steelhead, the SONCC coho salmon 
recovery plan, and futire recovery plans for green sturgeon and eulachon.

2. The EPA should replace the fixed duration LC50 acute toxicity tests used for criteria 
development with acute toxicity tests based on exposure-response curves to describe the 
relationship between exposure and toxicological effects, and EPA should replace the 
current chronic tests, i.e., hypothesis testing, used for criteria development with chronic 
toxicity tests based on exposure-response curves to describe the relationship between 
exposure and toxicological effects.

3. The EPA should work with the State of Oregon to develop a monitoring protocol for 
toxic pollutants that establishes a consistent monitoring program across the state, and is 
designed to measure, in real-time, whether or not a particular point-source discharger is 
in compliance with the aquatic life criteria.

4. The EPA should work with the State of Oregon to minimize effects from chemical 
mixtures and decrease mixing zone dimensions such that no mixing zones overlap in 
space and time, or impact more than 5 percent of the cross-sectional area of the affected 
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waterbody , and are calculated using the “one-day, once in ten year low flow” (1Q10) 
statistic or its equivalent.

2.13 Reinitiation of Consultation

As provided in 50 CFR 402.16, reinitiation of formal consultation is required where 
discretionary Federal action agency involvement or control over the action has been retained, or 
is authorized by law, and if: (1) the amount or extent of incidental take is exceeded, (2) new 
information reveals effects of the agency action on listed species or designated critical habitat in 
a manner or to an extent not considered in this opinion, (3) the agency action is subsequently
modified in a manner that causes an effect on the listed species or critical habitat not considered 
in this opinion, or (4) a new species is listed or critical habitat designated that may be affected by 
the action.

To reinitiate consultation, contact the Oregon State Office Habitat Office of NMFS and refer to 
NMFS Number 2008/00148.

2.14 Not Likely to Adversely Affect Determinations

In this opinion NMFS concludes that the proposed action is not likely to adversely affect 
(NLAA) Steller sea lions, humpback whales, blue whales, fin whales, Sei whales, sperm whales, 
North Pacific Right whales, loggerhead sea turtles, green sea turtles, leatherback sea turtles, or 
Olive Ridley sea turtles.

The above identified marine mammal and sea turtle species are distributed in coastal areas and 
may be exposed to effects related to the proposed numeric criteria. Similar to Southern Resident 
killer whales, effects would be indirect and would include reduced prey availability, reduced 
prey quality, and potential accumulation in the individuals exposed. However, the occurrence of 
the subject ESA-listed sea turtles and large whales would be rare, infrequent, and transitory in 
the action area. For example, the blue whale and Sei whale are likely to have limited exposure to 
contaminant sources as their migratory patterns are circumglobal with definite seasonal 
movements to offshore areas outside the likely extent of effects. In the event that the turtles and 
large whales are present, they would be unlikely to accumulate a significant amount of persistent 
pollutants because they primarily consume lower trophic-level prey. Thus, sea turtles and large 
whales are unlikely to accumulate significant levels of contaminants in the action area that would 
be a cause for concern. 

Steller sea lions of the eastern DPS occur in Oregon waters throughout the year, with breeding
rookeries on offshore rocks and islands and haulout locations on and offshore along the coast and 
in the Columbia River (Table 2.14.1). Steller sea lions are not known to predictably occur along 
coastal reaches, in coastal bays or in river systems of Oregon aside from areas proximate to their 
haulout and rookery locations and their seasonal occurrence in the lower Columbia River and 
Rogue River. Steller sea lions are generalist predators that eat a variety of fishes and 
cephalopods, including salmon (NMFS 2008k). It is likely that Steller sea lions will be exposed 
to pollutants from the proposed numeric criteria through ingestion of prey; however, the extent 
of likely exposure is difficult to determine. Unlike Southern Resident killer whales that consume 
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primarily salmonids (which are highly contaminated. upper-trophic level prey), Steller sea lions 
have a large foraging base and consume prey at a relatively lower trophic level (i.e., Steller sea 
lions are likely exposed to less-contaminated prey than the Southern Resident killer whales are). 
There is limited information on the contaminant levels in Steller sea lions. Heavy metal 
concentrations in Steller sea lions are generally lower than northern fur seals (Noda et al. 1995,
Beckmen et al. 2002). Overall, studies suggest a decline in contaminant concentrations over 
time, which is consistent with that reported for other wildlife species (NMFS 2008k).
Additionally, comparable levels of zinc, copper, and metallothionein were measured in pups 
from both the eastern and western Steller sea lion DPSs (Castellini and Cherian 1999). Although 
these studies are not comprehensive, they indicate that heavy metals were not likely a significant 
factor in the decline of the Steller sea lions (NMFS 2008k). However, the population has grown 
steadily for the past 20 to 30 years, with no indication that contaminant-induced health effects
are limiting recovery. For these reasons, the potential for exposure to contaminants from 
ingesting contaminated prey and for any subsequent chance of bioaccumulation of contaminants 
in Steller sea lions are likely to be insignificant. 

The proposed action may reduce the quantity of prey available, due to the incidental take of 
salmon, green sturgeon, and eulachon. The NMFS anticipates similar effects on non-listed 
species that may be prey items for the subject listed species. Any salmonid take up to the 
aforementioned maximum extent and amount would result in an insignificant reduction in prey 
resources for marine mammals that may intercept these species within their range.

The NMFS finds that all effects of the action are likely to be discountable or insignificant, and 
therefore concludes that the proposed action is not likely to adversely affect Steller sea lions, 
humpback whales, blue whales, fin whales, Sei whales, sperm whales, North Pacific Right 
whales, loggerhead sea turtles, green sea turtles, leatherback sea turtles, or Olive Ridley sea 
turtles.
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Table. 2.14.1 Steller Sea Lion Haulout and Rookery Locations in Oregon Waters (ODFW 
2010).
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Critical Habitat

Steller Sea Lion and Leatherback Turtle. The NMFS designated critical habitat for the 
Steller sea lion in certain areas and waters of Alaska, Oregon and California on August 27, 1993 
(NMFS 1993). Certain rookeries, haulouts, and associated areas with essential prey resources for 
at least lactating adult females, young-of-the-year, and juveniles were designated as critical 
habitat. In Oregon, these areas include Long Brown Rock and Seal Rock at Orford Reef and 
Pyramid Rock at Rogue Reef. There are no “special aquatic foraging areas” identified as critical 
habitat in Oregon. Critical habitat includes air zones extending 3,000 feet above the terrestrial 
and aquatic zones, and aquatic zones extending 3,000 feet seaward from the major rookeries and 
haul-outs.

Designated critical habitat for leatherback sea turtles in the action area includes one 24,500 
square-mile marine area stretching from Cape Flattery, Washington, to the Umpua River, 
Oregon. The PCEs that NMFS identified as essential for the conservation of leatherback sea 
turtles when it proposed to revise critical habitat to include marine waters off the U.S. West 
Coast include: (1) A sufficient quantity and quality of their jellyfish prey; and (2) migratory 
pathway conditions that allow for safe and timely passage to, from, and within high-use forage 
areas.

Based on the best scientific and commercial data available, as discussed previously, NMFS does
not expect that the proposed action would adversely affect the quantity, quality, or availability of 
any of the constituent elements of critical habitat, or the physical, chemical, or biotic phenomena 
that give the designated area value for the conservation of the species when no constituent 
elements were identified in the designation. Although NMFS would expect critical habitat for 
Eastern Steller sea lions and proposed critical habitat for the leatherback sea turtle to be exposed 
to toxic chemicals due to the proposed action, the concentrations would be sufficiently low that 
the effects would be insignificant. Critical habitat for green sea turtles does not occur in the 
action area.

The NMFS finds that all effects of the action are likely to be insignificant, and therefore 
concludes that the proposed action is not likely to adversely affect Steller sea lion and 
leatherback turtle critical habitat.
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3. DATA QUALITY ACT DOCUMENTATION AND PRE-DISSEMINATION REVIEW

Section 515 of the Treasury and General Government Appropriations Act of 2001 (Public Law 
106-554) (Data Quality Act) specifies three components contributing to the quality of a 
document. They are utility, integrity, and objectivity. This section of the opinion addresses these 
Data Quality Act (DQA) components, documents compliance with the DQA, and certifies that 
this opinion has undergone pre-dissemination review.

3.1 Utility: Utility principally refers to ensuring that the information contained in this 
consultation is helpful, serviceable, and beneficial to the intended users. The intended users are 
EPA and the State of Oregon.

An individual copy was provided to EPA. This consultation will be posted on the NMFS 
Northwest Region website (http://www.nwr.noaa.gov). The format and naming adheres to 
conventional standards for style.

3.2 Integrity: This consultation was completed on a computer system managed by NMFS in 
accordance with relevant information technology security policies and standards set out in 
Appendix III, ‘Security of Automated Information Resources,’ Office of Management and 
Budget Circular A-130; the Computer Security Act; and the Government Information Security 
Reform Act.

3.3 Objectivity: 

Information Product Category: Natural Resource Plan.

Standards: This consultation and supporting documents are clear, concise, complete, and 
unbiased; and were developed using commonly accepted scientific research methods. They 
adhere to published standards including the NMFS ESA Consultation Handbook, and the ESA 
Regulations, 50 CFR 402.01, et seq.

Best Available Information: This consultation and supporting documents use the best 
available information, as referenced in the Literature Cited section. The analysis in this opinion 
contains more background on information sources and quality. 

Referencing: All supporting materials, information, data and analyses are properly 
referenced, consistent with standard scientific referencing style. 

Review Process: This consultation was drafted by NMFS staff with training in ESA 
implementation, and reviewed in accordance with Northwest Region ESA quality control and 
assurance processes. 
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APPENDIX 1: EPA’s Guidelines for Deriving Numerical National Water Quality Criteria 
and Issues Common to All Criteria

The following discussion and analysis examines the shortcomings of EPA’s methodology for 
deriving the national criteria and is critical to understanding the relationship between the numeric 
criteria and the exposure-response analysis in this opinion. The discussion and analysis in this 
Section is separated into two main categories: (1) EPA’s methodology for deriving the national 
aquatic life criteria, and (2) overview of the effects assessment methodology in EPA’s BE for the 
Oregon criteria.

Derivation of EPA Aquatic Life Criteria 
The foremost problem with EPA’s national aquatic life criteria lies with the derivation 
methodology, which is set out in EPA’s Guidelines for Deriving Numerical National Water 
Quality Criteria for the Protection of Aquatic Organisms and Their Uses (Stephan et al. 1985) 
(Guidelines). The extent of technical issues delineated in this section regarding the Guidelines 
produces far more uncertainty than predictability regarding the reliability of the criteria to protect 
aquatic life, and in particular, listed species. This analysis highlights the risks associated with use 
of the Guidelines and assesses how they are likely to influence the chemical and environmental 
stressors affecting the listed species evaluated in this opinion. 

First, we look at EPA’s general approach as described in the Guidelines. Second, we look at the 
risks or conservatisms associated with EPA’s approach. Third, we provide a summary that 
qualitatively assesses the degree of uncertainty and likely influences on the effects associated 
with exposure-response risks to the listed species considered in this opinion. 

The derivation methodology for EPA’s water quality criteria, the basis of Oregon’s proposed 
water quality criteria, is detailed in the Guidelines (Stephan et al. 1985). An overview of the 
Guidelines, as described in EPA’s BE, is presented below.

The first stage in deriving water quality criteria is to compile the available data on 
the chemical of interest regarding its toxicity to and bioaccumulation by aquatic 
animals and plants. These data then go through a review process to identify 
studies that should not be used to derive national criteria. Although there are a 
number of reasons why data are not included in the data sets used to develop 
national criteria, some of the more common ones are that one or more pieces of 
information regarding study methodology or calculation of results needed to 
assess the reliability of the study is missing; data quality of the study is less than 
acceptable (e.g. unacceptably high control mortality); the tested species does not 
have a reproducing population in North America; the test species was exposed to 
a chemical mixture or was previously exposed to the test chemical; the study 
reported effects on an endpoint other than survival, reproduction of growth; or the 
test duration was a non-standard test duration (e.g. fish toxicity test reporting a 
24-hr LC50 instead of the more standard 96-hr LC50).
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Once the available data have been reviewed and unacceptable or inappropriate 
study results have been removed from the data set, the data are reviewed to ensure 
that certain types of data are available. Specifically, for freshwater aquatic biota, 
the following eight types of toxicity data should be available:
Data for a fish species in the family Salmonidae of the class Osteichthys
Data for a fish species from a second family in the class Osteichthys
Data for a third family in the phylum Chordata (may be a third fish species or an 
amphibian species)
Data for a planktonic crustacean species
Data for a benthic crustacean species
Data for an aquatic insect species
Data for a species in a phylum other than Arthropoda or Chordata (e.g. Rotifera,
Annelida, Mollusca, etc.)
Data for a species in any family in any order of insect or any aquatic phylum not 
already represented.

Additionally, the following three other pieces of information are needed before a 
national water quality criterion can be developed for a given chemical (required to 
derive both freshwater and saltwater criteria). Unlike toxicity data, which must be 
from exposures of species to chemicals in freshwater in order to derive freshwater 
criteria, the following information can be either for freshwater data only or a 
specified mixture (Stephan et al. 1985) of freshwater and saltwater data.
Acute-chronic ratios (ACRs) for at least three different families of aquatic 
species. Toxicity data for at least one freshwater plant (can be either algal or a 
vascular plant)
At least one bioconcentration factor (BCF).

The eight taxa for which saltwater toxicity data are required prior to derivation of 
a saltwater criterion obviously differ from those for freshwater, and must be from 
the taxonomic groupings listed below:

Data from two families in the phylum Chordata
Data from a family in a phylum other than Arthropoda or Chordata
Data from a species in either the Mysidae or Penaeidae family
Data from three other families not in the phylum Chordata (may include data for 
a species from a phylum or family listed in taxa groups 1 - 3 above but which was 
not used)
Data from any other saltwater family

Ideally, the above freshwater and marine species toxicity data have both LC50 data 
of appropriate duration and chronic NOEC data available. In practice, most 
chemicals with water quality criteria have sufficient LC50 data to permit 
derivation of an acute water quality criterion from measured LC50 data, but do not 
have sufficient measured chronic NOEC to use the above procedure to directly 
calculate a chronic criterion. Instead, most chronic criterion are calculated by 
dividing the calculated acute criterion by the available ACR value.
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If toxicity data are available from multiple studies (e.g. three LC50 results are 
available for rainbow trout), a species mean acute value (SMAV) (or species 
mean chronic value if one is deriving a chronic criterion, although the rest of this 
discussion will assume that only measured acute toxicity data are available) is 
calculated as the geometric mean of the three available LC50 values in this 
example. Similarly, if two or more LC50 results are available for different species 
of the same genus (e.g. LC50 data are available for rainbow trout and Chinook 
salmon, both members of the genus Oncorhynchus), a genus mean acute value 
(GMAV) is calculated from the geometric mean of all toxicity data for members 
of that genus. If only one LC50 value is available for a species from a given genus, 
that single value becomes both the SMAV and GMAV for subsequent criteria 
calculations.

Geometric means are used to calculate central tendency species mean, genus 
mean, ACR and BCF values throughout the development of water quality criteria.
This is because toxicity data and ratio data (ACRs and BCFs are ratios) tend to be 
lognormally distributed instead of normally distributed.

Acute water quality criteria are calculated by rank ordering the GMAV values 
from the lowest LC50 to the highest LC50, and using a formula given in Stephan et 
al. (1985) to estimate the 5th percentile of the resulting species sensitivity 
distribution (SSD). This 5th percentile of measured GMAVs is termed the final 
acute value (FAV) in the EPA criteria development documents. As a criterion 
based on a concentration causing mortality to 50 percent of a test species would 
not be a protective criterion, the FAV is divided by two to convert LC50 values to 
concentrations expected to cause little or no mortality to test species. The FAV 
divided by two value becomes the EPA acute water quality criterion unless a 
commercially or recreationally important species, or an ESA listed species has a 
GMAV lower than the calculated water quality criterion. In these cases, the 
results of one or more individual species GMAVs is used to directly calculate an 
acute criterion.

If sufficient chronic NOEC data are available for the freshwater and/or saltwater 
taxa described earlier, the same approach described above is used with the 
measured NOEC data to calculate a final chronic value (FCV) from the 5th

percentile of the NOEC data. Final chronic values are not divided by two to 
obtain the chronic criterion, as unlike LC50 data, NOEC values are already 
assumed to be concentrations that have no adverse effects on survival, 
reproduction and growth of the tested species. Much more common is the 
situation where the calculated acute criterion is divided by an acute-chronic ratio
(ACR) to obtain the chronic criterion.

Additional details of the Guidelines to develop national water quality criteria and 
the assumptions that go into their derivation are provided in Stephan et al. (1985).
Of all the assumptions that are made during the derivation of EPA water quality 
criteria, perhaps the most critical is that the species sensitivity distribution of 
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measured toxicity data used during the calculation of criteria values is 
representative of the range of toxicity of a chemical to all aquatic species. There 
are over 700 species of freshwater fish alone in North America, making it 
impractical to perform toxicity tests on all species with all chemicals for which 
criteria exist.

Water quality criteria calculated from the methodology described above have 
several levels of conservatism built into them, including:
protection of 95 percent of all aquatic genera 
division of the 5th percentile of all genus mean acute values by two during the 
derivation of acute criteria
use of no effect concentrations to derive chronic criteria
short exposure durations at criteria concentrations relative to the lifespan of many 
aquatic species

However, water quality criteria are not designed to protect all aquatic species 
from exposure to chemical concentrations that may adversely affect some of the 
more sensitive species to a given chemical. Nor are criteria designed to protect all 
individuals of a given species, whether or not that species is a listed species.
Despite these design aspects of the national water quality criteria, many of them 
are protective of more than 95 percent of aquatic genera from adverse effects, and 
are protective of all ESA listed species known to occur within many discrete 
geographical areas. ESA listed aquatic species as a group are generally not 
believed to be more sensitive to chemicals than aquatic species as a whole (Dwyer 
et al. 2005, Sappington et al. 2001, Dwyer et al. 1999).

The toxic criteria proposed by the State of Oregon for EPA approval are identical to the 
corresponding national toxic criteria developed by EPA as guidance for the states.

The following section provides NMFS’ analysis on the Guidelines.

Risks from Using Acute Criteria Based on LC50 Concentrations and the EPA
Acute Adjustment Factor. The acute criteria for aquatic life have been primarily based on 
compilations of toxicity study results reported in terms of the concentration resulting in 50 
percent mortality over a fixed time period [usually 96 hours: e.g., LC50, effects concentration 
(EC)50, EPA 1986a]. Although there are a number of reasons why data are not included in the 
data sets used to develop criteria, some of the more common ones are that one or more pieces of 
information regarding study methodology or calculation of results needed to assess the reliability 
of the study is missing; data quality of the study is less than acceptable (e.g. unacceptably high 
control mortality); the test species was exposed to a chemical mixture or was previously exposed 
to the test chemical; the study reported effects on an endpoint other than survival, reproduction 
or growth; or the test duration was a non-standard test duration (e.g., fish toxicity test reporting a 
24-hr LC50 instead of the more standard 96-hr LC50). 

The acute criterion is based on acute toxicity tests, i.e., 96-hour LC50 toxicity tests, that indicate 
the concentration at which 50 percent of the test population was killed. However, what is often 
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not considered are exposure-related effects such as latent mortality, which can range between 15 
and 35 percent greater than the LC50 predictions compared to the control (Zhao and Newman 
2004, Lee and Lee 2005). Furthermore, because 4- to 8-hour LC50s are about the same as the 96-
hour LC50 for some compounds, e.g., selenium, lead, arsenic (EPA 1991), criteria concentrations 
that do not take fast-acting compounds into consideration are likely to bias the magnitude of 
acute toxic effects. Theses factors create significant uncertainty regarding the reliability and 
predictability of the acute criterion to represent concentrations that are protective against acute 
toxic effects. Furthermore, these factors highlight the risks of toxicity data that are based on 
fixed durations instead of an exposure-response curve, and challenge the notion that LC50 data 
that is above the acute criterion is protective against acute toxic effects based soley on a 
comparison of concentrations.

Acute water quality criteria are calculated by rank ordering the GMAV values from the lowest 
LC50 to the highest LC50, and using a formula given in Stephan et al. (1985) to estimate the 5th

percentile of the resulting SSD. This 5th percentile of measured GMAVs is termed the FAV in 
the EPA criteria development documents. As a criterion based on a concentration causing 
mortality to 50 percent of a test species would not be a protective criterion, EPA divides the FAV 
by a safety factor of 2.27 (referred to as a factor of 2 in the below analysis) to convert LC50
values into concentrations that EPA projects to be near or below lethality.

The database from which the safety factor was derived (actually the safety factor is 2.27) was 
published in the Federal Register in 1978. Table 10 from the Federal Register notice (43 FR 
21506-21518) lumps data for freshwater and marine fish and invertebrates. The data are broken 
out by the chemicals tested. There are 219 data points, but a large proportion of them aren't for a 
specific chemical, but rather for whole effluents of various sources—115 of the 219 data points 
used to derive the acute adjustment factor are based on effluent studies where individual 
pollutants are not measured. Interestingly, effluent studies are one of EPA’s “not pertinent” or 
“reject” categories identified in EPA (2005).

The assumption that dividing an LC50 by 2 will result in effect concentrations near or below 
leathility rests on further assumptions of the steepness of the concentration-response slope. 
Several examples of tests with metals which had a range of response slopes are shown in Figure 
A1. These examples were selected from data sets that were relevant to salmonid species in 
Oregon and for which the necessary data to evaluate the range of responses could be located 
(Chapman 1975, 1978b, Marr et al. 1995, Marr et al. 1999, Mebane et al. 2010, Windward 
2002). The citations given include both reports with detailed original data as well as the 
summarized, published forms of the same tests. The examples range from tests with some of the 
shallowest concentration-response slopes located to very steep response slopes. In the shallowest 
tests (panels A and E), an LC50/2 concentration would still result in 15 to 20 percent mortality. 

One challenge for deriving acute criteria for short-term exposures is that the great majority of 
available data is for mortality; that is, a concentration that kills 50 percent of a test population. A 
fundamental assumption of EPA’s criteria derivation is that the FAV, which is the LC50 for a 
hypothetical species with a sensitivity equal to the 5th percentile of the SSD, may be divided by 2 
in order to extrapolates from a concentration that would likely be extremely harmful to sensitive 
species in short-term exposures (i.e., kill 50 percent of the population) to a concentration 
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expected to kill few, if any, individuals. This assumption must be met for acute criteria to be 
protective of sensitive species. It is difficult to evaluate from published literature if this 
assumption is met because so few studies report the data behind an LC50 test statistic. While 
LC50s are almost universally used in reporting short-term toxicity testing, they are not something 
that can be “measured,” but are statistical model fits. An acute toxicity test is actually a series of 
4 to 6 tests runs in parallel in order to test effects at these (usually) four to six different chemical 
concentrations. An LC50 is estimated by some statistical distribution or regression model, which 
generates an LC50 estimate, and some confidence interval, and then all other information is 
thrown away. Thus, while the original test data included valuable information on what were no, 
low and severe effects concentrations, that information is lost to reviewers unless the 
unpublished, raw, lab data are available. However, a more common pattern with the metals data 
was that an LC50/2 concentration would probably result in about a 5 percent death rate (panels B 
and F), and in many instances, no deaths at all would be expected (panels C and D). 
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Figure A1. Examples of percentages of coho salmon or rainbow trout killed at one-
half their LC50 concentrations and at LC50 concentrations with cadmium, 
copper, and zinc. 

In one of the few additional published sources that gave relevant information, researchers 
happened to include effect-by-concentration information on the acute toxicity of chemical 
mixtures. Rainbow trout and the invertebrate zooplankton Ceriodaphnia dubia were exposed for 
96 and 48 hours respectively to mixture of six metals, each at their presumptively “safe” acute 
CMC concentrations. In combination, the CMC concentrations killed 100% of rainbow trout and 
C. dubia, but 50% of the CMC concentrations killed none (Spehar and Fiandt 1986). This gives 
some support to the assumption that one-half the FAV divided by 2 is likely to kill a low 
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percentage of fish, although it raises questions about the overall protectiveness of criteria 
concentrations in mixtures.

Other relevant reviews include Dwyer et al. (2005b), who evaluated the LC50/2 assumption with 
the results of the acute toxicity testing of 20 species with five chemicals representing a broad 
range of toxic modes of action. In those data, multiplying the LC50 by a factor of 0.56 resulted in 
a low (10%) or no-acute effect concentration. Testing with cutthroat trout and Cd, Pb, and Zn 
singly and in mixtures, Dillon and Mebane (2002) found that the LC50/2 concentration 
corresponded with death rates of 0 to 15 percent.

Summary: Based on this analysis, there are increased risks to listed species considered in 
this opinion from using acute criteria based on LC50 concentrations and the acute adjustment 
factor, as acute criteria based on a hazard quotient—the acute adjustment factor, instead of acute 
toxicity tests that predict in LCnear-zero concentrations, and are based on fixed duration toxicity 
tests instead of an exposure-response curve, are likely to underestimate the magnitude of effects 
for field-exposed fishes. Therefore, the risks identified in the above analysis are likely to result in 
mortality greater than the LC50 test predictions and the presumed protection from the acute 
adjustment factor in deriving acute criteria. 

Risks from Using the Chronic Value Statistic in Setting Criteria. An issue of concern 
with the derivation of the chronic criteria is the test statistic used to summarize chronic test data 
for species and genus sensitivity rankings. Literature on chronic effects of chemicals often 
contains a variety of measurement endpoints, different terms, and judgments by the authors of 
what constitutes an acceptable or negligible effect. While the Guidelines give a great deal of 
advice on considerations for evaluating chronic or sublethal data (Stephan et al. 1985, at p. 39),
those considerations were not usually reflected in the individual national EPA-recommended 
ambient water quality criteria documents NMFS reviewed. In practice, for most of the criteria 
documents we reviewed, “chronic values” were simply calculated as the geometric mean of the 
lowest tested concentration that had a statistically significant adverse effect at the 95 percent 
confidence level (LOEC), and the next lower tested concentration (NOEC). The “chronic value” 
as used in individual criteria documents is effectively the same thing as the maximum acceptable 
toxicant concentration20 (MATC) used in much environmental toxicology literature, even though 
the MATC term is never used in the Guidelines. This MATC approach has the potential to 
seriously underestimate effects because the statistical power in typical toxicity tests is fairly low. 
A bias in many ecotoxicology papers is to focus on avoiding “false accusations” of a chemical 
with 95 percent accuracy (i.e., Type I error or false positive, the risk of declaring an effect was 
present when in fact there was no effect). Often no consideration whatsoever is given to the 
companion problem, known as Type II error, or false negatives (i.e., declaring no adverse effects 
occurred when in fact they did occur, but because of the limited sample size or variability, they 
were not significant with 95 percent confidence). 

The magnitude of effect that can go undetected with 95 percent confidence in a NOEC statistic 
can be large (greater than 30 percent on average for some endpoints), and much higher for 
individual tests (Crane and Newman 2000). This problem is compounded when the “chronic 
value” or MATC is calculated in its most common form as the geometric mean of a NOEC and 

20 The MATC is the range between the NOEC and LOEC.
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LOEC. For instance, in one study, 100 percent of juvenile brook died after being exposed to 17 
μg/L copper for 8 months; this was considered the LOEC for the test. The next lowest 
concentration tested (9.5 μg/L) had no reduced survival relative to controls. (McKim and Benoit 
1971). Therefore, the only thing that can be said about the geometric mean of these two effect 
concentrations (i.e., the chronic value of 12.8 μg/L that was used in the chronic copper criteria, 
EPA 1985) is that it represents a concentration that can be expected to kill somewhere between 
all and no brook trout in the test population. These factors create significant uncertainty 
regarding the reliability and predictability of the chronic criterion to represent concentrations that 
are protective against chronic toxic effects. Furthermore, these factors highlight the risks of 
toxicity data that are based on statistical hypothesis tests instead of an exposure-response curve 
(because the exposure-response curve describes the relationship between exposure and effect), 
and challenges the supposition that NOEC data that is above the chronic criterion is protective 
against chronic toxic effects based solely on a comparison of concentrations. Therefore, NOEC 
data that is above the chronic criterion does not necessarily ensure that there are no chronic toxic 
effects, but that the criterion concentration may result in chronic toxic effects to a subset of the 
test population, and therefore by inference, field-exposed individuals, relative to the criterion 
concentration in the range of 10 to 34 percent (Crane and Newman 2000). While the range of 
chronic effects predicted in these studies is likely to be less than or greater than the 10 to 34 
percent range depending on compound and species, these studies highlight the inherent flaws 
associated with chronic toxicity tests, and provide evidence for long-term survival implications 
for field-exposed fishes.

Suter et al. (1987) evaluated published chronic tests with fish for a variety of chemicals and 
found that, on average, the MATC represented about a 20 percent death rate and a 40% reduction 
in fecundity. They noted that “although the MATC is often considered to be the threshold for 
effects on fish populations, it does not constitute a threshold or even a negligible level of effect 
in most of the published chronic tests. It corresponds to a highly variable level of effect that can 
only be said to fall between 0 and 90 percent.”  Barnthouse et al. (1989) further extrapolated 
MATC-level effects to population-level effects using fisheries sustainability models and found 
that the MATC systematically undervalued test responses such as fecundity, which are both 
highly sensitive and highly variable.

One implication of this issue is that because the MATC chronic values typically used in the EPA 
water quality criteria documents for aquatic life criteria may cause a substantial adverse effect 
for that test species, the criteria on the whole will be less protective than the Guidelines’ intended 
goal of protecting 95 percent of the species. How much less protective is unclear and probably 
varies among the criteria datasets. One dataset from which a hypothetical NOEC-based chronic 
criterion could readily be recalculated and compared with the usual MATC criteria was a 2006 
cadmium criteria update (Mebane 2006). In this comparison, Mebane determined that the 
MATC-based chronic criteria would protect about 92 percent of the aquatic species in the dataset 
at the NOEC level. Because the NOEC statistic also can reflect a fairly sizable effect (Crane and 
Newman 2000) it may be that at least with cadmium, the true level of protection is closer to 
about 90 percent than the 95 percent intended by the guidelines. 

Summary: Based on this analysis, there are increased risks from using the chronic value 
statistic in setting criteria is high, as it is likely to result in sublethal effects, such as interference 
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in physiochemical processes, interruption of ecological interactions, changes in pathological 
stress, and toxicosis of listed species considered in this opinion.

Risks from the CMC and CCC Duration and Frequency of Exposure. The CMC and 
the CCC are just two of six parts of an aquatic life criterion; the other four parts are the acute 
averaging period, the chronic averaging period, acute frequency of allowed exceedence, and 
chronic frequency of allowed exceedence (EPA 2006), refered to as the concentration-duration-
frequency format (EPA 1991).

Concentration (magnitude) refers to how much of a pollutant, expressed as a concentration, is 
allowable. Duration refers to the period of time (averaging period) over which the instream 
concentration is averaged for comparison with criteria concentrations. This specification limits 
the duration of concentrations above the criteria. And, frequency refers to how often criteria can 
be exceeded (EPA 1991).

The 1-hour CMC averaging period means that the 1-hour average concentration of the compound 
does not exceed the CMC more than once every three years on the average. In other words, an 
organism should not be exposed to a pollutant concentration greater than the CMC for more than 
1 hour, and an exceedence, i.e., a concentration greater than the respective CMC, of the CMC   
1-hour average concentration should not occur more than once every three years on the average. 
The 4-day CCC averaging period means the 4-day average concentration of the compound does 
not exceed the CCC more than once every three years on the average. In other words, an 
organism should not be exposed to a pollutant concentration greater than the CCC for more than 
4 days, and an exceedence, i.e., a concentration greater than the respective CCC, of the CCC    
4-day average concentrations should not occur more than once every three years on the average. 

This means that the averaging periods are average concentrations that are measured against the 
respective numeric parts of the criterion with the purpose being to minimize the duration of 
exposure above the CMC and CCC criteria concentrations. Figures A2 and A3 provide 
conceptual examples of the 1-hour and the 4-day chemical averaging periods for acute and 
chronic criteria, respectively. These figures show that excursions (short term concentrations 
above the CMC or CCC) can produce concentration “spikes” that, when compared to the 
available toxicity data, can result in exposure with lethal and sub-lethal responses in listed
species, but that the average concentration is below the respective criterion and thus in 
compliance. 

Figures A2 and A3 conceptually represent respective averaging concentrations for acute and 
chronic criteria. For example, the 1-hour averaging concentration must be evaluated for each 
hour of the day. That is, the average concentration in the acute example of 55.2 g/L is a series 
of continuous (persistent) receiving water concentrations that occurs each hour on a continuum. 
The same holds true for the chronic average concentration, where the 4-day average 
concentration in the chronic example of 23.7 g/L is a series of continuous (persistent) receiving 
water concentrations that occurs on a continuum. In these examples, the chronic criterion 
concentration will eventually determine the concentration outside the regulated mixing zone 
[defined as an area where an effluent discharge undergoes initial dilution and is…an allocated 
impact zone where water quality criteria can be exceeded as long as acutely toxic conditions are 
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prevented (EPA 1991)] boundary, and is a more accurate representation of ambient  
concentrations outside of regulated mixing zones. Inside regulated mixing zones, water quality 
criteria are permitted to be higher than criterion concentrations. While a particular toxic criterion 
must be met at the acute and chronic mixing zone boundaries, mixing zone boundaries vary with 
flow and discharge. For example, based on publically-available information from ODEQ 
analyzed by NMFS in this consultation, in the Willamette River mixing zone size varies greatly 
from a low of 1,089 square feet to a high of 1,000,000 square feet (n=19). So, meeting the 
aquatic life criteria at the edge of the mixing zone is a misleading protective assumption. 
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Outside regulated mixing zones, chemical concentrations are theoretically lower than the 
proposed criteria, especially the acute criteria. However, waters that are 303(d)-listed for toxics 
do not meet water quality standards for toxics. So the assumption of lower concentrations at the 
edge of mixing zones is not met. That is, there is no assimulative capacity outside mixing zones.

The 1-hour and 4-day durations and averaging periods for criteria were based upon judgments by 
EPA authors that included considerations of the relative toxicity of chemicals in fluctuating or 
constant exposures. EPA’s (1985) Guidelines considered an averaging period of one hour most 
appropriate to use with the criterion maximum concentration or (CMC or acute criterion) 
because high concentrations of some materials could cause death in one to three hours. Also, 
even when organisms do not die within the first few hours, few toxicity tests continue to monitor 
for delayed mortality after the exposure period is over. Thus it was not considered appropriate to 
allow concentrations above the CMC for more than one hour (Stephan et al. 1985). Recent 
criteria documents (e.g., USEPA 2007) have used an averaging period of 24 hours for their 
CMC, although no explanation could be found for the deviation from the 1985 Guidelines.

A review of more recent information did not contradict these judgments. Some of the more 
relevant research relates the rapid accumulation of metals on the gill surfaces of fish to their later 
dying. When fish are exposed to metals such as cadmium, copper, or zinc, a relatively rapid 
increase occurs above background levels of metal bound to the gill. This rapid increase occurs on 
the order of <3 to 24 hours, and this brief exposure has been sufficient to predict toxicity at 120 
hours (Di Toro et al. 2001, MacRae et al. 1999, Playle 1998, Playle et al. 1993). Acute 
exposures of 24-hours might not result in immediate toxicity, but deaths could result over the 
next few days. Simple examination of the time-to-death in 48 or 96 hour exposures would not 
detect latent toxicity from early in the exposures. Observations or predictions of appreciable 
mortality resulting from metals exposures on the order of only three to six hours supports the 
earlier recommendations by Stephan et al. (1985) that the appropriate averaging periods for the 
CMC is on the order of one hour.

The 4-day averaging period for chronic criteria was selected for use with the CCC for two 
reasons (Stephan et al. 1985): First, “chronic” responses with some substances and species may 
not really be due to long-term stress or accumulation, but rather the test was simply long enough 
that a briefly occurring sensitive stage of development was included in the exposure (Barata and 
Baird 2000, Chapman 1978a, De Schamphelaere and Janssen 2004, Grosell et al. 2006b, Mebane 
et al. 2008). Second, a much longer averaging period, such as 1 month would allow for 
substantial fluctuations above the CCC. Substantial fluctuations may result in increased adverse 
effects from those expected in constant exposures. A comparison of the effects of the same 
average concentrations of copper on developing steelhead, Oncorhynchus mykiss, that were 
exposed either through constant or fluctuating concentrations found that steelhead were about 
twice as resistant to the constant exposures as they were to the fluctuating exposures (Seim et al.
1984). The literature reviewed by NMFS either supports or at least does not contradict the 
Guidelines’ recommendations on averaging periods.

In addition to the averaging periods, the Guidelines recommend for exceedence of the CMCs and 
the CCCs once every three years, on average. This recommendation was based on a review case 
studies of recovery times of aquatic populations and communities from locally severe 

Exhibit 7c



Appendix 1: EPA Guidelines
-689-

disturbances such as spills, fish eradication attempts, or habitat disturbances (Yount and Niemi 
1990, Detenbeck et al. 1992). In most cases, once the cause of the disturbance was lifted, 
recovery of populations and communities occurred on a time frame of less than three years. The 
EPA has subsequently further evaluated the issue of allowable frequency of exceedences through 
extensive mathematical simulations of chemical exposures and population recovery. Unlike the 
case studies, these simulations addressed mostly less severe disturbances that were considered 
more likely to occur without violating criteria (Delos 2008). Unless the magnitude of disturbance 
was extreme or persistent, this three-year period seemed reasonably supported or at least was not 
contradicted by the information reviewed by NMFS.

A more difficult evaluation is the allowable exceedence magnitude, which is undefined and 
unlimited by the proposed criteria. Thus, theoretically, a once-per three year exceedence with no 
defined limits to its magnitude could be infinitely large, and have adverse effects on listed 
species. This is because environmental data such as chemical concentrations in water are not 
unpredictable, but can be described with statistical distributions and statements of exceedence 
probabilities. Commonly with water chemical data and other environmental data, the statistical 
distributions do not follow the common bellcurve or normal distribution, but have a skewed 
distribution with more low than high values. This pattern may be approximated with a log-
normal statistical distribution (Blackwood 1992, Delos 2008, Helsel and Hirsch 2002, Limpert et 
al. 2001).

An important consideration that is often not addressed in water quality monitoring is the issue of 
sampling frequency. In order to accurately compare water quality samples with regulatory 
criteria, samples need to be collected at least at the same frequency as the criteria (i.e., every 
hour for CMC and every four days for CCC). Otherwise, an exceedence could occur without 
detection. Samples, however, are not often taken at the specified frequency, and instead 
exceedence is detected indirectly through observed fish kills.

Summary: Based on this analysis, the duration and frequency parts of an aquatic life 
criterion seem like reasonable measures to keep the numeric criteria from exceeding criteria 
concentrations over long periods. However, the issue of excursions, exceedences with no defined
limits on magnitude, and water quality monitoring and sampling sufficient to detect exceedences 
poses adverse risks likely to result in sublethal effects, such as interference in physiochemical 
processes, interruption of ecological interactions, changes in pathological stress, and toxicosis of 
listed species considered in this opinion. 

Metals Toxicity and Risks from Using Formula-based Metal Criteria. Pursuant to EPA 
policy, states may adopt criteria for metals measured as either the amount of metal dissolved in 
water or the total recoverable amount of metal. For dissolved criteria, water samples are filtered 
to remove any suspended solids before analysis, and a conversion factor (CF) is applied to add 
back a fraction of the suspended metal based on assumptions regarding bioavailability. Total 
recoverable metals criteria are a measurement of the suspended and dissolved amounts added 
together. In its National Toxics Rule (NTR) (58 FR 31177), EPA originally promulgated criteria 
for metals as total recoverable metals. Subsequently, EPA issued a new policy for setting water 
quality criteria for metals measured as dissolved metals and promulgated revised national metals 
criteria expressed in terms of dissolved metals (60 FR 22228, May 4, 1995). At the same time, 
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EPA promulgated recommended conversion factors for converting between dissolved and total 
recoverable criteria. The metals criteria in Oregon are expressed as dissolved metals, meaning 
that water samples are filtered to remove suspended solids before analysis.

Metals addressed in this consultation include: As, Cd, Cr(III), Cr(VI), Cu, Pb, Ni, Se, Ag, and 
Zn. The proposed ambient water quality criteria are formula-based, meaning that the criteria vary 
based on site-specific conditions,  for the following metals: As, Cd, Cr(III), Cr(VI), Cu, Pb, Ni, 
Ag, and Zn. To determine criteria for these metals that are applicable to a given water body, site-
specific hardness data must be obtained, input to a formula, and numeric criteria computed. 
There are three types of site-specific data that may be necessary to determine and/or modify the 
criterion for a metal at a site: water hardness, conversion factors (CF) and translators, and water 
effect ratios (WER). The following is a brief description of these types of data.

The general formula for a hardness-based acute (CMC) or chronic (CCC) criterion with respect 
to total metal concentration (dissolved and particulate) is:

CMC or CCC (total recoverable) = e (m[ln(hardness)]+b)

Note that this is algebraically equivalent to the simpler expression:

CMC or CCC (total recoverable) = K (hardness)m

where K = e b. When the m-exponent is close to 1.0, the relationship is approximately linear.
Dissolved concentrations are evaluated using a total-to-dissolved CF that is based on the fraction 
of the metal that was in a dissolved form during the laboratory toxicity tests and that was used to 
develop the original total based criteria. The appropriate formula is:

CMC or CCC (dissolved) = CF x e(m[ ln(hardness)]+b) = CF x K x (hardness)m

There is an added level of complexity in the computations of criteria for cadmium and lead 
because the CFs for these metals also vary with hardness.

If a total maximum daily load (TMDL) is needed to regulate discharges into an impaired water 
body, the dissolved criterion must be converted or translated back to a total value so that the 
TMDL calculations can be performed. The translator can simply be the CF (i.e., divide the 
dissolved criterion by the CF to get back to the total criterion), or site-specific data on total and 
dissolved metal concentrations in the receiving water are collected and a dissolved-to-total ratio 
is used as the translator.

Formulae for all the metals listed above also include a WER, a number that acts as a 
multiplication factor. A WER is intended to account for the difference in toxicity of a metal in a 
site water relative to the toxicity of the same metal in reconstituted laboratory water. The reason 
is that natural waters commonly contain constituents which "synthetic" or "reconstituted" 
laboratory waters lack, such as dissolved organic compounds, that may act to bind metals and 
reduce their bioavailability. Where such constituents act to modify the toxicity of a metal in a 
site water compared to the toxicity of the same metal in laboratory water, a "water effect" is 
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observed. If no site-specific WER is determined, then the WER is presumed to be 1 and would 
not modify a formula result.

The EPA has provided specifications and guidance regarding procedures and requirements for 
determining "site-specific" WER values that include extensive comparative toxicity testing with 
several test organisms and statistical analysis of results. The example provided below only 
illustrates the basic principle in defining a WER value.

Example WER calculation:

Suppose the LC50 of copper in site water is 30 μg/L
Suppose the LC50 of copper in laboratory water is 20 μg/L
Assume a site hardness of 100 mg/L
The freshwater CF for copper = 0.96
Acute criteria (CMC) for total recoverable copper without the WER = 18 μg/L

Site LC50 30 μg/L
WER = ------------- = ---------- =  1.5

Lab LC50 20 μg/L

Copper Site-Specific CMC = WER  x CF  x  e(m[ln(40)]+b)

= 1.5  x  0.96  x  18
= 24 μg/L

In the NTR, the EPA described and required minimum and maximum hardness values (25 mg/L 
and 400 mg/L as CaCO3, respectively) to be used when calculating hardness-dependent 
freshwater metals criteria. Most of the data that the EPA used to develop the hardness formulae 
were in the hardness range of 25 to 400 mg/L. Therefore, the EPA stated that the formulae were 
most accurate in that range. 

Formula-based metals criteria are discussed as a group here because the key issues of how 
dissolved metal criteria are derived and the implications of using the present formulae are similar 
for each of them. Issues include the influence of hardness, site-specific water quality 
characteristics, and the speciation of metal considered. The present formula-based metal method 
in the Guidelines does not consider the environmental fate, transport, and transformations of 
metals in natural environments (specifically for As, Cd, Cr (III), Cr (VI), Cu, Pb, Ni, Ag, and 
Zn), nor the influence of other water quality constituents on toxicity, and therefore affords 
incomplete protection for listed species.

A direct pathway for dissolved metals into aquatic organisms is through the gills. Dissolved 
forms of metals can adsorb to particulate matter in the water column and enter organisms 
through various routes. Metals adsorbed to particulates can also be transferred across the gill 
membranes (Lin and Randall 1990, Playle and Wood 1989, Sorensen 1991, Wright et al. 1986). 
Planktonic and benthic invertebrates can ingest particulate metals from the water column and 
sediments and then be eaten by other organisms. Thus, dietary exposure may be a significant 
source of metals to aquatic and aquatic dependent organisms.
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Although metals bound to sediments are generally less bioavailable to organisms, they are still 
present, and changes in the environment (e.g., dredging, storm events, temperature, lower water
levels, biotic activity) can significantly alter the bioavailability of these metals. The feeding 
habits of fish can determine the amount of uptake of certain metals. Piscivorous fish are exposed 
to different levels of metals than omnivorous and herbivorous fish. For example, cadmium is 
more commonly found in omnivorous fish tissues than in carnivorous fish tissues from the same 
location (Enk and Mathis 1977). 

Listed species are exposed to metals not only through the dissolved fraction in ambient waters,
but they are also exposed to toxic effects of particulate metals through the mechanism of 
respiratory uptake in fish and by ingestion of contaminated particulate material. In addition, 
Finlayson et al. (2000) determined that metal-laden sediments in Keswick Reservoir, California 
were toxic to rainbow trout when re-suspended in moderately alkaline (pH 7.8) and soft (38 
mg/L) water and elutriated. As fish respire, a nearly continuous flow of water passes across their 
gills (Moyle and Cech 1988) and particulate metals suspended in the water column may become 
entrapped. At the lowered pHs occurring near gill surfaces associated with gas exchange (Lin 
and Randall 1990, Playle and Wood 1989, Wright et al. 1986), entrapped particulate metals may 
release soluble metal ions, the form that is most bioavailable and efficiently taken up by aquatic 
organisms (EPA 1993a, 1997a). Although most research has been done on particulate exposures 
to gills of fish including salmonids, it is possible that other gill-breathing organisms (e.g., aquatic 
macroinvertebrates) can be affected in the same way.

Current guidance for waste load allocation calculations (EPA 1996a) consists of simple dilution 
formulations using effluent metal loads, receiving water flows, and dissolved-to-total metals 
ratios in the receiving waters. Formula-based metal criteria are not protective of threatened or 
endangered aquatic species with respect to loading because the criteria development methods do 
not adequately consider the environmental fate, transport, and transformation of metals in natural 
environments. This concern is based in part on analyses conducted during the California Toxics 
Rule (CTR) consultation (USFWS and NMFS 2000), in which NMFS determined that 
substantial increases in total metals would be permitted in hypothetical discharges under the 
proposed criteria. The CTR analysis determined that as the fraction of particulate metal in the 
receiving water increases, the allowable discharge of particulate metals also increases rather than 
decreases. Such increases would be expected to occur through allowable TMDLs under the 
proposed ODEQ criteria because a TMDL is is based on the instream total metal concentration 
(EPA 1996a). Under Oregon’s proposed water quality standards, total metal discharges may 
increase as long as the dissolved criteria are not exceeded.

Further, discharges from agricultural or urban non-point sources are largely uncontrolled through 
the discharge-permitting process. Metals criteria based only on dissolved concentrations provide 
little incentive for reducing non-point sources, which involve largely the particulate form. Thus, 
metals criteria based on dissolved concentrations in the absence of sediment criteria linked to 
total metals will not effectively prevent sediment contamination by metals and may lead to 
increased allowable loads of metals to sediments.

Formulae used to compute toxicity criteria for Cd, Cu, Cr(III), Pb, Ni, Ag, and Zn are presently 
functions of water hardness. By convention, hardness measurements are expressed in terms of 
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the equivalent concentration of CaCO3 (expressed in mg/L) required to contribute that amount of 
calcium + magnesium hardness. Under the proposed criteria, hardness is determined for a site     
(expressed as mg/L of CaCO3), and input to the criteria formulae for each metal. In natural 
waters considerable variation can occur in the calcium:magnesium ratio, contributing to site-
specific water hardness. Studies show significant differences in toxicity for some metals 
depending on this ratio. In general, calcium provides greater reductions in toxicity. Site-specific 
hardness values with contributions from other multivalent cations (e.g., iron, aluminum, 
manganese) that are evaluated using criteria based only on calcium + magnesium hardness result 
in site criteria that may not be protective. For example, in the case of cadmium, the presence of 
calcium is protective against toxicity whereas, magnesium, sodium, sulfate ions and the 
carbonate system appear to give little to no protection (Carroll et al. 1979). Welsh et al. (2000b) 
determined that calcium also afforded significantly greater protection against copper toxicity 
than magnesium. 

The calcium:magnesium ratio in natural waters of Oregon varies substantially (Table A1). 

Table A1. Total hardness for selected watersheds in Oregon in mg/L CaCO3. Data from USGS 
(1977).

Watershed Mean Standard Deviation Range
Snake River ID-OR Border 141.3 33.7 97-190
Rogue River (RM 25) 37.5 5.1 30-45
John Day River 88.4 32.8 46-140
Deschutes River 41.5 2.7 37-45
Columbia River (RM 140) 69 11.8 45-94
Tualatin River 38.1 14.2 25-80
Willamette River (RM 10) 24 3.4 19-32
Nehalem River 18.9 6.5 12-32
Umpqua River 28.3 4.3 19-34

The majority of hardness data used to develop the EPA hardness-dependent criteria formulae 
were in the range of 25 mg/L to 400 mg/L (40 CFR Part 131). Consequently, EPA’s regulations 
(40 CFR 131.36) specify that the minimum hardness that can be used in criteria equations is 25 
mg/L. This requirement reflects that toxicity effects at hardness concentrations less than 25 mg/L 
are not known with a reasonable degree of certainty. Existing criteria formulae can result in toxic 
concentrations in water with hardness below the 25 mg/L lower threshold. There are some 
streams in Oregon where hardness concentrations average less than 25 mg/L, for which 
concentrations of contaminants with hardness ameliorated toxicity should be calculated on actual 
site conditions.

Comparable toxicity test data for hardness values greater than 400 mg/L appear to exist only for 
zinc, which precludes direct evaluation of the effects of extrapolating the criteria equations 
upwards. However, the ameliorating effect of increasing concentration of calcium ions means 
that the use of a default limiting value of 400 mg/L is protective for listed species in harder water 
in the case of metals for which toxicities are influenced by hardness. 
The value of the site-specific hardness value will depend on where samples are collected. The 
calculated criteria may be less protective when samples are collected downstream of effluent 
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sources that may increase hardness locally (it is highly unlikely that discharges decrease 
downstream hardness). In otherwords, the use of hardness values measured downstream of the 
effluent source could lead to greater-than-intended site criteria. In some cases, certain effluents 
may alter ambient hardness, but not other important water quality constituents that influence 
metal toxicity (e.g., pH, alkalinity, dissolved organic carbon, calcium, sodium, chloride, etc.). 
Alterations in receiving water chemistry by a discharge (e.g., abrupt elevation of hardness, 
changes in pH, exhaustion of alkalinity, abrupt increases in organic matter etc.) could result, 
depending on the hardness value applied in the criteria formulae, in increased allowable 
discharges of toxic metals. 

Water hardness and the hardness acclimation status of a fish will affect toxicity and toxic 
response. However the use of hardness alone as a universal surrogate for all water quality 
parameters that can modify metal toxicity will not always correlate well with the predicted toxic 
effect on listed species. The importance of water quality parameters other than hardness on 
metals toxicity has been understood for some time (Howarth and Sprague 1978). Numerous 
studies have been performed on the toxicity of metals in test waters of various compositions, and 
the results do not confer a singular role to hardness in ameliorating metals toxicity. Test water 
characteristics in most studies, including pH, calcium, alkalinity, dissolved organic carbon, 
chloride, sodium, suspended solids, and other chemical properties, are varied in a controlled 
manner while observing the responses of test organisms. It is likely that understanding metal 
toxicity in waters of various chemical makeups is not possible without the use of a geochemical 
model, and that a univariate regression formula will not suffice. It is also possible that simple 
toxicity tests (using mortality, growth, or reproductive endpoints) are not capable of 
discriminating the role of hardness relative to other water chemistry characteristics in modulating 
metals toxicity (Erickson et al. 1996).

Summary: Based on this analysis, using formula-based criteria for aquatic life criteria 
derived following the Guidelines are likely to be underprotective of listed species considered in 
this opinion. Formula-based metal criteria are discussed as a group here because the key issues of
how dissolved metal criteria are derived and the implications of using the present formulae are 
similar for each of them. Issues include the influence of hardness, site-specific water quality 
characteristics, and the speciation of metal considered. The present formula-based metal method 
does not consider the environmental fate, transport, and transformations of metals in natural 
environments (specifically for arsenic, cadmium, chromium (III), chromium (VI), copper, lead, 
nickel, silver, and zinc), nor the influence of other water quality constituents on toxicity, and 
therefore affords incomplete protection for listed species and is likely to result in sublethal 
effects, such as central nervous system disruption, altered liver and kidney function, impaired 
reproduction, decreased olfactory response, delayed smoltification, impaired ability to avoid 
predation and capture prey, growth inhibition, growth stimulation, changes in prey species 
community composition (which will increase foraging budgets), and death of listed species 
considered in this opinion.

Additive and Synergistic Toxicity. When two or more toxic pollutants are present, their 
combined effect may be either additive, synergistic (where the net effect exceeds the sum of 
effects), or antagonistic. The proposed water quality standards do not take these effects into 
account. Relatively few toxicity studies have addressed this issue, and some studies have 
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indicated conflicting results due to complex interactions that vary with the combination(s) and 
concentrations involved (Sorenson 1991). However, a number of studies have determined 
conclusively that adverse effects due to additive or synergistic toxicity mechanisms occur when 
several criteria are near or equal to acute criteria concentrations (e.g., Alabaster and Lloyd 1982, 
Spehar and Fiandt 1986, EIFAC 1987, Enserink et al. 1991, Sorenson 1991). Spehar and Fiandt 
(1986) determined that rainbow trout embryo survival and growth were not reduced when 
exposed to combinations of arsenic, cadmium, chromium, copper, and lead at chronic 
concentrations, but production and growth of Daphnid sp. were reduced for the same test 
mixtures. Combinations of organic pollutants also have been shown to result in different toxic 
responses, as have combinations of organic and metals contaminants.

Alabaster and Lloyd (1982) observed from their data that the combined acutely lethal toxicity to 
fish and other aquatic organisms is approximately the simple addition of the proportional 
contribution from each toxicant. The median value of the effect on fish is 0.95 of that predicted; 
the collective value for sewage effluents, river waters and a few industrial wastes is 0.85. The 
range for effluents, river wastes, and industrial wastes is 0.4 to 2.8, which indicates that the 
combined effects of individual acutely toxic pollutants are from 0.4 to 2.8 times the effects 
predicted by adding the individual effects. The median combined effect is approximately 
additive (EPA 1991). 

Summary: Based on this analysis, the aquatic life criteria derivied following the 
Guidelines do not take into account additive or synergistic effects, thus increasing the likelihood 
of acute toxic effects and sublethals effects, such as interference in physiochemical processes, 
interruption of ecological interactions, changes in pathological stress, and toxicosis of listed 
species considered in this opinion.

Assumption that Effects in Laboratory Tests are Reasonable Predictors of Effects in 
Field Situations. The preceding discussion concerned whether compilations of laboratorytest 
values were appropriate to treat as surrogates of the diversity of natural systems. A fundamental 
question in evaluating the Guidelines and the national criteria is whether tests of chemicals in 
laboratory aquaria with “domesticated” cultures of test animals are likely to produce similar 
effects as would exposure to the same substance on the same or closely related species in the 
wild. If the responses between animals in laboratory aquaria or the wild are different, is there a 
bias in the sensitivity of responses from either the lab or wild settings? That is, are the effects of 
chemical contamination likely more or less severe in the laboratory or wild settings? This 
question is important because water quality criteria are designed to apply to and protect ambient 
waters (that is, streams, rivers, and lakes), yet the data used to develop them are invariably 
compiled from laboratory testing under tightly controlled and thus quite artificial environments. 
There are myriad factors that may influence the effects of a chemical stressor on aquatic 
organisms, and this complexity makes the question of bias in sensitivity difficult or even 
impossible to answer with any certainty. The conclusion by Chapman (1983) regarding 
comparability of laboratory exposure-response effects and field exposure-response effects 
contributed to one the most fundamental assumptions in the Guidelines, that is, “the Guidelines 
have been developed on the theory that effects which occur on  species in appropriate laboratory 
tests will generally occur on the same species in comparable field situations.”  A number of 
reasons why the effects of a criteria chemical could be more or less severe on listed species in 
laboratory or in wild settings are summarized in Table A2.
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Table A2. Factors influencing the effects of a chemical stressor in a laboratory setting or in the 
wild.

FACTOR ARE EFFECTS LIKELY MORE SEVERE IN TYPICAL LAB 
SETTINGS OR IN THE WILD?

Environmental 
Conditions

Nutritional state - acute 
test exposures

In the wild: In acute toxicity tests with fish fry, fish are selected for uniform 
size, and unusually underweight fish that might be weakened from being in poor 
nutritional state are culled from tests. For instance, if <90% of control fish 
survive the 4 days of starvation in an acute toxicity test, the test may be rejected 
from inclusion in the criteria dataset. In the wild, not all fish will be in optimal 
nutritional state. While perhaps counterintuitive, starvation can protect fish 
against waterborne copper exposure (Kunwar et al. 2009). Fish are routinely 
starved during acute laboratory tests of the type used in criteria development.

Nutritional state –
chronic test exposures

In the wild: Fish in the wild must compete for prey, and if chemicals impair 
fish’s ability to detect and capture prey because of subtle neurological 
impairment, this could cause feeding shifts and reduce their competitive fitness 
(Riddell et al. 2005). Fish in chronic lab tests with waterborne chemical 
exposures are often fed to satiation, and food pellets don’t actively evade 
capture like live prey. Perhaps these factors dampen responses in lab settings.

Temperature

In the wild: In lab test protocols, nearly optimal test temperatures are 
recommended (e.g., 12°C for rainbow trout, the most commonly tested 
salmonid). Fish may be most resistant to chemical insults when at optimal 
temperatures. At temperatures well above optimal ranges, increased toxicity 
from chemicals often results from increased metabolic rates (Sprague 1985); 
Under colder temperatures, fish have been shown to be more susceptible to at 
least Cu, Zn, Se and cyanide, although the mechanisms of toxicity are unclear 
(Dixon and Hilton 1985, Erickson et al. 1987, Hansen et al. 2002a, Hodson and 
Sprague 1975, Kovacs and Leduc 1982, Lemly 1993).

Flow

In the wild: Fish expend energy to hold their position in streams and to 
compete for and defend preferred positions that provide optimal feeding 
opportunity from the drift for the energy expended. Subordinate fish in the wild 
are forced to less profitable positions and become disadvantaged. Subordinate 
fish in lab settings still get adequate nutrition from feeding. Chemical exposure 
can reduce swimming stamina or speeds, as can exposure to soft water. (Adams 
1975, De Boeck et al. 2006, Kovacs and Leduc 1982, McGeer et al. 2000).

Disease and parasites

In the wild: Disease and parasite burden are common in wild fish, but toxicity 
tests that used diseased fish likely were considered compromised and results 
likely were not used in criteria development. Chemical exposure may weaken 
immune responses and increase morbidity or deaths (Arkoosh et al. 1998, 
Stevens 1977).

Predation

In the wild: Fish use chemical cues to detect and evade predators; these can be 
compromised by some chemical exposures (Berejikian et al. 1999, Labenia et 
al. 2007, Phillips 2003, Scott et al. 2003)

Exposure

Variable exposures

In the lab: Most toxicity tests used to develop criteria are conducted at nearly 
constant exposures. Criteria are expressed not just as a concentration but also 
with an allowed frequency and duration of allowed exceedences. In field 
settings, most point or non-point pollution scenarios that rarely if ever exceed 
the criteria concentration (i.e., no more than for one 4-day interval per 3 yrs), 
will have an average concentration that is less than the criterion concentration. 
For some chemicals, such as copper, fish might detect and avoid harmful 
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FACTOR ARE EFFECTS LIKELY MORE SEVERE IN TYPICAL LAB 
SETTINGS OR IN THE WILD?

concentrations if clean-water refugia were readily available.

Metal form and 
bioavailability

Uncertain: Metals other than Hg and some organics are commonly more 
bioavailable in the lab because dissolved organic carbon, which reduces the 
bioavailability and toxicity of several metals, is low in laboratory tests that are 
eligible for use in criteria. The Guidelines call for <5 mg/L TOC (total organic 
carbon) in studies to be used in criteria (Stephan et al. 1985), but probably more 
often TOC is  <2 mg/L in laboratory studies.

Chemical equilibrium

Uncertain: While results conflict, metals are usually considered less toxic when 
in equilibrium with other constituents in water, such as organic carbon, calcium, 
carbonates and other minerals. In the wild, daily pH cycles prevent full 
equilibria from being reached (Meyer et al. 2007). Likewise, in conventional 
laboratory flow-through tests, designs chemicals may not have long enough 
contact time to reach equilibrium. Static-renewal tests are probably nearly in 
chemical equilibria, although organic carbon accretion can lessen toxicity which 
may not reflect natural settings (Santore et al. 2001, Welsh et al. 2008).

Prior exposure

Uncertain: If fish are exposed to sublethal concentration of a chemical they 
could either become weakened or become more tolerant of future exposures. 
With some metals, normally sensitive life stages of fish may become acclimated 
and less sensitive during the course of a chronic test if the exposure was started 
during the resistant egg stage  (Brinkman and Hansen 2007, Chapman 1983, 
1985, Sprague 1985). 

Life stages exposed

In the wild: Most lab studies are short term and realistically testing all life 
stages of anadromous fish is probably infeasible. Reproduction is often the most 
sensitive life stage with fish but most “chronic” studies are much shorter and 
just test early life stage survival and growth (Suter et al. 1987). At different life 
stages and sizes, salmonids can have very different susceptibility to some 
chemicals; even when limited to a narrow window of young-of-year fry, 
sensitivity can vary substantially. Unless the most sensitive life stages are 
tested, lab tests could provide misleadingly high toxicity values for listed 
species.

Chemical mixtures

In the wild: In field conditions, organisms never experience exposure to a 
single pollutant; rather, ambient waters typically have low concentrations of 
numerous chemicals. The toxic effects of chemicals in mixture can be less than 
those of the same chemicals singly, greater than, or have no appreciable 
difference. The best known case of one toxicant reducing the effects of another 
is probably Se and Hg (e.g., Belzile et al. 2006). However, strongly antagonistic 
responses are probably uncommon, and much more common are situations 
where chemical mixtures have greater toxicity than each singly or little obvious 
interaction (e.g., Borgert 2004, Laetz et al. 2009, Norwood et al. 2003, Playle 
2004, Scholz et al. 2006). In general, it seems prudent to assume that if more 
than one toxicant were elevated, it is likely that lower concentrations of 
chemicals would be required to produce a given magnitude of effect than would 
be predicted from their actions separately. 

Dietary exposures

In the wild: Toxicity test data used in criteria development have been mostly 
based solely on waterborne exposures, yet in the wild, organisms would be 
exposed to contaminants both through dietary and water exposures. With at 
least some organics and metals (i.e., As, Se) dietary exposures are more 
important than water exposures. For some other metals (i.e., Cd, Cu, Ni, Pb, 
Zn), at environmentally relevant concentrations that would be expected when 
waterborne concentrations are close to criteria, dietary exposures have not been 
shown to directly result in appreciable adverse effects on fish (Hansen et al.
2004, Schlekat et al. 2005). However, while dietary exposures of some metals 
have not yet been implicated in adverse effects on fish at or below criteria 
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FACTOR ARE EFFECTS LIKELY MORE SEVERE IN TYPICAL LAB 
SETTINGS OR IN THE WILD?

concentrations, they may in fact be both the primary route of exposure and an 
important source of toxicity for benthic invertebrates rather than fish 
(Buchwalter et al. 2008, Irving et al. 2003). For instance Besser et al. (2005a)
found that the effects threshold for Pb to the benthic crustacean Hyalella sp. was 
well above the chronic criterion in water exposures, but when Pb was added to 
the diet, effects threshold dropped to near criteria concentrations. Ball et al.
(2006) found that feeding Cd-contaminated green algae to the benthic 
crustacean Hyalella sp. caused a 50% growth reduction at about the NTR 
chronic criterion.

Population Dynamics

Density effects

In the lab: Salmonid fishes are highly fecund (~500 to 17,000 eggs per 
spawning female). When abundant, overcrowding, and competition for food and 
shelter may result in relatively high death rates for some life stages, particularly 
young-of-year during their first winter. After many fish die in a density-
dependent bottleneck, the survivors have greater resources and improved 
growth and survival. Conceptually, if an acute contamination episode killed off 
a significant portion of young-of-year fish prior to their entering a resource 
bottleneck, then assuming no residual contaminant effects, the losses to later life 
stages and to adult spawners could be buffered. 

Meta-population 
dynamics

In the lab: If habitats are interconnected, as is the case in intact stream 
networks, and if pervasive contamination from discharges to a stream were to 
impair only some endpoints or life-stages, such as reproductive failure or YOY 
mortalities, immigration from source populations may make detection of 
population reductions in the affected sink population difficult (Ball et al. 2006, 
Palace et al. 2007). If an episodic contamination pulse were to kill a large 
proportion of fish in a stream, the proximity of refugia and donors from source 
populations affect recovery rates (Detenbeck et al. 1992).

Summary: Based on this analysis, the assumption that effects in laboratory tests as 
reasonable predictors of effects to species in the wild is dependent upon the specific factor being 
considered. Overall NMFS finds that laboratory tests are likely to underpredict effects, as 
adverse effects are generally likely to be more severe in the wild than under laboratory 
conditions. Thus aquatic life criteria derivied following the Guidelines are likely to result in 
sublethals effects, such as interference in physiochemical processes, interruption of ecological 
interactions, changes in pathological stress, and toxicosis of listed species considered in this 
opinion. 

Risks of Using Flow-Through, Renewal, or Static Exposure Test Designs. One area of 
controversy in evaluating toxicity test data or risk assessments, or criteria derived from them, has 
to do with potential bias in how test organisms are exposed to test solutions. Exposures of test 
organisms to test solutions are usually conducted using variations on three techniques. In “static” 
exposures, test solutions and organisms are placed in chambers and kept there for the duration of 
the test. The “renewal” technique is like the static technique except that test organisms are 
periodically exposed to fresh test solution of the same composition, usually once every 24 hours 
or 48 hours, by replacing nearly all the test solution. In the “flow-through” technique, test 

Exhibit 7c



Appendix 1: EPA Guidelines
-699-

solution flows through the test chamber on a once-through basis throughout the test, usually with 
at least five volume replacements/day (ASTM 1997).

The term “flow-through test” is commonly mistaken for a test with flowing water, i.e., to mimic 
a lotic environment in an artificial stream channel or flume. This is not the case; rather the term 
refers to the once-through, continuous delivery of test solutions (or frequent delivery in designs 
using a metering system that cycles every few minutes). Flows on the order of about five volume 
replacements per 24 hours are insufficient to cause discernable flow velocities. In contrast, even 
very slow moving streams have velocities of around 0.04 ft/sec (an inch per second) or more. At 
that rate, a parcel of water would pass the length of a standard test aquarium (~2 ft) in about 48 
seconds, resulting in about 9,000 volume replacements per day. A more typical stream velocity 
of about 0.5 ft/sec would produce over 100,000 volume replacements per day.

Historically, flow-through toxicity tests were thought to provide a better estimate of toxicity than 
static or renewal toxicity tests because they provide a greater control of toxicant concentrations, 
minimize changes in water quality, and reduce accumulation of waste products in test exposure 
waters (Rand et al. 1995). Flow-through exposures have been preferred in the development of 
standard testing protocols and water quality criteria. The Guidelines first advise that for some 
highly volatile, hydrolysable, or degradable materials, it is probably appropriate to use only 
results of flow-through tests. However, this advice is followed by specific instructions that if 
toxicity test results for a species were available from both flow-through and renewal or static 
methods, then results from renewal or static tests are to be discounted (Stephan et al. 1985). 
Thus, depending upon data availability, toxicity results in the criteria databases may be a mixture 
of data from flow-through, renewal or static tests, raising the question of whether this could 
result in bias. In the Guidelines, the rationale for the general preference for flow-through 
exposures was not detailed, but it was probably based upon assumptions that static exposures 
will result in LC50s that are biased high (apparently less toxic) than comparable flow-through 
tests, or that flow-through tests have more stable exposure chemistries and will result in more 
precise LC50 estimates.

With metals, renewal tests produce higher EC50s (i.e., metals were less toxic), probably because 
of accretion of dissolved organic carbon (DOC) (Erickson et al. 1996, Erickson et al. 1998,
Welsh et al. 2008). However, in contrast to earlier EPA and ASTM recommendations favoring 
flow-through testing, Santore et al. (2001) suggested that flow-through tests were biased low 
because copper complexation with organic carbon, which reduces acute toxicity, is not 
instantaneous, and typical flow-through exposure systems allowed insufficient hydraulic 
residence time for complete copper-organic carbon complexation to occur. Davies and Brinkman 
(1994) similarly found that cadmium and carbonate complexation was incomplete in typical 
flow-through designs, although in their study incomplete complete complexation had the 
opposite effect of the copper studies, with cadmium in the aged, equilibrium waters being more 
toxic. A further complication is that it is not at all clear that natural flowing waters should be 
assumed to be in chemical equilibria because of tributary inputs, hyporheic exchanges and daily 
pH, inorganic carbon, and temperature cycles. Predicting or even evaluating risk of toxicity 
through these cycles is complex and seldom attempted (Meyer et al. 2007), in part because pulse 
exposures cause latent mortality (i.e., fish die after exposure to the contaminant is removed), a 
phenomenon that is often overlooked or not even recognized in standard acute toxicity testing. 
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When comparing data across different tests, it appears that other factors such as testing the most 
sensitive sized organisms or organism loading may be much more important than if the test was 
conducted by flow through or renewal techniques. For instance, Pickering’s and Gast’s (1972)
study with fathead minnows and cadmium produced flow-through LC50s that were lower than 
comparable static LC50s (~ 4,500 to 11,000 μg/L for flow-through tests vs. ~30,000 μg/L for 
static tests). The fish used in the static tests were described as “immature,” weighing about 2 g 
(2000 mg). The size of the fish used in their flow-through acute tests were not given, but is 
assumed to have been similar. In contrast, 8 to 9 day old fathead minnow fry usually weigh about 
1 mg or less (USEPA 2002b). Using newly hatched fry weighing about 1/1000th of the fish used 
by Pickering and Gast (1972) in the 1960s, and modern protocols, cadmium LC50s for fathead 
minnows at similar hardnesses tend to be around 50 μg/L, with no obvious bias for test exposure. 
Similar results have been reported with brook trout. One each flow-through and static acute tests 
with brook trout were located, both conducted in waters of similar hardness (41 to 47 mg/L). The 
LC50 of the static test which used fry was < 1.5 μg/L whereas the LC50 of the flow-through test 
using yearlings was > 5,000 μg/L (Carroll et al. 1979, Holcombe et al. 1983).

Many studies on which the proposed criteria are based involve laboratory-based LC50 bioassays 
using static exposure systems and nominal contaminant concentrations. Such studies often yield 
LC50 values substantially higher than values obtained with flow-through tests or tests in which 
actual concentrations of contaminants in the system during the experiment are measured, with 
differences in some cases of an order of magnitude lower. For example, LC50 values for static 
tests have been determined to be approximately 20 times higher than those from flow-through 
tests for DDT (Earnest and Benville 1971). Mercury toxicity testing of trout embryos has 
indicated that concentration-based endpoints (e.g., EC50) could be as much as one to two orders 
of magnitude lower in flow-through than static tests (Birge et al. 1979, 1981). Static assays were 
also found to underestimate the toxicity of endosulfan in comparisons with flow-through systems 
(Naqvi and Vaishnavi 1993). Several additional studies with a variety of compounds report 
increased toxicity in flow-through compared to static systems (e.g., Erickson et al. 1998, Hedtke 
and Puglisi 1982, Vernberg et al. 1977, Randall et al. 1983, Burke and Ferguson 1969). Static 
conditions may underestimate the true exposure concentration because the fish will deplete the 
concentration in solution over time, causing a lack of steady-state exposure. There may also be 
important differences in energy expenditure and metabolism of test fish between static and flow-
through tests, depending on the experimental setup. In the case of listed salmonids in Oregon, 
this may be an important source of variation because they typically live in flowing waters. Acute 
LC50s for salmonids that are based on static tests could therefore underestimate toxicity, and 
water quality standards based on such tests may consequently not be sufficiently protective 
against conditions reasonably expected to occur in Oregon waters.

Summary: Based on this analysis, using flow-through, renewal, or static exposure test 
designs may result in greater than predicted effects. 

Effects of Acclimation on Susceptibility to Chemicals. Exposure to sublethal 
concentrations of organic chemicals and other metals may result in pronounced increases in 
resistance to later exposures of the organisms. With metals the resistance may be on the order of 
two to four times greater for acute challenges, but for some organic contaminants may be much 
higher (Chapman 1985). However, the increased resistance can be temporary and can be lost in 
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as little as seven days after return to unpolluted waters (Bradley et al. 1985, Hollis et al. 1999,
Sprague 1985, Stubblefield et al. 1999). For this reason, the Guidelines specify that test results 
from organisms that were pre-exposed to toxicants should not be used in criteria derivation 
(Stephan et al. 1985).

Effects from acclimation, however, are not precluded by the Guidelines and influence chronic 
values and thus chronic criteria. Several tests have shown that at least with fish and metals, if the 
toxicity tests were initiated during more resistant early life stages (ELS, e.g., embryo stage), 
acclimation may occur, and later in the test when the more sensitive life stages become exposed 
(e.g., fry stage), the usually sensitive life stages may be more resistant than the same life stages 
of fish which had no pre-exposure (Brinkman and Hansen 2004; 2007, Chapman 1978a; 1994, 
Spehar et al. 1978).

Chapman (1994) exposed different life stages of steelhead (Oncorhynchus mykiss) for the same 
duration (three months) to the same concentration of copper (13.4 μg/L at a hardness of 24 mg/L 
as CaCO3). The survival of steelhead that were initially exposed as embryos was no different 
than that of the unexposed control fish, even though the embryos developed into the usually-
sensitive swim-up fry stage during the exposure. In contrast, steelhead that were initially exposed 
as swim-up fry, without the opportunity for acclimation during the embryo state, suffered 
complete mortality. Brinkman and Hansen (2007) compared the responses of brown trout (Salmo 
trutta) to long-term cadmium exposures that were initiated either at the embryo stage (i.e., early-
life stage tests) or the swim-up fry stage (i.e., chronic growth and survival tests). In three 
comparative tests, fish that were initially exposed at the swim-up fry stage were consistently two 
to three times less resistant than were the fish initially exposed at the embryo stage.

These studies support the counterintuitive conclusion that because of acclimation, longer-term 
tests or tests that expose fish over their full life cycle are not necessarily more sensitive than 
shorter-term tests that are initiated at the sensitive fry stage. Conceptually, whether this 
phenomenon is important depends on the assumed exposure scenario. If it were assumed that 
spawning habitats would be exposed, then the less-sensitive ELS tests would be relevant. 
However, for migratory fishes such as listed salmon and steelhead, life histories often involve 
spawning migrations to headwater reaches of streams, followed by downstream movements of 
fry shortly after emerging from the substrates, and followed by further seasonal movements to 
larger, downstream waters to overwinter (Baxter 2002, Quinn 2005, Willson 1997). These life 
history patterns often correspond to common human development and metals pollution patterns 
where headwater reaches likely have the lowest metals concentrations, and downstream increases 
occur due to point source discharges or urbanization.

From the discussion of the types of chronic data with fish that are acceptable for use in criteria 
development, it is clear that the intent was to capture information on the most sensitive life stage 
of a fish species. Unfortunately, the wording of the Guidelines could be interpreted to preclude 
the use of the more-sensitive chronic growth and survival tests that were initiated with salmonid 
fry stage, and specify the use of the less-sensitive ELS tests (Stephan et al. 1985, p. 44).

Summary: Based on this analysis, the risks of acclimation on susceptibility to chemicals 
are likely to result in sublethal effects, such as interference in physiochemical processes, 

Exhibit 7c



Appendix 1: EPA Guidelines
-702-

interruption of ecological interactions, changes in pathological stress, and toxicosis of listed 
species considered in this opinion.

Toxic Responses of Different Species and Life Stages. The chemical concentrations 
causing toxic effects differ between taxa, with some species being more sensitive than others. 
The EPA’s national water quality criteria, on which the proposed criteria are based, were 
developed from toxicity data compiled for a wide range of species and life stages and were 
determined on the basis of protecting roughly 95% of the species considered. However, because 
the criteria were not developed specifically to protect the most sensitive species or life stage 
present, it is possible that the proposed criteria may not be protective when that species and life 
stage is a listed species, i.e., a species at risk of extinction. This is recognized in the Guidelines 
which indicate that it is possible to revise the criteria if it is determined that there is a more 
sensitive species and life stage present (EPA 1994a).

The EPA identified SMAVs in their criteria documents for most of the pollutants subject to this 
consultation that differ between species of salmon and trout. SMAV’s for marine mammals, sea 
turtles, green sturgeon, and eulachon have not been developed. However, the SMAVs were in 
most cases based on limited toxicity testing data collected under varying conditions, and 
therefore may not be indicative of actual species differences. Moreover, SMAVs are not 
completely protective of listed species because they represent an average condition, where lower 
concentrations may be toxic to those species under certain test conditions. There is evidence that
under similar testing conditions, some trout species have similar toxic responses (e.g., rainbow 
and brown trout, Cohen et al. 1993). There is also evidence of differences in toxicity response 
between species when exposed to specific metals or organic compounds under similar conditions 
(e.g., Chinook and coho salmon, Hamilton and Buhl 1990; Chinook salmon, Chapman 1978b; 
rainbow and brook trout, Holcombe and Andrew 1978; brown trout, Chinook and coho salmon, 
Macek and Allister 1970, Katz 1961; rainbow trout, and Chinook and coho salmon, Macek et al.
1969, Katz 1961), so species differences cannot be completely discounted. Overall, however, 
experimental evidence (including data presented in the various EPA water quality criteria 
documents) suggests that there is greater variation in toxic response between life stages than 
between species within the family Salmonidae. 

Since a species can only be considered protected from acute toxicity if all life stages are 
protected, EPA’s Guidelines recommend that if the available data indicate that some life stages 
are more resistant than other life stages by at least a factor of two, the data for the more resistant 
life stages should not be used to calculate species mean acute values (Stephan et al. 1985).
Smaller, juvenile life stages of fish are commonly expected to be more vulnerable to metals 
toxicity than larger, older life stages of the same species. For instance, a standard guide for 
testing the acute toxicity of fish (ASTM 1997) recommends that tests should be conducted with 
juvenile fish (that is, post-larval or older and actively feeding), usually in the size range from 0.1 
to 5.0 g in weight.

A review of several data sets in which salmonids of different sizes were similarly tested shows 
that even among juvenile fish in the 0.1 to 5.0-g size range, differences in sensitivity can 
approach a factor of 10. This emphasizes the importance of EPA’s Guidance not to use the more 
resistant life stages. However, the data sets analyzed by NMFS indicated that in practice, there 
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were sometimes greater influences of life stage on the sensitivity of salmonids to some 
substances than was apparent to the authors of the individual criteria documents using the 
datasets available to them at the time. Some of the SMAVs and GMAVs which were used to 
rank species sensitivity and set criteria were considerably higher than EC50s for salmonids that 
were tested at the most sensitive life stages (Figure A4). 

For three Pacific salmonid species for which comparable test data were available for different 
life stages (coho salmon (O. kisutch), rainbow trout (O. mykiss) and cutthroat trout (O. clarki), 
the data suggest that swim-up fish weighing around 0.5 g to about 1 g may be the most sensitive 
life stage. None of the data sets or published studies NMFS examined in detail had sufficient 
resolution to truly define what weight fish was most sensitive to metals, but along with other data 
they suggest that larger fish are less sensitive than fish at 0.4 to 0.5 g. For instance, with zinc, 
rainbow trout in the size range of about 0.1 to about 1.5 g were consistently more sensitive to 
zinc in two studies with multiple tests in that size range. The paucity of data with salmonids in 
the size range of about 0.5 to 2 g prevents definitive identification of a most sensitive size across 
species or even tests. All data located for early swim-up stage Oncorhynchus in the 0.1 to 0.5 g 
range were consistent with increasing sensitivity with size. With Hansen et al. (1999b) rainbow 
trout studies, this relationship continued with fish up to about 1.5 g. However, with cutthroat 
trout, the few data available suggests that fish larger than about 0.5 g are less sensitive with 
increasing size. 
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Figure A4. Size-developmental stage patterns SMAVs and GMAVs with coho salmon 
from 2 to 7 weeks posthatch, with data from Chapman (1975), and EPA 
(1984a, 1984b, 1985, 1987), adjusted to test water hardness. All tests used 
Willamette River water, TOC 3.4 mg/L, hardness 22 mg/L.

Some studies with older and larger rainbow trout have found that the fish became more resistant
to zinc and copper (Chakoumakos et al. 1979, Chapman 1978b, Chapman and Stevens 1978, 
Howarth and Sprague 1978). Studies with copper all showed this trend, but the strength of size-
sensitivity relations varied across studies. Chakoumakos et al. (1979) found that fish between 
about 1 and 25g in weight varied in their sensitivity to copper by about 8 times, but steelhead (O. 
mykiss) that were tested with copper at sizes of 0.2, 7, 70, and 2700 g showed little pattern of 
sensitivity with size (Chapman and Stevens 1978, Chapman 1978b). However, the large 
differences in sizes may have missed changes at intermediate sizes in the ranges compared 
(Figure A4). Similarly, with copper and rainbow trout, Anderson and Spear (1980) found that 
rainbow trout at sizes of 3.9, 29 to 176 g had similar sensitivities.

The NMFS reviewed several data sets indicated increasing susceptibility of salmonids to at least 
metals with increasing size and age as fish progressing from the resistant alevin stage. These 
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patterns indicate caution is needed when using SMAVs or GMAVs as a summary statistics for 
ranking species sensitivity or setting criteria. 

Salmonids can have profound difference in susceptibility to chemicals at different life stages and 
in some instances SMAVs used in criteria may be skewed high because insensitive life stages 
were included. Across several good datasets, the most vulnerable life stage and size appeared to 
be swim-up fry weighing between 0.5 and 1.5g. 

Summary: Based on this analysis, the risks from relying on toxicity data from species and 
life stages that are less sensitive than the most sensitive salmonid life stage is moderate to high, 
as aquatic life criteria derivied following the Guidelines is likely to result in sublethal effects, 
such as interference in physiochemical processes, interption of ecological interactions, changes 
in pathological stress, and toxicosis of listed species considered in this opinion.

Bioconcentration and Bioaccumulation Factors Used in Determining and Evaluating 
Proposed Criteria Associated with High Variability and Uncertainty. An important problem 
with many of EPA’s chronic criteria for organic pollutants is that the bioconcentration or 
bioaccumulation factors used in their determination may not be accurate. The BCFs determined 
in the laboratory based on water-borne exposure are typically much lower than field-derived 
values, and so may significantly underestimate uptake in the natural environment. Even among 
field-derived bioconcentration factors, estimates can vary by several orders of magnitude. 
Consequently, it is difficult to determine if BCF-based comparisons of water-borne and tissues 
concentrations are accurate when evaluating the chronic criteria proposed in this action. 

The Guidelines include a component designed to assure that the water quality criterion for a 
substance is sufficiently low that residue accumulations will not impair the use of a waterbody 
by aquatic organisms, and specify that data from residue studies are to be considered alongside 
acute and chronic toxicity data in the criteria development process (EPA 1985a). However, 
metals criteria are presently based solely on results of aquatic toxicity tests (62 FR 42159), where 
metal exposures occur directly across gills or other respiratory surfaces.

Metals and organic contaminants can bioaccumulate, through either bioconcentration (an 
increase in concentration of a substance in relation to the concentration in ambient water) or 
biomagnification (a progressive increase in concentration from one trophic level to the next 
higher level in the aquatic food chain (Moore and Ramamoorthy 1984, Sorensen 1991).

All of the organic pollutants of concern in this action bioaccumulate. All biomagnify to some 
extent in the food chain, although this is more of a serious concern for some contaminants than
others. The Guidelines include a component designed to address the risks of elevated fish tissue 
residues of organic compounds to humans and avian and mammalian predators, but not the risk 
of that residue to fish (EPA 1985a). In fact, this process drives nearly all of the numeric criteria 
established for organic contaminants. What is not considered in these evaluations, however, is 
whether these tissue residues would directly affect the health of the aquatic organisms. Similar to 
metals, the consumption of aquatic invertebrates by fish is never formally considered in the 
development of the criteria for organic compounds. It is well established that invertebrates may 
accumulate organic contaminants in aquatic systems, and that these contaminants are passed on
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to fish through the diet (e.g., Streit 1998). Consequently, if the water quality criteria do not 
protect invertebrate prey species from organic residue accumulations, they may not protect listed 
species from adverse effects associated with dietary exposure.

In particular, measuring compliance with the criteria through ambient water concentrations alone 
leaves exposure pathways to several organic pollutants un-regulated. For example, dieldrin, 
lindane, and heptachlor epoxide are not highly water soluble, and are persistent in both food and 
sediments. A number of the organic compounds reviewed here (e.g., dieldrin, lindane, heptachlor 
epoxide), have considerable potential to biomagnify in aquatic systems (Suedal et al. 1994). The 
Guidelines for such compounds do not consider food web transfer and bioaccumulation with 
respect to the target species. Consequently, they may greatly underestimate the toxicity of these 
chemicals in the environment. This is particularly important for the juvenile life stage of 
anadromous salmonids while they reside in rearing habitat, if such exposure later influences their 
downstream migration and subsequent ability to osmoregulate as they enter saltwater. This is an 
especially significant concern for organic contaminants such as organochlorine pesticides (e.g.,
dieldrin, lindane, heptachlor epoxide), for which exposure is primarily via sediments and tissues 
of prey organisms. 

A biologically significant pathway for exposures of aquatic organisms to contaminants is through 
consumption of contaminated aquatic detritus, plants, invertebrates, and other food items 
(bioaccumulation). Invertebrates that can accumulate metals in aquatic systems are often prey 
consumed by salmonids and other fish species (e.g., Moore et al. 1991, Luoma and Carter 1991, 
Cain et al. 1992, Kiffney and Clements 1993, Rainbow and Dallinger 1993, Timmermans 1993, 
Ingersoll et al. 1994, Dallinger 1994, Cain et al. 1995, Gerhardt and Westermann 1995). 

In an experiment that shows how readily contaminated food items lead to elevated fish tissue 
concentrations, Woodward et al. (1994) held paired groups of age 0 rainbow trout in clean and 
contaminated over a range of metal-concentrations. They fed one group a diet of reconstituted, 
metals contaminated invertebrates, and the other group a comparable diet based on 
uncontaminated invertebrates. After 91 days, they observed that only fish fed the contaminated 
diet exhibited reduced survival and growth. These results demonstrate that exposure to a 
dissolved metal can be a secondary hazard pathway in cases where food is contaminated and fish 
can bioaccumulate the substance of concern. In cases where fish can bioaccumulate a metal, 
these results and similar results from other studies of diet-borne metal exposures to salmonids 
collectively indicate that toxic effects can occur through dietary pathways (e.g., Dallinger and 
Kautzky 1985, Dallinger et al. 1987, Spry et al. 1988, Giles 1988, Harrison and Klaverkamp 
1989, Harrison and Curtis 1992, Miller et al. 1993, Mount et al. 1994, Farag et al. 1994).

In general, the metals considered in this opinion do not appear to biomagnify in the food chain, 
with the exception of selenium. The Guidelines include a component designed to assure that the 
water quality criterion for a substance is sufficiently low that residue accumulations will not 
impair the use of a waterbody by aquatic organisms, and that data from residue studies are to be 
considered alongside acute and chronic toxicity data in the criteria development process (EPA 
1985a). However, metals criteria are presently based solely on results of aquatic toxicity tests (62 
FR 42159), where metal exposures occur directly across gills or other respiratory surfaces.
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Risk management via water concentration-based water quality criteria is not protective of listed 
salmonids for toxic pollutants that strongly bioaccumulate (e.g., selenium, and organic 
pollutants: Pease et al. 1992; Taylor et al. 1992, 1993; Canton 1997; EPA 2001). This is because 
the true potential for toxic hazards to fish and wildlife through bioaccumulation is determined 
not only by an immediate water-borne exposure and direct toxicity effects, but also by the rate of 
mass loading into an aquatic ecosystem, the corresponding environmental partitioning of mass 
loads between the water column, sediments, and biota (food chain), and how the toxic pollutant 
is assimilated and acts on the organism. A water column concentration of a toxic pollutant may 
not reflect mass loading or be reflected in food chain bioaccumulation. Therefore, water quality 
criteria are useful guides for risk management only to the extent that they protect aquatic food 
chains from bioaccumulation. 

This is an especially significant concern for organic contaminants such as organochlorine 
pesticides, for which exposure is primarily via sediments and tissues of prey organisms. Indeed, 
environmental agencies in some other countries, including Canada, no longer recommend water 
quality guidelines for these substances, but regulate them through other media such as sediment, 
soil, or tissue (CCREM 2001a).

Because hydrophobic compounds are expected to show a similar or proportional affinity for the 
lipid of an organism as that for octanol (which is used to calculate the partition coefficient21), the 
degree of partitioning exhibited between water and octanol, as characterized by the partition 
coefficient Kow, can be a useful means for evaluating and predicting bioaccumulation (Mackay 
1982, Di Toro et al. 1991). For organic compounds that are not metabolized, the relationship 
between the bioconcentration factor (BCF) and Kow is strong (Mackay 1982). The expected wet-
weight BCF for a non-metabolized hydrophobic compound is a function of the lipid content of 
an organism and the value of Kow for the compound. The standard equation for determining the 
expected BCF is:

BCF = 0.046 x Kow

which is derived from fish studies and is based on an average lipid content of 4.6% wet weight 
(McCarty 1986). This relationship is used in this opinion for evaluating effects related to 
exposure and bioconcentration of the toxic organic pollutants addressed by the ODEQ.

Sediment concentrations that would result in organic toxic pollutant concentrations in the water 
column can be calculated using the equation (Di Toro et al. 1991):

SQCoc = Koc X FCV

where:
SQCoc = sediment contaminant concentration in mg/kg organic carbon
Koc = partitioning coefficient for sediment organic carbon

21 A coefficient representing the ratio of the solubility of a compound in octanol (a non-polar solvent) to its 
solubility in water (a polar solvent). The higher to KOW, the more non-polar the compound. Log KOW is generally 
used as a relative indicator of the tendency of an organic compound to adsorb to soil. Log KOW values are generally 
inversely related to aqueous solubility and directly proportional to molecular weight.
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Fcv = the chronic water quality criterion in μg/L

Koc can be calculated from the octanol/water partitioning coefficient, Kow, using the formula:

Log10 (Koc) = 0.00028 + 0.983 X Log10 (Kow)

This equation is used in the analysis of effects later in this opinion, provided that the data 
necessary to conduct the analysis were available, to evaluate the potential for water-borne 
exposure concentrations of organic pollutants at or below criteria concentrations.

Summary: Based on this analysis, the risks of bioconcentration and biooaccumulation 
factors are likely to result in sublethal effects, such as interference in physiochemical processes, 
interruption of ecological interactions, changes in pathological stress, and toxicosis of listed 
species considered in this opinion.

Insufficient Information on Behavioral and Other Sublethal Endpoints. In the case of 
chronic criteria, data are available for a range of sublethal effects such as growth and fecundity 
or sperm production. However, some important effects reported in mammals, such as 
immunosuppression and endocrine disruption, are inadequately studied in salmonids therefore 
were not considered in the development of the national criteria. These sublethal effects cannot be 
considered trivial, because they are associated with the potential for increased mortality 
(Arkoosh et al. 1998). Sublethal effects involving alterations in behavior can occur during 
relatively low concentration, short-term exposure, and can have profound biological implications 
(e.g., chemical migration barrier, interference with spawning behavior). The NMFS recognizes 
that relevant data may not be available for all toxic substances, and that determination of a 
repeatable, detectable endpoint may involve a degree of subjectivity. Relatively little data are 
available to help elucidate these concerns; however, the research that does exist indicates that 
sublethal effects can be very serious for at least some toxicants.

Summary: Based on this analysis, the risks of sublethal effects will exacerbate adverse 
effects, and are likely to result in sublethal effects, such as interference in physiochemical 
processes, interruption of ecological interactions, changes in pathological stress, and toxicosis of 
listed species considered in this opinion.

Influence of Temperature, pH, and other Water Quality Stressors on Fish Response to 
Toxicity. In addition to direct influences on toxic pollutant speciation and chemical toxicity 
mechanisms, several water quality parameters influence general fish health, and susceptibility 
and ability to acclimate to and depurate after short-term increases in toxic parameter 
concentrations. This is generally addressed indirectly (with respect to toxicity) through 
conventional water quality criteria (e.g., water temperature, pH, dissolved oxygen, dissolved 
gases, ammonia, etc.). However, it is possible for fish to be stressed or become stressed more 
rapidly when conventional water quality parameters are near or exceed criteria limits. This effect 
pathway is not addressed by most existing toxic pollutant criteria, and represents a shortcoming 
of the proposed criteria.
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Summary: Based on this analysis, the risk that temperature, pH, and other water quality 
stressors will exacerbate the effects of the proposed criteria is high, as aquatic life criteria 
derived following the Guidelines do not take these additional stressors into account and are 
therefore likely to result in sublethals effects, such as interference in physiochemical processes, 
interption of ecological interactions, changes in pathological stress, and toxicosis of listed 
species considered in this opinion.

Toxicity of Total Recoverable vs. Dissolved Metal Concentrations and the Use of 
Conversion Factors and Translators. Acute and chronic criteria for metals may be interpreted 
using either total recoverable or dissolved metal concentrations, depending on the objective of 
the study. The term "total recoverable" metal refers specifically to metal concentrations 
determined in unfiltered samples that have been acidified (pH < 2) before analysis. The term 
"dissolved" metal refers specifically to metal concentrations determined in samples that have 
been filtered (generally a 0.45 micron pore size) prior to acidification and analysis. Total 
recoverable metal concentration includes both the dissolved form and the portion either attached 
to particles in the water or present in suspended insoluble form. Particulate metals can be single 
atoms or metal complexes adsorbed to or incorporated into silt, clay, algae, detritus, plankton, 
etc., which can be removed from the test water by filtration through a 0.45 micron filter.

Only dissolved metals are immediately bioavailable and thus immediately toxic to freshwater 
organisms (however, the particulate form may still affect listed species, as discussed below). The 
non-dissolved form is generally not directly hazardous to listed salmonids except under certain 
circumstances were (1) changes in water chemistry conditions lead to increased solubility from 
particulate forms within the water column, or (2) metal contaminated particulates are ingested or 
encounter gill surfaces. Factors in addition to hardness that influence solubility, and thus 
bioavailability and toxicity, include suspended sediment concentration, pH, organic carbon 
content, and chemical speciation of the metal. Further, some metal compounds are less soluble 
than others for a given set of water quality conditions. 

Studies indicate that particulate metals contribute to organism exposure to metals. Particulates 
may act as a sink for metals, but they may also act as a source. Through chemical, physical, and 
biological activity, particulate metals can become bioavailable (Moore and Ramamoorthy 1984). 
Particulate and dissolved metals that end up in sediments are not rendered entirely nontoxic nor 
completely immobile, and may still contribute to the toxicity of the metal in natural waters. Of 
special concern are situations where waters contain both high particulate metal concentrations 
and dissolved concentrations near the proposed criteria. Additionally, those metals that can 
bioaccumulate through food-chain organisms and can cause indirect effects through particulate 
metal contamination.

Particulate metals are removed from the proposed regulatory "equation" through at least two 
methods: the use of CFs to determine the dissolved metal criteria from total recoverable criteria, 
and the use of a translator to convert back to a total metal concentration for use in waste load 
limit calculations. When waste discharge limits are to be developed and TMDLs are determined 
for a receiving waterbody, the dissolved criterion must be "translated" back to a total 
concentration because TMDLs are based on total metals.
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EPA originally used total metal concentrations to establish national criteria, as provided in the 
National Toxics Rule published in 1992. The EPA subsequently changed to use of dissolved 
metal criteria, as explained in a 1993 policy statement:

[I]t is now the policy of the Office of Water that the use of dissolved metal to is 
now the policy of the Office of Water that the use of dissolved metal to set and 
measure compliance with water quality standards is the recommended approach, 
because dissolved metal more closely approximates the bioavailable fraction of 
metal in the water column than does total recoverable metal. This conclusion 
regarding metals bioavailability is supported by a majority of the scientific 
community within and outside the Agency. One reason is that a primary 
mechanism for water column toxicity is adsorption at the gill surface which 
requires metals to be in the dissolved form (Prothro 1993).

Because no supporting references were given in support of the policy, it is hard to evaluate. 
There is theoretical support for the assumption that metals need to be in dissolved form to adsorb 
to the gill surface (Wood et al. 1997), and it does seem logical to assume that metals bound to 
particulates would be less toxic. However, two studies that examined the toxicity of particulate 
metals in controlled experimental studies (Brown et al. 1974, Erickson et al. 1996) found 
toxicity associated with particulate bound copper.

Erickson et al. (1996) estimated that the adsorbed copper has a relative toxicity of almost half 
that of dissolved copper, and noted that the assumption that toxicity can be simply related to 
dissolved copper was questionable, and a contribution of adsorbed copper to toxicity cannot be 
generally dismissed (Erickson et al. 1996). One possible reason for the observed toxicity from 
particulate-bound copper is that the pH of water changes as it crosses the gills of fish, and at pH 
of 6 or greater in the water where a fish is living, the pH of water will be lowered as it crosses 
the gill (Playle and Wood 1989).

Attempting to define, evaluate and manage risks associated with dietary exposures of metals or 
contaminated sediments by basing criteria on total recoverable metals would likely be so indirect 
as to be ineffective. However, in the absence of such efforts, the stance that metals sorbed to 
particles are in effect biologically inert and can safely be ignored is questionable. The effect of 
this stance is to give up some conservatism in aquatic life criteria for metals.

Conversion Factors. The EPA derived ambient dissolved metals criteria from aquatic 
toxicity tests that produced dose-response relationships in test organisms under controlled 
(laboratory) conditions. In most of these studies, organism responses were plotted against 
nominal test concentrations of metals or concentrations determined by analyzing unfiltered 
samples to which soluble metal compounds had been added. Thus, until recently, metals criteria 
have been expressed in terms of total metal concentrations. Current EPA metals policy (EPA 
1993a) and the ODEQ stipulate that criteria be expressed on a dissolved basis. The CF used in 
the EPA formulae for computing criteria represents a corresponding adjustment so that criteria 
based on total metal concentrations used in laboratory testing can be "converted" to a dissolved 
basis actually present in the toxicity test solutions. Metals for which a CF has been applied 
include arsenic, cadmium, chromium, copper, lead, nickel, silver, and zinc.
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CF values for the proposed metals criteria are near 1.0 for most metals, because they were 
determined using laboratory toxicity-test solutions prepared with purified, soluble metal 
compounds, rather than using natural waters where relative contributions of water-borne 
particulate metals are much greater. To develop the coversion factors, EPA reviewed test data 
that reported both total and dissolved concentrations in their test waters and also conducted 
simulations of earlier experiments to determine the dissolved to total ratios (60 FR 1536, 62 FR 
42159). In this way, the historical toxicity database could be utilized and a large number of new 
toxicity tests would not have to be performed. However, the CFs in many cases (e.g., As, Ni, Cr, 
Pb) developed based upon a small number of studies and samples compared to the historical 
database of toxicity tests. Although additional confirmatory studies were performed to develop 
the CFs, the database available appears to be limited and calls into question the protectiveness of 
the CFs determined for these metals in cases when site-specific water quality approaches toxic 
conditions.

Translators. The EPA provides three methods to translate criteria based on dissolved 
metals to permit-specific criteria based on total recoverable metals. These three methods may 
result in greatly different outcomes relative to particulate metal loading. These methods are::

1. Determination of a site-specific translator by measuring site specific ratios of dissolved 
metal to total metal and then dividing the dissolved criterion by this translator. As an 
example, a site specific ratio of 0.4 (40 percent of the metal in the site water is dissolved) 
would result in a 2.5-fold allowable increase in the discharge of total metals. The higher 
the fraction of particulate metal in the site water the greater the allowable discharge of 
total metal. This is EPA’s preferred method.

2. Theoretical partitioning relationship. This method is based on a partitioning coefficient 
determined empirically for each metal, and (when available), the concentration of total 
suspended solids in the site-specific receiving water.

3. The translator for a metal is assumed to be equivalent to the Guidance conversion factor 
for that metal (i.e., use the same value to convert from total to dissolved and back again).

Since translators are needed to calculate discharge limits they become important in determining 
the total metals allowed to be discharged. In California, economic analyses performed by the 
EPA and evaluated by the State Water Resources Control Board (SWRCB 1997) indicated that 
translators based on site-specific data would decrease dischargers costs of implementing the new 
CTR criteria by an estimated 50%. This cost savings is "directly related to the less stringent
effluent limitations that result from the use of site-specific translators," and implies a strong 
economic incentive for dischargers to reduce costs by developing site-specific translators and 
ultimately being allowed to discharge more total metals. This conclusion regarding the impact of 
site specific translators is supported by documents received by the NMFS in the CTR 
consultation from EPA (i.e., EPA 1997c). 

The EPA performed a sensitivity analysis on the effect of the site specific translator, which relies 
on determining the ratio of metal in water after filtration to metal in water before filtration in 
downstream waters. The EPA’s analysis indicated that use of a site-specific translators to 
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calculate criteria would result in greater releases of toxic-weighted metals loads above the option 
where the CFs are used as the translators. The potential difference was estimated to be between 
0.4 million and 2.24 million "toxic weighted" pounds of metals discharged to California 
waterways (USFWS and NMFS 2000). Lastly, the current use of conversion factors and site 
specific translators in formula-based metal criteria is not sufficiently protective of threatened and 
endangered aquatic species because:

Particulate metals are not regulated, yet chemical, physical, and biological activity can 
subsequently cause these particulate metals to become bioavailable and cause adverse 
effects.
Particulate metal concentrations are not always negligible in critical habitat in Oregon.
The national criteria were developed using toxicity tests that expose test organisms to 
metal concentrations with very low contributions from particulate metals.
Toxicity tests do not assess whether the toxic contributions of particulate metals are 
negligible when particulate concentrations are great and dissolved concentrations are at 
or near criteria levels.
This method has the potential to allow point sources to significantly increase the 
discharge of total metal loads into the environment, even though dissolved metal criteria 
are being met by a discharger.
Metal loading occurs from the water column to streambed sediments.

Summary: Based on this analysis, the risks of using conversion factors and translators is 
likely to result in sublethal effects, such as interference in physiochemical processes, interruption 
of ecological interactions, changes in pathological stress, and toxicosis of listed species 
considered in this opinion.

The Water-Effect Ratio Provision. The water-quality criteria for metals all include a 
WER in their formulas. The WER is the ratio of the test LC50 in site water divided by the LC50 in 
laboratory water; the ratio is then multiplied by the aquatic life criteria to obtain a WER-adjusted 
site-specific criteria. The approach has probably been most used with copper because of the 
profound effect of organic carbon (DOC) to ameliorate toxicity, which is not correlated with 
hardness. The purpose of WERs is to empirically account for characteristics other than hardness 
that might affect the bioavailability and thus toxicity of metals on a site-specific basis. Because 
the WERs are directly incorporated into the criteria equations, no separate action is needed to 
change the criteria values using a WER. The default WER value is 1.0 unless DEQ determines 
that a different value should apply. 

The concept of adjusting metals criteria to account for differences in their bioavailability in site 
waters has long been a precept of water quality criteria (Bergman and Dorward-King 1997, 
Carlson et al. 1984, USEPA 1994). The WER approach uses one or more standard-test species 
(usually Ceriodaphnia and/or fathead minnows), which are tested in tandem in dilution waters 
collected from the site of interest and in standard reconstituted laboratory water. The results in 
the laboratory water are presumed to represent the types of waters used in tests relied on by EPA 
in criteria documents. 
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The main problem with this concept and approach is trying to define a single “typical” laboratory 
dilution water that reflects that used in criteria documents. Testing laboratories may generate 
valid results using all sorts of different dilution waters including dechlorinated tap water, natural 
groundwater (well water), natural surface water such as Lake Superior or Lake Erie, and 
reconstituted waters made from deionized water with added salts. The widely used “Interim 
Guidance on Determination and Use of Water-Effect Ratios for Metals” (Stephan et al. 1994)
specified using recipes from EPA or American Society for Testing and Materials (ASTM) for 
making standardized test water that results in a water hardness with unusually low calcium 
relative to magnesium concentrations compared to that of most natural waters. This has the effect 
of making metals in the reconstituted laboratory water made by standard recipe more toxic than 
would be expected in water with more natural proportions of Ca and Mg. This is because, at least 
for fish and some invertebrates and copper, Ca reduces toxicity but Mg affords little or no 
protection (Borgmann et al. 2005, Naddy et al. 2002, Welsh et al. 2000). Lastly, the water-effect 
ratio seems to have always been recognized by EPA as an interim, operational substitute to 
establishing criteria on a more mechanistic basis that could directly account for a lot of the 
factors that affect toxicity. A major development toward this is the biotic ligand model (BLM) 
which is supposed to capture the major interactions between metals concentrations, competition, 
and complexation, which control bioavailability and thus toxicity (Di Toro et al. 2001, Niyogi 
and Wood 2004). For copper, the BLM was used as the basis of EPA’s (2007) updated aquatic 
life criterion, which for copper at least, should negate much of the need for empirical WER 
testing. 

Summary: Based on this analysis, the risks of using water-effect ratios is likely to result 
in sublethal effects, such as interference in physiochemical processes, interruption of ecological 
interactions, changes in pathological stress, and toxicosis of listed species considered in this 
opinion.

Summary of the Derivation of the EPA Aquatic Life Criteria. Based on the analysis on 
the derivation of the EPA aquatic life criteria, NMFS concludes that predicted effects associated 
with the aquatic life criteria are likely to be significantly greater than asserted and are likely to 
have significant consequences for field-exposed species.
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APPENDIX 2: ECOTOX References Sources

Freshwater Criteria

Freshwater dieldrin:

Author Year Reference Source

Brooke, L.T. 1993
U.S.EPA Contract No.68-C1-0034, Work Assignment 
No.5, to R.L.Spehar, U.S.EPA, Duluth, MN :18 p.

Chadwick and Shumway 1969
Ambient Water Quality Criteria for Aldrin/Dieldrin, 
USEPA, October,1980 

Dinnel, P.A., Q.J. Stober, J.M. Link, 
M.W. Letourneau, W.E. Roberts, S.P. 
Felton, and R.E. Nakatani 1983

Final Report, FRI-UW-8306, Fisheries Research Inst., 
School of Fisheries, University of Washington, Seattle, 
WA :208

Douglas, M.T., D.O. Chanter, I.B. Pell, 
and G.M. Burney 1986 Aquat.Toxicol. 8(4):243-249
Gilroy, D.J., H.M. Carpenter, L.K. 
Siddens, and L.R. Curtis 1993 Fundam.Appl.Toxicol. 20(3):295-301
Hendricks, J.D., T.P. Putnam, and R.O. 
Sinnhuber 1979 J.Environ.Pathol.Toxicol. 2(3):719-728
Holden, A.V. 1966 J.Appl.Ecol. 3:45-53
Katz, M. 1961 Trans.Am.Fish.Soc. 90(3):264-268

Katz, M. 1961
Ambient Water Quality Criteria for Aldrin/Dieldrin, 
USEPA, October,1980 

Lunn, C.R., D.P. Toews, and D.J. Pree 1976 Can.J.Zool. 54(2):214-219

Macek, et al. 1969
Ambient Water Quality Criteria for Aldrin/Dieldrin, 
USEPA, October,1980 

MacPhee, C., and R. Ruelle 1969
Univ.of Idaho Forest, Wildl.Range Exp.Station 
Bull.No.3, Moscow, ID :112 p.

Mayer, F.L.J., and M.R. Ellersieck 1986
Resour.Publ.No.160, U.S.Dep.Interior, Fish 
Wildl.Serv., Washington, DC :505 p. (USGS Data File)

Mayhew, J. 1955 Proc.Iowa J.Acad.Sci. 62:599-606

Mehrle, P.M., F.L. Mayer, and W.W. 
Johnson 1977

In: F.L.Mayer and J.L.Hamelink (Eds.), Aquatic 
Toxicology and Hazard Evaluation, 1st Symposium, 
ASTM STP 634, Philadelphia, PA :269-280 (Publ in 
Part As 6797)

Reinert, R.E., L.J. Stone, and H.L. 
Bergman 1974 Proc.17th Conf.Great Lakes Res .:52-58

Schoettger, R.A. 1970
U.S.Dep.Interior, Bur.Sport Fish.Wildl.Res., Publ. 
106:2-40 (Publ in Part As 6797)

Shubat, P.J., and L.R. Curtis 1986 Environ.Toxicol.Chem. 5(1):69-77
Statham, C.N., and J.J. Lech 1975 Toxicol.Appl.Pharmacol. 34(1):83-87

Swedburg, D. 1969
Prog.Sport Fish Res., Div.Fish.Res., Bureau Sport Fish 
Wildl. 88:8-9

Van Leeuwen, C.J., P.S. Griffioen, 
W.H.A. Vergouw, and J.L. Maas-
Diepeveen 1985 Aquat.Toxicol. 7(1-2):59-78
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Freshwater endosulfan-alpha and endosulfan-beta:

Author Year Reference Source

Lemke, A. E. 1980
Ambient Water Quality Criteria for Endosulfan, USEPA , 
October, 1980. 

Macek, K. J., et al 1969
Ambient Water Quality Criteria for Endosulfan, USEPA , 
October, 1980. 

Schoettger, R.A.         1970
Ambient Water Quality Criteria for Endosulfan, USEPA , 
October, 1980. 

Freshwater endrin:

Author Year Reference Source
Bennett, R.O., and R.E. Wolke 1987 J.Fish Biol. 31(3):375-385
Bennett, R.O., and R.E. Wolke 1987 J.Fish Biol. 31(3):387-394
Bennett, R.O., and R.E. Wolke 1988 Mar.Environ.Res.24(1-4):351 (ABS)
Dinnel, P.A., J.M. Link, Q.J. Stober, 
M.W. Letourneau, and W.E. Roberts 1989 Arch.Environ.Contam.Toxicol. 18(5):748-755
Dinnel, P.A., Q.J. Stober, J.M. Link, 
M.W. Letourneau, W.E. Roberts, 
S.P. Felton, and R.E. Nakatani 1983

Final Report, FRI-UW-8306, Fisheries Research Inst., School 
of Fisheries, University of Washington, Seattle, WA :208

Eller, L.L. 1971 Am.J.Pathol. 64(2):321-336

Grant, B.F., and P.M. Mehrle 1970

In: Resour.Publ.No.88, Prog.Sport Fish.Res.1969, 
Div.Fish.Res., Bur.Sport Fish.Wildl., U.S.D.I., Washington, 
D.C. :13-15

Katz 1961
Ambient Water Quality Criteria for Endrin. USEPA, Oct. 
1980 

Katz and Chadwick 1961
Ambient Water Quality Criteria for Endrin. USEPA, Oct. 
1980 

Katz, M. 1961 Trans.Am.Fish.Soc. 90(3):264-268
Katz, M., and G.G. Chadwick 1961 Trans.Am.Fish.Soc. 90(4):394-397

Macek, et al. 1969
Ambient Water Quality Criteria for Endrin. USEPA, Oct. 
1980 

Macek, K.J., C. Hutchinson, and 
O.B. Cope 1969

Bull.Environ.Contam.Toxicol. 4(3):174-183 (Publ in Part As 
6797)

MacPhee, C., and R. Ruelle 1969
Univ.of Idaho Forest, Wildl.Range Exp.Station Bull.No.3, 
Moscow, ID :112 p.

Mayer, F.L.J., and M.R. Ellersieck 1986
Resour.Publ.No.160, U.S.Dep.Interior, Fish Wildl.Serv., 
Washington, DC :505 p. (USGS Data File)

McKim, J.M., and H.M. Goeden 1982 Comp.Biochem.Physiol.C 72(1):65-74

Post and Schroeder 1971
Ambient Water Quality Criteria for Endrin. USEPA, Oct. 
1980 

Post, G., and T.R. Schroeder 1971 Bull.Environ.Contam.Toxicol. 6(2):144-155
Thurston, R.V., T.A. Gilfoil, E.L. 
Meyn, R.K. Zajdel, T.L. Aoki, and 
G.D. Veith 1985 Water Res. 19(9):1145-1155

Wohlgemuth, E. 1977

Prirodoved.Pr.Ustavu Cesk.Akad.Ved Brne 11(6):1-38 
(Author Communication Used); Vertebratologicke Zpravy 
1:20-21
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Freshwater heptachlor epoxide:

Author Year Reference Source

Johnson, W. W. and M. T. Finley 1980

Human health and aquatic life literature search and data base 
evaluation for Heptachlor Epoxide. USEPA, Office of Water 
Regulations and Standards, Sept. 30, 1985

Mayer, F.L.J., and M.R. Ellersieck 1986
Resour.Publ.No.160, U.S.Dep.Interior, Fish Wildl.Serv., 
Washington, DC :505 p. (USGS Data File)

Freshwater lindane:

Author Year Reference Source
1960 Wash.Dep.Fish.Res.Bull. 5:1-161

Biagianti-Risbourg, S., C. Pairault, 
G. Vernet, and H. Boulekbache 1996 Chemosphere 33(10):2065-2079
Boulekbache, H., and C. Spiess 1974 Bull.Soc.Zool.Fr. 99(1):79-85 (FRE) (ENG ABS)
Katz, M. 1961 Trans.Am.Fish.Soc. 90(3):264-268
Macek, K.J., and W.A. McAllister 1970 Trans.Am.Fish.Soc. 99(1):20-27 (Publ in Part As 6797)
Macek, K.J., K.S. Buxton, S.K. 
Derr, J.W. Dean, and S. Sauter 1976 EPA-600/3-76-046, U.S.EPA, Duluth, MN :50 p.

MacPhee, C., and R. Ruelle 1969
Univ.of Idaho Forest, Wildl.Range Exp.Station Bull.No.3, 
Moscow, ID :112 p.

Matsuo, K., and T. Tamura 1970 Sci.Pest Control/Botyu-Kagaku 35(4):125-130

Mayer, F.L.J., and M.R. Ellersieck 1986
Resour.Publ.No.160, U.S.Dep.Interior, Fish Wildl.Serv., 
Washington, DC :505 p. (USGS Data File)

McLeay, D.J. 1976 J.Fish.Res.Board Can. 33(6):1303-1311
Oliver, B.G., and A.J. Niimi 1985 Environ.Sci.Technol. 19(9):842-849
Peterson, R.H. 1976 J.Fish.Res.Board Can. 33(8):1722-1730
Rozados, M.V., M.D. Andres, and 
M.A. Aldegunde 1991 Aquat.Toxicol. 19(1):33-40
Tooby, T.E., and F.J. Durbin 1975 Environ.Pollut. 8(2):79-89
Tooby, T.E., P.A. Hursey, and J.S. 
Alabaster 1975 Chem.Ind.(Lond.) 21:523-526

Freshwater pentachlorophenol:

Author Year Reference Source
Alabaster, J.S. 1969 Int.Pest Control 11(2):29-35 (Author Communication Used)
Alexander, D.G., and R.M.V. 
Clarke 1978 Water Res. 12(12):1085-1090
Bentley, R.E., T. Heitmuller, B.H.
Sleight III, and P.R. Parrish 1975

U.S.EPA, Criteria Branch, WA-6-99-1414-B, Washington, 
D.C .:13

Burridge, L.E., and K. Haya 1990 Bull.Environ.Contam.Toxicol. 45(6):888-892
Cardwell, R.D., D.G. Foreman, T.R. 
Payne, and D.J. Wilbur 1976

EPA-600/3-76-008, U.S.EPA, Duluth, MN :125 p.(Publ in 
Part As 2149)

Castren, M., and A. Oikari 1987 Comp.Biochem.Physiol.C 86(2):357-360
Chapman, G.A. 1969 Ph.D.Thesis, Oregon State University, Corvallis, OR :87 p.
Chapman, G.A., and D.L. Shumway 1978 In: K.R.Rao (Ed.), Pentachlorophenol: Chemistry, 
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Author Year Reference Source
Pharmacology, and Environmental Toxicology, Plenum 
Press, New York, NY :285-299

Davis, J.C., and R.A.W. Hoos 1975 J.Fish.Res.Board Can. 32(3):411-416
Dominguez, S.E., and G.A. 
Chapman 1984 Arch.Environ.Contam.Toxicol. 13:739-743
Douglas, M.T., D.O. Chanter, I.B. 
Pell, and G.M. Burney 1986 Aquat.Toxicol. 8(4):243-249
Fogels, A., and J.B. Sprague 1977 Water Res. 11(9):811-817
Glickman, A.H., C.N. Statham, A. 
Wu, and J.J. Lech 1977 Toxicol.Appl.Pharmacol. 41(3):649-658
Hattula, M.L., V.M. Wasenius, H. 
Reunanen, and A.U. Arstila 1981 Bull.Environ.Contam.Toxicol. 26(3):295-298
Hickie, B.E., and D.G. Dixon 1987 Aquat.Toxicol. 9(6):343-353
Hickie, B.E., D.G. Dixon, and J.F. 
Leatherland 1989 Fish Physiol.Biochem. 6(3):175-185
Hodson, P.V., and B.R. Blunt 1981 Aquat.Toxicol. 1(2):113-127
Hodson, P.V., D.G. Dixon, and 
K.L.E. Kaiser 1984 Environ.Toxicol.Chem. 3(2):243-254
Iwama, G.K., and G.L. Greer 1980 Trans.Am.Fish.Soc. 109(2):290-292

Iwama, G.K., and G.L. Greer 1982
Can.Tech.Rep.Fish.Aquat.Sci.No.1100, Dep.of Fisheries and 
Oceans, West Vancouver, B.C :9p.

Iwama, G.K., and G.L. Greer 1979 Bull.Environ.Contam.Toxicol. 23(4/5):711-716

Johnson and Finley 1980

Handbook of Acute Toxicity of Chemicals to Fish and 
Aquatic Invertebrates, Resource Publication 137. U.S. 
Department of Interior, Fish and Wildlife Service, 
Washington, DC, 1980.6-56

Kennedy, C.J. 1990
Ph.D.Thesis, Simon Fraser University, Canada:188 p.; 
Diss.Abstr.Int.B Sci.Eng.53(1):18 (1992)

MacPhee, C., and R. Ruelle 1969
Univ.of Idaho Forest, Wildl.Range Exp.Station Bull.No.3, 
Moscow, ID :112 p.

Matida, Y., S. Kimura, M. Yokote, 
H. Kumada, and H. Tanaka 1971 Bull.Freshwater Fish.Res.Lab.(Tokyo) 20(2):127-146

Mayer, F.L.J., and M.R. Ellersieck 1986
Resour.Publ.No.160, U.S.Dep.Interior, Fish Wildl.Serv., 
Washington, DC :505 p. (USGS Data File)

McKim, J., P. Schmieder, and G. 
Veith 1985 Toxicol.Appl.Pharmacol. 77:1-10
McKim, J.M., P.K. Schmieder, and 
R.J. Erickson 1986 Aquat.Toxicol. 9(1):59-80
McKim, J.M., P.K. Schmieder, 
R.W. Carlson, E.P. Hunt, and G.J. 
Niemi 1987 Environ.Toxicol.Chem. 6:295-312

Negilski, D.S. 1973
M.S.Thesis, Oregon State Univ., Corvallis, OR:80 p.(Author 
Communication Used)

Niimi, A.J., and C.A. McFadden 1982 Bull.Environ.Contam.Toxicol. 28(1):11-19

Office of Pesticide Programs 2000
Environmental Fate and Effects Division, U.S.EPA, 
Washington, D.C.

Oikari, A.O.J. 1987 Bull.Environ.Contam.Toxicol. 39(1):23-28
Peterson, R.H. 1976 J.Fish.Res.Board Can. 33(8):1722-1730
Sappington, L.C., F.L. Mayer, F.J. 
Dwyer, D.R. Buckler, J.R. Jones, 
and M.R. Ellersieck 2001 Environ.Toxicol.Chem. 20(12):2869-2876
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Author Year Reference Source
Shumway, D.L., and J.R. Palensky 1973 EPA-R3-73-010, U.S.EPA, Washington, D.C. :80 p.

Slooff, W. 1978

In: O.Hutzinger, I.H.Van Lelyveld and B.C.Zoeteman (Eds.), 
Aquatic Pollutants: Transformation and Biological Effects, 
Pergamon Press, NY :501-506

Statham, C.N., and J.J. Lech 1975 Toxicol.Appl.Pharmacol. 34(1):83-87
Stehly, G.R., and W.L. Hayton 1989 Aquat.Toxicol. 14(2):131-148
Thurston, R.V., T.A. Gilfoil, E.L. 
Meyn, R.K. Zajdel, T.L. Aoki, and 
G.D. Veith 1985 Water Res. 19(9):1145-1155
Van den Heuvel, M.R., L.S. 
McCarty, R.P. Lanno, B.E. Hickie, 
and D.G. Dixon 1991 Aquat.Toxicol. 20(4):235-252
Vigers, G.A., and A.W. Maynard 1977 Water Res. 11(4):343-346
Webb, P.W., and J.R. Brett 1973 J.Fish.Res.Board Can. 30(4):499-507

Freshwater ammonia:

Author Year Reference Source

Allan, I.R.H. 1955
Int.Assoc.Theor.Appl.Limnol.Proc./Int.Ver.Theor.Angew.Li
mnol.Verh. 12:804-810

Arillo, A., C. Margiocco, and F. 
Melodia 1979 J.Fish Biol. 15(4):405-410

Arillo, A., C. Margiocco, and F. 
Melodia 1979 Boll.Mus.Ist.Biol.Univ.Genova 47:83-91

Arillo, A., C. Margiocco, F. 
Melodia, P. Mensi, and G. Schenone 1981 Environ.Technol.Lett. 2:285-292

Arillo, A., N. Maniscalco, C. 
Margiocco, F. Melodia, and P. 
Mensi 1979 Comp.Biochem.Physiol.C 63(2):325-331

Arillo, A., R. Mantovani, C. 
Margiocco, F. Melodia, and P. 
Mensi 1979 Mem.Ist.Ital.Idrobiol.Dott Marco Marchi 37:51-61

Arthur et al. 1987 Bull. Environ. Contam. Toxicol. 38:324-331

Belding, D.L. 1927 Trans.Am.Fish.Soc. 57:100-119

Buhl and Hamilton 2000 Trans. Am. Fish. Soc., 129:2, 408-418.

Burrows, R.E. 1964
U.S.Fish Wildl.Serv., Res.Rep.No.66, Washington, DC :12 
p.
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Author Year Reference Source

Calamari et al. 1997 Nuovi Ann. Ig. Microbiol. 28:333-345.

Calamari et al. 1981 Rapp. P.-v. Reun. Cons. int. Explor. Mer. 178:81-86.

Calamari, D., and R. Marchetti 1975 Prog.Water Technol. 7(3/4):569-577

Corti, U.A. 1951
Int.Assoc.Theor.Appl.Limnol.Proc./Int.Ver.Theor.Angew.Li
mnol.Verh. 11:84-87

Danecker, E. 1964 Osterreichs Fischerei.3/4:55-68 (ENG TRANSL)

Department of Scientific and 
Industrial Research 1955 Dep.Sci.Ind.Res., Water Pollut.Res.Bd., London :81 p.

Environment Canada 2004
Guideline for the release of ammonia dissolved in water 
found in wasterwater effluents.

Environment Canada 2004
Ammoniaproject: summary of pure ammonia rainbow trout 
toxicity testing.

Fedorov, K.Y., and Z.V. Smirnova 1978 Vopr.Ikhtiol. 19(2):320-328

Fisher, C.J., and C.D. Ziebell 1980 Eisenhower Consortium Bull. 7:1-11

Fitzsimons, J.D. 1989 Proc.32nd Conf.Great Lakes Res.:48 (ABS)

Guerra, M., and N. Comodo 1972 Boll.Soc.Ital.Biol.Sper. 48(22):898-901 (ITA)

Herbert, D.W.M. 1956 Bull.Cent.Belge Etud.Documentation Des Eaux 32:115-120

Holland, G.A., J.E. Lasater, E.D. 
Neumann, and W.E. Eldridge 1960

Res.Bull.No.5, State of Washington Dept.Fish., Seattle, WA 
:263 p.

Knoph 1992 Parr. 101C:275-282.

Kreutzmann, H.L., and H. Sordyl 1985
Zool.Jahrb.Abt.Allg.Zool.Physiol.Tiere 89(4):427-439 
(GER) (ENG ABS)

MacPhee, C., and R. Ruelle 1969
Bull.No.3, Forest, Wildl.and Range Exp.Stn., Univ.of Idaho, 
Moscow, ID :112 p.
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Author Year Reference Source

Nehring, D. 1962 Z.Fisch. 11(7/8):539-547 (GER) (ENG ABS)

Phillips, A.M. 1950
N.Y.State Conservation Dep.Fish.Res.Bull.14, Cortland 
Hatchery Rep.No.19, Cortland, NY :14-16

Rushton, W. 1921 Salmon Trout Mag. 25:101-117

Servizi and Gordon 1990 Bull. Environ. Contam. Toxicol. 1990; 44(4):650-6.

Servizi, J.A., and R.W. Gordon 1990 Bull.Environ.Contam.Toxicol. 44(4):650-656

Smith, C.E. 1972 Am.Fish.Trout News 17:7-8

Smith, C.E., and R.G. Piper 1975

In: W.E.Ribelin and G.Migaki (Eds.), The Pathology of
Fishes, University of Wisconsin Press, Madison, WI :497-
514

Soderberg and Meade 1992 J. Appl. Aquaculture 1:83-92

Soderberg, R.W. 1985 J.Fish Dis. 8(1):57-64
Soderberg, R.W., J.B. Flynn, and 
H.R. Schmittou 1983 Trans.Am.Fish.Soc. 112(3):448-451

Speare, D., and S. Backman 1988 Can.Vet.J. 29:666

Taylor, E.W., and R.W. Wilson 1994

In: D.J.Randall, H.Xiang and R.V.Thurston (Eds.), EPA-
600-R-94-138, Fish Physiology, Toxicology and Water 
Quality Management, U.S.EPA, Athens, GA :36-46

Taylor, J.E. 1973 Trans.Nebr.Acad.Sci. 2:176-181

Water Pollution Research Board 1967

In: Water Pollution Research 1967, Water Pollution 
Research Board, Dep.of Scientific and Industrial Research, 
H.M.Stationery Office, London :56-65

Water Pollution, Research Board 1959

In: Water Pollution Research 1959, Water Pollution 
Research Board, Dep.of Scientific and Industrial Research, 
H.M.Stationery Office, London, England :74-80

Wicks and Randall  2002 Aquat. Toxicol. 59[1/2], 71-82.

Wicks et al. 2002 Aquat. Toxicol. 59[1/2], 55-69.
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Freshwater aluminum:

Author Year Reference Source
Baker, J.P., and C.L. Schofield 1982 Water Air Soil Pollut. 18:289-309
Becker, A.J.Jr., and Menendez 1974

Birge, W.J. 1978

In: J.H.Thorp and J.W.Gibbons (Eds.), 
Dep.Energy Symp.Ser., Energy and 
Environmental Stress in Aquatic Systems, 
Augusta, GA 48:219-240

Birge, W.J., J.A. Black, A.G. Westerman, and J.E. 
Hudson 1980

In: C.Gale (Ed.), EPA-600/9-80-022, Oil Shale 
Symposium: Sampling, Analysis and Quality 
Assurance, March 1979, U.S.EPA, Cincinnati, 
OH :519-534 (U.S.NTIS PB80-221435)

Birge, W.J., J.A. Black, and A.G. Westerman 1979

In: S.W.Nielsen, G.Migaki, and D.G.Scarpelli 
(Eds.), Symp.Animals Monitors 
Environ.Pollut., 1977, Storrs, CT 12:108-118

Birge, W.J., J.E. Hudson, J.A. Black, and A.G. 
Westerman 1978

In: Symp.U.S.Fish Wildl.Serv., Surface Mining 
Fish Wildl.Needs in Eastern U.S., W.VA :97-
104

Birge, W.J., R.D. Hoyt, J.A. Black, M.D. Kercher, 
and W.A. Robison 1993 Am.Fish.Soc.Symp. 14:55-65
Brodeur, J.C., T. Ytrestoyl, B. Finstad, and R.S. 
McKinley 1999 Can.J.Fish.Aquat.Sci. 56(2):184-190
Buckler, D.R., L. Cleveland, E.E. Little, and W.G. 
Brumbaugh 1995 Aquat.Toxicol. 31(3):203-216

Call, D.J., L.T. Brooke, C.A. Lindberg, T.P. Markee, 
D.J. McCauley, and S.H. Poirier 1984

Tech.Rep.Project No.549-238-RT-WRD, 
Center for Lake Superior Environmental 
Studies, University of Wisconsin, Superior, 
WI./November 27, 1984 Memo to C.Stephan, 
U.S.EPA, Duluth, MN :46 p. (Author 
Communication Used)

Cleveland, L., D.R. Buckler, and W.G. Brumbaugh 1991 Environ.Toxicol.Chem. 10(2):243-248

Cleveland, L., E.E. Little, R.H. Wiedmeyer, and D.R. 
Buckler 1989

In: T.E.Lewis (Ed.), Environmental Chemistry 
and Toxicology of Aluminum, Chapter 13, 
Lewis Publ., Chelsea, MI :229-246

Cleveland, L., E.E. Little, S.J. Hamilton, D.R. 
Buckler, and J.B. Hunn 1986 Trans.Am.Fish.Soc. 115:610-620

DeLonay, A.J. 1991
M.S.Thesis, University of Missouri-Columbia, 
Columbia, MO :78 p.

DeLonay, A.J., E.E. Little, D.F. Woodward, W.G. 
Brumbaugh, A.M. Farag, and C.F. Rabeni 1993 Environ.Toxicol.Chem. 12:1223-1232
Driscoll, C.T.J., J.P. Baker, J.J. Bisogni Jr., and C.L. 
Schofield 1980 Nature 284(5752):161-164

Everhart, W.H., and R.A. Freeman 1973
EPA/R3-73-011B, U.S.EPA, Washington, D.C 
:46 p.

Freeman, R.A., and W.H. Everhart 1971 Trans.Am.Fish.Soc. 100(4):644-658
Goss, G.G., and C.M. Wood 1988 J.Fish Biol. 32(1):63-76
Gundersen, D.T., S. Bustaman, W.K. Seim, and L.R. 
Curtis 1994 Can.J.Fish.Aquat.Sci. 51:1345-1355
Hamilton, S.J., and T.A. Haines 1995 Can.J.Fish.Aquat.Sci. 52(11):2432-2444
Handy, R.D., and F.B. Eddy 1989 J.Fish.Biol. 34(6):865-874
Heming, T.A., and K.A. Blumhagen 1988 Aquat.Toxicol. 12(2):125-140
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Author Year Reference Source
Hickie, B.E., N.J. Hutchinson, D.G. Dixon, and P.V. 
Hodson 1993 Can.J.Fish.Aquat.Sci. 50:1348-1355

Holtze, K.E. 1983
Res.Rep., Ontario Ministry of the Environment, 
Rexdale, Ont., Canada :39 p.

Hunn, J.B., L. Cleveland, and E.E. Little 1987 Environ.Pollut. 43(1):63-73
Hunter, J.B., S.L. Ross, and J. Tannahill 1980 Water Pollut.Control 79(3):413-420
Jagoe, C.H., and T.A. Haines 1997 Environ.Pollut. 97(1/2):137-146
Laitinen, M., and T. Valtonen 1995 Aquat.Toxicol. 31(2):99-112

MacPhee, C., and R. Ruelle 1969
Univ.of Idaho Forest, Wildl.Range Exp.Station 
Bull.No.3, Moscow, ID :112 p.

McKee, M.J., C.O. Knowles, and D.R. Buckler 1989
Arch.Environ.Contam.Toxicol. 18(1/2):243-
248

Ogilvie, D.M., and D.M. Stechey 1983 Environ.Toxicol.Chem. 2:43-48
Orr, P.L., R.W. Bradley, J.B. Sprague, and N.J. 
Hutchinson 1986 Can.J.Fish.Aquat.Sci. 43:243-246
Peterson, S.A., W.D. Sanville, F.S. Stay, and C.F. 
Powers 1974

EPA-660/3-74-032, U.S.EPA, Corvallis, OR 
:118 p.

Poleo, A.B.S., and I.P. Muniz 1993 Environ.Biol.Fish. 36(2):193-203
Poleo, A.B.S., K. Ostbye, S.A. Oxnevad, R.A. 
Andersen, E. Heibo, and L.A. Vollestad 1997 Environ.Pollut. 96(2):129-139
Sadler, K., and A.W.H. Turnpenny Water Air Soil Pollut. 30:593-599
Schofield, C.L., and J.R. Trojnar 1980 Environ.Sci.Res. 17:341-366

Svobodova, Z., and B. Vykusova 1988
Bul.Vyzk.Ustav Ryb.Hydrobiol.Vodnany 
24(2):14-19 (CZE) (ENG ABS)

Verbost, P.M., M.H.G. Berntssen, F. Kroglund, E. 
Lydersen, H.E. Witters, B.O. Rosseland, and B. Salbu 1995 Water Air Soil Pollut. 85(2):341-346
Waring, C.P., and J.A. Brown 1995 Fish Physiol.Biochem. 14(1):81-91
Wilson, R.W., and C.M. Wood 1992 Fish Physiol.Biochem. 10(2):149-159
Wilson, R.W., C.M. Wood, and D.F. Houlihan 1996 Can.J.Fish.Aquat.Sci. 53(4):802-811
Wilson, R.W., H.L. Bergman, and C.M. Wood 1994 Can.J.Fish.Aquat.Sci. 51:527-535
Wilson, R.W., H.L. Bergman, and C.M. Wood 1994 Can.J.Fish.Aquat.Sci. 51(3):536-544
Woodward, D.F., A.M. Farag, M.E. Mueller, E.E. 
Little, and F.A. Vertucci 1989 Trans.Am.Fish.Soc. 118(6):630-643

Exhibit 7c



Appendix 2: ECOTOX References Sources
-723-

Freshwater arsenic:

Author Year Reference Source

Birge, W.J. 1978

In: J.H.Thorp and J.W.Gibbons (Eds.), 
Dep.Energy Symp.Ser., Energy and 
Environmental Stress in Aquatic Systems, 
Augusta, GA 48:219-240

Birge, W.J., J.A. Black, A.G. Westerman, and B.A. 
Ramey 1983 Fundam.Appl.Toxicol. 3:237-242

Birge, W.J., J.A. Black, A.G. Westerman, and J.E. 
Hudson 1980

In: C.Gale (Ed.), EPA-600/9-80-022, Oil 
Shale Symposium: Sampling, Analysis and 
Quality Assurance, March 1979, U.S.EPA, 
Cincinnati, OH :519-534 (U.S.NTIS PB80-
221435)

Birge, W.J., J.A. Black, and A.G. Westerman 1979

In: S.W.Nielsen, G.Migaki, and D.G.Scarpelli 
(Eds.), Symp.Animals Monitors 
Environ.Pollut., 1977, Storrs, CT 12:108-118

Birge, W.J., J.E. Hudson, J.A. Black, and A.G. 
Westerman 1978

In: Symp.U.S.Fish Wildl.Serv., Surface 
Mining Fish Wildl.Needs in Eastern U.S., 
W.VA :97-104

Buhl, K.J., and S.J. Hamilton 1991 Ecotoxicol.Environ.Saf. 22:184-197
Buhl, K.J., and S.J. Hamilton 1990 Ecotoxicol.Environ.Saf. 20(3):325-342
Cardwell, R.D., D.G. Foreman, T.R. Payne, and D.J. 
Wilbur 1976

EPA-600/3-76-008, U.S.EPA, Duluth, MN 
:125 p.(Publ in Part As 2149)

Cardwell, R.D., D.G. Foreman, T.R. Payne, and D.J. 
Wilbur 1976

EPA-600/3-76-008, U.S.EPA, Duluth, MN 
:125 p.(Publ in Part As 2149)

Dabrowski, K.R. 1976 Water Res. 10(8):793-796
Hale, J.G. 1977 Bull.Environ.Contam.Toxicol. 17(1):66-73
Hamilton, S.J., and K.J. Buhl 1990 Ecotoxicol.Environ.Saf. 20(3):307-324

Mayer, F.L.J., and M.R. Ellersieck 1986

Resour.Publ.No.160, U.S.Dep.Interior, Fish 
Wildl.Serv., Washington, DC :505 p. (USGS 
Data File)

McGeachy, S.M., and D.G. Dixon 1989 Ecotoxicol.Environ.Saf. 17(1):86-93
McGeachy, S.M., and D.G. Dixon 1990 Can.J.Fish.Aquat.Sci. 47(11):2228-2234
Oladimeji, A.A., S.U. Qadri, and A.S.W. DeFreitas 1984 Bull.Environ.Contam.Toxicol. 32(6):661-668

Qureshi, A.A., K.W. Flood, S.R. Thompson, S.M. 
Janhurst, C.S. Inniss, and D.A. Rokosh 1982

In: J.G.Pearson, R.B.Foster and W.E.Bishop 
(Eds.), Aquatic Toxicology and Hazard 
Assessment, 5th Confrence, ASTM STP 766, 
Philadelphia, PA :179-195
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Freshwater cadmium:

Author Year Reference Source

Anadu, D.I., G.A. Chapman, L.R. Curtis, and R.A. 
Tubb 1989 Bull.Environ.Contam.Toxicol. 43(3):329-336
Ball, I.R. 1967 Water Res. 1:805-806
Beattie, J.H., and D. Pascoe 1978 J.Fish Biol. 13(5):631-637
Benoit, D.A., E.N. Leonard, G.M. Christensen, and 
J.T. Fiandt 1976 Trans.Am.Fish.Soc. 105(4):550-560
Benoit, D.A., E.N. Leonard, G.M. Christensen, and 
J.T. Fiandt 1976 Trans.Am.Fish.Soc. 105(4):550-560
Bentley, R.E., T. Heitmuller, B.H. Sleight III, and 
P.R. Parrish 1975

U.S.EPA, Criteria Branch, WA-6-99-1414-B, 
Washington, D.C .:14

Birge, W.J. 1978

In: J.H.Thorp and J.W.Gibbons (Eds.), 
Dep.Energy Symp.Ser., Energy and 
Environmental Stress in Aquatic Systems, 
Augusta, GA 48:219-240

Birge, W.J., A.G. Westerman, and O.W. Roberts 1974

Proc.2nd Annu.NSF-Rann Trace 
Contam.Environ.Conf., Springfield, VA:316-
320 (U.S.NTIS LBL-3217) (Used Ref.8703)

Birge, W.J., J.A. Black, A.G. Westerman, and B.A. 
Ramey 1983 Fundam.Appl.Toxicol. 3:237-242

Birge, W.J., J.A. Black, A.G. Westerman, and J.E. 
Hudson 1980

In: C.Gale (Ed.), EPA-600/9-80-022, Oil 
Shale Symposium: Sampling, Analysis and 
Quality Assurance, March 1979, U.S.EPA, 
Cincinnati, OH :519-534 (U.S.NTIS PB80-
221435)

Birge, W.J., J.A. Black, and A.G. Westerman 1979

In: S.W.Nielsen, G.Migaki, and 
D.G.Scarpelli (Eds.), Symp.Animals 
Monitors Environ.Pollut., 1977, Storrs, CT 
12:108-118

Birge, W.J., J.E. Hudson, J.A. Black, and A.G. 
Westerman 1978

In: Symp.U.S.Fish Wildl.Serv., Surface 
Mining Fish Wildl.Needs in Eastern U.S., 
W.VA :97-104

Black, J.A., and W.J. Birge 1980

Res.Report No.123, Water Resour.Res.Inst., 
University of Kentucky, Lexington, 
Kentucky Y:34-180490

Brown, V., D. Shurben, W. Miller, and M. Crane 1994 Ecotoxicol.Environ.Saf. 29:38-46
Brown, V., D. Shurben, W. Miller, and M. Crane 1994 Ecotoxicol.Environ.Saf. 29:38-46
Buhl, K.J., and S.J. Hamilton 1991 Ecotoxicol.Environ.Saf. 22:184-197
Buhl, K.J., and S.J. Hamilton 1991 Ecotoxicol.Environ.Saf. 22:184-197
Calamari, D., R. Marchetti, and G. Vailati 1980 Water Res. 14(10):1421-1426

Call, D.J., L.T. Brooke, N. Ahmad, and D.D. 
Vaishnav 1981

Second Quarterly Report, U.S.EPA 
Cooperative Agreement No.CR 809234-01-0, 
Center for Lake Superior Environmental 
Studies, University of Wisconsin, Superior, 
WI:74 p.(Publ in Part As 12448)

Canton, J.H., and W. Slooff 1982 Ecotoxicol.Environ.Saf. 6(1):113-128

Carroll, J.J., S.J. Ellis, and W.S. Oliver 1979
Bull.Environ.Contam.Toxicol. 22(4/5):575-
581

Exhibit 7c



Appendix 2: ECOTOX References Sources
-725-

Author Year Reference Source

Carroll, J.J., S.J. Ellis, and W.S. Oliver 1979
Bull.Environ.Contam.Toxicol. 22(4/5):575-
581

Castren, M., and A. Oikari 1987 Comp.Biochem.Physiol.C 86(2):357-360
Chapman 1975
Chapman 1982
Chapman, G.A. 1978 Trans.Am.Fish.Soc. 107(6):841-847

Chapman, G.A. 1975

Interim Report, Task 002 ROAP 10CAR, 
U.S.EPA, Corvallis, OR:27 p.(Letter to 
C.E.Stephan, U.S.EPA, Duluth, MN:5 p.) 
(1982) (Publ in part As 2123, 2060, 2027) 
(Author Communication Used)

Chapman, G.A. 1975

Interim Report, Task 002 ROAP 10CAR, 
U.S.EPA, Corvallis, OR:27 p.(Letter to 
C.E.Stephan, U.S.EPA, Duluth, MN:5 p.) 
(1982) (Publ in part As 2123, 2060, 2027) 
(Author Communication Used)

Chapman, G.A. 1978 Trans.Am.Fish.Soc. 107(6):841-847
Chapman, G.A., and D.G. Stevens 1978 Trans.Am.Fish.Soc. 107(6):837-840

Chouikhi, A. 1979

OECD-IRCHA Universite Paris-Sud, Unite 
d'Enseignement et de Recherche d'Hygiene et 
Protection de l'Homme et de son 
Environnement (FRE)

Christensen, G.M. 1975
Toxicol.Appl.Pharmacol. 32:191-197(Used 
Ref 2022, 9586)

Cusimano, R.F., D.F. Brakke, and G.A. Chapman 1986 Can.J.Fish.Aquat.Sci. 43(8):1497-1503
Cusimano, R.F., D.F. Brakke, and G.A. Chapman 1986 Can.J.Fish.Aquat.Sci. 43(8):1497-1503
Daoust, P.Y. 1981 Ph.D.Thesis, Saskatoon, Saskatchewa n:331
Dave, G., K. Andersson, R. Berglind, and B. 
Hasselrot 1981 Comp.Biochem.Physiol.C 69(1):83-98

Davies, P. 1976

In: R.W.Andrew, P.V.Hodson, and 
D.E.Konasewich (Eds.) Toxicity to Biota of 
Metal Forms in Nat.Water, Int.Joint Comm., 
Windsor, Canada :110-117

Davies, P. 1976

In: R.W.Andrew, P.V.Hodson, and 
D.E.Konasewich (Eds.) Toxicity to Biota of 
Metal Forms in Nat.Water, Int.Joint Comm., 
Windsor, Canada :110-117

Davies, P.H., and W.C. Gorman 1987
In: Am.Chem.Soc.Natl.Meeting 194:646-650 
(ABS)

Davies, P.H., and W.C. Gorman 1987
In: Am.Chem.Soc.Natl.Meeting 194:646-650 
(ABS)

Davies, P.H., W.C. Gorman, C.A. Carlson, and S.F. 
Brinkman 1993 Chem.Spec.Bioavail. 5(2):67-77
Davies, P.H., W.C. Gorman, C.A. Carlson, and S.F. 
Brinkman 1993 Chem.Spec.Bioavail. 5(2):67-77
Dinnel, P.A., J.M. Link, Q.J. Stober, M.W. 
Letourneau, and W.E. Roberts 1989

Arch.Environ.Contam.Toxicol. 18(5):748-
755

Dinnel, P.A., Q.J. Stober, J.M. Link, M.W. 
Letourneau, W.E. Roberts, S.P. Felton, and R.E. 1983

Final Report, FRI-UW-8306, Fisheries 
Research Inst., School of Fisheries, 
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Author Year Reference Source

Nakatani University of Washington, Seattle, WA :208

Drummond, R.A., and D.A. Benoit 1980
Manuscript, U.S.EPA, Duluth, MN:8 
p.(Author Communication Used)

Eaton, et al. 1978
Finlayson, B.J., and K.M. Verrue 1982 Trans.Am.Fish.Soc. 111(5):645-650
Finlayson, B.J., and K.M. Verrue 1982 Trans.Am.Fish.Soc. 111(5):645-650
Giles, M.A. 1988 Can.J.Fish.Aquat.Sci. 45(6):1045-1053
Gingerich, W.H., R.M. Elsbury, and M.T. 
Steingraeber 1988 Aquat.Toxicol. 11(3/4):404-405 (ABS)

Goettl, J.P.J., and P.H. Davies 1976
Job Progress Report, Federal Aid Project F-
33-R-11, DNR, Boulder, C O:58

Goettl, J.P.J., J.R. Sinley, and P.H. Davies 1974
Job Progress Report, Federal Aid Project F-
33-R-9, DNR, Boulder, CO :96 p.

Goettl, J.P.Jr., P.H. Davies, and J.R. Sinley 1976

In: D.B.Cope (Ed.), Colorado 
Fish.Res.Rev.1972-1975, DOW-R-R-F72-75, 
Colorado Div.of Wildl., Boulder, CO :68-75

Hale, J.G. 1977 Bull.Environ.Contam.Toxicol. 17(1):66-73
Hamilton, S.J., and K.J. Buhl 1990 Ecotoxicol.Environ.Saf. 20(3):307-324
Hamilton, S.J., and K.J. Buhl 1990 Ecotoxicol.Environ.Saf. 20(3):307-324
Hodson, P.V., B.R. Blunt, D.J. Spry, and K. Austen 1977 J.Fish.Res.Board Can. 34(4):501-508

Holcombe, G.W., G.L. Phipps, and J.T. Fiandt 1983
Ecotoxicol.Environ.Saf. 7(4):400-409 
(OECDG Data File)

Hollis, L., J.C. McGeer, D.G. McDonald, and C.M. 
Wood 1999 Aquat.Toxicol. 46(2):101-119
Hollis, L., J.C. McGeer, D.G. McDonald, and C.M. 
Wood 1999 Aquat.Toxicol. 46(2):101-119
Hontela, A., C. Daniel, and A.C. Ricard 1996 Aquat.Toxicol. 35(3/4):171-182
Hughes, G.M., S.F. Perry, and V.M. Brown 1979 Water Res. 13(7):665-679
Jop, K.M., A.M. Askew, and R.B. Foster 1995 Bull.Environ.Contam.Toxicol. 54(1):29-35
Jop, K.M., A.M. Askew, and R.B. Foster 1995 Bull.Environ.Contam.Toxicol. 54(1):29-35
Karlsson-Norrgren, L., P. Runn, C. Haux, and L. 
Forlin 1985 J.Fish Biol. 27(1):81-95
Kislalioglu, M., E. Scherer, and R.E. NcNicol 1996 Environ.Biol.Fish. 46(1):75-82

Kumada, H., S. Kimura, and M. Yokote 1980
Bull.Jpn.Soc.Sci.Fish.(Nippon Suisan 
Gakkaishi) 46(1):97-103

Kumada, H., S. Kimura, M. Yokote, and Y. Matida 1973
Bull.Freshwater Fish.Res.Lab.(Tokyo) 
22(2):157-165

Lorz, H.W., R.H. Williams, and C.A. Fustish 1978
EPA-600/3-78-090, U.S.EPA, Corvallis, OR
:84 p.

Lorz, H.W., R.H. Williams, and C.A. Fustish 1978
EPA-600/3-78-090, U.S.EPA, Corvallis, OR 
:84 p.

Lowe-Jinde, L., and A.J. Niimi 1984
Arch.Environ.Contam.Toxicol. 13(6):759-
764

MacPhee, C., and R. Ruelle 1969
Univ.of Idaho Forest, Wildl.Range 
Exp.Station Bull.No.3, Moscow, ID :112 p.

Majewski, H.S., and M.A. Giles 1981 Water Res. 15(10):1211-1217
Pascoe, D., and N.A.M. Shazili 1986 Ecotoxicol.Environ.Saf. 12(3):189-198
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Author Year Reference Source

Pascoe, D., S.A. Evans, and J. Woodworth 1986
Arch.Environ.Contam.Toxicol. 15(5):481-
487

Peterson, R.H. 1976 J.Fish.Res.Board Can. 33(8):1722-1730
Peterson, R.H., J.L. Metcalfe, and S. Ray 1985 Bull.Environ.Contam.Toxicol. 34(3):359-368
Peterson, R.H., J.L. Metcalfe, and S. Ray 1985 Bull.Environ.Contam.Toxicol. 34(3):359-368

Phipps, G.L., and G.W. Holcombe 1985

Environ.Pollut.Ser.A Ecol.Biol. 38(2):141-
157 (Author Communication Used) (OECDG 
Data File)

Phipps, G.L., and G.W. Holcombe 1985

Environ.Pollut.Ser.A Ecol.Biol. 38(2):141-
157 (Author Communication Used) (OECDG 
Data File)

Rausina, G., J.W. Goode, M.L. Keplinger, and J.C. 
Calandra 1975 Toxicol.Appl.Pharmacol. 33(1):188

Ricard, A.C., C. Daniel, P. Anderson, and A. Hontela 1998
Arch.Environ.Contam.Toxicol. 34(4):377-
381

Roch, M., and E.J. Maly 1979
J.Fish.Res.Board Can.36(11):1297-1303 
(Author Communication Used)

Rombough, P.J., and E.T. Garside 1982 Can.J.Zool. 60(8):2006-2014
Rombough, P.J., and E.T. Garside 1982 Can.J.Zool. 60(8):2006-2014
Sangalang, G.B., and M.J. O'Halloran 1973 Biol.Reprod. 9(4):394-403
Sangalang, G.B., and M.J. O'Halloran 1972 Nature (London) 240(5382):470-471
Scherer, E., R.E. McNicol, and R.E. Evans 1997 Aquat.Toxicol. 37(1):1-7
Schreck, C.B., and H.W. Lorz 1978 J.Fish.Res.Board Can. 35(8):1124-1129
Schreck, C.B., and H.W. Lorz 1978 J.Fish.Res.Board Can. 35(8):1124-1129
Schweiger, G. 1957 Arch.Fischereiwiss. 8:54-78

Servizi, J.A., and D.W. Martens 1978
Rep.No.39, Int.Pacific Salmon 
Fish.Comm.(Br.Col.) :26

Servizi, J.A., and D.W. Martens 1978
Rep.No.39, Int.Pacific Salmon 
Fish.Comm.(Br.Col.) :26

Shazili, N.A.M., and D. Pascoe 1986 Bull.Environ.Contam.Toxicol. 36(3):468-474

Slooff, W. 1978

In: O.Hutzinger, I.H.Van Lelyveld and 
B.C.Zoeteman (Eds.), Aquatic Pollutants: 
Transformation and Biological Effects, 
Pergamon Press, NY :501-506

Slooff, W. 1979
Bull.Environ.Contam.Toxicol. 23(4-5):517-
523

Spehar, R.L., and A.R. Carlson 1984

Environ.Toxicol.Chem. 3(4):651-665 
(Feb.24, 1982 Memo to J.G.Eaton, U.S.EPA, 
Duluth, MN) (Author Communication Used)

Spehar, R.L., and A.R. Carlson 1984

Environ.Toxicol.Chem. 3(4):651-665 
(Feb.24, 1982 Memo to J.G.Eaton, U.S.EPA, 
Duluth, MN) (Author Communication Used)

Stubblefield, W.A., B.L. Steadman, T.W. La Point, 
and H.L. Bergman 1999 Environ.Toxicol.Chem. 18(12):2875-2881
Thomas, D.G., A. Cryer, J.F.D.E. Solbe, and J. Kay 1983 Comp.Biochem.Physiol.C 76(2):241-246
Thuvander, A. 1989 J.Fish Biol. 35(4):521-529
Van Leeuwen, C.J., P.S. Griffioen, W.H.A. Vergouw, 
and J.L. Maas-Diepeveen 1985 Aquat.Toxicol. 7(1-2):59-78
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Author Year Reference Source

Varanasi, U. 1978

In: D.A.Wolfe (Ed.), Marine Biological 
Effects of OCS Petroleum Development, 
NOAA ERL, Boulder, CO :41-53

Viale, G., and D. Calamari 1984
Environ.Pollut.Ser.A Ecol.Biol. 35(3):247-
257

Water Pollution Research Board 1968

In: Water Pollution Research 1967, Water 
Pollution Research Board, Dep.of Scientific 
and Industrial Research, H.M.Stationery 
Office, London :56-65

Woodall, C., N. MacLean, and F. Crossley 1988 Comp.Biochem.Physiol.C 89(1):93-99

Yamamoto, Y., and M. Inoue 1985

Bull.Jpn.Soc.Sci.Fish.(Nippon Suisan 
Gakkaishi) 51(10):1733-1735 (JPN) (ENG 
ABS)

Zitko, V., and W.G. Carson 1976 Chemosphere 5(5):299-303

Freshwater chromium III:

Author Year Reference Source

Bills, T.D., L.L. Marking, and L.E. Olson 1977

Prog.Fish-Cult.39(3):150; (March 25 Letter 
to Quentin Pickering, National Fishery 
Research Laboratory, Lacrosse, WI)

Falk, M.R., and M.J. Lawrence 1973

Tech.Rep.Ser.No.CEN T-73-1, Canada 
Dep.of the Environ., Fisheries and Marine 
Service Resour.Manag.Branch, Winnipeg, 
Manitoba, Canad a:112

Hale, J.G. 1977 Bull.Environ.Contam.Toxicol. 17(1):66-73

Hamburger, B., H. Haberling, and H.R. Hitz 1977
Arch.Fischereiwiss. 28(1):45-55 (GER) 
(ENG ABS) (Author Communication Used)

Kuhnert, P.M., and B.R. Kuhnert 1976 Bull.Environ.Contam.Toxicol. 15(4):383-390

Mayer, F.L.J., and M.R. Ellersieck 1986

Resour.Publ.No.160, U.S.Dep.Interior, Fish 
Wildl.Serv., Washington, DC :505 p. (USGS 
Data File)

Smissaert, H.R., D.A. Van Bruggen, and A.M. 
Thiadens 1975

In: J.H.Koeman and J.J.T.W.A.Strik (Eds.), 
Sublethal Effects of Toxic Chemicals on 
Aquat.Animals, Elsevier Sci.Publ., 
Amsterdam, NY :93-102

Sprague, J.B., and W.J. Logan 1979
Environ.Pollut. 19(4):269-281 (Author 
Communication Used)

Stevens, D.G., and G.A. Chapman 1984 Environ.Toxicol.Chem. 3(1):125-133
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Freshwater chromium VI:

Author Year Reference Source
Benoit 1976
Buhl, K.J., and S.J. Hamilton 1991 Ecotoxicol.Environ.Saf. 22:184-197
Hamilton, S.J., and K.J. Buhl 1990 Ecotoxicol.Environ.Saf. 20(3):307-324
Kazlauskiene, N., A. Burba, and G. Svecevicius 1994 Ekologija 1:33-36

Office of Pesticide Programs 2000
Environmental Fate and Effects Division, 
U.S.EPA, Washington, D.C.

Olson, P.A. & H.F. Foster 1956
Hanford Biol. Res. Annual Rep. #HW-
41500, p 35-49

Sauter, et al. 1976 1976

Freshwater copper:

Author Year Reference Source
Alexander, D.G., and R.M.V. Clarke 1978 Water Res. 12(12):1085-1090
Anadu, D.I., G.A. Chapman, L.R. Curtis, and R.A. 
Tubb 1989 Bull.Environ.Contam.Toxicol. 43(3):329-336

Anderson, P.D., and P.A. Spear 1980
Water Res. 14(8):1107-1111 (Author 
Communication Used)

Billard, R., and P. Roubaud 1985 Water Res. 19(2):209-214
Bills, T.D., L.L. Marking, and W.L. Mauck 1981 N.Am.J.Fish.Manag. 1(2):200-203

Birge, W.J. 1978

In: J.H.Thorp and J.W.Gibbons (Eds.), 
Dep.Energy Symp.Ser., Energy and 
Environmental Stress in Aquatic Systems, 
Augusta, GA 48:219-240

Birge, W.J., and J.A. Black 1979

In: J.O.Nriagu (Ed.), Copper in the 
Environment, J.Wiley and Sons, NY :373-
399

Birge, W.J., J.A. Black, A.G. Westerman, and B.A. 
Ramey 1983 Fundam.Appl.Toxicol. 3:237-242

Birge, W.J., J.A. Black, A.G. Westerman, and J.E. 
Hudson 1980

In: C.Gale (Ed.), EPA-600/9-80-022, Oil 
Shale Symposium: Sampling, Analysis and 
Quality Assurance, March 1979, U.S.EPA, 
Cincinnati, OH :519-534 (U.S.NTIS PB80-
221435)

Birge, W.J., J.A. Black, and A.G. Westerman 1979

In: S.W.Nielsen, G.Migaki, and 
D.G.Scarpelli (Eds.), Symp.Animals 
Monitors Environ.Pollut., 1977, Storrs, CT 
12:108-118

Birge, W.J., J.E. Hudson, J.A. Black, and A.G. 
Westerman 1978

In: Symp., U.S.Fish Wildl.Serv., Dec.3-6, 
1978, Surface Mining Fish Wildl.needs in 
Eastern U.S., WV :97-104

Black, J.A., and W.J. Birge 1980

Res.Report No.123, Water Resour.Res.Inst., 
Univ.of Kentucky, Lexington, KY :34-
180490

Brown, V.M., and R.A. Dalton 1970 J.Fish Biol. 2(3):211-216
Brown, V.M., T.L. Shaw, and D.G. Shurben 1974 Water Res. 8(10):797-803
Buckley, J.A. 1983 Water Res. 17(12):1929-1934
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Author Year Reference Source
Buckley, J.T., M. Roch, J.A. McCarter, C.A. Rendell, 
and A.T. Matheson 1982 Comp.Biochem.Physiol.C 72(1):15-19
Buhl, K.J., and S.J. Hamilton 1990 Ecotoxicol.Environ.Saf. 20(3):325-342

Cacela, D., R. Hudson, J. Lipton, J. Marr, T. 
Podrabsky, and P. Welsh 1996

Data Report, Prepared by Hagler Bailly 
Consulting Inc.for Breidenbach, Buckley, 
Huchting, Halm & Hamblet, Volume 1, 
California Office of the Attorney General, 
Boulder, CO :53 p.

Cairns, J., A.L.Jr Buikema, A.G. Heath, and B.C. 
Parker 1978

Va.Water Resour.Res.Center, Bull.106, 
Office of Water Res.and Technol., OWRT 
Project B-084-VA, VA.Polytech.Inst.State 
Univ., Blacksburg, VA :1-88

Calamari, D., and R. Marchetti 1973 Water Res. 7(10):1453-1464
Carballo, M., M. Torroba, M.J. Munoz, C. Sanchez, 
J.V. Tarazona, and J. Dominguez 1992 Fish Shellfish Immunol. 2(2):121-129

Chakoumakos, C. 1977
M.S.Thesis, Univ.of Wisconsin, Madison, 
WI :46 p.

Chakoumakos, C., R.C. Russo, and R.V. Thurston 1979
Environ.Sci.Technol. 13(2):213-219 (Author 
Communication Used)

Chapman, G.A. 1975

Interim Report, Task 002 ROAP 10CAR, 
U.S.EPA, Corvallis, OR :27 p.(Letter to 
C.E.Stephan, U.S.EPA, Duluth, MN:5 p.) 
(1982) (Publ in part As 2123, 2060, 2027) 
(Author Communication Used)

Chapman, G.A. 1978 Trans.Am.Fish.Soc. 107(6):841-847
Chapman, G.A., and D.G. Stevens 1978 Trans.Am.Fish.Soc. 107(6):837-840

Chapman, G.A., and J.K. McCrady 1977

In: R.A.Tubb, (Ed.), EPA-600/3-77-085, 
Recent Advances in Fish Toxicology - A 
Symposium held in Corvallis, Oregon, 
Jan.13-14, 1977, Oregon State Univ.,
U.S.EPA, Corvallis, OR :132-151 (U.S.NTIS 
PB-273-500)

Craig, G.R., and G.L. Beggs 1979
Tech.Rep.Fish.Mar.Serv. 862:146-160 
(Author Communication Used)

Cusimano, R.F., D.F. Brakke, and G.A. Chapman 1986 Can.J.Fish.Aquat.Sci. 43(8):1497-1503

Daoust, P.Y. 1981
Ph.D.Thesis, Saskatoon, Saskatchewan :331 
p.

Daoust, P.Y., G. Wobeser, and J.D. Newstead 1984 Vet.Pathol. 21:93-101
Davis, J.C., and I.G. Shand 1978 Can.Fish.Mar.Serv.Tech.Rep.No. 847:1-55
Dixon, D.G., and J.B. Sprague 1981 Can.J.Fish.Aquat.Sci. 38(8):880-888
Donaldson, E.M., and H.M. Dye 1975 J.Fish.Res.Board Can. 32(4):533-539
Finlayson, B.J., and K.M. Verrue 1982 Trans.Am.Fish.Soc. 111(5):645-650
Fogels, A., and J.B. Sprague 1977 Water Res. 11(9):811-817
Giles & Klaverkamp 1982

Goettl, J.P.Jr., J.R. Sinley, and P.H. Davies 1972

In: L.E.Yeager and D.T.Weber (Eds.), 
Colorado Fish.Res.Rev.No.7, Div.Game Fish 
Parks, Ft.Collins, CO :36-49

Goettl, J.P.Jr., P.H. Davies, and J.R. Sinley 1976

In: D.B.Cope (Ed.), Colorado 
Fish.Res.Rev.1972-1975, DOW-R-R-F72-
75, Colorado Div.of Wildl., Boulder, CO 
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Author Year Reference Source
:68-75

Grande, M. 1966 Adv.Water Pollut.Res. 1:97-111
Hale, J.G. 1977 Bull.Environ.Contam.Toxicol. 17(1):66-73
Hamilton, S.J., and K.J. Buhl 1990 Ecotoxicol.Environ.Saf. 20(3):307-324
Handy, R.D. 1992 Arch.Environ.Contam.Toxicol. 22:74-81
Hansen, H.J.M., A.G. Olsen, and P. Rosenkilde 1996 Comp.Biochem.Physiol.C 113(1):23-29
Hazel, C.R., and S.J. Meith 1970 Calif.Fish Game 56(2):121-124
Herbert, D.W.M., and J.M. Vandyke 1964 Ann.Appl.Biol. 53(3):415-421
Hetrick, F.M., M.D. Knittel, and J.L. Fryer 1979 Appl.Environ.Microbiol. 37(2):198-201
Hickie, B.E., N.J. Hutchinson, D.G. Dixon, and P.V. 
Hodson 1993 Can.J.Fish.Aquat.Sci. 50:1348-1355
Hodson, P.V., B.R. Blunt, D.J. Spry, and K. Austen 1977 J.Fish.Res.Board Can. 34(4):501-508
Howarth, R.S., and J.B. Sprague 1978 Water Res. 12(7):455-462
Jop, K.M., A.M. Askew, and R.B. Foster 1995 Bull.Environ.Contam.Toxicol. 54(1):29-35
Julliard, A.K., D. Saucier, and L. Astic 1993 Histol.Histopathol. 8(4):655-672
Kazlauskiene, N., A. Burba, and G. Svecevicius 1994 Ekologija 1:33-36
Kirk, R.S., and J.W. Lewis 1993 Environ.Technol. 14(6):577-585
Klima, K.E., and F.M. Applehans 1990 Chem.Spec.Bioavail. 2(4):149-154
Knittel, M.D. 1981 J.Fish Dis. 4(1):33-40
Lauren, D.J., and D.G. McDonald 1987 Can.J.Fish.Aquat.Sci. 44(1):105-111
Lauren, D.J., and D.G. McDonald 1987 Can.J.Fish.Aquat.Sci. 44(1):99-104
Lett, P.F., G.J. Farmer, and F.W.H. Beamish 1976 J.Fish.Res.Board Can. 33(6):1335-1342
Lloyd, R. 1961 Ann.Appl.Biol. 49:535-538

Lorz, H.W., and B.P. McPherson 1977
EPA-600/3-77-032, U.S.EPA, Corvallis, OR 
:69 p.

Lorz, H.W., and B.P. McPherson 1976 J.Fish.Res.Board Can. 33(9):2023-2030

MacPhee, C., and R. Ruelle 1969
Bull.No.3, Forest, Wildl.and Range Exp.Stn., 
Univ.of Idaho, Moscow, ID :112 p.

Marking, L.L., T.D. Bills, and J.R. Crowther 1984 Prog.Fish-Cult. 46(1):1-5
Marr, J.C.A., J. Lipton, D. Cacela, J.A. Hansen, H.L. 
Bergman, J.S. Meyer, and C. Hogstrand 1996 Aquat.Toxicol. 36(1/2):17-30

Mayer, F.L.Jr., and M.R. Ellersieck 1986

Resour.Publ.No.160, U.S.Dep.Interior, Fish 
Wildl.Serv., Washington, DC :505 p. (USGS 
Data File)

McCarter, J.A., and M. Roch 1983 Comp.Biochem.Physiol.C 74(1):133-137
McCarter, J.A., and M. Roch 1984 Comp.Biochem.Physiol.C 77(1):83-87
McKim et al. 1978
McKim, J.M., and D.A. Benoit 1971 J.Fish.Res.Board Can. 28:655-662

McKim, J.M., and D.A. Benoit 1974
J.Fish.Res.Board Can. 31(4):449-452 
(Author Communication Used)

Miller, P.A., R.P. Lanno, M.E. McMaster, and D.G. 
Dixon 1993 Can.J.Fish.Aquat.Sci. 5(8):1683-1689
Miller, T.G., and W.C. Mackay 1982 Bull.Environ.Contam.Toxicol. 28(1):68-74
Mudge, J.E., T.E. Northstrom, G.S. Jeane, W. Davis, 1993 In: J.W.Gorsuch, F.J.Dwyer, C.G.Ingersoll, 
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Author Year Reference Source
and J.L. Hickam and T.W.La Point (Eds.), Environmental 

Toxicology and Risk Assessment, 2nd 
Volume, ASTM STP 1216, Philadelphia, PA 
:19-33

Neville, C.M. 1995

Ontario Ministry of the Environment & 
Energy, Toronto, Ontario:63 p.; 27 
p.(U.S.NTIS MIC-95-08185)

O'Neill, J.G. 1981 J.Fish Biol. 19(3):297-306
Peterson, R.H. 1976 J.Fish.Res.Board Can. 33(8):1722-1730
Pilgaard, L., H. Malte, and F.B. Jensen 1994 Aquat.Toxicol. 29(3/4):197-212

Qureshi, A.A., K.W. Flood, S.R. Thompson, S.M. 
Janhurst, C.S. Inniss, and D.A. Rokosh 1982

In: J.G.Pearson, R.B.Foster and W.E.Bishop 
(Eds.), Aquatic Toxicology and Hazard 
Assessment, 5th Confrence, ASTM STP 766, 
Philadelphia, PA :179-195

Rombough, P.J. 1985 Comp.Biochem.Physiol.C 82(1):115-117
Saucier, D., and L. Astic 1995 Comp.Biochem.Physiol.A 112(2):273-284
Saucier, D., L. Astic, P. Rioux, and F. Godinot 1991 Can.J.Zool. 69(8):2239-2245
Sauter, S., K.S. Buxton, K.J. Macek, and S.R. 
Petrocelli 1976

EPA-600/3-76-105, U.S.EPA, Duluth, MN 
:74 p.

Schreck, C.B., and H.W. Lorz 1978 J.Fish.Res.Board Can. 35(8):1124-1129
Seim, W.K., L.R. Curtis, S.W. Glenn, and G.A. 
Chapman 1984 Can.J.Fish.Aquat.Sci. 41(3):433-438

Servizi, J.A., and D.W. Martens 1978
Rep.No.39, Int.Pacific Salmon 
Fish.Comm.(Br.Col.) :26

Shaw, T.L. 1979 N.Z.J.Mar.Freshw.Res. 13(3):393-394
Shaw, T.L., and V.M. Brown 1974 Water Res. 8(6):377-382
Shazili, N.A.M., and D. Pascoe 1986 Bull.Environ.Contam.Toxicol. 36(3):468-474

Skidmore, J.F., and I.C. Firth 1983

Tech.Pap.No.81, Aust.Water 
Resour.Council, Dep.Resour.Energy, 
Australian Gov.Publ.Serv., Canberra, 
Australia :129 p.

Slooff, W. 1979
Bull.Environ.Contam.Toxicol. 23(4/5):517-
523 (Personal Communication Used)

Slooff, W. 1978

In: O.Hutzinger, I.H.Van Lelyveld and 
B.C.Zoeteman (Eds.), Aquatic Pollutants: 
Transformation and Biological Effects, 
Pergamon Press, NY :501-506

Snarski, V.M. 1982 Environ.Pollut.Ser.A 28(3):219-232

Spear, P. 1977
M.S.Thesis, Concordia Univ., Montreal, 
Canada :69 p.

Sprague, J.B. 1964 J.Fish.Res.Board Can. 21(1):17-26
Sprague, J.B., and B.A. Ramsey 1965 J.Fish.Res.Board Can. 22(2):425-432
Svecevicius, G., and M.Z. Vosyliene 1996 Ekologija 2:17-21
Svobodova, Z., B. Vykusova, K. Drbal, J. Machova, 
and M. Stepanek 1985

Bul.Vyzk.Ustav Ryb.Hydrobiol.Vodnany 
21(3):25-33 (CZE) (ENG ABS)

Viale, G., and D. Calamari 1984 Environ.Pollut.Ser.A 35(3):247-257
Vosyliene, M.Z. 1996 Ekologija 3:12-18
Waller, D.L., J.J. Rach, W.G. Cope, L.L. Marking, 1993 J.Gt.Lakes Res. 19(4):695-702
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Author Year Reference Source
S.W. Fisher, and H. Dabrowska

Williams, H.A., and R. Wootten 1981 Aquaculture 24(3/4):341-353
Wilson, R.C.H. 1972 J.Fish.Res.Board Can. 29(10):1500-1502
Wilson, R.W., H.L. Bergman, and C.M. Wood 1994 Can.J.Fish.Aquat.Sci. 51:527-535
Zitko, V., and W.G. Carson 1976 Chemosphere 5(5):299-303

Freshwater lead:

Author Year Reference Source
Adams, E.S. 1975 Trans.Am.Fish.Soc. 104(2):363-373
Applegate, V.C., J.H. Howell, A.E. Hall Jr., and M.A. 
Smith 1957

Spec.Sci.Rep.Fish.No.207, Fish Wildl.Serv., 
U.S.D.I., Washington, D.C. :157

Biegert, E.K., and V. Valkovic 1980
Period.Biol. 82:25-31(Author 
Communication Used)

Birge, W.J. 1978

In: J.H.Thorp and J.W.Gibbons (Eds.), 
Dep.Energy Symp.Ser., Energy and 
Environmental Stress in Aquatic Systems, 
Augusta, GA 48:219-240

Birge, W.J., J.A. Black, A.G. Westerman, and J.E. 
Hudson 1980

In: C.Gale (Ed.), EPA-600/9-80-022, Oil 
Shale Symposium: Sampling, Analysis and 
Quality Assurance, March 1979, U.S.EPA, 
Cincinnati, OH :519-534 (U.S.NTIS PB80-
221435)

Birge, W.J., J.A. Black, and A.G. Westerman 1979

In: S.W.Nielsen, G.Migaki, and 
D.G.Scarpelli (Eds.), Symp.Animals 
Monitors Environ.Pollut., 1977, Storrs, CT 
12:108-118

Birge, W.J., J.E. Hudson, J.A. Black, and A.G. 
Westerman 1978

In: Symp.U.S.Fish Wildl.Serv., Surface
Mining Fish Wildl.Needs in Eastern U.S., 
W.VA :97-104

Buhl, K.J., and S.J. Hamilton 1990 Ecotoxicol.Environ.Saf. 20(3):325-342
Burden, V.M., M.B. Sandheinrich, and C.A. Caldwell 1998 Environ.Pollut. 101(2):285-289
Cardwell, R.D., D.G. Foreman, T.R. Payne, and D.J. 
Wilbur 1976

EPA-600/3-76-008, U.S.EPA, Duluth, MN 
:125 p.(Publ in Part As 2149)

Chapman, G.A. 1975

Interim Report, Task 002 ROAP 10CAR, 
U.S.EPA, Corvallis, OR:27 p.(Letter to 
C.E.Stephan, U.S.EPA, Duluth, MN:5 p.) 
(1982) (Publ in part As 2123, 2060, 2027) 
(Author Communication Used)

Christensen, G., E. Hunt, and J. Fiandt 1977
Toxicol.Appl.Pharmacol. 42(3):523-
530(Used 6031, 2431, 2102 As Reference)

Christensen, G.M. 1975
Toxicol.Appl.Pharmacol. 32:191-197(Used 
Ref 2022, 9586)

Davies, P. 1976

In: R.W.Andrew, P.V.Hodson, and 
D.E.Konasewich (Eds.) Toxicity to Biota of 
Metal Forms in Nat.Water, Int.Joint Comm., 
Windsor, Canada :110-117

Davies, P.H., and W.H. Everhart 1973
EPA-R3-73-011C, U.S.EPA, Washington, 
D.C. :80 p.
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Author Year Reference Source
Davies, P.H., J.P. Goettl Jr., J.R. Sinley, and N.F. 
Smith 1976 Water Res. 10(3):199-206

Goettl, J.P.J., J.R. Sinley, and P.H. Davies 1974
Job Progress Report, Federal Aid Project F-
33-R-9, DNR, Boulder, CO :96 p.

Goettl, J.P.J., J.R. Sinley, and P.H. Davies 1972

In: L.E.Yeager and D.T.Weber (Eds.), 
Colorado Fish.Res.Rev.No.7, Div.Game Fish 
Parks, Ft.Collins, CO :36-49

Goettl, J.P.Jr., P.H. Davies, and J.R. Sinley 1976

In: D.B.Cope (Ed.), Colorado 
Fish.Res.Rev.1972-1975, DOW-R-R-F72-
75, Colorado Div.of Wildl., Boulder, CO 
:68-75

Goettl, J.P.Jr., P.H. Davies, and J.R. Sinley 1976

In: D.B.Cope (Ed.), Colorado 
Fish.Res.Rev.1972-1975, DOW-R-R-F72-
75, Colorado Div.of Wildl., Boulder, CO 
:68-75

Grande, M., and S. Andersen 1983 Vatten 39(4):405-416

Haider, G. 1979
Zool.Anz. 203(5/6):378-391 (GER) (ENG 
ABS)

Hale, J.G. 1977 Bull.Environ.Contam.Toxicol. 17(1):66-73
Hodson, P.V. 1976 J.Fish.Res.Board Can. 33(2):268-271
Hodson, P.V., B.R. Blunt, and D.J. Spry 1978 Water Res. 12(10):869-878
Hodson, P.V., B.R. Blunt, and D.J. Spry 1978 J.Fish.Res.Board Can. 35(4):437-445
Hodson, P.V., B.R. Blunt, D.J. Spry, and K. Austen 1977 J.Fish.Res.Board Can. 34(4):501-508
Hodson, P.V., B.R. Blunt, U. Borgmann, C.K. Minns, 
and S. Mcgaw 1983 Environ.Toxicol.Chem. 2(2):225-238
Hodson, P.V., D.G. Dixon, D.J. Spry, D.M. Whittle, 
and J.B. Sprague 1982 Can.J.Fish.Aquat.Sci. 39(9):1243-1251
Holcombe, G.W., D.A. Benoit, E.N. Leonard, and 
J.M. McKim 1976 J.Fish.Res.Board Can. 33(8):1731-1741
Holcombe, G.W., D.A. Benoit, E.N. Leonard, and 
J.M. McKim 1976 J.Fish.Res.Board Can. 33(8):1731-1741
Jop, K.M., A.M. Askew, and R.B. Foster 1995 Bull.Environ.Contam.Toxicol. 54(1):29-35

Kariya, T., H. Haga, Y. Haga, and K. Kimura 1969

Bull.Jpn.Soc.Sci.Fish.(Nippon Suisan 
Gakkaishi) 35(12):1167-1171 (JPN) (ENG 
ABS)

MacPhee, C., and R. Ruelle 1969
Univ.of Idaho Forest, Wildl.Range 
Exp.Station Bull.No.3, Moscow, ID :112 p.

Playle, R., A. Kuehn, and J. Richards 1996

In: Haya,K.and A.J.Niimi (Eds.), Proc.22nd 
Annual Aquatic Toxicity Workshop, Oct.2-4, 
1995, St.Andrews, New Brunswick, 
Can.Tech.Rep.Fish.Aquat.Sci.No.2093 :144 
(ABS)

Rombough, P.J. 1985 Comp.Biochem.Physiol.C 82(1):115-117
Ruby, S.M., P. Jaroslawski, and R. Hull 1993 Aquat.Toxicol. 26(3/4):225-238
Ruby, S.M., R. Hull, and P. Anderson 2000 Arch.Environ.Contam.Toxicol. 38(1):46-51
Sauter et al. 1976
Sola, F., A. Masoni, and J. Isaia 1994 J.Appl.Toxicol. 14(5):343-349

Sordyl, H. 1990
Zool.Jahrb.Abt.Allg.Zool.Physiol.Tiere 
94:141-152

Exhibit 7c



Appendix 2: ECOTOX References Sources
-735-

Author Year Reference Source
Spieler, R.E., and D.N. Weber 1991 Med.Sci.Res. 19(15):477

Swinehart, J.H. 1992

Final Tech.Rep.U.S.G.S.G-1625, Dep.of 
Chemistry, Univ.of California, Davis, CA 
:103

Tang, Y., and E.T. Garside 1987 Can.J.Fish.Aquat.Sci. 44(5):1089-1091
Varanasi, U., and D.J. Gmur 1978 Toxicol.Appl.Pharmacol. 46(1):65-75
Woodward, D.F., J.N. Goldstein, A.M. Farag, and 
W.G. Brumbaugh 1997 Trans.Am.Fish.Soc. 126:699-706

Freshwater nickel:

Author Year Reference Source

Anderson, D.R. 1981
Ph.D.Thesis, University of Washington, 
Seattle, WA :202

Becker, C.D., and M.G. Wolford 1980 Environ.Pollut. 21(3):181-189
Bentley, R.E., T. Heitmuller, B.H. Sleight III, and 
P.R. Parrish 1975

U.S.EPA, Criteria Branch, WA-6-99-1414-
B, Washington, D.C .:14

Birge, W.J. 1978

In: J.H.Thorp and J.W.Gibbons (Eds.), 
Dep.Energy Symp.Ser., Energy and 
Environmental Stress in Aquatic Systems, 
Augusta, GA 48:219-240

Birge, W.J., J.A. Black, A.G. Westerman, and J.E. 
Hudson 1980

In: C.Gale (Ed.), EPA-600/9-80-022, Oil 
Shale Symposium: Sampling, Analysis and 
Quality Assurance, March 1979, U.S.EPA, 
Cincinnati, OH :519-534 (U.S.NTIS PB80-
221435)

Birge, W.J., J.E. Hudson, J.A. Black, and A.G. 
Westerman 1978

In: Symp.U.S.Fish Wildl.Serv., Surface 
Mining Fish Wildl.Needs in Eastern U.S., 
W.VA :97-104

Bornatowicz, N. 1983

Oesterreichisches Forschungszentrum 
Seibersdorf, G.m.b.H.Inst.fuer Biologie, 
Germany:22 p.(GER) (ENG ABS) 
(U.S.NTIS PB-84232073)

Brown, V.M., and R.A. Dalton 1970 J.Fish Biol. 2(3):211-216
Buhl, K.J., and S.J. Hamilton 1991 Ecotoxicol.Environ.Saf. 22:184-197

Goettl, J.P.J., J.R. Sinley, and P.H. Davies 1974
Job Progress Report, Federal Aid Project F-
33-R-9, DNR, Boulder, CO :96 p.

Gottofrey, J., K. Borg, S. Jasim, and H. Tjaelve 1988 Pharmacol.Toxicol. 63:46-51
Grande, M., and S. Andersen 1983 Vatten 39(4):405-416
Hale, J.G. 1977 Bull.Environ.Contam.Toxicol. 17(1):66-73
Kazlauskiene, N., A. Burba, and G. Svecevicius 1994 Ekologija 1:33-36
Nebeker, A.V., C. Savonen, and D.G. Stevens 1985 Environ.Toxicol.Chem. 4(2):233-239
O'Neill, J.G. 1981 J.Fish Biol. 19(3):297-306
Palawski, D., J.B. Hunn, and F.J. Dwyer 1985 Trans.Am.Fish.Soc. 114:748-753
Schweiger, G. 1957 Arch.Fischereiwiss. 8:54-78

Willford, W.A. 1966

Invest.Fish Control No.18, 
Resourc.Publ.No.35, Fish Wildl.Serv., 
Bur.Sport Fish.Wildl., U.S.D.I.
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Freshwater selenium:

Author Year Reference Source

Adams, W.J. 1976
Ph.D.Thesis, Michigan State University, East 
Lansing, MI :109 p.

Birge, W.J. 1978

In: J.H.Thorp and J.W.Gibbons (Eds.), 
Dep.Energy Symp.Ser., Energy and 
Environmental Stress in Aquatic Systems, 
Augusta, GA 48:219-240

Birge, W.J., J.A. Black, A.G. Westerman, and B.A. 
Ramey 1983 Fundam.Appl.Toxicol. 3:237-242

Birge, W.J., J.A. Black, A.G. Westerman, and J.E. 
Hudson 1980

In: C.Gale (Ed.), EPA-600/9-80-022, Oil 
Shale Symposium: Sampling, Analysis and 
Quality Assurance, March 1979, U.S.EPA, 
Cincinnati, OH :519-534 (U.S.NTIS PB80-
221435)

Birge, W.J., J.A. Black, and A.G. Westerman 1979

In: S.W.Nielsen, G.Migaki, and 
D.G.Scarpelli (Eds.), Symp.Animals 
Monitors Environ.Pollut., 1977, Storrs, CT 
12:108-118

Buhl, K.J., and S.J. Hamilton 1991 Ecotoxicol.Environ.Saf. 22:184-197
Cardwell, R.D., D.G. Foreman, T.R. Payne, and D.J. 
Wilbur 1976 Arch.Environ.Contam.Toxicol. 4(2):129-144

Goettl, J.P.J., and P.H. Davies 1975

Job Progress Rep., Federal Aid Proj.F-33-R-
10, Res.Proj.Segment, Jan 1-Dec 31, 1974, 
Colorado :29 p.

Goettl, J.P.J., and P.H. Davies 1976
Job Progress Report, Federal Aid Project F-
33-R-11, DNR, Boulder, C O:58

Goettl, J.P.Jr., P.H. Davies, and J.R. Sinley 1976

In: D.B.Cope (Ed.), Colorado 
Fish.Res.Rev.1972-1975, DOW-R-R-F72-
75, Colorado Div.of Wildl., Boulder, CO 
:68-75

Hamilton, S.J., and K.J. Buhl 1990
Arch.Environ.Contam.Toxicol. 19(3):366-
373

Hodson, P.V., D.J. Spry, and B.R. Blunt 1980 Can.J.Fish.Aquat.Sci. 37(2):233-240
Hodson, P.V., J.W. Hilton, and S.J. Slinger 1986 Fish Physiol.Biochem. 1(4):187-196
Hunn, J.B., S.J. Hamilton, and D.R. Buckler 1987 Water Res. 21(2):233-238
Klaverkamp, J.F., W.A. MacDonald, W.R. Lillie, and 
A. Lutz 1983 Arch.Environ.Contam.Toxicol. 12:415-419

MacPhee, C., and R. Ruelle 1969
Univ.of Idaho Forest, Wildl.Range 
Exp.Station Bull.No.3, Moscow, ID :112 p.

Palawski, D., J.B. Hunn, and F.J. Dwyer 1985 Trans.Am.Fish.Soc. 114:748-753

Spehar, R.L. 1986

Memo to D.J.Call, U.S.EPA, Duluth, MN 
/Center for Lake Superior Environ.Studies, 
Univ.of Wisconsin-Superior, Superior, WI 
:17 p.
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Freshwater silver:

Author Year Reference Source

Birge, W.J. 1978

In: J.H.Thorp and J.W.Gibbons (Eds.), 
Dep.Energy Symp.Ser., Energy and 
Environmental Stress in Aquatic Systems, 
Augusta, GA 48:219-240

Birge, W.J., and J.A. Zuiderveen 1996

In: A.W.Andren and T.W.Bober (Eds.), 3rd 
Int.Conf.Proc.Transport, Fate and Effects of 
Silver in the Environment, Aug.6-9, 1995, 
Washington, D.C. :79-87

Birge, W.J., J.A. Black, A.G. Westerman, and J.E. 
Hudson 1980

In: C.Gale (Ed.), EPA-600/9-80-022, Oil 
Shale Symposium: Sampling, Analysis and 
Quality Assurance, March 1979, U.S.EPA, 
Cincinnati, OH :519-534 (U.S.NTIS PB80-
221435)

Birge, W.J., J.A. Black, and A.G. Westerman 1979

In: S.W.Nielsen, G.Migaki, and 
D.G.Scarpelli (Eds.), Symp.Animals 
Monitors Environ.Pollut., 1977, Storrs, CT 
12:108-118

Birge, W.J., J.E. Hudson, J.A. Black, and A.G. 
Westerman 1978

In: Symp., U.S.Fish Wildl.Serv., Dec.3-6, 
1978, Surface Mining Fish Wildl.needs in 
Eastern U.S., WV :97-104

Buhl and Hamilton 1991
Bury, N.R., F. Galvez, and C.M. Wood 1999 Environ.Toxicol.Chem. 18(1):56-62

Davies, P.H., J.P. Goettl Jr., and J.R. Sinley 1978
Water Res. 12(2):113-117 (Author 
Communication Used)

Davies, P.H.Jr. 1978
Environ.Impacts Artif.Ice Nucleating Agents 
:149-161

Diamond, J.M., D.G. Mackler, M. Collins, and D. 
Gruber 1990 Environ.Toxicol.Chem. 9(11):1425-1434
Galvez, F., and C.M. Wood 1997 Environ.Toxicol.Chem. 16(11):2363-2368
Galvez, F., C. Hogstrand, and C.M. Wood 1998 Comp.Biochem.Physiol.C 119(2):131-137

Goettl, J.P.Jr., and P.H. Davies 1975
Job Prog.Rep., Fed.Aid Proj.F-33-R-10, Jan 
1-Dec 31, 1974, Colorado :29 p.

Goettl, J.P.Jr., P.H. Davies, and J.R. Sinley 1976

In: D.B.Cope (Ed.), Colorado 
Fish.Res.Rev.1972-1975, DOW-R-R-F72-
75, Colorado Div.of Wildl., Boulder, CO 
:68-75

Grosell, M., C. Hogstrand, C.M. Wood, and H.J.M. 
Hansen 2000 Aquat.Toxicol. 48(2/3):327-342
Hale, J.G. 1977 Bull.Environ.Contam.Toxicol. 17(1):66-73
Hogstrand, C., F. Galvez, and C.M. Wood 1996 Environ.Toxicol.Chem. 15(7):1102-1108
Holcombe, G.W., G.L. Phipps, A.H. Sulaiman, and 
A.D. Hoffman 1987

Arch.Environ.Contam.Toxicol. 16:697-710 
(OECDG Data File)

Karen, D.J., D.R. Ownby, B.L. Forsythe, T.P. Bills, 
T.W. LaPoint, G.B. Cobb, and S.J. Klaine 1999 Environ.Toxicol.Chem. 18(1):63-70

Lemke, A.E. 1981
EPA-600/3-81-005, U.S.EPA, Duluth, MN 
:29 p.(U.S.NTIS PB81-160772)

Nebeker, A.V., C.K. McAuliffe, R. Mshar, and D.G. 
Stevens 1983 Environ.Toxicol.Chem. 2:95-104
Nishiuchi, Y. 1979 The Aquiculture (Suisan Zoshoku) 
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Author Year Reference Source
27(2):119-124 (JPN)

Rombough, P.J. 1985 Comp.Biochem.Physiol.C 82(1):115-117

Freshwater tributyltin:

Author Year Reference Source

Office of Pesticide Programs 2000
Environmental Fate and Effects Division, 
U.S.EPA, Washington, D.C.

Buccafusco, R., C. Stiefel, D. Sullivan, B. Robinson, 
and J. Maloney Jr. 1978 U.S.EPA-OPP Registration Standard
Martin, R.C., D.G. Dixon, R.J. Maguire, P.V. 
Hodson, and R.J. Tkacz 1989 Aquat.Toxicol. 15(1):37-52

Alabaster, J.S. 1969
Int.Pest Control 11(2):29-35 (Author 
Communication Used)

Alabaster, J.S. 1969
Int.Pest Control 11(2):29-35 (Author 
Communication Used)

Baldwin, I.G., M.M.I. Harman, and D.A. Neville 1994 Water Res. 28(10):2191-2199
Bruggemann, R., J. Schwaiger, and R.D. Negele 1995 Chemosphere 30(9):1767-1780
Buccafusco, R., C. Stiefel, D. Sullivan, B. Robinson, 
and J. Maloney Jr. 1978 U.S.EPA-OPP Registration Standard
Douglas, M.T., D.O. Chanter, I.B. Pell, and G.M. 
Burney 1986 Aquat.Toxicol. 8(4):243-249
Martin, R.C., D.G. Dixon, R.J. Maguire, P.V. 
Hodson, and R.J. Tkacz 1989 Aquat.Toxicol. 15(1):37-52

Orthuber, G. 1991

Ph.D.Thesis, Ludwig-Maximilians Univ., 
Muenchen, Germany:194 p.(GER) (ENG 
ABS)

Schwaiger, J., F. Bucher, H. Ferling, W. Kalbfus, 
and R.D. Negele 1992 Aquat.Toxicol. 23(1):31-48
Triebskorn, R., H.R. Kohler, J. Flemming, T. 
Braunbeck, R.D. Negele, and H. Rahmann 1994 Aquat.Toxicol. 30(3):189-197
Short, J.W., and F.P. Thrower 1987 Aquaculture 61(3-4):193-200

Freshwater zinc:

Author Year Reference Source
Alsop, D.H., and C.M. Wood 1999 Can.J.Fish.Aquat.Sci. 56(11):2112-2119
Alsop, D.H., and C.M. Wood 2000 Environ.Toxicol.Chem. 19(7):1911-1918
Alsop, D.H., J.C. McGeer, D.G. McDonald, and 
C.M. Wood 1999 Environ.Toxicol.Chem. 18(5):1014-1025
Anadu, D.I., G.A. Chapman, L.R. Curtis, and R.A. 
Tubb 1989 Bull.Environ.Contam.Toxicol. 43(3):329-336
Billard, R., and P. Roubaud 1985 Water Res. 19(2):209-214

Birge, W.J. 1978

In: J.H.Thorp and J.W.Gibbons (Eds.), 
Dep.Energy Symp.Ser., Energy and 
Environmental Stress in Aquatic Systems, 
Augusta, GA 48:219-240

Birge, W.J., J.A. Black, A.G. Westerman, and B.A. 1983 Fundam.Appl.Toxicol. 3:237-242
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Author Year Reference Source
Ramey

Birge, W.J., J.A. Black, A.G. Westerman, and J.E. 
Hudson 1980

In: C.Gale (Ed.), EPA-600/9-80-022, Oil 
Shale Symposium: Sampling, Analysis and 
Quality Assurance, March 1979, U.S.EPA, 
Cincinnati, OH :519-534 (U.S.NTIS PB80-
221435)

Birge, W.J., J.A. Black, and A.G. Westerman 1979

In: S.W.Nielsen, G.Migaki, and 
D.G.Scarpelli (Eds.), Symp.Animals 
Monitors Environ.Pollut., 1977, Storrs, CT 
12:108-118

Birge, W.J., J.E. Hudson, J.A. Black, and A.G. 
Westerman 1978

In: Symp.U.S.Fish Wildl.Serv., Surface 
Mining Fish Wildl.Needs in Eastern U.S., 
W.VA :97-104

Black, J.A., and W.J. Birge 1980

Res.Report No.123, Water Resour.Res.Inst., 
University of Kentucky, Lexington, 
Kentucky Y:34-180490

Bradley, R.W., and J.B. Sprague 1985 Environ.Toxicol.Chem. 4(5):685-694
Bradley, R.W., and J.B. Sprague 1985 Can.J.Fish.Aquat.Sci. 42:731-736
Bradley, R.W., C. Duquesnay, and J.B. Sprague 1985 J.Fish Biol. 27(4):367-369

British, Columbia Research 1978

Environ.Can., Environ.Prot.Serv., 
Coop.Pollut.Abatement Res., CPAR Project 
Rep. 688-1:36

Brown, V.M., and R.A. Dalton 1970 J.Fish Biol. 2(3):211-216
Buhl, K.J., and S.J. Hamilton 1990 Ecotoxicol.Environ.Saf. 20(3):325-342

Cairns, J., A.L.Jr Buikema, A.G. Heath, and B.C. 
Parker 1978

Va.Water Resour.Res.Center, Bull.106, 
Office of Water Res.and Technol., OWRT 
Project B-084-VA, VA.Polytech.Inst.State 
Univ., Blacksburg, VA :1-88

Cairns, M.A., R.R. Garton, and R.A. Tubb 1982 Trans.Am.Fish.Soc. 111(1):70-77
Carson and Carson 1972
Chapman, G.A. 1978 Trans.Am.Fish.Soc. 107(6):841-847
Chapman, G.A. 1978 Trans.Am.Fish.Soc. 107(6):828-836

Chapman, G.A. 1975

Interim Report, Task 002 ROAP 10CAR, 
U.S.EPA, Corvallis, OR:27 p.(Letter to 
C.E.Stephan, U.S.EPA, Duluth, MN:5 p.) 
(1982) (Publ in part As 2123, 2060, 2027) 
(Author Communication Used)

Chapman, G.A. 1978 Trans.Am.Fish.Soc. 107(6):841-847
Chapman, G.A. 1978 Trans.Am.Fish.Soc. 107(6):828-836

Chapman, G.A. 1975

Interim Report, Task 002 ROAP 10CAR, 
U.S.EPA, Corvallis, OR:27 p.(Letter to 
C.E.Stephan, U.S.EPA, Duluth, MN:5 p.) 
(1982) (Publ in part As 2123, 2060, 2027) 
(Author Communication Used)

Chapman, G.A., and D.G. Stevens 1978 Trans.Am.Fish.Soc. 107(6):837-840
Cusimano, R.F., D.F. Brakke, and G.A. Chapman 1986 Can.J.Fish.Aquat.Sci. 43(8):1497-1503
Dinnel, P.A., Q.J. Stober, J.M. Link, M.W. 
Letourneau, W.E. Roberts, S.P. Felton, and R.E. 
Nakatani 1983

Final Report, FRI-UW-8306, Fisheries 
Research Inst., School of Fisheries, 
University of Washington, Seattle, WA :208
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Author Year Reference Source
Eddy, F.B., and J.E. Fraser 1982 Comp.Biochem.Physiol.C 73(2):357-359
Everall, N.C., N.A.A. MacFarlane, and R.W. 
Sedgwick 1989 J.Fish Biol. 35(6):881-892
Finlayson, B.J., and K.M. Verrue 1982 Trans.Am.Fish.Soc. 111(5):645-650
Goettl, et al. 1974

Goettl, J.P.J., J.R. Sinley, and P.H. Davies 1972

In: L.E.Yeager and D.T.Weber (Eds.), 
Colorado Fish.Res.Rev.No.7, Div.Game Fish 
Parks, Ft.Collins, CO :36-49

Goettl, J.P.Jr., P.H. Davies, and J.R. Sinley 1976

In: D.B.Cope (Ed.), Colorado 
Fish.Res.Rev.1972-1975, DOW-R-R-F72-
75, Colorado Div.of Wildl., Boulder, CO 
:68-75

Goettl, J.P.Jr., P.H. Davies, and J.R. Sinley 1976

In: D.B.Cope (Ed.), Colorado 
Fish.Res.Rev.1972-1975, DOW-R-R-F72-75, 
Colorado Div.of Wildl., Boulder, CO :68-75

Goodman, J.R. 1951 Calif.Fish Game 37(2):191-194
Grande, M. 1966 Adv.Water Pollut.Res. 1:97-111

Haider, G., and W. Wunder 1983
Zool.Anz. 210(5/6):296-314 (GER) (ENG 
ABS)

Hale, J.G. 1977 Bull.Environ.Contam.Toxicol. 17(1):66-73
Hamilton, S.J., and K.J. Buhl 1990 Ecotoxicol.Environ.Saf. 20(3):307-324
Herbert, D.W.M., and A.C. Wakeford 1964 Int.J.Air Water Pollut. 8(3/4):251-256
Herbert, D.W.M., and D.S. Shurben 1963 Ann.Appl.Biol. 52:321-326
Herbert, D.W.M., and D.S. Shurben 1964 Ann.Appl.Biol. 53:33-41
Herbert, D.W.M., and J.M. Vandyke 1964 Ann.Appl.Biol. 53(3):415-421
Hickie, B.E., N.J. Hutchinson, D.G. Dixon, and P.V. 
Hodson 1993 Can.J.Fish.Aquat.Sci. 50:1348-1355
Hodson, P.V. 1975 J.Fish.Res.Board Can. 32(12):2552-2556
Hodson, P.V., B.R. Blunt, D.J. Spry, and K. Austen 1977 J.Fish.Res.Board Can. 34(4):501-508
Hogstrand, C., R.W. Wilson, D. Polgar, and C.M. 
Wood 1994 J.Exp.Biol. 186:55-73
Hogstrand, C., S.D. Reid, and C.M. Wood 1995 J.Exp.Biol. 198:337-348
Holcombe, G.W., and R.W. Andrew 1978 EPA-600/3-78-094, U.S.EPA, Duluth, MN
Holcombe, G.W., D.A. Benoit, and E.N. Leonard 1979 Trans.Am.Fish.Soc. 108(1):76-87

Hughes, G.M., and L. Tort 1985
Environ.Pollut.Ser.A Ecol.Biol. 37(3):255-
266

Hughes, G.M., and R. Flos 1978 J.Fish Biol. 13:717-728
Hughes, G.M., and R.J. Adeney 1977 Water Res. 11(12):1069-1077
Kazlauskiene, N., A. Burba, and G. Svecevicius 1994 Ekologija 1:33-36
Kock, G., and F. Bucher 1997 Bull.Environ.Contam.Toxicol. 58(2):305-310
Lloyd, R. 1961 Ann.Appl.Biol. 49:535-538

Lorz, H.W., and B.P. McPherson 1977
EPA-600/3-77-032, U.S.EPA, Corvallis, OR 
:69

Lorz, H.W., and B.P. McPherson 1976 J.Fish.Res.Board Can. 33(9):2023-2030
Lovegrove, S.M., and B. Eddy 1982 Environ.Biol.Fish. 7(3):285-289
Mayer, F.L.J., and M.R. Ellersieck 1986 Resour.Publ.No.160, U.S.Dep.Interior, Fish 
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Author Year Reference Source
Wildl.Serv., Washington, DC :505 p. (USGS 
Data File)

McLeay, D.J. 1976 J.Fish.Res.Board Can. 33(6):1303-1311
Meisner, J.D., and W.Q. Hum 1987 Bull.Environ.Contam.Toxicol. 39(5):898-902

Negilski, D.S. 1973
M.S.Thesis, Oregon State Univ., Corvallis, 
OR:80 p.(Author Communication Used)

Nehring, R.B.Jr. 1974 Bull.Environ.Contam.Toxicol. 12(4):464-469
O'Neill, J.G. 1981 J.Fish Biol. 19(3):297-306
Peterson, R.H. 1976 J.Fish.Res.Board Can. 33(8):1722-1730
Pickering, Q.H., and W.N. Vigor 1965 Prog.Fish-Cult. 27(3):153-157

Qureshi, A.A., K.W. Flood, S.R. Thompson, S.M. 
Janhurst, C.S. Inniss, and D.A. Rokosh 1982

In: J.G.Pearson, R.B.Foster and W.E.Bishop 
(Eds.), Aquatic Toxicology and Hazard 
Assessment, 5th Confrence, ASTM STP 766, 
Philadelphia, PA :179-195

Rabe, F.W., and C.W. Sappington 1970

Res.Project Tech.Completion Rep., Project 
A-024-IDA, Water Resour.Res.Instit., 
University of Idah o:16

Rombough, P.J. 1985 Comp.Biochem.Physiol.C 82(1):115-117
Shazili, N.A.M., and D. Pascoe 1986 Bull.Environ.Contam.Toxicol. 36(3):468-474
Sinley, J.R., J.P. Goettl Jr., and P.H. Davies 1974 Bull.Environ.Contam.Toxicol. 12(2):193-201

Skidmore, J.F., and I.C. Firth 1983

Tech.Pap.No.81, Australian Water 
Resour.Council, Dep.Resour.Energy, 
Australian Gov.Publ.Serv., Canberra, 
Australi a:129

Skidmore, J.F., and P.W.A. Tovell 1972 Water Res. 6(3):217-230
Solbe, J.F.D. 1974 Water Res. 8(6):389-391
Sprague, J.B. 1964 J.Fish.Res.Board Can. 21(1):17-26
Sprague, J.B., and B.A. Ramsey 1965 J.Fish.Res.Board Can. 22(2):425-432

Spry, D.J., and C.M. Wood 1984

J.Comp.Physiol.B 
Biochem.Syst.Environ.Physiol. 154(2):149-
158

Spry, D.J., and C.M. Wood 1985 Can.J.Fish.Aquat.Sci. 42:1332-1341
Stubblefield, W.A., B.L. Steadman, T.W. La Point, 
and H.L. Bergman 1999 Environ.Toxicol.Chem. 18(12):2875-2881

Svobodova, Z., and B. Vykusova 1988
Bul.Vyzk.Ustav Ryb.Hydrobiol.Vodnany 
24(2):14-19 (CZE) (ENG ABS)

Tuurala, H. 1983 Ann.Zool.Fenn. 20(3):235-238
Van Leeuwen, C.J., E.M.M. Grootelaar, and G. 
Niebeek 1990 Ecotoxicol.Environ.Saf. 20(1):42-52

Water Pollution Research Board 1968

In: Water Pollution Research 1967, Water 
Pollution Research Board, Dep.of Scientific 
and Industrial Research, H.M.Stationery 
Office, London :56-65

Water Pollution Research Board 1962

In: Water Pollution Research 1961, Water 
Pollution Research Board, Dep.of Scientific 
and Industrial Research, H.M.Stationery 
Office, London :90-93

Water Pollution Research Laboratory 1967
In: Water Pollution Research 1966, Ministry 
of Technology, London, England :50-61
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Author Year Reference Source
Watson, T.A., and B.A. McKeown 1976 J.Wildl.Dis. 12(2):263-270
Woodall, C., N. MacLean, and F. Crossley 1988 Comp.Biochem.Physiol.C 89(1):93-99
Zitko, V., and W.G. Carson 1976 Chemosphere 5(5):299-303

Saltwater Criteria

Saltwater cadmium:

Author Year Reference Source
Dinnel, P.A., J.M. Link, Q.J. Stober, M.W. 
Letourneau, and W.E. Roberts 1989

Arch.Environ.Contam.Toxicol. 18(5):748-
755

Saltwater chromium VI:

Author Year Reference Source
Benoit, 1976
Buhl, K.J., and S.J. Hamilton 1991 Ecotoxicol.Environ.Saf. 22:184-197
Hamilton, S.J., and K.J. Buhl 1990 Ecotoxicol.Environ.Saf. 20(3):307-324
Kazlauskiene, N., A. Burba, and G. Svecevicius 1994 Ekologija 1:33-36

Office of Pesticide Programs 2000
Environmental Fate and Effects Division, 
U.S.EPA, Washington, D.C.

Olson, P.A. & H.F. Foster 1956
Hanford Biol. Res. Annual Rep. #HW-
41500, p 35-49

Sauter, et al. 1976

Saltwater copper:

Author Year Reference Source
Dinnel, P.A., J.M. Link, Q.J. Stober, M.W. 
Letourneau, and W.E. Roberts 1989

Arch.Environ.Contam.Toxicol. 18(5):748-
755

Dinnel, P.A., Q.J. Stober, J.M. Link, M.W. 
Letourneau, W.E. Roberts, S.P. Felton, and R.E. 
Nakatani 1983

Final Report, FRI-UW-8306, Fisheries 
Research Inst., School of Fisheries,
University of Washington, Seattle, WA :208
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Saltwater endosulfan-alpha and endosulfan-beta:

Author Year Reference Source
Dinnel, P.A., Q.J. Stober, J.M. Link, M.W. 
Letourneau, W.E. Roberts, S.P. Felton, and R.E. 
Nakatani 1983

Final Report, FRI-UW-8306, Fisheries 
Research Inst., School of Fisheries, 
University of Washington, Seattle, WA :208

Dinnel, P.A., J.M. Link, Q.J. Stober, M.W. 
Letourneau, and W.E. Roberts 1989

Arch.Environ.Contam.Toxicol. 18(5):748-
755

Saltwater lead:

Author Year Reference Source
Dinnel, P.A., Q.J. Stober, J.M. Link, M.W. 
Letourneau, W.E. Roberts, S.P. Felton, and R.E. 
Nakatani 1983

Final Report, FRI-UW-8306, Fisheries 
Research Inst., School of Fisheries, 
University of Washington, Seattle, WA :208

Varanasi, U. 1978

In: D.A.Wolfe (Ed.), Marine Biological 
Effects of OCS Petroleum Development, 
NOAA ERL, Boulder, CO :41-53

Saltwater selenium:

Author Year Reference Source

Hamilton, S.J., and K.J. Buhl 1990
Arch.Environ.Contam.Toxicol. 19(3):366-
373

Saltwater silver:

Author Year Reference Source
Dinnel, P.A., Q.J. Stober, J.M. Link, M.W. 
Letourneau, W.E. Roberts, S.P. Felton, and R.E. 
Nakatani 1983

Final Report, FRI-UW-8306, Fisheries 
Research Inst., School of Fisheries, 
University of Washington, Seattle, WA :208

Ferguson, E.A., and C. Hogstrand 1998 Environ.Toxicol.Chem. 17(4):589-593

Saltwater tributyltin:

Author Year Reference Source

Alabaster, J.S. 1969
Int.Pest Control 11(2):29-35 (Author 
Communication Used)

Baldwin, I.G., M.M.I. Harman, and D.A. Neville 1994 Water Res. 28(10):2191-2199
Bruggemann, R., J. Schwaiger, and R.D. Negele 1995 Chemosphere 30(9):1767-1780
Buccafusco, R., C. Stiefel, D. Sullivan, B. Robinson, 
and J. Maloney Jr. 1978 U.S.EPA-OPP Registration Standard
Douglas, M.T., D.O. Chanter, I.B. Pell, and G.M. 
Burney 1986 Aquat.Toxicol. 8(4):243-249
Martin, R.C., D.G. Dixon, R.J. Maguire, P.V. 
Hodson, and R.J. Tkacz 1989 Aquat.Toxicol. 15(1):37-52

Office of Pesticide Programs 2000
Environmental Fate and Effects Division, 
U.S.EPA, Washington, D.C.
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Orthuber, G. 1991

Ph.D.Thesis, Ludwig-Maximilians Univ., 
Muenchen, Germany:194 p.(GER) (ENG 
ABS)

Schwaiger, J., F. Bucher, H. Ferling, W. Kalbfus, 
and R.D. Negele 1992 Aquat.Toxicol. 23(1):31-48
Short, J.W., and F.P. Thrower 1987 Aquaculture 61(3-4):193-200
Triebskorn, R., H.R. Kohler, J. Flemming, T. 
Braunbeck, R.D. Negele, and H. Rahmann 1994 Aquat.Toxicol. 30(3):189-197
Triebskorn, R., H.R. Kohler, K.H. Kortje, R.D. 
Negele, H. Rahmann, and T. Braunbeck 1994 Aquat.Toxicol. 30(3):199-213

Saltwater zinc:

Author Year Reference Source
Dinnel, P.A., Q.J. Stober, J.M. Link, M.W. 
Letourneau, W.E. Roberts, S.P. Felton, and R.E. 
Nakatani 1983

Final Report, FRI-UW-8306, Fisheries 
Research Inst., School of Fisheries, 
University of Washington, Seattle, WA :208

Herbert, D.W.M., and A.C. Wakeford 1964 Int.J.Air Water Pollut. 8(3/4):251-256
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APPENDIX 3: Direct Mortality Population Modeling

Introduction

To assess the potential for adverse impacts of chemical exposures during subyearling freshwater 
post-swimup rearing on Pacific salmon populations, two models were developed. One model 
assesses direct mortality and its impact on population productivity and another model explicitly 
links impairments in the somatic growth of individual subyearling salmon to the productivity of 
salmon populations. Both models address impacts on first-year survival, and the results are 
incorporated into one of four life-history models to quantify changes in population productivity. 
General life-history models were constructed and analyzed for coho salmon (Oncorhynchus 
kisutch), sockeye salmon (O. nerka) and ocean-type and stream-type Chinook salmon (O. 
tshawytscha). For this exercise a population is defined following Ricker’s (1972) definition of a 
“stock” as “a group of fish of the same species that spawns in a particular lake or stream (or 
portion thereof) at a particular season and which, to a substantial degree, does not interbreed with 
fish from any other group spawning in a different place or in the same place at a different 
season.” The investigation of population-level responses to chemical exposures uses life-history 
transition matrix models. Individuals within a population exhibit various growth, reproduction, 
and survivorship rates depending on their developmental or life-history stage or age. The life-
history strategy and demographic rates defining the survival and reproductive contribution of the 
various age classes determine the population productivity and determine the model transition 
matrix. Alterations of the demographic rates can impact a population’s intrinsic growth rate 
which is calculated directly from the transition matrix as described below. 

The basic salmonid life history consists of hatching and rearing in freshwater, smoltification in 
estuaries, migration to the ocean, growth to maturation at sea, and returning to the natal 
freshwater stream for spawning followed shortly by death. Differences between the four modeled 
life-history strategies are lifespan of the female, time to reproductive maturity, and the number 
and relative contribution of the reproductive age classes (Figure A1). The coho females modeled 
reach reproductive maturity at age 3 and provide all of the reproductive contribution at this time. 
Sockeye females in the modeled life history reach maturity at age 4 or 5, but the majority of 
reproductive contributions are provided by age 4 females. Chinook females can mature at age 3, 
4 or 5, with the majority of the reproductive contribution from ages 4 and 5. The primary 
difference between the ocean-type and stream-type Chinook is juvenile freshwater residence 
time, with ocean-type juveniles migrating to the ocean as subyearlings and stream-type Juveniles
overwintering in freshwater and migrating to the ocean as yearling smolts. The models depicted 
general populations representing each life-history strategy and were constructed based upon 
literature data described below. Specific populations were not modeled due to the difficulty in 
finding sufficient demographic and reproductive data for single populations. 

The endpoint used to assess population-level impacts for both the somatic growth model and the 
direct mortality population model was the percent change in the intrinsic population growth rate 
(lambda, ) resulting from the chemical exposure. Change in is an accepted population 
parameter often used in evaluating population productivity, status, and viability. The National 
Marine Fisheries Service uses changes in when estimating the status of species, conducting 
risk and viability assessments, developing Endangered Species Recovery Plans, composing 
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Biological Opinions, and communicating with other federal, state and local agencies (McClure et 
al., 2003). While values of <1.0 indicate a declining population, in cases when an exposure 
causes the population growth rate to decrease more than natural variability, a loss of productivity 
will result even if lambda remains above 1.0. Decreases in response to chemical exposures can 
be a cause for concern since the impact could make a population more susceptible to declining 
(lambda dropping below 1.0) due to impacts from other stressors. 

To determine if population productivity would be at risk due to direct mortality resulting from 
either acute or chronic exposures to the criterion concentrations of the chemicals of concern, a 
direct mortality population model was constructed. This model assessed whether juvenile salmon 
during their freshwater residence encountering the established criterion concentrations would 
experience individual mortality, and if that mortality would be sufficient to produce a change in 
the population growth rate. This included direct mortality from either acute or chronic exposures. 
The model applied a mortality factor to first-year survival of the respective life-history models to 
assess changes in lambda.

In the freshwater portion of their life, Pacific salmon are exposed to chemicals that also may act 
in a sublethal manner by inhibiting somatic growth. Juvenile growth is a critical determinant of 
freshwater and marine survival for Chinook salmon (Higgs et al. 1995). Reductions in the 
somatic growth rate of salmon fry and smolts are believed to result in increased size-dependent 
mortality (Healey 1982, West and Larkin 1987, Zabel and Achord 2004). Zabel and Achord 
(2004) and Mebane and Arthaud (2010) observed size-dependent survival for Juvenile salmon 
during the freshwater phase of their outmigration. Mortality is also higher among smaller and 
slower growing salmon because they are more susceptible to predation during their first winter 
(Healey 1982, Holtby et al. 1990, Beamish and Mahnken 2001). These studies suggest that 
factors affecting the organism and reducing somatic growth could result in decreased first-year 
survival and, thus, reduce population productivity. Using a modeling approach, Mebane and 
Arthaud (2010) suggested that size reductions from early-life stage chronic sublethal copper 
exposure could potentially reduce Juvenile salmon survival and population recovery trajectories.

Changes in juvenile salmon size due to exposure to the chemicals of concern were linked to size-
dependent survival of Juveniles during their first year. Exposures and somatic growth were 
determined from the free-swimming and feeding fry stage (1.0g fish) to either outmigration, for 
ocean-type stocks, or to the fall when parr prepare for overwintering, in the case of stream-type 
stocks. Somatic growth models were constructed for coho, sockeye, ocean-type and stream-type 
Chinook. A steelhead (O. mykiss) life-history model was not constructed due to the lack of 
demographic information relating to the proportions of resident and anadromous individuals, the 
freshwater residence time of steelhead, and rates of repeated spawning. Models for chum (O. 
keta) and pink salmon (O. gorbuscha) were not constructed due to their short freshwater 
residence which would not allow sufficient rearing time to alter somatic growth rate and size to 
the point of altering survival rates. The somatic growth model used here is an extension of one 
developed for investigating the effects of pesticides on the biochemistry, behavior and growth of 
ocean-type Chinook salmon (Baldwin et al., 2009). 

The following descriptions detail how the direct mortality and somatic growth models were 
developed to serve as a means to assess the potential effects on ESA-listed salmon populations 
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from exposure to chemicals that cause direct mortality and reductions in somatic growth. 
Comparing the results from different chemical exposure scenarios to a control (i.e. unexposed) 
scenario can indicate the potential for chemical exposures to lead to changes in either mortality 
or somatic growth and size-dependent survival of individual subyearling salmon. Subsequent 
changes in salmon population dynamics as indicated by percent change in a population’s 
intrinsic rate of increase assist us in estimating the potential population-level impacts to listed 
populations. 

Methods

Model Life-history Strategies 

Both models investigated the population-level responses to chemical exposures using life-history 
projection matrix models. Individuals within a population exhibit various growth, reproduction, 
and survivorship rates depending on their developmental or life-history stage or age. These age 
specific characteristics are depicted in the life-history graph (Figure A1A-C) in which transitions 
are depicted as arrows. The nonzero matrix elements represent transitions corresponding to 
reproductive contribution or survival, located in the top row and the subdiagonal of the matrix, 
respectively (Figure A1C). The survival transitions in the life-history graph are incorporated into 
the n x n square matrix (A) by assigning each age a number (1 through n) and each transition 
from age i to age j becomes the element aij of matrix A (i = row, j = column) and represents the 
proportion of the individuals in each age passing to the next age as a result of survival. The 
reproductive element (a1j) gives the number of offspring that hatch per individual in the 
contributing age, j. The reproductive element value incorporates the proportion of females in 
each age, the proportion of females in the age that are sexually mature, fecundity, fertilization 
success, and hatch success. 

A prospective analysis of the transition matrix, A, (Caswell 2001) explored the intrinsic 
population growth rate as a function of the vital rates (survival and reproduction). The intrinsic 
population growth rate, , equals the dominant eigenvalue of A and was calculated using matrix 
analysis software (MATLAB version 2010b by The Math Works Inc., Natick, MA). Therefore
is calculated directly from the matrix. Variability was integrated by repeating the calculation of 
2000 times selecting the values in the transition matrix from their normal distribution defined by 
their mean and standard deviation. The mean value of for control and exposed scenarios were 
determined. From these values the percent change in (and standard deviation) was calculated. 
The influence of each matrix element, aij, on was assessed by calculating the sensitivity values 
for A. The sensitivity of matrix element aij equals the rate of change in with respect to aij,
defined by / aij. Higher sensitivity values indicate greater influence on . The elasticity of 
matrix element aij is defined as the proportional change in relative to the proportional change 
in aij, and equals (aij/ ) times the sensitivity of aij. One characteristic of elasticity analysis is that 
the elasticity values for a transition matrix sum to unity (one). The unity characteristic also 
allows comparison of the influence of transition elements and comparison across matrices. 

Due to differences in the life-history strategies, specifically lifespan, age at reproduction and first 
year residence and migration habits, four separate life-history models were constructed 
representing coho, sockeye, ocean-type Chinook and stream-type Chinook. This was done to 
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encompass the different responses of these species to freshwater chemical exposures and assess 
potentially different population-level responses. In all cases, transition values were determined 
from literature data on survival and reproductive characteristics of each species. All 
characteristics exhibit density independent dynamics. The models assume closed systems, 
allowing no migration impact on population size. No stochastic impacts are included beyond 
natural variability as represented by selecting parameter values from a normal distribution about 
a mean value for each model iteration (year). Ocean conditions, freshwater habitat, fishing 
pressure, and marine resource availability were assumed constant and density independent. 

A life-history model was constructed for coho salmon (O. kisutch) with a maximum age of 3 
years. Spawning occurs in late fall and early winter with emergence from March to May. Fry 
spend 14-18 months in freshwater, smolt and spend 16-20 months in the saltwater before 
returning to spawn (Pess et al. 2002). Survival numbers were summarized in Knudsen et al.
(2002) as follows. The average fecundity of each female is 4500 with a standard deviation of 
500. The observed number of males:females was 1:1. Mean survival rate (standard deviation) 
from spawning to emergence is 0.3 (0.07). Survival from emergence to smolt is 0.0296 (0.00029) 
and marine survival is 0.05 (0.01). All parameters followed a normal distribution (Knudson et al.
2002). The calculated values used in the matrix are listed in Table A1. The growth period for 
first year coho was set at 184 days to represent the time from mid-spring to mid-fall when the 
temperatures and resources drop and somatic growth slows (Knudson et al. 2002, Table A2).

The life-history model for sockeye salmon (O. nerka) was based upon the lake wintering 
populations of Lake Washington, Washington, USA. These female sockeye salmon spend one 
winter in freshwater, then migrate to the ocean to spend three to four winters before returning to 
spawn at ages 4 or 5. Jacks return at age 2 after only one winter in the ocean. The age proportion 
of returning adults is 0.03, 0.82, and 0.15 for ages 3, 4 and 5, respectively (Gustafson et al.1997). 
All age 3 returning adults are males. Hatch rate and first year survival were calculated from 
brood year data on escapement, resulting presmolts and returning adults (Pauley et al. 1989) and 
fecundity (McGurk 2000). Fecundity values for age 4 females were 3374 (473) and for age 5 
females were 4058 (557) (McGurk 2000). First year survival rates were 0.737/month (Gustafson 
et al. 1997). Ocean survival rates were calculated based upon brood data and the findings that 
approximately 90% of ocean mortality occurs during the first 4 months of ocean residence 
(Pauley et al. 1989). Matrix values used in the sockeye baseline model are listed in Table A1. 
The 168 day growth period represents the time from lake entry in mid-spring to early fall when 
the temperature drops and somatic growth slows (Gustafson et al. 1997, Table A2).

A life-history model was constructed for ocean-type Chinook salmon (O. tshawytscha) with a 
maximum female age of 5 and reproductive maturity at ages 3, 4 or 5. Ocean-type Chinook 
migrate from their natal stream within a couple months of hatching and spend several months 
rearing in estuary and nearshore habitats before continuing on to the open ocean. Transition 
values were determined from literature data on survival and reproductive characteristics from 
several ocean-type Chinook populations in the Columbia River system (Healey and Heard 1984, 
Howell et al. 1985, Roni and Quinn 1995, Ratner et al. 1997, PSCCTC 2002, Green and Beechie 
2004). The sex ratio of spawners was approximately 1:1. Estimated size-based fecundity of 4511 
(65), 5184 (89), and 5812 (102) was calculated based on data from Howell et al., 1985, using 
length-fecundity relationships from Healy and Heard (1984). Control matrix values are listed in 
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Table A1. The growth period of 140 days encompasses the time the fish rear in freshwater prior 
to entering the estuary and open ocean (Table A2). The first three months of estuary/ocean 
survival are the size-dependent stage. Size data for determining subyearling Chinook condition 
indices came from data collected in the lower Columbia River and estuary (Johnson et al. 2007).

An age-structured life-history matrix model for stream-type Chinook salmon with a maximum 
age of 5 was defined based upon literature data on Yakima River spring Chinook from Knudsen 
et al. (2006) and Fast et al. (1988), with sex ratios of 0.035, 0.62 and 0.62 for females spawning 
at ages 3, 4, and 5, respectively. Length data from Fast et al. (1988) was used to calculate 
fecundity from the length-fecundity relationships in Healy and Heard (1984). The 184-day 
growth period produces control fish with a mean size of 96mm, within the observed range 
documented in the fall prior to the first winter (Beckman et al. 2000). The size-dependent 
survival encompasses the 4 early winter months, up until the fish are 12 months old.

Direct Mortality Population Model

A direct mortality population model was constructed that estimated the population-level impacts 
of first-year mortality resulting from exposure to the criterion concentrations of ammonia, copper 
and cadmium. These models excluded sublethal and indirect effects of the chemical exposures 
and focused on the population-level outcomes resulting from an annual exposure of young-of-
the-year to a chemical at the criterion concentrations. Scenarios were chosen to represent both 
the acute and chronic criteria. This was done by parameterizing the model with toxicity data 
(LC50s) derived from short term (<96hrs) and long term (>28day, based on the available data, see 
Table A3) experiments. The lethal impact was implemented as a change in first year survival for 
each of the salmon life-history strategies. In order to understand the relative impacts of a short-
term exposure of a single chemical on exposed vs. unexposed fish, we used parameters for an 
idealized control population that exhibits an increasing population growth rate. Four life-history 
strategies were modeled, ocean-type and stream-type Chinook salmon, coho salmon and sockeye 
salmon. The details for each general population model are provided above in the Model life-
History Strategies section.

The mortality responses are modeled as direct reduction in the first-year survival rate (S1 in 
Table A1 and Figure A1D). Exposures are assumed to result in a cumulative reduction in 
survival as defined by the concentration and the dose-response curve as defined by the LC50 and 
slope for each chemical. A sigmoid dose-response relationship is used to model the mortality 
dose-response to be consistent with other dose-response relationships. The model inputs for each 
scenario are the exposure concentration and fish LC50, as well as the sigmoid slope for the LC50.
For a given concentration a chemical survival rate is calculated and is multiplied by the control 
first-year survival rate, producing an exposed scenario first-year survival for the life-history 
matrix. Variability is incorporated using means and standard deviations to select from normally 
distributed survival and reproductive rates and repeating the calculation of lambda 2000 times as 
described above. 

Population model output consists of the percent change in lambda from the unexposed control 
populations derived from the mean of one thousand calculations each of the unexposed control 
and the chemical exposed populations. The percent change in lambda (with standard deviation), 
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representing alterations to the population productivity, was selected as the primary model output 
for reasons outlined previously. The percent change in lambda is considered different from 
control when the difference is greater than the percent of one standard deviation of the control 
lambda.

Somatic Growth Model

Toxic impacts on somatic growth to individual juvenile salmon were modeled as a change in 
daily growth rate resulting from an exposure concentration occurring during the growth phase of 
first year freshwater residence. Toxicity parameters relied on experiments producing EC50 
values (effect concentration producing 50% change in growth) and slopes for chronic exposures. 
Sigmoidal dose-response relationships, at steady-state, between each exposure and somatic daily 
growth rate were modeled using growth EC50s and slopes. The timecourse for each exposure 
was built into the model as a pulse with a defined start and end during which the exposure 
remained constant (Figure A2B). The timecourse for daily growth rate was modeled using two 
single-order exponential functions, one for the time required for the exposure to reach full effect 
and the other for time required for complete recovery following the end of the exposure (time-to-
effect and time-to-recovery, respectively). For all compounds, both timecourses were assumed to 
be within a day, so a value of 0.5 was used for the half-lives of effect and recovery. 
Incorporating dynamic effects and recovery variables does allow the model to simulate 
differences in the pharmacokinetics (e.g. the rates of uptake from the environment and of 
detoxification) of various chemicals, but this requires additional, compound-specific, data.

The growth models were replicated for 1000 individual fish to capture the variability of possible 
output. The initial weight of each replicate was selected from a normal distribution with a mean 
of 1.0 g and standard deviation of 0.1 g. The size of 1.0 g was chosen to represent subyearling 
size in the mid-spring at the onset of the stable growth trajectory (i.e. the growth rate is not 
changing). For each iteration (day) of the model, the somatic growth rate is calculated for each 
fish by selecting the parameter values from normal distributions with specified means and 
standard deviations (Table A2). The weight for each fish is then adjusted based on the calculated 
daily growth rate to generate a new weight for the next iteration. The length (days) to run the 
growth portion of the model was selected to represent the time from when the fish enter the 
linear portion of their growth trajectory in the mid to late spring until they change their growth 
pattern in the fall due to reductions in temperature and resources or until they migrate out of the 
system. The mean weights (with standard deviations) after the species-appropriate growth period 
(Table A2) were used to calculate the size-dependent survival as described below. A sensitivity 
analysis was run to determine the influence of the parameter values on the size distribution 
output of the somatic growth model.

The species-specific parameter values defining control conditions, such as the length of the 
growth period and control daily growth rate are listed in Table A2. Each exposure scenario was 
defined by a concentration and exposure time for each chemical. 
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Below are the mathematical equations used to derive Figure A2. 
Figure A2A uses a sigmoid function:

y= bottom + (top – bottom)/(1 + (exposure concentration/EC50)^slope).
Figure A2B uses a step function:

time < start; exposure = 0
sure = exposure concentration(s)

time > end; exposure = 0.
Figure A2C uses a series of exponential functions:

time < start; y = c
– (c – i)*(1 – exp(-ke*(time – start)))

time > end; ye = c – (c – i)*(1 – exp(-ke*(end – start)))
y = ye + (c – ye)*(1 – exp(-kr*(time – end))).

For Figure A2A, y = Daily Growth Rate, top = Gc, bottom = 0. For Figure A2C, c = Gc, i 
= Gi, ke = ln(2)/Growth effect half-life, kr = ln(2)/Growth recovery half-life. For Figure 
A2C the value of ye is calculated to determine the amount of inhibition that is reached 
during the exposure time, which may not be long enough to reach the maximum level of 
inhibition.

Linking to Survival in Population Model

The weight distributions from the somatic growth portion of the model are used to calculate size-
dependent first-year survival for a life-history matrix population model for each species and life-
history type. This incorporates the impact that reductions in size could have on population 
growth rate and abundance. The first-year survival element of the transition matrix incorporates a 
size-dependent survival rate for a three- or four-month interval (depending upon the species) 
which takes the Juveniles up to 12 months of age. This time represents the 4-month early winter 
survival in freshwater for stream-type Chinook, coho, and sockeye models. For ocean-type 
Chinook, it is the 3-month period the subyearling smolt spend in the estuary and nearshore 
habitats (i.e. estuary survival). The weight distributions from the organismal model are converted 
to length distributions by applying condition factors from data for each modeled species (cf; 
0.0095 for sockeye and 0.0115 for all others) as shown in Equation L. 

Equation L: length(mm) = ((fish weight(g)/cf)^(1/3))*10

The relationship between length and early winter or estuary survival rate was adapted from Zabel 
and Achord (2004) to match the survival rate for each control model population (Howell et al.
1985, Kostow 1995, Myers et al. 2006, Figure A3). The relationship is based on the length of a 
subyearling salmon relative to the mean length of other competing subyearling salmon of the 
same species in the system, Equation D, and relates that relative difference to size-dependent 
survival based upon Equation S. The values for and resulting size-dependent survival (survival 

) for control runs for each species are listed in Table A2. The constant is a species-specific 
parameter defined such that it produces the correct control survival 
zero.
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– mean length(mm)

Equation S: Survival = (e( ) / (1 + e( )

Randomly selecting length values from the normal distribution calculated from the organismal 
model output size and applying equations 1 and 2 generates a size-dependent survival probability 
for each fish. This process was replicated 1000 times for each exposure scenario and 
simultaneously 1000 times for the paired control scenario and results in a distribution with a 
mean size-dependent survival rate for each population. The resulting size-dependent survival 
rates are inserted in the calculation of first-year survival in the respective control and chemical-
exposed transition matrices of the life-history population models described above. 

In the population model an individual fish experiences an exposure once as a subyearling (during 
its first spring) and never again. The chemical exposure is assumed to occur each year to the 
subyearling age class. All subyearlings within a given population are assumed to be exposed to 
the chemical. No other age classes experience the exposure. The model integrates this as every 
brood class being exposed as subyearlings and thus the vital demographic rates of the transition 
matrix are continually impacted in the same manner. Regardless of other effects due to the direct 
exposure, only growth effects are incorporated in the model.

The population model recalculates first-year survival for each run using a size-dependent 
survival value selected from a normal distribution with the mean and standard deviation 
produced by Equation S. Population model output consists of the percent change in lambda from 
the unexposed control populations derived from the mean of two thousand calculations of both
the unexposed control population and the chemical exposed population. Change in lambda (with 
standard deviation), representing alterations to the population productivity, was selected as the 
primary model output for reasons outlined previously. 

Model Toxicity Scenario Parameterization

Literature Review. Data for parameterizing the toxicity scenarios for the direct mortality and 
somatic growth models were identified by conducting extensive literature searches. The first 
round of searches broadly gathered papers and reports that had toxicological information on the 
effects of ammonia, cadmium, and copper on mortality and growth in Juvenile salmonids. 
Several different online databases and print sources were used in the literature search that was 
conducted to identify appropriate data:

1. The Thomson Reuters online academic citation index, Web of Science, was used. Search 
terms included the name of the contaminant: (ammonia), (copper OR cu), (cadmium OR cd); 
types of effects: (LC50 OR acute OR lethal* OR growth*); and order, family, genus, main 
species names, and main common names of salmonids: (acantholingua OR amago OR arctic char 
OR arctic cisco OR baikal omul OR bloater OR brachymystax OR char OR Chinook OR chum 
OR cisco OR coho OR coregoninae OR coregonus OR dolly varden OR grayling OR hucho OR 
inconnu OR keta OR kisutch OR kiyi OR lake herring OR nerka OR oncorhynchus OR 
parahucho OR prosopium OR salmo OR salmon OR salmonid* OR salmonidae OR 
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salmoniformes OR salmoninae OR salvelinus OR salvethymus OR sockeye OR steelhead OR 
stenodus OR taimen OR thymallinae OR thymallus OR trout OR tshawytscha OR whitefish).

2. The U.S. The EPA online ECOTOX database was used. This database includes single 
chemical toxicity information and citations for aquatic life. The query included genus and 
species names, common names, chemical names, and growth or mortality as effects endpoints 
(similar to above).

3. The online database Aquatic Sciences and Fisheries Abstracts (AFSA), a component of the 
international Aquatic Sciences and Fisheries Information System (ASFIS), was used. Input 
search terms were ammonia and salmon or salmonids.

4. The bibliography of the EPA Draft 2009 Update Aquatic Life Ambient Water Quality Criteria 
for Ammonia - Freshwater; the EPA Aquatic Life Ambient Freshwater Quality Criteria – Copper 
2007 Revision; and the Draft Idaho Water Quality Standards Biological Opinion (section on 
copper).

5. Citations from relevant research articles and reports that were obtained as part of the above 
searches, and citations from published literature reviews, were also used. 

Toxicity Value selection for Exposure Scenarios

The publications identified by the broad literature search were reviewed for appropriate 
methodologies, replication, measurement endpoints, and life stages exposed. Those studies with 
insufficient replication or single exposure concentrations were omitted. The review of studies 
focused on those conducted with Juvenile salmonids exposed during the life stages between 
swim-up to parr or subyearling smolt to match with the exposure regimes of the models. When 
multiple toxicity values or slopes were found, the genus geometric mean was used as the initial 
model input value. In addition, the minimum species mean values were used to parameterize the 
model to examine the range of potential impacts and avoid overlooking impacts to sensitive 
listed species. Direct mortality endpoints were collected from 96-h continuous exposure studies 
for modeling acute exposures and >28 day exposure studies to model chronic exposures. 

Studies critically assessed for growth reported endpoints including changes in weight (wet or 
dry), length, or biomass resulting from water exposures lasting at least 28 days. The assumptions 
regarding initial fish size in the somatic growth model are very sensitive to the study data used 
for parameterization. The model simulates the stable portion of the growth phase during which 
the growth rate is relatively constant that occurs in Juvenile salmonids from about 1g to the their 
first fall or until outmigration to ocean habitats (Weatherley and Gill 1995). Younger fry (e.g.
0.2g) have very different rates and efficiencies of food conversion than 1g and larger fry and parr 
(Weatherly and Gill 1995). Fry that still are absorbing their yolk sac may have this reabsorption 
affected by contaminants. In addition, somatic growth rate responses across temperatures for 
younger fry differ from those of larger fish (Weatherly and Gill 1995). Therefore, smaller fry 
commonly found in these studies could respond very differently to contaminant exposures than 
those at greater than 1g, and studies on these sizes were excluded from consideration. Similarly, 
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data from studies initiated with Juveniles greater than 10g were not considered since this is past 
the majority of growth during the first summer (e.g. Thedinga et al. 1998, Johnson et al. 2007).
The specific review and value selection procedures used for ammonia, cadmium and copper are 
discussed below.

Ammonia: The documents identified by the first round of literature review applying to 
acute toxicity of ammonia to salmonids were further reviewed for data appropriate to 
parameterize the direct mortality population model. Data needed to conform to 96-hr LC50 
values for subyearling salmonids (free-swimming, 1-4g fish preferred, but did include data on 
fish of less than 10 g when that was all that was available). The range of values identified for 
Chinook salmon, coho salmon, rainbow trout and cutthroat trout and are shown below in the 
units of mg NH3-N/L, as N. All values were normalized to a pH of 8 using an un-ionized 
ammonia computer worksheet available from the American Fisheries Society 
(http://www.fisheries.org/afs/hatchery.html, Table 9 Ammonia Calculator (Freshwater) Excel 
spread sheet from the web site). Following the practice in the ammonia Ambient Water Quality 
Criteria documents (1999, 2009), the fish LC50 values were not normalized for temperature. The 
normalized species mean values were 26.8, 15.1, 26.2 and 29.4 mg NH3-N/L for Chinook 
salmon, coho salmon, rainbow trout and cutthroat trout, respectively (Servizi and Gordon 1990; 
Buckley 1978; Thurston and Russo 1983; Thurston et al.., 1981, Table A3). The genus geometric 
mean from these data was 23.6 mg NH3-N/L. A sigmoid dose-response slope was calculated as 
6.4 (Broderius and Smith 1979; Buckley 1978). Both the genus geometric means and minimum 
species mean values were used to parameterize the model as discussed above. To assess the 
chronic criterion, a chronic study was found that exposed cutthroat trout to ammonia for 29 days
and reported an LC50 of 21.3 mg NH3-N/L (Thurston et al., 1978). No slope was identified, so 
the 96-hr slope was used in the model.

Documents investigating the effects of ammonia on growth of fish were reviewed for data 
appropriate as input to the somatic growth model. No studies were found that could provide the 
appropriate data. Most studies on exposure of Juvenile salmonids to ammonia found that any 
effects on growth or food intake were temporary and compensation occurred before the end of 
the exposure period (Lang et al., 1987; Linton et al., 1998; Beamish and Tandler 1990; 
Larmoyeux and Piper 1973). Other studies have shown effects on growth, but exposure occurred 
over early developmental stages and also produced developmental delays and abnormalities, so 
differences in size may not have been attributable to direct impacts on metabolism or growth 
(Brinkman et al., 2009). From a 90-day exposure Brinkman et al., (2009) calculated an EC20 
that includes hatch effects, delayed swimup, and sac-fry growth of 5.56 mg NH3-N/L normalized 
to pH 8. In addition, Lazorchak and Smith (2007) reported decreases in growth of rainbow trout 
(size range <0.2g) after a 7 day exposure to ammonium chloride, but at concentrations that 
overlapped with those inducing mortality in the test population (IC25 ranged from 104-210 mg/L 
ammonium chloride and LC50 ranged from 163-271 mg/L ammonium chloride). Moreover, the 
study organisms used by Lazorchak and Smith (2007) were too young to fit within the life stage 
criteria established for this modeling exercise. In addition, pH was not reported in this study, so 
accurate normalization was not possible. Broderius and Smith (1979) also exposed small 
rainbow trout (0.18g) to ammonia over a 30 day period. Significant reductions in growth were
seen at 0.32mg NH3-N/L, but survival was 70% of that observed in the controls (60%), so the 
quality and usefulness of this data is suspect. The somatic growth model does not incorporate 
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direct mortality and would greatly underestimate population-level effects if studies where 
significant mortality occurred were included. Since data for the appropriate life stages or time 
frames were unavailable, appropriate input data were not identified and the somatic growth 
model could not be run for ammonia. 

Cadmium: Studies identified by the first round of literature review as having data on 
acute and chronic toxicity for the freshwater phase of salmonids was examined to gather data for 
parameterizing the population models. All data were hardness adjusted to 100 mg CaCO3/L and 

The acute toxicity focused on 96-h mortality data for swimup fry, parr and subyearling smolt. 
Species mean values (geometric means of LC50 values) were calculated for Oncorhynchus 
tshawytscha, O. kisutch, O. mykiss, and O. clarki lewisi and the genus mean for Oncorhynchus

slopes were calculated when dose-response data were available. The resulting geometric mean of 
the slopes was 6.4 and the range was 4.7-7.8 (Besser et al., 2007, Finlayson and Verrue 1982, 
Davies et al., 1993). Besser et al., 2007 estimated a 28-
(Table A3). The no
parameterize the chronic criteria scenario of the mortality model.

Chronic cadmium studies were examined for applicable input data for the somatic growth model. 
Studies on the effects of cadmium on the growth of subyearling salmonids supported the 
statement by Mebane (2006) that growth is seldom a sensitive endpoint for cadmium. At 
concentrations that produced changes in somatic growth, increased mortality was also observed 
in most studies (Mebane et al., 2008, Brinkman and Hansen 2007, Hansen et al., 2002b). In 24 
and 30 day exposures of Atlantic salmon (Salmo salar) a reduction in size was seen after alevins 
were exposed to 6.75- -90% mortality 
(Rombough and Garside 1982, Peterson et al., 1983). Bull trout (Salvelinus confluentus) fry 

3/L) showed a 
28% reduction in growth at this single time point, along with a 37% reduction in survival 
(Hansen et al. 2002b). No dose response curve for growth was generated by the study, so these 
data could not be used for extrapolation to other concentrations. Brinkman and Hansen (2007) 
exposed brown trout fry (Salmo trutta) to cadmium for 30 days under different water chemistries 
and calculated a range of IC20s from 1.7-4.8 μg Cd/L (hardness adjusted to 100 mg CaCO3/L) 
for reduced growth in the surviving individuals. Mortality chronic values for the same tests 
ranged from 2.0

3/L). 
Possible size-selective mortality or growth compensation due to decreased density were not 
addressed in the study design. Rainbow trout fry exposed to cadmium for 28 days exhibited 

(Besser et al., 2007). This may be attributed to size-selective mortality or an increase in somatic 
growth. One rainbow trout early-life-stage exposure lasting 62 days determined an EC10 for 

3/L) without the increased mortality 
(Mebane et al., 2008). Changes in growth at these life stages (Embryos and alevins) are not 
compatible with the somatic growth model that assesses changes in free-swimming, feeding fry 
during the linear portion of their growth phase, and could not be used to parameterize the model. 
Similarly, brook trout (Salvelinus fontinalis
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mg CaCO3/L) for 30 days showed reduced prey capture efficiencies and differences in prey 
selection in artificial stream channels (Riddell et al., 2005a, b), which may link to changes in 
somatic growth, but this link could not be translated into appropriate input parameters for the 
current growth model. 

Copper: Studies identified by the first round of literature review as having data on acute 
and chronic toxicity for the freshwater phase of salmonids were examined to gather data needed 
to establish values for several parameters of the population models. All data was hardness 
adjusted to 100 mg CaCO3/L using the acute and chronic hardness equations for copper (EPA 
2002). For studies with non-laboratory water that reported total instead of dissolved copper, total 

toxicity focused on 96-h mortality data for swim-up fry, parr and subyearling fish. Species mean 
values (geometric means of LC50 values) were calculated (Table A3) and the genus mean for 
Oncorhynchus was calculated as the geometric mean of the species. For direct mortality, the 

L with species means ranging from 48.3-190.6 μg/L, while for 
chronic toxicity (exposures of at least 30 days) the genus mean value was 98.9 μg/L with a range 
of 73.9-132.2 μg/L. Sigmoid slopes were calculated when dose-response data were available 
(Table A3). The resulting geometric means (with ranges) of the slopes were 5.2 (4.1-7.6) for the 
96-hr exposures and 4.2 (3.1-5.4) for the longer term mortality studies.

Growth studies on fry over 0.2 grams and under 6 grams produced EC50 values ranging from 
20.33

in these studies and ranged from none reported to well over 50% at similar concentrations to 
those that produced growth effects (Table A4). For example, Besser et al. (2005) reported the 

A4). Therefore, similar to the results with 
cadmium, an analysis of the available literature found that for exposures occurring to subyearling 
salmonids between 1 and 6g, growth effects often were confounded by mortality since most of 
the growth studies reported mortality assessment values (LC50s, chronic values, NOECs) that 
overlapped with or were less than the growth assessment values (EC50s, NOECs; Table A4).
Hansen et al. 2002c used the IC20 as an endpoint for comparison since concentrations producing 
over 20% growth inhibition were often accompanied by significant mortality. Many other growth 
studies found in the literature search were excluded for reasons such as using too few exposure 
concentrations, using exposures beginning before swim-up (usually just after fertilization), or 
reporting no effect on growth for the concentrations tested. As mentioned above, in the 
remaining studies concentrations that produced effects on growth often also showed significant 
decreases in survival. For example, Mudge et al. (1993) reported that, for 3 of their 5 tests in 
coho, mortality was more sensitive than growth (Table A4). Nonetheless, some limited scenarios 
were run in the somatic growth model that looked at whether growth alone would be impacted by 
exposures at the chronic criteria value for copper. The time-to-effect and time-to-recovery values 
used for copper were both 0.5 days.
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Results

Sensitivity Analysis

The sensitivity analysis of all four of the control population matrices predicted the greatest 
changes in population growth rate ( ) result from changes in first-year survival. Parameter values 
and their corresponding sensitivity values are listed in Table A1. The elasticity values for the 
transition matrices also corresponded to the driving influence of first-year survival, with 
contributions to lambda of 0.33 for coho, 0.29 for ocean-type Chinook, 0.25 for stream-type 
Chinook and 0.24 for sockeye.

Model Output

Ammonia: Using the genus geometric mean LC50 and dose-response slope, with 100% of 
the population exposed to the criteria concentrations, the direct mortality model output showed 
0% mortality to subyearlings and a zero percent change in the population growth rate (lambda) 
for all four life-history models (Table 2.6.5.47). The lowest species mean value in the 
Oncorhynchus range was also tested at 15.1 mg NH3-N/L, and resulted in 0% mortality and 0% 
change in . When the chronic criterion was assessed with a 29-d exposure, the direct mortality 
model predicted no mortality or change in .

Studies on chronic exposures of juvenile salmonids to ammonia reported no or very little impacts 
on somatic growth, but these were accompanied by mortality. The somatic growth model does 
not incorporate direct mortality and would greatly underestimate population-level effects. For 
these reasons, appropriate input data were not identified and the somatic growth model could not 
be run for ammonia.

Cadmium: Direct mortality population model runs were conducted using exposures to 
the criteria concentrations and the genus mean value calculated for Oncorhynchus (Table A5). 
This value produced 1% mortality and no changes in the population growth rate for any of the 
four life history population models. Further model runs were conducted to examine the 
differences due to use of the genus geometric means for the LC50 and slope values as opposed to 
the minimum end of the range for species mean values (Table A5). Only when the minimum 
species mean value and the minimum slope were used, did mortality rise to a level that produced 
changes in lambda that were greater than the standard deviation of the control models (Table 
A5). Changes in population growth rates for the stream-type Chinook and coho were larger than 
one standard deviation from the control models. An estimated 28-day exposure to the chronic 
criterion produced no mortality or change in lambda.

Studies on chronic cadmium toxicity to juvenile salmonids did not show consistent impacts on 
somatic growth that could be separated from the associated mortality observed at the same 
exposure concentrations. The somatic growth model does not incorporate direct mortality and 
would greatly underestimate population-level effects. For these reasons, appropriate input data 
were not identified and the somatic growth model was not run for cadmium.
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Copper: Direct mortality population model runs were conducted using exposures to the 
criteria concentrations and both the acute and chronic parameters calculated for Oncorhynchus
(Table A5). The acute LC50 and slope produced 0% mortality and no changes in the population 
growth rate for any of the four life history population models. The chronic LC50 and slope 
produced 0% mortality and no changes in the population growth rate for any of the four life 
history population models. Further model runs were conducted to examine the differences due to 
use of the genus geometric means for the LC50 and slope values as opposed to the minimum end 
of the range for species mean values but no mortality was projected (Table A5).

Studies on copper toxicity to juvenile salmonids did not show consistent impacts on somatic 
growth that could be separated from the associated mortality observed at the same exposure 
concentrations. The somatic growth model does not incorporate direct mortality and would 
greatly underestimate population-level effects. In spite of this, some growth model scenarios 
were run. When the maximum exposure period was used for the chronic criteria value in the 
growth model (140, 164 or 184 days depending on the life history), with an EC50 of 20.33, slope 
of 2.7 (Besser 2005) and the chronic criteria value of 9 μg/L, the percent change in lambda 
ranged from -1 to -4% (depending on life history). None of these reductions exceeded the control 
standard deviations. A 30-day exposure produced no decline in population growth rates. When a 
30 day exposure for direct mortality was modeled using the minimum species values with a 

lambda for the four life history models.

Summary

The only scenarios producing direct mortality sufficient to decrease the population growth rates 
were those using the lowest species mean values for cadmium. The other scenarios assessing the 
direct mortality from exposure to the suggested criteria values did not result in any changes in 
the population productivity.

Somatic growth during the freshwater subyearling stage of salmon has been shown to directly 
influence first year survival, so it was the focus of a literature review and modeling exercise to 
examine population-level impacts that may result from chemical exposures. In studies assessing 
growth endpoints of subyearling salmonids greater than 1g exposed to ammonia, cadmium or 
copper, mortality often confounded any growth effects identified since most studies that reported 
significant impacts on growth also reported significant simultaneous mortality. The somatic 
growth models do not include other stressors, such as direct mortality and could underestimate 
impacts for compounds which have overlapping dose response curves for mortality and somatic 
growth. In addition, the direct mortality population model inherently requires fewer assumptions 
regarding exposure and physiology than does the somatic growth population model. Overall, for 
the two impacts modeled here (direct mortality and somatic growth) we feel it is more 
appropriate when assessing potential risk to populations from exposures to these compounds 
during the free-swimming to rearing period of Juvenile salmonids to focus on the direct mortality 
population model output. 
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Figure A1. Life-History Graphs and Transition Matrix for coho (A), sockeye (B) and 
Chinook (C) salmon. The life-history graph for a population labeled by age, with 
each transition element labeled according to the matrix position, aij, i row and j 
column. Dashed lines represent reproductive contribution and solid lines represent 
survival transitions. D) The transition matrix for the life-history graph depicted in 
C.
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Figure A2.
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Appendix 3: Direct Mortality Population Modeling
-768-

Figure A3. Relationships between difference in length from population mean and probability 
of survival for three-month period. Values shown are output based upon the 
original size and survival equations derived by Zabel and Achord (2004) and 
equations adapted for the model population used in the ocean-type Chinook 
model. Figure from Baldwin et al., 2009.
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Appendix 3: Direct Mortality Population Modeling
-770-

Table A2. Species specific control parameters to model organismal growth and survival 
rates. Growth period and survival rate are determined from the literature data 
listed for each species. Gc and were calculated to make the basic model produce 
the appropriate size and survival values from the literature.

Chinook 
Stream-type1

Chinook 
Ocean-type2

Coho3 Sockeye4

days to run organismal 
growth model

184 140 184 168

growth rate
% body wt/day (Gc)

1.28 1.30 0.90 1.183

from equation S -0.33 -1.99 -0.802 -0.871
Control Survival 0.418 0.169 0.310 0.295

1 Values from data in Healy and Heard 1984, Fast et al. 1988, Beckman et al. 2000, Knudsen et al. 2006
2 Values from data in Healey and Heard 1984, Howell et al. 1985, Roni and Quinn 1995, Ratner et al. 1997, PSCCTC 2002, 
Green and Beechie 2004, Johnson et al. 2007
3 Values from data in Pess et al. 2002, Knudsen et al. 2002
4 Values from data in Pauley et al. 1989, Gustafson et al. 1997, McGurk 2000
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Appendix 3: Direct Mortality Population Modeling
-777-

Table A5. Direct mortality population model scenarios for ammonia, cadmium and copper 
criteria. Standard scenarios used the genus mean values for the criteria. Since no 
effect resulted, the minimum species mean values were assessed. * indicates a 
percent change in lambda of greater than one standard deviation from the baseline 
population model (Chinook ocean-type 9, Chinook stream-type 3, Sockeye 6, 
Coho 5).

Mortality input parameters Output % change in lambda

Chemical
Test 

length
LC50 Sigmoid 

slope
Criteria 
Conc.

Percent 
mortality

Chinook 
ocean-
type

Chinook 
stream-

type
Sockeye Coho

(mg/L)
Ammonia 96-hr 23.61 6.41 5.6 0 0(13) 0(4) 0(8) 0(7)
Ammonia 96-hr 15.12 6.41 5.6 0 0(13) 0(4) 0(8) 0(7)
Ammonia 29-d 21.3 6.43 1.7 0 0(13) 0(4) 0(8) 0(7)

(ug/L)
Cadmium 96-hr 4.531 6.41 2.0 1 0(13) 0(4) 0(8) 0(7)
Cadmium 96-hr 4.531 4.72 2.0 2 -1(13) -1(4) -1(8) -1(7)
Cadmium 96-hr 2.672 6.41 2.0 14 -4(12) -3(4) -3(8) -5(7)
Cadmium 96-hr 2.672 4.72 2.0 20 -7(12) -5*(4) -5(8) -7(7)
Cadmium 28-d 5.361 6.43 0.25 0 0(13) 0(4) 0(8) 0(7)

(ug/L)
Copper 96-hr 86.81 5.21 13.0 0 0(13) 0(4) 0(8) 0(7)
Copper 96-hr 48.32 4.12 13.0 0 0(13) 0(4) 0(8) 0(7)
Copper 30+d 98.91 4.21 9.0 0 0(13) 0(4) 0(8) 0(7)
Copper 30+d 73.92 4.21 9.0 0 0(13) 0(4) 0(8) 0(7)
1Genus Geometric Mean for Oncorhynchus values
2Minimum Species Mean value from the range of Oncorhynchus values
3Slope for chronic exposures not identified, used Genus Mean slope from 96-hr exposures
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signed: August 23, 2007 
MEMORANDUM 

SUBJECT: Analytical Methods for Mercury in National Pollutant Discharge Elimination 
System (NPDES) Permits  

FROM: James A. Hanlon, Director 
Office of Wastewater Management 

TO: Water Division Directors, Regions 1 B 10 

The purpose of this memorandum is to inform you of EPA’s March 12, 2007, approval of 
Method 245.7 for measurement of mercury and modified versions of approved analytical 
methods for mercury as well as the impact of their approval on the NPDES permitting process. 
While several different methods are currently approved under 40 CFR Part 136 for the analysis 
of mercury, some of these methods have much greater sensitivities and lower quantitation levels 
than others. This memorandum clarifies and explains that, in light of existing regulatory 
requirements for NPDES permitting,1 only the most sensitive methods such as Methods 1631E 
and 245.7 are appropriate in most instances for use in deciding whether to set a permit limitation 
for mercury and for sampling and analysis of mercury pursuant to the monitoring requirements 
within a permit.   

BACKGROUND 

Section 301 of the Clean Water Act (CWA) requires NPDES permits to include effluent 
limitations that are as stringent as necessary to meet water quality standards. Thus, under the Act 
and EPA regulations, each permit must include, as necessary, requirements in addition to or 
more stringent than technology-based effluent limitations established under section 301 of the 
CWA in order to achieve water quality standards. 40 C.F.R. ' 122.44(d)(1). The regulations 
require limitations to control all pollutants that the NPDES program director determines are or 
may be discharged at a level that Awill cause, have the reasonable potential to cause, or 
contribute to an excursion above any state water quality standard,@ including both narrative and 

This memorandum is based on existing legal requirements and authorities. It does not impose any new, 
legally binding requirements on EPA, states, or the regulated community. 

1 
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numeric criteria. 40 C.F.R. ' 122.44(d)(1)(i). If the program director determines that a discharge 
has the reasonable potential to cause or contribute to such an excursion, the permit must contain 
water quality-based effluent limitations for the pollutant. 40 C.F.R. ' 122.44(d)(1)(iii). Thus, a 
prospective permittee may need to measure various pollutants in its effluent at two stages: first, 
at the permit application stage so that the program director can determine whether “reasonable 
potential” exists and establish appropriate permit limits; and second, where a permit limit has 
been established, to meet the monitoring requirements within the permit. The following 
discussion explains which analytical methods permit applicants and permittees should use to 
make these measurements when mercury is the pollutant at issue.   

Approved Analytical Methods 

Measurements included on NPDES permit applications and on reports required to be submitted 
under the permit must generally be made using analytical methods approved by EPA under 40 
CFR Part 136. See 40 CFR 136.1, 136.4, 136.5, 122.21(g)(7), and 122.41(j). For mercury, there 
are three methods commonly used in the NPDES program that EPA has approved under Part 
136: Method 245.1, Method 245.2, and Method 1631E. Methods 245.1 and 245.2 were approved 
by EPA in 1974 and can achieve measurement of mercury down to 200 parts per trillion (ppt). 
Additionally, EPA approved Method 1631 Revision E in 2002. Method 1631E has a quantitation 
level of 0.5 ppt, making it 400 times more sensitive than Methods 245.1 and 245.2. In fact, the 
sensitivity of Methods 245.1 and 245.2 are well above the water quality criteria now adopted in 
most states (as well as the criteria included by EPA in the Final Water Quality Guidance for the 
Great Lakes System) for the protection of aquatic life and human health, which generally fall in 
the range of 1 to 50 ppt.2 In contrast, Method 1631E, with a quantitation level of 0.5 ppt, does 
support the measurement of mercury at these low levels.  

In addition to Methods 245.1, 245.2, and 1631E listed above, EPA approved Method 245.7 as 
well as modified versions of other EPA-approved methods on March 12, 2007. See 72 FR 
11200. Method 245.7 has a quantitation level of 5.0 ppt, making it 40 times more sensitive than 
Methods 245.1 and 245.2. Additionally, modified versions of EPA-approved methods may also 
be used for the measurement of mercury. Methods approved under Part 136, such as 245.1 and 
245.2, may be modified to achieve lower quantitation levels than can be achieved by the method 
as written.3 Modifications to an EPA-approved method for mercury that meet the method 

2 Many states have adopted mercury water quality criteria of 12 ppt for protection of aquatic life and 50 ppt 
for the protection of human health, and for discharges to the Great Lakes Basin, the applicable water quality criteria 
for mercury are 1.3 ppt for the protection of wildlife and 1.8 ppt for the protection of human health. In 2001, EPA 
issued new recommended water quality criteria guidance for the protection of human health. This new guidance 
recommends adoption of a methylmercury water quality criterion of 0.3 milligrams of methylmercury per kilogram 
(mg/kg) in fish tissue. EPA is currently developing implementation guidance to assist states in implementing the 
criterion, and Draft Guidance for Implementing the January 2001 Methylmercury Water Quality Criterion (EPA-
823-B-04-001) was released for public comment in August 2006. 

3 
Examples of such modification may include changes in the sample preparation digestion procedures such as 

the use of reagents similar in properties to ones used in the approved method, changes in the equipment operating 
parameters such as the use of an alternate more sensitive wavelength, adjusting the sample volume to optimize 
method performance, and changes in the calibration ranges (provided that the modified range covers any relevant 
regulatory limit). 

2
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performance requirements of Part 136.6 are considered to be approved methods and require no 
further EPA approval. See 72 FR 11239-40 (March 12, 2007). For analytical method 
modifications that do not fall within the flexibility of Part 136.6, the modified methods may be 
approved under the alternate test procedure program as defined by Parts 136.4 and 136.5. 

ACTIONS RESULTING FROM THE MARCH 12, 2007, RULEMAKING 

To implement the March 12, 2007, rule, the Office of Wastewater Management (OWM) provides 
the following guidance: 

Monitoring Data Submitted as Part of NPDES Permit Applications 

As noted, most states have adopted water quality criteria for the protection of aquatic life and 
human health that fall in the range of 1 to 50 ppt, and Methods 245.1 and 245.2, as written, do 
not detect or quantify mercury in this range. A Adid not detect@ result using Method 245.1 or 
Method 245.2 would show only that mercury levels are below 200 ppt but would not establish 
that they are at or below the applicable water quality criterion. Therefore, when a permit writer 
receives a permit application reporting mercury data analyzed with Method 245.1 or Method 
245.2 as Adid not detect@ results, the permit writer in reality may lack the information needed to 
make a Areasonable potential@ determination. In contrast, Method 1631E is able to detect and 
quantify mercury concentrations at these low levels.  

EPA therefore expects, in general, that all facilities with the potential to discharge mercury will 
provide with their NPDES permit applications monitoring data for mercury using Method 1631E 
or another sufficiently sensitive EPA-approved method. For purposes of permit applications, a 
method for mercury is “sufficiently sensitive” when (1) its method quantitation level is at or 
below the level of the applicable water quality criterion for mercury or (2) its method 
quantitation level is above the applicable water quality criterion, but the amount of mercury in a 
facility’s discharge is high enough that the method detects and quantifies the level of mercury in 
the discharge.4 Accordingly, EPA strongly recommends that the permitting authority determine 
that a permit application that lacks effluent data analyzed with a sufficiently sensitive EPA-
approved method such as Method 1631E is incomplete unless and until the facility supplements 
the original application with data analyzed with such a method. See 40 CFR 122.21(e) (a permit 
application is determined to be complete at the discretion of the permitting authority) and 40 
CFR 122.21(g)(13) (the applicant shall provide to the Director, upon request, such other 
information as the Director may reasonably require to assess the discharge). Such data would 
allow the permitting authority to characterize the effluent to determine whether the discharge 
causes, has the reasonable potential to cause, or contributes to an excursion of state water quality 
standards for mercury and would consequently allow the permitting authority to determine 
whether a water quality-based effluent limit for mercury is necessary in the permit.  

To illustrate the latter, if the water quality criterion for mercury in a particular state is 2.0 ppt, Method 245.7 
(with a quantitation level of 5.0 ppt) would be sufficiently sensitive where it reveals that the level of mercury in a 
facility’s discharge is 5.0 ppt or greater. In contrast, Method 245.7 would not be sufficiently sensitive if it resulted in 
a level of non-detect for that discharge because it could not be known whether mercury existed in the discharge at a 
level between 2.0 and 5.0 (less than the quantitation level but exceeding the water quality criterion).  

3 

4 

Exhibit 8



 

 
 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 

                                                 
  

Monitoring Requirements in Permits 

Where a permit authority establishes a permit limit for mercury, it also needs to consider 
specifying an analytical method that the permittee must use to monitor for mercury during the 
term of the permit. Methods 245.1 and 245.2, as written, are not likely to be sensitive enough to 
detect or quantify the concentration of mercury in the discharge at a level that matches the 
limitation for mercury in the permit. EPA therefore expects the permitting authority to require 
the use of a sufficiently sensitive EPA-approved method for monitoring under the permit in order 
to ensure that the sampling and measurements required are Arepresentative of the monitored 
activity@ (as required by 40 CFR 122.41(j)(1)). For purposes of monitoring under a permit, a 
method for mercury is “sufficiently sensitive” when (1) its method quantitation level is at or 
below the level of the mercury limit established in the permit or (2) its method quantitation level 
is above the mercury limit in the permit, but the amount of mercury in a facility’s discharge is 
high enough that the method detects and quantifies the level of mercury in the discharge.5 

EPA Permit Review and Objection to State Issued Permits 

For NPDES-authorized states, EPA regions are expected to review state permits and should 
strongly consider objecting to permits that are issued based on analytical data collected and 
analyzed using an EPA-approved method that is not sufficiently sensitive or that do not require 
use of a sufficiently sensitive EPA-approved method for monitoring when the permit includes a 
limit for mercury. OWM is expecting to undertake a permit quality review of a small 
representative number of permits with respect to mercury limitations and other conditions.  

If you have questions concerning the content of this memorandum, please contact Linda 
Boornazian, Director of the Water Permits Division, at 202-564-0221 or have your staff contact 
Marcus Zobrist of the State and Regional Branch at 202-564-8311 or zobrist.marcus@epa.gov. 

cc: NPDES Branch Chiefs Regions 1 B 10 

bcc: Paul Banger, OGC 
Barbara Pace, OGC 
Tom McCully, OW 
Mary Smith, OST 

See footnote 4. 
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NOV 0 7 2012

Ms. Nancy Stellmach, Permit Coordinator
Oregon Department of Environmental Quality
2020 SW 4th Avenue, Suite 400
Portland, OR 97201-4987

Re:

	

Comments on Proposed National Pollutant Discharge Elimination System (NPDES)
Permit for Koppers Inc., Permit No. 101642

Dear Ms. Stellmach:

The U.S. Environmental Protection Agency has selected to review the above-referenced permit
consistent with the Performance Partnership Agreement (PPA) and the EPA's obligations to
oversee implementation of the NPDES program by delegated states. The EPA submits the
following comments during the public comment period ending November 7, 2012.

The Oregon Department of Environmental Quality (DEQ) proposes to renew the NPDES permit
for the discharge of stormwater, intercepted groundwater and boiler blowdown from the Koppers
Terminal, a coal tar pitch transfer terminal. The facility is located on the former Gasco property,
an environmental cleanup site. The groundwater is assumed contaminated with all pollutants
associated with the site. ' The facility discharges to Doane Creek, a tributary of the Willamette
River. The proposed permit incorporates substantive changes from the current permit, issued in
2007, including new effluent limitations for eleven pollutants.

Table 1 summarizes the effluent limitations in the proposed permit as compared to the current
permit. The EPA has the following comments on the permit, evaluation report, and fact sheet.

Permit Comments

1. The EPA recommends indicating the alternate discharge location to the City of Portland's
sanitary sewer system on the cover page of the permit for clarification.

2. There are approximately 10 proposed permit limits that are lower than the achievable
method limit (ML) or quantitation limit (QL) for the prescribed analytical method (refer
to Table 1). The EPA has a draft rule that addresses this issue. The rule requires the use
of sufficiently sensitive methods. Information about the Wile is available at
http://cfpub.epa.gov/npdes/ssmethods.cfm . In anticipation of promulgation of the final
rule, the permit should incorporate flexible language that requires permittees to apply
sufficiently sensitive methods to demonstrate compliance with effluent limitations.

3. The QLs indentified for some metals in Table Al and/or Table B2 of the permit are too
high based on the EPA's list of interim minimum levels for pollutants. The EPA

Department of Environmental Quality, Koppers, Inc., Permit Evaluation Report and Fact Sheet, p. 4.
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Comments on Proposed NPDES Permit for Koppers Inc., Permit No. 101642

prescribes interim MLs in µg/L (micrograms/liter) for Copper (method 200.8) - 1.6, Lead
(method 200.8) - 1.9, and Mercury (method 1631E) - 0.0005.

4. Referring to Table Al of the permit, please change the language, "Compliance will be
demonstrated by not exceeding the EPA method [#] Quantitation Limit of [#]." The EPA
methods do not reference the quantitation levels described in Table Al, these levels are
derived by DEQ.

Evaluation Report and Fact Sheet Comments

1. Provide additional explanation about the volume and timing of discharges to surface
water versus discharges to the City of Portland sanitary sewer system. Explain the
factors that determine where wastewater will be discharged. Refer to Page 5 of the
evaluation report.

2. The evaluation report describes the temperature TMDL for the Willamette River. The
report states, "the TMDL allows the smaller sources to discharge and the Department will-
track the total heat load used under the bubble allocation limit." The permit does not
require the reporting of heat load and is therefore inconsistent with the approved TMDL.
Temperature and flow monitoring requirements in the permit may be insufficient for
DEQ to "track the heat load" as required by the TMDL. Refer to Page 11 of the
evaluation report.

3. For three parameters, the draft permit proposes less stringent limits; therefore,
compliance with the anti-backsliding provision must be addressed in the fact sheet,
reference Table 1 for parameter that are less stringent. CWA Sections 402(o) and
303(d)(4) and Section 7.2 of the EPA's NPDES Permit Writers' Manual provide more
information about backsliding.

4. The evaluation report should explain why some reported maximum effluent
concentrations used for reasonable potential analysis are significantly above the effluent
limits in the current permit, refer to attached Table 1, yet the facility was found to be in
compliance with the permit. Refer to Page 12 and Attachments A and B of the evaluation
report.

Please contact me at (206) 553-1755 or by email at lidgard.michael@epa.gov if you have any
questions about this letter or related matters, or you may contact Karen Burgess of my staff at
(206) 553-1644 or by email burgess.karen@epa.gov .

Sincerely,

Michael J. Lidgard,

	

nager
NPDES Permits Unit

cc:

	

Rob Burkhart, Burkhart.Robert@deq.state.or.us , by email
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PROPOSED PERMIT

Parameter with Effluent

Limits

Units Average Monthly

Limits

Maximum Daily

Limits

Requried Method QL- Compliance

Point

Average

	

Maximum

Monthly Limits Daily Limits

Max. Effluent

RPA Analysis

Change from

Current Permit
Oil & Grease mg/L 10 15 10 15 unchanged
pH S.U. 6.5 to 8.5 6.5 to 8.5 _ unchanged
Temperature, 7-Dmax C

20 new limit
Temperature °C n/a 25°C n/a 25 _ unchanged
Benzene 0.44 0.64 EPA Method 624 0.5 25 29000

_

more stringent
Benzo(a)anthracene ig/L 0.0013 0.0019 EPA Method 625 1 0.032 10 more stringent

..B..e.n..z..o

Benzo(k)flouranthene [ig/L

0.0013

0.0013- -

	

------------ -

0.0019

0.0019

EPA Method 625

EPA Method 625

EPA Method 625

1

1

0.032

0.032

0.032

20

6.7

no R PA analysis

more stringent

more stringent

less stringent

Cadmium .Lg/L 0.4 0.7 63 new limit

_C h
.n
j

e
ne .Lg/L 0.0013 0.0019 EPA Method 625 1 0.032 20 more

Copper

Dibenzo(a,h)anthracene

p.g/L

Rg/L

2.8

5.1

4.8

8.9

EPA Method 200.8/SM 3113

EPA Method 625

10

1

4.9 8.5

0.032

20

10

no RPA analysis

new limit

less stringent

less stringent
Dichloropropylene (1,3) ^Lg/ L 0.3 0.4 EPA Method 624 0.5 20 new limit
Fluoranthene pg/L 14 20 30 new limit
In deno (1, _2,3-Edipyren ,e__ 0.0013- 0.0019------- - -- - EPA Method 625 1 10 new limit
Lead Vg/L 0.54 0.93 EPA Method 200.8"M 3113 5 23 new limit
Mercury 0.01 0.02 0.005 0.11 new limit

Phenols, Total pg/L 500 700 500 700 20 unchanged
Selenium PS 35 60 6900 new limit
Toluene Vg/L 720 1100 1300 new limit
Zinc [ig/L 21 36 6300 new

Change from Current PermCOUNT

5

less stringent 3

unchanged

6new limit 11

Total number of paramete

	

25

CURRENT PERMIT
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Oregon Department of Environmental Quality

Projects and Programs   Publications and Forms   Laws and Regulations   Public Notices   Permits and Licenses   Databases/GIS

Water Quality

Water Quality Assessment Database

DEQ Home > Water Quality > Monitoring/Assessment > Assessment > 2010 Report > Database Search Results

 

3/27/2014 5:19:00 PM       (Page 1 of 1)

Oregon's 2010 Integrated Report

To select new search criteria click here - DO NOT USE THE BACK ARROW

Refresh Report Show All Records   Records per page:      

Lookup LASAR
Station data

Link to LASAR
 Web

Basin Name

Subbasin
4th Field HUC

Record ID

Water Body
LLID
River Miles
Segment Miles
Beach Name
Beach ID

Pollutant Season Criteria Beneficial
Uses

Status 2010
Assessment
Action

[Data Source]
Supporting Data

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

58

Columbia River
1240483462464
0 to 35.2
35.2

Aldrin Year
Around

Table 20 Toxic
Substances

Anadromous
fish
passage;
Drinking
water;
Resident
fish and
aquatic life

Potential
concern

No 2010
action

Previous Data: Aldrin
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

19997

Columbia River
1240483462464
0 to 34.5
34.5

Alkalinity Year
Around

Table 20 Toxic
Substances

Aquatic life Cat 3B:
Potential
concern

No 2010
action

Previous Data: [DEQ]
LASAR 30622 River
Mile 29.8: From
9/9/2003 to
10/8/2003, 2 out of 2
samples < 20 mg/L
(Table 20 criterion).
Previous Status: Cat

DEQ Home | Divisions  | Regions  | Commission

Oregon DEQ: Water Quality - Water Quality Assessment - Oregon's 2010... http://www.deq.state.or.us/wq/assessment/rpt2010/results.asp

1 of 49 3/27/2014 5:44 PM
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3B: Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 2004

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

7382

Columbia River
1240483462464
0 to 35.2
35.2

Alpha-BNC Year
Around

Table 20 Toxic
Substances

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data:
Alpha-BNC was found
in elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

61

Columbia River
1240483462464
0 to 35.2
35.2

Arsenic Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data: Arsenic
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment (The Tetra
Tech studies
completed for the
Lower Columbia
Bi-State Program
noted that of 15
bioassays one showed
acute toxicity, but the
reason for the toxicity
could not be
determined, the other
14 showed no toxicity
(May 1996)).
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Oregon DEQ: Water Quality - Water Quality Assessment - Oregon's 2010... http://www.deq.state.or.us/wq/assessment/rpt2010/results.asp

2 of 49 3/27/2014 5:44 PM
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Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

60

Columbia River
1240483462464
0 to 35.2
35.2

Benxo(a)anthracene Year
Around

Table 20 Toxic
Substances

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data:
Benxo(a)anthracene
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

7408

Columbia River
1240483462464
0 to 35.2
35.2

Benzo(g,h,i)perylene Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Benzo(g,h,i)perylene,
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

7553

Columbia River
1240483462464
0 to 35.2
35.2

Bhc Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Delta-BHC was found
in elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
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determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

7444

Columbia River
1240483462464
0 to 35.2
35.2

Cadmium Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Cadmium was found in
elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

107

Columbia River
1240483462464
0 to 35.2
35.2

Cadmium Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Cadmium: Neither
total recoverable nor
filtered cadmium were
detected above the
laboratory detection
limit of 0.18 ug/l in
any backwater sample
(15 sites) which was
lower than both the
lowest total
recoverable standard
(freshwater) of 0.7
ug/l .
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

7464

Columbia River
1240483462464
0 to 35.2
35.2

Chromium (hex) Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Chromium was found
in elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
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not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

7481

Columbia River
1240483462464
0 to 35.2
35.2

Chrysene Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Chrysene was found in
elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

7501

Columbia River
1240483462464
0 to 35.2
35.2

Copper Undefined Table 20 Toxic
Substances

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data: Copper
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
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Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

81

Columbia River
1240483462464
0 to 35.2
35.2

Copper Year
Around

Table 20 Toxic
Substances

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data:
Copper: Station
average total
recoverable copper
concentrations ranged
from 1.0 to 4.6 ug/l in
the backwater study
with the EPA and
Oregon freshwater
standard of 6.5 ug/l
not exceeded at any
of the stations but the
saltwater standard
(2.9 ug/l) was
exceeded at Youngs
Bay once out of 15
total sites.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

7541

Columbia River
1240483462464
0 to 35.2
35.2

DDD Year
Around

Table 20 Toxic
Substances

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data: DDD
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

7547

Columbia River
1240483462464
0 to 35.2
35.2

DDT Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data: DDT
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
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There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

7544

Columbia River
1240483462464
0 to 35.2
35.2

DDT Metabolite
(DDE)

Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data: DDE
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

7592

Columbia River
1240483462464
0 to 35.2
35.2

Dieldrin Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Dieldrin was found in
elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;

Columbia River
1240483462464
0 to 35.2
35.2

Dioxins/Furans Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking

Potential
concern

No 2010
action

Previous Data:
Dioxins/Furans were
found in elevated
levels in sediments
when compared to
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17080006

68

water certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment (The Tetra
Tech studies
completed for the
Lower Columbia
Bi-State Program
noted that of 15
bioassays one showed
acute toxicity, but the
reason for the toxicity
could not be
determined, the other
14 showed not toxicity
(May 1996)).
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

7617

Columbia River
1240483462464
0 to 35.2
35.2

Endrin Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data: Endrin
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

7660

Columbia River
1240483462464
0 to 35.2
35.2

Iron Undefined Table 20 Toxic
Substances

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data: Iron
was found guidelines
or guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
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conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

89

Columbia River
1240483462464
0 to 35.2
35.2

Lead Year
Around

Table 20 Toxic
Substances

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data: Lead:
Total recoverable
concentrations
measured in the
Backwater study
ranged from below
detection (0.8 ug/l) to
2.0 ug/l with a median
concentration
equivalent to the
detection limit. The
Oregon standard (1.3
ug/l based on a
hardness of 50 mg/l)
was exceeded at three
sites.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

7720

Columbia River
1240483462464
0 to 35.2
35.2

Mercury Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Mercury was found in
elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment .
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;

Columbia River
1240483462464
0 to 35.2
35.2

Mercury Year
Around

Table 20 Toxic
Substances

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data:
Mercury: In general,
total recoverable and
filtered mercury were
not detected above
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17080006

92

the laboratory
detection limit of 0.11
ug/l, except for one
total recoverable
replicate sample in the
back water study (out
of 15 and 45 total
samples in the
backwater and main
stem surveys,
respectively).
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

7780

Columbia River
1240483462464
0 to 35.2
35.2

Nickel Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data: Nickel
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

7379

Columbia River
1240483462464
0 to 35.2
35.2

Phenol Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Benxo(a)anthracene,
Benzo(g,h,i)perylene,
Chrysene,
4-Methylphenol,
Pyrene and Total PAHs
were found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment
Previous Status:
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Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

7912

Columbia River
1240483462464
0 to 35.2
35.2

Polynuclear
Aromatic
Hydrocarbons

Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data: Total
PAHs were found in
elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

7855

Columbia River
1240483462464
0 to 35.2
35.2

Pyrene Year
Around

Table 20 Toxic
Substances

Anadromous
fish
passage;
Resident
fish and
aquatic life;
Drinking
water

Potential
concern

No 2010
action

Previous Data: Pyrene
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

59

Columbia River
1240483462464
0 to 35.2
35.2

Radionuclides Undefined Table 20 Toxic
Substances

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data:
Elevated
concentrations of
radionuclides were
detected, however, a
standard or other
listing criteria were
not exceeded. There
were no indications of
a beneficial use
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impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

7870

Columbia River
1240483462464
0 to 35.2
35.2

Silver Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data: Silver
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

95

Columbia River
1240483462464
0 to 35.2
35.2

Silver Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data: Silver:
In general, total
recoverable and
filtered silver were not
detected above the
laboratory detection
limit of 1.0 ug/l,
except for one total
recoverable replicate
sample in the back
water study (out of 15
and 45 total samples
in the backwater and
main stem surveys,
respectively).
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

7916

Columbia River
1240483462464
0 to 35.2
35.2

Tributyltin Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Tributyltin was found
in elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
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demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower Columbia

Lower
Columbia-
Clatskanie;
Lower Columbia
17080003;
17080006

7948

Columbia River
1240483462464
0 to 35.2
35.2

Zinc Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data: Zinc
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

62

Columbia River
1240483462464
35.2 to 98
62.8

Aldrin Year
Around

Table 20 Toxic
Substances

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data: Aldrin
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Columbia River
1240483462464
35.2 to 98
62.8

Alpha-BNC Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous

Potential
concern

No 2010
action

Previous Data:
Alpha-BNC was found
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Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

7383

fish
passage;
Drinking
water

in elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

66

Columbia River
1240483462464
35.2 to 98
62.8

Arsenic Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Drinking
water;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data: Arsenic
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

65

Columbia River
1240483462464
35.2 to 98
62.8

Benxo(a)anthracene Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Benxo(a)anthracene
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
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Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

7409

Columbia River
1240483462464
35.2 to 98
62.8

Benzo(g,h,i)perylene Year
Around

Table 20 Toxic
Substances

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data:
Benzo(g,h,i)perylene
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

7554

Columbia River
1240483462464
35.2 to 98
62.8

Bhc Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Drinking
water;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data:
Delta-BHC was found
in elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

Columbia River
1240483462464
35.2 to 98
62.8

Cadmium Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Cadmium was found in
elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with

Oregon DEQ: Water Quality - Water Quality Assessment - Oregon's 2010... http://www.deq.state.or.us/wq/assessment/rpt2010/results.asp

15 of 49 3/27/2014 5:44 PM

Exhibit 10



7442
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.

Cadmium: Sediment
cadmium
concentrations ranged
from 0.49 to 1.9
mg/kg with
concentrations
exceeding Ontario�s
lowest effect level of
0.6 mg/kg at 14 of 15
backwater sites. 8 of
54 main stem study
sites exceeded the
guidance values in
1991 (Bi-State Study
1994, 1996).
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

108

Columbia River
1240483462464
35.2 to 98
62.8

Cadmium Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Drinking
water;
Anadromous
fish
passage;
Aquatic life;
Human
health

Cat 3B:
Potential
concern

No 2010
action

Previous Data: [DEQ]
LASAR 12979 River
Mile 64.7: From
8/25/1997 to
8/25/1997, 0 out of 1
samples > applicable
Table 20 criterion.
[DEQ] LASAR 12980
River Mile 64.6: From
8/25/1997 to
8/25/1997, 0 out of 1
samples > applicable
Table 20 criterion.
[DEQ] LASAR 12981
River Mile 64.8: From
8/25/1997 to
8/25/1997, 0 out of 1
samples > applicable
Table 20 criterion.

Previous Data:
Cadmium: Neither
total recoverable nor
filtered cadmium were
detected above the
laboratory detection
limit of 0.18 ug/l in
any backwater sample
(15 sites) which was
lower than both the
lowest total
recoverable standard
(freshwater) of 0.7
ug/l and the
Washington
(freshwater) dissolved
standard of 0.6 ug/l.
Only 3 of 45 samples
had detectable
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concentrations in the
main stem study with
only one value above
any standard (Bi-State
Study 1994, 1996).

Selenium: In general,
total recoverable and
filtered selenium were
not detected above
lab detection limits of
3.0 ug/l, except for
one sample in the
backwater study (15
total sites). The
reported
concentrations were
all lower than
freshwater and marine
standards of 5.0 and
71 ug/l respectively. 3
of 45 values exceeded
the total recoverable
standard in the main
stem study (Bi-State
Study 1994, 1996).

Thallium: Station
average total
recoverable
concentrations ranged
from below detection
(1.0 ug/l) to 1.1 ug/l
with no value
exceeding the Oregon
freshwater lowest
observable effects
level (40 ug/l) at any
of the 15 backwater
sites. Filtered
concentrations ranged
from below detection
to 1.2 ug/l with no
values above the
Oregon standard
(Bi-State Study 1994,
1996).

Zinc: Station average
total recoverable
concentration ranged
from below detection
limits (3.0 ug/l) to
16.7 ug/l. No values in
the backwater study
(out of 15 sites)
exceeded Oregon
freshwater and
saltwater standards
(57 and 86 ug/l
respectively). Filtered
concentrations were
generally below
detection, except for
zinc detected in one
sample at each of five
stations with no
values above the
Oregon standard. 3
out 45 main stem
sites exceeded the
total recoverable
standard (Bi-State
Study 1994, 1996).
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Cyanide: Cyanide was
not detected above
the laboratory
detection limit of 2
ug/l in any sample.
The detection limit is
lower than the 5.2
ug/l freshwater
standard but is slightly
higher than the
saltwater standard of
1 ug/l (Bi-State Study
1994, 1996).
Previous Assessment
Year: 1998
Previous Status: Cat
3B: Potential concern
Previous Action: No
status change
Previous Assessment
Year: 2004

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

7467

Columbia River
1240483462464
35.2 to 98
62.8

Chromium (hex) Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Chromium was found
in elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Chromium: Sediment
chromium
concentrations ranged
from 14.8 to 31.1
mg/kg with
concentrations
exceeding Ontario�s
lowest effect level of
26 mg/kg at 2 of 15
backwater sites. 0 of
54 main stem study
sites exceeded the
guidance values in
1991 (Bi-State Study
1994, 1996).
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;

Columbia River
1240483462464
35.2 to 98
62.8

Chrysene Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Chrysene was found in
elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
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17090012

7482

not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

7502

Columbia River
1240483462464
35.2 to 98
62.8

Copper Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data: Copper
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.

Copper: Sediment
copper concentrations
ranged from 19.3 to
49.9 mg/kg with
concentrations
exceeding Ontario�s
lowest effect level of
16 mg/kg at 14 of 15
backwater sites. 8 of
54 main stem study
sites exceeded the
guidance values in
1991 (Bi-State Study
1994, 1996).
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

Columbia River
1240483462464
35.2 to 98
62.8

Copper Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Copper: Station
average total
recoverable copper
concentrations ranged
from 1.0 to 4.6 ug/l in
the backwater study
with the EPA and
Oregon freshwater
standard of 6.5 ug/l
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82 not exceeded at any
of the stations but the
saltwater standard
(2.9 ug/l) was
exceeded at Youngs
Bay once out of 15
total sites.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

7518

Columbia River
1240483462464
35.2 to 98
62.8

Cyanide Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Cyanide was found in
elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment. (The
Tetra Tech studies
completed for the
Lower Columbia
Bi-State Program
noted that of 15
bioassays one showed
acute toxicity, but the
reason for the toxicity
could not be
determined, the other
14 showed not toxicity
(May 1996)). For
constituents in
sediment there is no
single type of
sediment-quality
guideline generally
accepted in the
scientific literature.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

7542

Columbia River
1240483462464
35.2 to 98
62.8

DDD Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data: DDD
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
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conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

7548

Columbia River
1240483462464
35.2 to 98
62.8

DDT Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data: DDT
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

7545

Columbia River
1240483462464
35.2 to 98
62.8

DDT Metabolite
(DDE)

Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Drinking
water;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data: DDE
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998
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Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

7593

Columbia River
1240483462464
35.2 to 98
62.8

Dieldrin Year
Around

Table 20 Toxic
Substances

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data:
Dieldrin was found in
elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

72

Columbia River
1240483462464
35.2 to 98
62.8

Dioxins/Furans Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Dioxins/Furans were
found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment (The Tetra
Tech studies
completed for the
Lower Columbia
Bi-State Program
noted that of 15
bioassays one showed
acute toxicity, but the
reason for the toxicity
could not be
determined, the other
14 showed not toxicity
(May 1996)). For
constituents in
sediment there is no
single type of
sediment-quality
guideline generally
accepted in the
scientific literature.
Previous Status:
Potential concern
Previous Action:
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Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

7618

Columbia River
1240483462464
35.2 to 98
62.8

Endrin Year
Around

Table 20 Toxic
Substances

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data: Endrin
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

7661

Columbia River
1240483462464
35.2 to 98
62.8

Iron Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data: Iron
was ound in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.

Iron: Sediment iron
concentrations ranged
from 15,500 to 39,000
mg/kg with
concentrations
exceeding Ontario�s
lowest effect level of
20,000 mg/kg at 9 of
15 backwater sites. 3
of 54 main stem study
sites exceeded the
guidance values in
1991 (Bi-State Study
1994, 1996).
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
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Year: 1998
Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

87

Columbia River
1240483462464
35.2 to 98
62.8

Iron Year
Around

Table 20 Toxic
Substances

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish
passage;
Aquatic life;
Human
health

Cat 3B:
Potential
concern

No 2010
action

Previous Data: [DEQ]
LASAR 23798 River
Mile 75.5: From
6/15/2000 to
6/15/2000, 0 out of 1
samples > applicable
Table 20 criterion.
[DEQ] LASAR 23797
River Mile 75.5: From
6/15/2000 to
9/27/2001, 0 out of 8
samples > applicable
Table 20 criterion.
[DEQ] LASAR 12979
River Mile 64.7: From
8/25/1997 to
8/25/1997, 0 out of 1
samples > applicable
Table 20 criterion.
[DEQ] LASAR 23796
River Mile 75.4: From
6/15/2000 to
6/15/2000, 0 out of 1
samples > applicable
Table 20 criterion.
[DEQ] LASAR 12980
River Mile 64.6: From
8/25/1997 to
8/25/1997, 1 out of 1
samples > applicable
Table 20 criterion.
[DEQ] LASAR 12981
River Mile 64.8: From
8/25/1997 to
8/25/1997, 0 out of 1
samples > applicable
Table 20 criterion.
Previous Status: Cat
3B: Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 2004

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

90

Columbia River
1240483462464
35.2 to 98
62.8

Lead Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water;
Aquatic life;
Human
health

Cat 3B:
Potential
concern

No 2010
action

Previous Data: [DEQ]
LASAR 12979 River
Mile 64.7: From
8/25/1997 to
8/25/1997, 0 out of 1
samples > applicable
Table 20 criterion.
[DEQ] LASAR 12981
River Mile 64.8: From
8/25/1997 to
8/25/1997, 0 out of 1
samples > applicable
Table 20 criterion.
[DEQ] LASAR 12980
River Mile 64.6: From
8/25/1997 to
8/25/1997, 0 out of 1
samples > applicable
Table 20 criterion.

Previous Data:
Lead: Total
recoverable
concentrations
measured in the
Backwater study
ranged from below
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detection (0.8 ug/l) to
2.0 ug/l with a median
concentration
equivalent to the
detection limit. The
Oregon standard (1.3
ug/l based on a
hardness of 50 mg/l)
was exceeded at three
sites.
Previous Assessment
Year: 1998
Previous Status: Cat
3B: Potential concern
Previous Action: No
status change
Previous Assessment
Year: 2004

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

93

Columbia River
1240483462464
35.2 to 98
62.8

Mercury Year
Around

Table 20 Toxic
Substances

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data:
Mercury: In general,
total recoverable and
filtered mercury were
not detected above
the laboratory
detection limit of 0.11
ug/l, except for one
total recoverable
replicate sample in the
back water study (out
of 15 and 45 total
samples in the
backwater and main
stem surveys,
respectively).
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

7781

Columbia River
1240483462464
35.2 to 98
62.8

Nickel Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data: Nickel
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Nickel: Sediment
nickel concentrations
ranged from 14.0 to
24.8 mg/kg with
concentrations
exceeding Ontario�s
lowest effect level of
16 mg/kg at 7 of 15
backwater sites. 1 of
54 main stem study
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sites exceeded the
guidance values in
1991 (Bi-State Study
1994, 1996).
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

18

Columbia River
1240483462464
35.2 to 98
62.8

pH April 1 -
May 31

pH 6.5 to 8.5 Water
contact
recreation;
Resident
fish and
aquatic life

Potential
concern

No 2010
action

Previous Data: LASAR
23794 RM 45.0: 2/5
samples from the
fall/winter/spring were
> 8.6. LASAR 23797
RM 75: 1/6 samples
from the fall/winter
/spring were > 8.6
Original listing was
based on site at river
mile 102.5, which is
above the boundaries
of the segment.
Previous Status:
Potential concern
Previous Action:
Delisted - Listing error
Previous Assessment
Year: 2002

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

7380

Columbia River
1240483462464
35.2 to 98
62.8

Phenol Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
4-Methylphenol was
found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

7913

Columbia River
1240483462464
35.2 to 98
62.8

Polynuclear
Aromatic
Hydrocarbons

Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Drinking
water;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data: Total
PAHs were found in
elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
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conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

7857

Columbia River
1240483462464
35.2 to 98
62.8

Pyrene Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data: Pyrene
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

64

Columbia River
1240483462464
35.2 to 98
62.8

Radionuclides Undefined Table 20 Toxic
Substances

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data:
Elevated
concentrations of
radionuclides were
detected, however, a
standard or other
listing criteria were
not exceeded. There
were no indications of
a beneficial use
impairment (The Tetra
Tech studies
completed for the
Lower Columbia
Bi-State Program
noted that bioassays
did not show any
toxicity (May 1996)).
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower

Columbia River
1240483462464
35.2 to 98
62.8

Silver Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Drinking
water;

Potential
concern

No 2010
action

Previous Data: Silver
was found in elevated
levels in sediments
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Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

7871

Anadromous
fish passage

when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.

Silver: Sediment silver
concentrations was
detected at only one
site (3.1 mg/kg) with
detection limits
ranging from 0.08 to
0.49 mg/kg with
concentrations at the
one site exceeding
Ontario�s lowest
effect level of 0.5
mg/kg out of 15
backwater sites. 6 of
54 main stem study
sites exceeded the
guidance values in
1991 (Bi-State Study
1994, 1996).
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

96

Columbia River
1240483462464
35.2 to 98
62.8

Silver Year
Around

Table 20 Toxic
Substances

Drinking
water;
Human
health;
Resident
fish and
aquatic life;
Aquatic life;
Anadromous
fish passage

Cat 3B:
Potential
concern

No 2010
action

Previous Data: [DEQ]
LASAR 12979 River
Mile 64.7: From
8/25/1997 to
8/25/1997, 0 out of 1
samples > applicable
Table 20 criterion.
[DEQ] LASAR 12980
River Mile 64.6: From
8/25/1997 to
8/25/1997, 0 out of 1
samples > applicable
Table 20 criterion.
[DEQ] LASAR 12981
River Mile 64.8: From
8/25/1997 to
8/25/1997, 0 out of 1
samples > applicable
Table 20 criterion.

Previous Data:
Silver: In general,
total recoverable and
filtered silver were not
detected above the
laboratory detection
limit of 1.0 ug/l,
except for one total
recoverable replicate
sample in the back
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water study (out of 15
and 45 total samples
in the backwater and
main stem surveys,
respectively). It is
possible that the
average total
recoverable
concentration
exceeded the
freshwater standard of
0.12 ug/l, however
detection limits were
too high for an
adequate evaluation.
Additional sampling
with lower detection
limits is recommended
(Bi-State Study 1994,
1996).
Previous Assessment
Year: 1998
Previous Status: Cat
3B: Potential concern
Previous Action: No
status change
Previous Assessment
Year: 2004

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

7917

Columbia River
1240483462464
35.2 to 98
62.8

Tributyltin Undefined Table 20 Toxic
Substances

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data:
Tributyltin was found
in elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Clatskanie;
Lower
Willamette
17080003;
17090012

7949

Columbia River
1240483462464
35.2 to 98
62.8

Zinc Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data: Zinc
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
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impairment is needed.
There were no
indications of a
beneficial use
impairment.
Zinc: Sediment zinc
concentrations ranged
from 68.3 to 155
mg/kg with
concentrations
exceeding Ontario�s
lowest effect level of
120 mg/kg at 4 of 15
backwater sites. 2 of
54 main stem study
sites exceeded the
guidance values in
1991 (Bi-State Study
1994, 1996).
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Columbia-
Clatskanie;
Lower
Willamette
17080001;
17080003;
17090012

20023

Columbia River
1240483462464
75.5 to 137.1
61.6

Manganese Year
Around

Table 20 Toxic
Substances

Human
health

Cat 3B:
Potential
concern

No 2010
action

Previous Data: [DEQ]
LASAR 23795 River
Mile 137.1: From
6/14/2000 to
6/14/2000, 0 out of 1
samples > applicable
Table 20 criterion.
[DEQ] LASAR 23797
River Mile 75.5: From
6/15/2000 to
9/27/2001, 1 out of 8
samples > applicable
Table 20 criterion.
[DEQ/ODA - Salem]
LASAR 10616 River
Mile 99.5: From
1/26/1994 to
9/26/2001, 1 out of
40 samples >
applicable Table 20
criterion.
Previous Status: Cat
3B: Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 2004

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

67

Columbia River
1240483462464
98 to 142
44

Aldrin Year
Around

Table 20 Toxic
Substances

Anadromous
fish
passage;
Resident
fish and
aquatic life;
Drinking
water

Potential
concern

No 2010
action

Previous Data: Aldrin
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
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beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

7384

Columbia River
1240483462464
98 to 142
44

Alpha-BNC Year
Around

Toxic
substances
may not be
introduced
above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data:
Alpha-BNC was found
in elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

71

Columbia River
1240483462464
98 to 142
44

Arsenic Undefined Toxic
substances
may not be
introduced
above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data: Arsenic
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.

Arsenic: Sediment
arsenic concentrations
ranged from 3.6 to
13.6 mg/kg with
concentrations
exceeding the
Ontario�s lowest
effect level of 6 mg/kg
at 4 of 15 backwater
sites. 1 of 54 main
stem study sites
exceeded the
guidance values in
1991 (Bi-State Study
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1994, 1996).
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

70

Columbia River
1240483462464
98 to 142
44

Benxo(a)anthracene Year
Around

Toxic
substances
may not be
introduced
above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Benxo(a)anthracene
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

7410

Columbia River
1240483462464
98 to 142
44

Benzo(g,h,i)perylene Year
Around

Toxic
substances
may not be
introduced
above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Benzo(g,h,i)perylene
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette

Columbia River
1240483462464
98 to 142
44

Bhc Year
Around

Toxic
substances
may not be
introduced
above natural
background
levels in the
waters of the

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Delta-BHC was found
in elevated levels in
sediments when
compared to certain
guidelines or guidance

Oregon DEQ: Water Quality - Water Quality Assessment - Oregon's 2010... http://www.deq.state.or.us/wq/assessment/rpt2010/results.asp

32 of 49 3/27/2014 5:44 PM

Exhibit 10



17080001;
17090012

7555

State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

7443

Columbia River
1240483462464
98 to 142
44

Cadmium Undefined Toxic
substances
may not be
introduced
above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data:
Cadmium was found in
elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.

Cadmium: Sediment
cadmium
concentrations ranged
from 0.49 to 1.9
mg/kg with
concentrations
exceeding Ontario�s
lowest effect level of
0.6 mg/kg at 14 of 15
backwater sites. 8 of
54 main stem study
sites exceeded the
guidance values in
1991 (Bi-State Study
1994, 1996).
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;

Columbia River
1240483462464
98 to 142
44

Cadmium Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water;
Aquatic life;

Cat 3B:
Potential
concern

No 2010
action

Previous Data: [ODA]
LASAR 10616 River
Mile 99.5: From
2/21/1996 to
2/21/1996, 0 out of 1
samples > applicable
Table 20 criterion.
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17090012

109

Human
health Previous Data:

Cadmium: Neither
total recoverable nor
filtered cadmium were
detected above the
laboratory detection
limit of 0.18 ug/l in
any backwater sample
(15 sites) which was
lower than both the
lowest total
recoverable standard
(freshwater) of 0.7
ug/l and the
Washington
(freshwater) dissolved
standard of 0.6 ug/l.
Only 3 of 45 samples
had detectable
concentrations in the
main stem study with
only one value above
any standard (Bi-State
Study 1994, 1996).
Previous Assessment
Year: 1998
Previous Status: Cat
3B: Potential concern
Previous Action: No
status change
Previous Assessment
Year: 2004

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

7468

Columbia River
1240483462464
98 to 142
44

Chromium (hex) Undefined Toxic
substances
may not be
introduced
above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data:
Chromium was found
in elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Chromium: Sediment
chromium
concentrations ranged
from 14.8 to 31.1
mg/kg with
concentrations
exceeding Ontario�s
lowest effect level of
26 mg/kg at 2 of 15
backwater sites. 0 of
54 main stem study
sites exceeded the
guidance values in
1991 (Bi-State Study
1994, 1996).
Previous Status:
Potential concern
Previous Action:
Added to database
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Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

7483

Columbia River
1240483462464
98 to 142
44

Chrysene Year
Around

Toxic
substances
may not be
introduced
above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data:
Chrysene was found in
elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

7503

Columbia River
1240483462464
98 to 142
44

Copper Undefined Toxic
substances
may not be
introduced
above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

Anadromous
fish
passage;
Drinking
water;
Resident
fish and
aquatic life

Potential
concern

No 2010
action

Previous Data: Copper
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.

Copper: Sediment
copper concentrations
ranged from 19.3 to
49.9 mg/kg with
concentrations
exceeding Ontario�s
lowest effect level of
16 mg/kg at 14 of 15
backwater sites. 8 of
54 main stem study
sites exceeded the
guidance values in
1991 (Bi-State Study
1994, 1996).
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998
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Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

83

Columbia River
1240483462464
98 to 142
44

Copper Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Drinking
water;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data:
Copper: Station
average total
recoverable copper
concentrations ranged
from 1.0 to 4.6 ug/l in
the backwater study
with the EPA and
Oregon freshwater
standard of 6.5 ug/l
not exceeded at any
of the stations but the
saltwater standard
(2.9 ug/l) was
exceeded at Youngs
Bay once out of 15
total sites. Filtered
copper concentrations
were all below the
laboratory detection
limit of 1.0 ug/l and
did not exceed the
Washington
freshwater dissolved
standard of 5.6 ug/l. 7
of 45 values exceeded
the total recoverable
standard in the main
stem study (Bi-State
Study 1994, 1996).

However, Professional
judgment was used to
establish the status of
segment for metals in
the water column as a
potential concern
because of quality
assurance concerns
with the data and the
reduction in detections
in later studies (1993
data showed 1 of 15
samples exceeded the
water quality criteria
and USGS found 0
exceedences during 4
sampling events at 4
sites) due to better
analytical methods.
The Bi-state Report
noted that there was
difficulty in measuring
relatively low
concentrations of
metals in ambient
waters and that the
accurate
measurement and
evaluation of water
column concentrations
of metals in the Lower
Columbia River has
been a recurring
problem. Because of
these Quality
Assurance concerns
identified with the
1991 main stem
study, greater reliance
was placed on the
backwater study
completed in 1993
and the USGS data
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from 1994. In addition
the different samples
were not comparable
because the 1991 data
were whole water
samples, the 1993
data was total and
filtered values and the
1994 data is filtered.
All concentrations
decreased between
studies which is
believed to be the
result of better QA
procedures and
analytical methods.
For these reasons and
the limited sampling
at each site, this data
was used to identify
which parameters may
be of concern rather
than listing the
segment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

7520

Columbia River
1240483462464
98 to 142
44

Cyanide Undefined Toxic
substances
may not be
introduced
above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

Anadromous
fish
passage;
Drinking
water;
Resident
fish and
aquatic life

Potential
concern

No 2010
action

Previous Data:
Cyanide was found in
elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

7543

Columbia River
1240483462464
98 to 142
44

DDD Year
Around

Toxic
substances
may not be
introduced
above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data: DDD
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
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change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

7549

Columbia River
1240483462464
98 to 142
44

DDT Year
Around

Toxic
substances
may not be
introduced
above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data: DDT
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

7546

Columbia River
1240483462464
98 to 142
44

DDT Metabolite
(DDE)

Year
Around

Toxic
substances
may not be
introduced
above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data: DDE
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Columbia River
1240483462464
98 to 142
44

Dieldrin Year
Around

Toxic
substances
may not be
introduced

Resident
fish and
aquatic life;
Anadromous

Potential
concern

No 2010
action

Previous Data:
Dieldrin was found in
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Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

7594

above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

fish
passage;
Drinking
water

elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

63

Columbia River
1240483462464
98 to 142
44

Dioxins/Furans Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Dioxins/Furans were
found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment (The Tetra
Tech studies
completed for the
Lower Columbia
Bi-State Program
noted that of 15
bioassays one showed
acute toxicity, but the
reason for the toxicity
could not be
determined, the other
14 showed not toxicity
(May 1996)). For
constituents in
sediment there is no
single type of
sediment-quality
guideline generally
accepted in the
scientific literature.

No standard or other
listing guidance values
were exceeded,
however, because of
the screening
guidance values
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exceedence and one
indeterminate
bioassay test, DEQ
includes the segment
in the Decision Matrix
as a Potential
Concern.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

7619

Columbia River
1240483462464
98 to 142
44

Endrin Year
Around

Toxic
substances
may not be
introduced
above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data: Endrin
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

7368

Columbia River
1240483462464
98 to 142
44

Iron Undefined Toxic
substances
may not be
introduced
above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data: Iron
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.

Iron: Sediment iron
concentrations ranged
from 15,500 to 39,000
mg/kg with
concentrations
exceeding Ontario�s
lowest effect level of
20,000 mg/kg at 9 of
15 backwater sites. 3
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of 54 main stem study
sites exceeded the
guidance values in
1991 (Bi-State Study
1994, 1996).
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

88

Columbia River
1240483462464
98 to 142
44

Iron Year
Around

Table 20 Toxic
Substances

Aquatic life;
Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water;
Human
health

Cat 3B:
Potential
concern

No 2010
action

Previous Data: [DEQ]
LASAR 23795 River
Mile 137.1: From
6/14/2000 to
6/14/2000, 0 out of 1
samples > applicable
Table 20 criterion.
[DEQ] LASAR 23793
River Mile 137.1:
From 6/14/2000 to
6/14/2000, 0 out of 1
samples > applicable
Table 20 criterion.
[DEQ] LASAR 23794
River Mile 137.1:
From 6/14/2000 to
9/27/2001, 0 out of 9
samples > applicable
Table 20 criterion.
[DEQ/ODA - Salem]
LASAR 10616 River
Mile 99.5: From
1/26/1994 to
9/26/2001, 1 out of
39 samples >
applicable Table 20
criterion.
Previous Status: Cat
3B: Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 2004

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

91

Columbia River
1240483462464
98 to 142
44

Lead Year
Around

Table 20 Toxic
Substances

Anadromous
fish
passage;
Drinking
water;
Resident
fish and
aquatic life

Potential
concern

No 2010
action

Previous Data: Lead:
Total recoverable
concentrations
measured in the
Backwater study
ranged from below
detection (0.8 ug/l) to
2.0 ug/l with a median
concentration
equivalent to the
detection limit. The
Oregon standard (1.3
ug/l based on a
hardness of 50 mg/l)
was exceeded at three
sites. Filtered lead
concentrations were
generally below the
detection limit of 0.8
ug/l with the
exception of lead
detected in one of the
three field replicate
samples at each of
three sites. The
average
concentrations were
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all below the
Washington
freshwater dissolved
standard of 0.9 ug/l.
Total recoverable
values exceeded the
Oregon standard at 21
of 45 main stem sites
(Bi-State Study 1994,
1996).

However, Professional
judgment was used to
establish the status of
segment for metals in
the water column as a
potential concern
because of quality
assurance concerns
with the data and the
reduction in detections
in later studies (1993
data showed 1 of 15
samples exceeded the
water quality criteria,
the USGS did not
analyze for lead) due
to better analytical
methods. The Bi-state
Report noted that
there was difficulty in
measuring relatively
low concentrations of
metals in ambient
waters and that the
accurate
measurement and
evaluation of water
column concentrations
of metals in the Lower
Columbia River has
been a recurring
problem. Because of
these Quality
Assurance concerns
identified with the
1991 main stem
study, greater reliance
was placed on the
backwater study
completed in 1993
and the USGS data
from 1994. In addition
the 1991 data is whole
water samples, the
1993 data is both total
and filtered values and
the 1994 data is
filtered. All
concentrations
decreased between
studies which is
believed to be the
result of better QA
procedures and better
analytical methods.
For these reasons and
the limited sampling
at each site, this data
was used to identify
which parameters may
be of concern rather
than listing the
segment.
Previous Status:
Potential concern
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Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

7723

Columbia River
1240483462464
98 to 142
44

Mercury Undefined Toxic
substances
may not be
introduced
above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Mercury was found in
elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

94

Columbia River
1240483462464
98 to 142
44

Mercury Year
Around

Table 20 Toxic
Substances

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data:
Mercury: In general,
total recoverable and
filtered mercury were
not detected above
the laboratory
detection limit of 0.11
ug/l, except for one
total recoverable
replicate sample in the
back water study (out
of 15 and 45 total
samples in the
backwater and main
stem surveys,
respectively). It is
possible that the
average total
recoverable
concentration
exceeded the
freshwater standard of
0.012 ug/l, however
detection limits were
too high for an
adequate evaluation.
Additional sampling
with lower detection
limits is recommended
(Bi-State Study 1994,
1996).
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Columbia River
1240483462464
98 to 142

Nickel Undefined Toxic
substances
may not be

Resident
fish and
aquatic life;

Potential
concern

No 2010
action

Previous Data: Nickel
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Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

7782

44 introduced
above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

Anadromous
fish
passage;
Drinking
water

was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.

Nickel: Sediment
nickel concentrations
ranged from 14.0 to
24.8 mg/kg with
concentrations
exceeding Ontario�s
lowest effect level of
16 mg/kg at 7 of 15
backwater sites. 1 of
54 main stem study
sites exceeded the
guidance values in
1991 (Bi-State Study
1994, 1996).
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

7381

Columbia River
1240483462464
98 to 142
44

Phenol Year
Around

Toxic
substances
may not be
introduced
above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
4-Methylphenol was
found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Columbia River
1240483462464
98 to 142
44

Polynuclear
Aromatic
Hydrocarbons

Year
Around

Toxic
substances
may not be
introduced

Resident
fish and
aquatic life;
Anadromous

Potential
concern

No 2010
action

Previous Data: Total
PAHs was found in
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Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

7914

above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

fish
passage;
Drinking
water

elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

7859

Columbia River
1240483462464
98 to 142
44

Pyrene Year
Around

Toxic
substances
may not be
introduced
above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

Drinking
water;
Resident
fish and
aquatic life;
Anadromous
fish passage

Potential
concern

No 2010
action

Previous Data: Pyrene
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

69

Columbia River
1240483462464
98 to 142
44

Radionuclides Undefined Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Elevated
concentrations of
radionuclides were
detected, however, a
standard or other
listing criteria were
not exceeded. There
were no indications of
a beneficial use
impairment (The Tetra
Tech studies
completed for the
Lower Columbia
Bi-State Program
noted that bioassays
did not show any
toxicity (May 1996)).
Previous Status:
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Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

7872

Columbia River
1240483462464
98 to 142
44

Silver Undefined Toxic
substances
may not be
introduced
above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data: Silver
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Silver: Sediment silver
concentrations was
detected at only one
site (3.1 mg/kg) with
detection limits
ranging from 0.08 to
0.49 mg/kg with
concentrations at the
one site exceeding
Ontario�s lowest
effect level of 0.5
mg/kg out of 15
backwater sites. 6 of
54 main stem study
sites exceeded the
guidance values in
1991 (Bi-State Study
1994, 1996).
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

97

Columbia River
1240483462464
98 to 142
44

Silver Year
Around

Table 20 Toxic
Substances

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water;
Aquatic life;
Human
health

Cat 3B:
Potential
concern

No 2010
action

Previous Data: [ODA]
LASAR 10616 River
Mile 99.5: From
2/21/1996 to
2/21/1996, 0 out of 1
samples > applicable
Table 20 criterion.

Previous Data:
Silver: In general,
total recoverable and
filtered silver were not
detected above the
laboratory detection
limit of 1.0 ug/l,
except for one total
recoverable replicate
sample in the back
water study (out of 15
and 45 total samples
in the backwater and
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main stem surveys,
respectively). It is
possible that the
average total
recoverable
concentration
exceeded the
freshwater standard of
0.12 ug/l, however
detection limits were
too high for an
adequate evaluation.
Additional sampling
with lower detection
limits is recommended
(Bi-State Study 1994,
1996).
Previous Assessment
Year: 1998
Previous Status: Cat
3B: Potential concern
Previous Action: No
status change
Previous Assessment
Year: 2004

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

7918

Columbia River
1240483462464
98 to 142
44

Tributyltin Undefined Toxic
substances
may not be
introduced
above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may
accumulate in
sediment�

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data:
Tributyltin was found
in elevated levels in
sediments when
compared to certain
guidelines or guidance
values, however,
sediment toxicity does
not correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
beneficial use
impairment.
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette

Lower
Columbia-
Sandy; Lower
Willamette
17080001;
17090012

7950

Columbia River
1240483462464
98 to 142
44

Zinc Undefined Toxic
substances
may not be
introduced
above natural
background
levels in the
waters of the
State in
amounts,
concentrations,
or
combinations
that may be
harmful, may
chemically
change to
harmful forrms
in the
environment,
or may

Resident
fish and
aquatic life;
Anadromous
fish
passage;
Drinking
water

Potential
concern

No 2010
action

Previous Data: Zinc
was found in elevated
levels in sediments
when compared to
certain guidelines or
guidance values,
however, sediment
toxicity does not
correlate well with
sediment contaminant
concentrations and is
dependent on local
conditions. To
determine toxicity a
demonstration of a
beneficial use
impairment is needed.
There were no
indications of a
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accumulate in
sediment�

beneficial use
impairment.
Zinc: Sediment zinc
concentrations ranged
from 68.3 to 155
mg/kg with
concentrations
exceeding Ontario�s
lowest effect level of
120 mg/kg at 4 of 15
backwater sites. 2 of
54 main stem study
sites exceeded the
guidance values in
1991 (Bi-State Study
1994, 1996).
Previous Status:
Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 1998

Lower
Columbia;
Willamette;
Middle
Columbia

Middle
Columbia-Lake
Wallula; Middle
Columbia-Hood;
Lower
Columbia-
Sandy; Lower
Columbia-
Clatskanie;
Lower
Columbia;
Lower
Willamette
17070101;
17070105;
17080001;
17080003;
17080006;
17090012

21819

Columbia River
1240483462464
0 to 319.3
319.3

Phosphate
Phosphorus

Summer Total
phosphates as
phosphorus
(P):
Benchmark 50
ug/L in
streams to
control
excessive
aquatic
growths

Aquatic life Cat 3B:
Potential
concern

No 2010
action

Previous Data: [DEQ]
LASAR 10616 River
Mile 99.5: From
7/6/1994 to 8/6/2003,
1 out of 17 samples >
50 ug/L benchmark
criterion.
[DEQ] LASAR 23793
River Mile 137.1:
From 6/14/2000 to
6/14/2000, 0 out of 1
samples > 50 ug/L
benchmark criterion.
[DEQ] LASAR 23795
River Mile 137.1:
From 6/14/2000 to
6/14/2000, 0 out of 1
samples > 50 ug/L
benchmark criterion.
[DEQ] LASAR 23797
River Mile 75.5: From
6/15/2000 to
8/5/2003, 1 out of 9
samples > 50 ug/L
benchmark criterion.
[DEQ] LASAR 23798
River Mile 75.5: From
6/15/2000 to
6/15/2000, 1 out of 1
samples > 50 ug/L
benchmark criterion.
[DEQ] LASAR 23796
River Mile 75.4: From
6/15/2000 to
6/15/2000, 0 out of 1
samples > 50 ug/L
benchmark criterion.
[DEQ] LASAR 23794
River Mile 137.1:
From 6/14/2000 to
8/5/2003, 0 out of 9
samples > 50 ug/L
benchmark criterion.
Previous Status: Cat
3B: Potential concern
Previous Action:
Added to database
Previous Assessment
Year: 2004

To select new search criteria click here - DO NOT USE THE BACK ARROW.
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[print version]

For more information about DEQ's Integrated Report and 303(d) list contact Karla Urbanowicz by phone at (503) 229-6099 or by e-mail.

Oregon Department of Environmental Quality
Headquarters: 811 SW Sixth Ave., Portland, OR 97204-1390
Phone: 503-229-5696 or toll free in Oregon 1-800-452-4011

Oregon Telecommunications Relay Service: 1-800-735-2900  FAX: 503-229-6124

The Oregon Department of Environmental Quality is a regulatory agency authorized to protect Oregon's environment by
the State of Oregon and the Environmental Protection Agency.

DEQ Web site privacy notice

Projects and Programs   Publications and Forms   Laws and Regulations   Public Notices   Permits and Licenses   Databases/GIS

About DEQ  | Contact DEQ  | Sitemap | Feedback | DEQ Search
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U.S. Department of Energy
Richland Operations Office

RIVER CORRIDOR CLOSURE PROJECT

Remedial Investigation 
for Hanford Site 
Releases to the 
Columbia River

Data Quality Objectives
Workshop #1
February  5 and 6, 2008

Protecting the Columbia River
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RIVER CORRIDOR CLOSURE PROJECT

E0711040_2

Protecting the Columbia River

Presentation Agenda

1. Introduction and Status Workshop Objectives 
2. CERCLA Process
3. Data Gap Analysis Report Summary 
4. Updated Conceptual Site Model 
5. Data Quality Objectives Process 
6. Human Health SLRA Process 
7. Ecological SLRA Process 
8. Suggested Sampling Areas Based on DQO Interviews
9. Next Steps and Path Forward
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Protecting the Columbia River

1. Introductions and Status Workshop Objectives
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Protecting the Columbia River

Status Workshop Objectives

• Review of DQO interview comments 
• Review Data Gap Analysis Recommendations
• Discuss Updates to the Conceptual Site Model
• Review DQO Steps 1-4 & share thoughts on Steps 5-7
• Discuss Proposed Approaches for Human Health and 

Ecological Screening Level Risk Assessment Processes
• Continue to receive input on Development of Sampling 

Design
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Protecting the Columbia River

Top 10 issues from DQO Interviews 

1. Follow CERCLA RI process
2. How does CRC RI get integrated in site-wide risk assessment? 
3. Impacts of Compressed Schedule 
4. Definition of Study Area (both river sides and downriver)
5. River transport modeling and CSM update
6. Include biota evaluation
7. HH and Ecological SLRA Process 
8. MTCA Analysis or Benchmark comparison for HH
9. COPC selection
10. Columbia River Basin Fish Contaminant Survey (CRITFC and EPA 

Region 10; Jan 2002).
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Protecting the Columbia River

Draft River Corridor ROD Strategy
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Protecting the Columbia River

2. CERCLA Process
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Protecting the Columbia River

Data Gap 
Analysis Report

Data Gap 
Analysis Report

DQO and SAP for 
SLRA Sampling 

DQO and SAP for 
SLRA Sampling 

Generate RI 
Work Plan

Generate RI 
Work Plan

Produce Final SLRA ReportProduce Final SLRA Report

Conduct Sampling and 
Prepare Baseline 
Risk Assessment

Conduct Sampling and 
Prepare Baseline 
Risk Assessment

DQO and SAP for 
Baseline Risk Assessment

DQO and SAP for 
Baseline Risk Assessment

Complete 
Draft SLRA Report

Complete 
Draft SLRA Report

Does area pass
the SLRA?

Does area pass
the SLRA?

CERCLA Remedial
Investigation of
Hanford Releases
to the Columbia
River 

Evaluate DataEvaluate Data

Data Gap Analysis
Workshop

(June 5-6, 2007)

Data Gap Analysis
Workshop

(June 5-6, 2007)

RA – Risk Assessment
SAP – Sampling and Analysis Plan
SLRA – Screening Level Risk Assessment
RI – Remedial Investigation
DQO – Data Quality Objectives

Sample for 
SLRA

Sample for 
SLRA

Yes
Produce RI ReportProduce RI Report

No

Prepare Baseline 
Risk Assessment 

Work Plan

Prepare Baseline 
Risk Assessment 

Work Plan
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Protecting the Columbia River

Draft River Corridor ROD Strategy
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Protecting the Columbia River

Summary RI Scoping Process to Date 

• Compile and Evaluate Existing Data 
– Dec 2004 to Sept 2005 – 10 Workshops 
– Existing Source Information Summary Report 

Compilation/Evaluation Effort: December 2004 to 
September 2005 (WCH-64, Rev. 0) 

– Columbia River Component Data Evaluation 
Summary Report (WCH-91, Rev. 0) issued in July 
2006

– Data Gap Analysis Workshop, June 5 – 6, 2007
– Columbia River Component Data Gap Analysis 

(WCH-201, Rev. 0) issued on October 22, 2007 
– DQO Interviews Nov 2007 through Jan 2008

Exhibit 11



RIVER CORRIDOR CLOSURE PROJECT

E0711040_11

Protecting the Columbia River

Overview of RI DQO and Work Plan 
Development Process

• Schedule Drivers – Why the Push? 

• RI Goals – Compliant RI including RA for the River

• Process Schedule – Getting it all Done!
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Protecting the Columbia River

Schedule Drivers

• To ensure that the Columbia River work is done in time 
to support anticipated draft FS/Proposed Plan milestone 
in December 2010 

• To facilitate Fall sampling during seasonal low water 
stage

• Opportunity for additional sampling in 2009 to address 
remaining issues

• To obtain regulatory approval for Fall 2008 sampling 
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Protecting the Columbia River

The Draft A Proposed Plans Deadlines 
are one of the Schedule Drivers

December 2010
Draft A FS/PP

2007

Work Plan

Sampling

Risk Assessment

RI Report

RI Must be complete

2008 2009 2010
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Protecting the Columbia River

RI SAP and DQO are on Parallel Tracks 
to Optimize Schedule

December 2010

Draft A FS/PP
2007 2008 2009

Results         RA         RI report

Sampling
Sept/Oct

2008

DQO Process

2010

Work Plan
•SAP

•DQO Summary
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Protecting the Columbia River

Goal is to Meet a September/October 
2008 Sampling Startup Date

• Some tasks run in parallel to accelerate schedule
• Key to success is good communication and continued 

participation by Tribal Members and Stakeholders 
• To meet schedule, review cycles have been shortened 

– To ensure public/tribal/Trustee involvement, all need 
to attend workshops  

• Sampling follows approval of Work Plan
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Protecting the Columbia River

Schedule Details:
January – April 2008

DQO 
WKSP

DQO 
MINUTES

DQO 
REPORT

DEVELOP SAMPLING
DETAILS

PREPARE SAP
PRESENTATION

SAP
WKSP

4/7

February March

FINALIZE SAP DRAFT
SAP

PREPARE WORK PLAN DRAFT
WP

4/73/18

January April
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Protecting the Columbia River

Workplan Review Schedule

• Workplan Development
• WCH Review and Edits
• DOE Review and Edits
• Regulatory/Stakeholder/Tribal Member Review and Edits
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Protecting the Columbia River

Potential Out-Year Schedule Through 
2010

J F M A M J J A S O N D J F M A M J J A S O N DJ A S O N D
2008 20102009

TIME    TO ADDRESS EMERGING ISSUES

December 2010 
Draft A FS/PP

NOTE: This schedule is contingent upon the scope of sampling  agreed upon during the DQO and SAP 
discussion.

DATA
EVALUATION,
REPORTING

REPORT REVIEW

LAB ANALYSIS

SAMPLING

Rev. 0 
Report

Does the data 
pass the SLRA?
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Protecting the Columbia River

3.  Data Gap Analysis Report Summary
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Protecting the Columbia River

Columbia River Component Data Gap 
Analysis Report (WCH-201, Rev.0) 

• Purpose – to assess adequacy of existing surface water 
and sediment in a Hanford-related data set 

• Methods
– Develop Database
– Update Conceptual Site Model 
– Evaluate Spatial and Temporal Distribution 
– Identify Primary Study Area 
– Identify Site Analytes
– Identify Preliminary Data Gaps
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Protecting the Columbia River

Table 5-3: Summary of Analytes 
Exceeding HH or Eco Screening Criteria –
Sediments  

EcoZinc 

Eco & HHVanadium 

Eco & HHUranium 

HHThallium 

EcoSilver 

EcoSelenium 

EcoMercury 

Eco & HHManganese 

Eco & HHLead 

Eco & HHIron 

EcoChromium – hexavalent 

EcoCopper 
HHTrichloroethene (TCE)Eco & HHChromium 

HHTetrachloroethene (PCE)Eco & HHCadmium 

HHChloroform EcoBoron 

HHUranium-238HH1,2-Dichloroethane (DCA)EcoBeryllium 

HHUranium-234HH1,1,2-Trichloroethane (TCA)EcoBarium 

HHTritiumHHCarbon Tetrachloride HHArsenic 

HHStrontium-90HHPesticidesHHAntimony  

HHPotassium-40HH & EcoBis(2-ethylhexyl) phthalateEcoAluminum 

Criteria 

Exceeded
Radio-nuclides

Criteria 

Exceeded
OrganicsCriteria ExceededMetals

Eco = Ecological 
HH = Human Health
PAH = polyaromatic hydrocarbon
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Protecting the Columbia River

Table 5-4: Summary of Analytes 
Exceeding HH or Eco Screening Criteria –
Surface Water  

EcoZinc 

Eco & HHVanadium 
Eco & HHUranium 

HHThallium 
EcoSilver 

EcoSelenium 
EcoMercury 

Eco & HHManganese 

Eco & HHLead 

Eco & HHIron 

EcoChromium – hexavalent 

EcoCopper 
HHTrichloroethene (TCE)Eco & HHChromium 

HHTetrachloroethene (PCE)Eco & HHCadmium 

HHChloroform EcoBoron 
HHUranium-238HH1,2-Dichloroethane (DCA)EcoBeryllium 

HHUranium-234HH1,1,2-Trichloroethane (TCA)EcoBarium 

HHTritiumHHCarbon Tetrachloride HHArsenic 
HHStrontium-90HHPesticidesHHAntimony  
HHPotassium-40HH & EcoBis(2-ethylhexyl) phthalateEcoAluminum 

Criteria ExceededRadio-nuclidesCriteria ExceededOrganicsCriteria ExceededMetals

Eco = Ecological 
HH = Human Health
PAH = polyaromatic hydrocarbon
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Protecting the Columbia River

Preliminary Data Gaps 

• Sloughs and backwaters  
– Additional sampling of far side of river 

• Islands – immediately downriver of sources 
• Irrigation Returns – include Saddle Mountain Wasteway 
• Near-shore areas in Richland including surface water 

VOCs in the area of the Richland pump house 
• Sediment cores from several locations within Lake 

Wallula, including:
– Recreational locations along the shoreline 
– Near the head of the lake (near the 300 Area)
– Deep cores near McNary Dam
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Protecting the Columbia River

4. Updated Conceptual Site Model 
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Protecting the Columbia River

Hanford Conceptual Site Model
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Protecting the Columbia River

Study Zones of the Components of the 
RCBRA on the Hanford Site
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Protecting the Columbia River

Preliminary Conceptual Exposure Model

Deposition of
Contaminants from 
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Protecting the Columbia River

Primary Source Areas  

1. Reactor cooling water discharges

2. Contaminated groundwater seepage to river

3. Redeposition of contaminants from normal flow and 
during flooding
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Protecting the Columbia River

Primary Source Areas - Cooling Water 
Discharge Pipes 

• Fifteen cooling water discharge pipes have been 
identified from eight once-through reactors 

• Metals and radionuclides discharged directly to the river  
• Cooling water discharge pipes have been mapped 
• Areas directly downriver of these pipes have been 

identified as likely depositional areas 
• Proposed sampling will focus on these areas 

Exhibit 11



RIVER CORRIDOR CLOSURE PROJECT

E0711040_30

Protecting the Columbia River

Primary Source Areas - Cooling Water 
Discharge Pipes
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Protecting the Columbia River

Primary Source Areas - Cooling Water 
Discharge Pipes
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Protecting the Columbia River

Primary Source Areas - Cooling Water 
Discharge Pipes

1Hanford Generating Plant100-N-80

1100-N100-N-77

2100-KE and 100-KW100-K-80

2100-H100-H-34

2100-F100-F-39

2
1

100-D
100-DR100-D-60

2
2

100-B
100-C100-B-15

Number of River Effluent 

Pipelines
Reactor Area or Facility

Effluent Pipelines 

Site Number

Exhibit 11



RIVER CORRIDOR CLOSURE PROJECT

E0711040_33

Protecting the Columbia River

100-D Intake Structure
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Protecting the Columbia River

Primary Source Areas - Groundwater 
Discharge 

Contaminated groundwater plumes traveling and 
discharging to the river

• 100 Area Plumes
- Chromium
- Sr-90
- Tritium

• 200 Area Plumes
-Carbon Tetrachloride
-Chromium
-Technetium-99
-Tritium
-Uranium (elemental)
-Iodine-129

• 300 Area Plumes
- VOCs (e.g. PCE, TCE, 
Cis-1,2-DCE
- Tritium
- Uranium (elemental)
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Protecting the Columbia River

Primary Source Areas - Redeposition

Re-deposition of contaminants from normal flow and during 
flooding

– Last significant flood 1948
– Relatively small amount of production prior to 1948
– Possible re-deposition along shorelines 
– RCBRA investigation does not identify significant re-

deposition above current normal high water 
– Islands and ‘far’ bank shorelines identified as possible 

data gap
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Protecting the Columbia River

Primary Source Areas - Redeposition

Figure 4-9.  Key Radionuclides Released to the Columbia River by Year, 1944-1971 
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Protecting the Columbia River

Hanford Reach Bathymetry Map Figure B.3 from PNNL-15226
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Protecting the Columbia River

Primary Source Areas - Redeposition

• Several depositional areas have been identified: 
– Far Shoreline 
– Mid-river Islands 
– Holes or other depositional areas within Hanford 

Reach 
– Lake Wallula 
– Deep sediment behind McNary Dam  
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Protecting the Columbia River

5.  Data Quality Objectives Process
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Protecting the Columbia River

DQO Seven-Step Process  

• Step 1: State the Problem 
• Step 2: Identify the Decision
• Step 3: Identify Inputs to the Decision
• Step 4: Define the Boundaries of the Study Area
• Step 5: Develop a Decision Rule 
• Step 6: Specify Tolerable Limits on Decision Errors
• Step 7: Develop the Plan for Obtaining Data 
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Protecting the Columbia River

Status of DQO Process

• Interviews
• Issues Matrix
• Workshop #1

– Step 1: State the Problem 
– Step 2: Identify the Decision
– Step 3: Identify Inputs to the Decision
– Step 4: Define the Boundaries of the Study Area 

• Draft DQO Report
• Workshop #2

– Step 5: Develop a Decision Rule 
– Step 6: Specify Tolerable Limits on Decision Errors
– Step 7: Develop the Plan for Obtaining Data
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Protecting the Columbia River

Interviews Completed

• EPA (Region 10)
• DOE/RL
• Ecology 
• Nez Perce, CTUIR, Yakama, 

Wanapum
• Hanford Advisory Board 
• Natural Resource Trustee 

Council 
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Top 10 issues from DQO Interviews 

1. Follow CERCLA RI process
2. How does CRC RI get integrated in site-wide risk assessment? 
3. Concerns of Compressed Schedule 
4. Definition of Study Area (both river sides and downriver)
5. River transport modeling and CSM update
6. Include biota evaluation
7. HH and Ecological SLRA Process 
8. MTCA Analysis or Benchmark comparison for HH
9. COPC selection
10. Columbia River Basin Fish Contaminated Survey (CRITFC and 

EPA Region 10; Jan 2002).
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Protecting the Columbia River

DQO Step 1: State the Problem 

Have the Hanford-related contaminants in river media 
been characterized (e.g., nature and extent) enough to 
evaluate risk? 

Preliminary Assessment:

Data gaps exist.   Based on the findings of the Data Gap 
Analysis report a number of locations and analytes have 
not been sufficiently characterized.  

Exhibit 11



RIVER CORRIDOR CLOSURE PROJECT

E0711040_45

Protecting the Columbia River

DQO Step 2: Identify the Decision 

What Hanford-related contaminants, by media, create a 
potential risk to humans or biota?

Preliminary Assessment:

Data Gap Analysis used conservative benchmarks to 
identify analytes that exceed criteria. These include but 
are not limited to:
– Metals 
– Radionuclides 
– Organics 
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Protecting the Columbia River

DQO Step 3: Identify inputs to Decision 

What inputs are required for decisions?  

Preliminary Assessment:

• Information from Tribes and Stakeholders: Completed 
eight interviews with stakeholders from November ’07 
through January ’08 to identify RI issues.  Schedule two 
workshops to provide discussion forum and obtain 
additional information.

• Receptor-Specific Risk: To understand potential risks to 
human and ecological receptors a Preliminary Screening 
Level Risk Assessment will be completed.   
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Protecting the Columbia River

DQO Step 4: Define Study Boundaries  

What are the upriver and downriver study boundaries? 
Preliminary Assessment:

Upriver boundary at Priest Rapids Dam; 
Downriver boundary at McNary Dam pending outcome of 
SLRA 
What are the lateral boundaries?

Preliminary Assessment:

Hanford Reach - Those areas of the river and islands 
that have not been included in the other studies (e.g., 
RCBRA).
Lake Wallula – shore to shore
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DQO Step 4: Define Study Boundaries
Hanford Reach Cross-Section Study Area 
Definition

Left
(Facing downriver)

Right
(Facing downriver)

Columbia River

CRC Study Area

Hanford Site
100/300 Study Area
and Inter-Area 

View Facing Downriver

Green 
line
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DQO Step 5: Develop Decision Rule   
As defined by CERCLA, what are the goals for the RI? 
• define the nature and extent of site-related contaminants  
• do contaminant concentrations pose a risk? 

Preliminary Assessment:

Based on Interviews and Data Gap Analysis report data gaps 
do exist for the nature and extent.  

Based on EPA and Ecology human health and ecological risk 
guidance, current and foreseeable future use activities will be 
compared to endpoint criteria.  Endpoints will be identified in 
the Work Plan. 
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DQO Step 6: Specify Tolerable Limits on 
Decision Errors   

What are the acceptable limits of errors for the proposed 
investigation and evaluation? 

Preliminary assessment:

Based on the RCBRA, DQO process, and EPA/Ecology 
guidance, the SLRAs and SAP will address the question 
of uncertainty and acceptable limits of error. 
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DQO Step 7: Develop the Plan for 
Obtaining Data    

Where and how many surface water, sediment, and biota 
samples are needed? 

Preliminary Assessment:

Will be developed and presented in SAP.
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6. Human Health Screening Level Risk 
Assessment Process
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Organization of the Human Health SLRA 
Process

RI SamplingPSLRA Data

Human Receptors
Exposure Pathways

Risk Drivers
SLRA
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HH SLRA Process

• Key differences between RCBRA and Columbia River 
Investigation: 
– Objectives

• Area of interest: only riverine exposures
• Baseline Risk Assessment vs. SLRA
• Post-remediation vs. pre-remediation
• Outcome

– PSLRA to identify data gaps; primary risk 
drivers will be used in DQO process to identify 
sampling areas and analytical methods
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Screening Level Risk Assessment 

• Conservative / “Worst Case” analysis

• Benchmark Comparison
– Benchmark availability
– Relevance to site
– Not cumulative

• Quantitative Risk Assessment
– Site-specific exposures
– Cumulative risk
– Highlights chemical/radiological risk drivers/exposure pathways
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HH SLRA Process

• Benchmark (MTCA) approach (supported by EPA and 
Ecology, but contrary to RCBRA approach and WCH 
proposed approach)

– Available benchmarks
– Results: Areas where results exceed benchmarks are 

highlighted
• Data Gap Analysis (2007) includes comparison for 

SW/SD
– Other issues
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HH SLRA Process

• Quantitative Risk Assessment
– Quantifies exposures for discrete scenarios

– Estimates potential chemical hazards and 
chemical/radiological cancer risks

• Reasonable Maximum Exposures (RME) only
• Cumulative risks
• Highlights risk drivers
• Receptor-specific
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HH SLRA Process

• Components of Quantitative RA
– Hazard Identification
– Dose-Response
– Exposure Assessment
– Risk Characterization
– Uncertainty Analysis
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HH SLRA Process

• Exposure Assessment
– Who is exposed?
– To what are they exposed?
– How/where/when are they exposed?

• Reasonable Maximum Exposures for PSLRA
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HH SLRA Process

• Native American scenarios
– CTUIR
– Yakama
– Wanapum (as available)
– Key issues are fish consumption rates, species 

composition
• “primary” species (salmon, eel, smelt, trout)
• “secondary” species (whitefish, sturgeon, bass, etc.)
• Organ meats (will assume 10% of fish diet)
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HH SLRA Process

• Recreational Scenarios
– “Typical” Recreational User

• Average frequency/intensity
• Child and adult
• Wading/swimming, some fishing

– “Avid" Angler
• Higher frequency/intensity
• Youth and adult
• Wading, fishing
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HH SLRA Process

• Dredge Worker
– Operates dredge behind dam
– Direct contact with sediment
– Minimal contact with surface water
– Akin to typical EPA “construction worker” scenario

• Short-term dredging project
• High intensity activities
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HH SLRA Process

• Exposure Point Concentrations

– Segregate study area into 3 sections

– Generally 95% UCL concentrations
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HH SLRA Process
End Points

• Cumulative noncancer hazards (Hazard Index) compared 
to EPA target HI of one.

• Cumulative cancer risk (chemical) compared to WAC 
cumulative cancer risk threshold of 1 in 100,000 (10-5)

• EPA cancer risk range of 10-6 to 10-4

• 15 mrem annual dose (radioisotopes)
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HH SLRA Process

• Risk drivers
• Uncertainties
• Data gaps

Work Plan
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7. Ecological Screening-Level Risk 
Assessment Process
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Topics for Discussion

• Organization of the SLERA process

• PSLERA approach and components
– How PSLERA results are used in DQO process

• SLERA approach and components
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Organization of the SLERA Process

RI SamplingPSLERA Data

SLERA Receptors
Habitats areas for 
sampling
Sampling analytical
suites

SLERA
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This Effort Differs from the RCBRA

• This is a EPA Screening Level RA – consists of a 
comparison of maximum concentrations to generic
benchmarks
– Eliminates compounds of negligible risk

– Identifies potential need for a Baseline ERA

• The River Corridor Baseline Risk Assessment: site-
specific data shows whether effects are occuring at this
site
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PSLERA Approach and Components

• Goal of PSLERA is to identify areas and analytes for 
sampling

• Requires knowledge of receptors and habitats to assess 
sampling needs
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PSLERA Includes Problem Formulation 
Components of Risk Assessment

• Habitat description

• Exposure pathways and media

• Potential receptors

• Assessment endpoints and measures of effect

• Sampling COPEC selection to determine analytical 
suites
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Lake Wallula Provides Different Habitats and Many 
Recreational Opportunities

North
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Exposure Pathways and Media Reflect 
Sources and Transport Mechanisms

• Surface water – from nearshore source areas

• Sediment – from nearshore source areas and 
transported downstream

• Exposed island shoreline sediment – from upstream 
areas
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Potential Receptors Reflect Exposure 
Media

• Fish

• Benthic invertebrates

• Aquatic plants (minor)

• Island wildlife

• Island plants
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Island Shorelines Present an Intermittent 
Exposure Scenario
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Island Shorelines Present a Intermittent 
Exposure Scenario

• Unstable substrate – frequent scouring prevents 
aquatic or terrestrial invertebrate communities

• But stranded bugs are a food source for shorebirds

• Animals (shorebirds and wildlife) may have incidental 
ingestion
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Aquatic Plants are Also a Potential 
Receptor
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Assessment Endpoints Reflect These 
Major Receptor Groups

• Fish
• Benthic invertebrates
• Island wildlife
• Island birds
• Terrestrial plants

Primary receptors to site media
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These Receptor Groups Determine Areas 
for Surface Water Sampling

Fish:

• Near gravel bars for redds

• Deep midchannel areas – travel lanes for salmon and 
sturgeon

• Shallow left bank shores – young fish
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These Receptor Groups Determine Areas 
for Sediment Sampling

Benthics:

• Permanently submerged sediment in depositional areas 
downstream of source areas

• Depositional areas in Lake Wallula
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These Receptor Groups Determine Areas 
for Sediment Sampling – cont.

Island wildlife and plants:

• Routinely exposed shorelines

• Downstream of source areas
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Selection of Sampling COPECS

• Process based on RCBRA approach

• Based on use of all data – including nearshore

• Based on a comparison to benchmarks

• Identifies Sampling COPECs – used to select analytical 
suites 
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Benchmarks Reflect Consistency and 
Conservatism

• Surface water – values consistent with RCBRA

• Sediments are screened against lower of sediment or 
lowest soil benchmark

• Soil benchmarks include all receptors: plants, 
invertebrates, and wildlife
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COPEC Selection Process Will Produce a 
List of Compounds for Sampling

• Combined with human health list for final sampling list

• List used to select analytical suites

• Parameters like hardness, TOC, AVS/SEM also 
recommended
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SLERA Risk Characterization Approach 
and Components

• Work Plan will describe SLERA risk characterization 
methods

• Risk characterization in SLERA will have two parts
– Screening level risk calculation
– Refined Analysis of exceeding compounds

• Both will be based on data set with new RI data

Exhibit 11



RIVER CORRIDOR CLOSURE PROJECT

E0711040_87

Protecting the Columbia River

Screening Level Risk Calculations

• Based on a comparison of maximums to benchmarks

• Meets EPA guidance for a screening calculation

• Little value in assessing the risk potential

• Compounds over benchmarks get Refined Analysis
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Organization of the SLERA Process

RI SamplingPSLERA Data

SLERA Receptors
Habitats areas for 
sampling
Sampling analytical
suites

SLERA
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Refined Risk Calculation Uses All 
Available Information

• Number, type, location of exceedances

• Probable effect level benchmarks

• RCBRA risk assessment results
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RCBRA Results Are Relevant:

• Similar or identical habitat, compounds and receptors

• Higher concentrations typically in nearshore areas

• Assume compounds at similar concentrations will have 
similar effect
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Example of RCBRA Tests Relevant to 
Columbia River Investigation

• Toxicity tests
• Fish histopathology
• Food chain modeling results

Data will be used in addition to benchmarks to evaluate risk
in refined SLERA risk analysis

• Includes uncertainty analysis 
• Scientific Management Decision Point (SMDP)
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8. Suggested Sampling Scope Based on 
DQO Interviews
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Suggested Sampling Scope Based on 
DQO Interviews – Subject for Next Work 
Shop 
Based on data gaps identified in WCH-201 and comments 
received during interviews, the following areas and media 
will be the focus of the proposed sampling in Fall 2008. 

DQO Step 7: Develop the plan for obtaining data 
1. Evaluate the nature and extent of Hanford-related 

contaminants in the river system. 
2. Quantify potential risks to humans and biota caused 

by Hanford-related contaminants 
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Shallow Sediment Samples 

Suggested Approach: 
• Sediments from Islands and far shoreline (subaerial 

sampling): D-Island, Island 2, Island 3, Locke Island, 
Island 8, and Homestead Island 

Goal: 
• Determine whether nearest islands/shoreline to sources 

(reactors and groundwater plumes) pose a risk from 
Hanford-related COPCs.
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Islands and Far Shoreline 

Suggested Approach: 
• Shallow Sediment samples (ponar sampler) from: B-

Reactor Trench, K-Reactor Hole, N-Reactor Hole, and 
D-Reactor Hole 

Goal: 
• Determine whether mid-river (deep holes) have 

sediments and if sediments exist, whether they are  
contaminated with Hanford-related COPCs. 
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Shallow Sediment Cores 

Suggested Approach: 
• Shallow Sediment Core (Vibracores less than 10 feet 

deep) samples from: White Bluff, Hanford sloughs, head 
of McNary Pool (e.g., 300 Area) and other recreational 
sites along the Tri Cities and Oregon Shoreline

Goal: 
• Determine whether subsurface sediments at sloughs, 

head of the pool, and other recreational areas pose a 
risk 
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Deep Sediment Cores 

Suggested Approach: 
• Deep Sediment Core (barge drilling up to 40 feet deep) 

samples from: deep sediment location behind the 
McNary Dam

Goal: 
• Determine whether deep subsurface sediments near the 

dam have decayed as predicted (see WCH-201) and if 
potential metal COPCs pose a risk now or in the future 
(see dredge worker scenario) 
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Surface Water Samples 

Suggested Approach: 
• Surface Water Samples 300 Area – Collect VOCs 

surface water samples from the area directly downriver 
of the 300 Area VOC plume  

Goal: 
• Determine whether VOC plume (e.g. PCE, TCE, Cis-1, 

2-DCE) have exceeded HH or Ecological screening 
criteria for surface water. 
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9. Next Steps and Path Forward
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Next Workshop

• March 12 and 13, 2008
• Present results of PSLERA
• Present an key components SAP

– Sample locations 
– Number of samples
– Present list target analytes
– Analytical methods 
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RI Workplan
• List of Proposed Appendices

A.Data Quality Objectives Report
B.Sampling and Analysis Plan

• List of Proposed Figures

1. Site Location Plan
2. Geographical Scope of the CRC 

Study Area
3. Conceptual Site Model Summary
4. Proposed Sampling Locations

• List of Proposed Tables

1. Summary of Data Quality 
Objectives

2. RI Project Schedule

1. Introduction

2. Site Background and Setting

3. Conceptual Site Model

4. Project Summary

5. Remedial Investigation Tasks

6. Data Usability, Assessment, 
Records, and Reporting 
Requirements

7. Screening Level Risk 
Assessment Methodology

8. Remedial Investigation 
Schedule
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Sampling and Analysis Plan
• List of Proposed Figures

1. Site Location Plan
2. Geographical Scope of the CRC Study Area
3. Proposed CRC Surface Water and Sediment 

Sampling Locations
4. Proposed CRC Sediment Core Locations 

• List of Proposed Tables
1. Summary of Data Quality Objectives
2. Summary of Analytical Parameters for Surface 

Water and Sediment Samples
3. Summary of Surface Water and Sediment 

Sample Locations
4. CRC Surface Water and Sediment Sampling 

Project Schedule
5. Analytical Performance Requirements for 

Surface Water Samples
6. Analytical Performance Requirements for 

Sediment Samples
7. Sample Collection and Holding Time 

Requirements 
8. Field Screening Methods

1. Introduction

2. Quality Assurance Project 
Plan

3. Field Sampling Plan

4. Health and Safety

5. References
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EXECUTIVE SUMMARY 
 

 

This document presents the methodology and results of a screening-level ecological risk 

assessment (SLERA) of the surface water, sediment, island soils, porewater, and fish of the 

Columbia River adjacent to and downriver of the Hanford Site in Benton County, Washington.  

The study was conducted to obtain information about the potential for Hanford Site-related 

contaminants to affect the fish and wildlife species of the Columbia River.  This information will 

be used, along with the findings from a complementary human health risk assessment, to support 

cleanup decisions regarding the Hanford Site that will be protective of human health and the 

environment.   

 

 

SITE DESCRIPTION AND HISTORY 

 

The Columbia River stretches 2,000 km (1,243 mi) from the Canadian province of 

British Columbia through the United States’ Washington State, forming much of the border 

between Washington and Oregon, before emptying into the Pacific Ocean.  Measured by the 

volume of its flow, the Columbia River is the largest river flowing into the Pacific from 

North America and is the fourth largest river in the United States.  In south-central Washington 

State, the river flows through the U.S. Department of Energy’s Hanford Site (Figure ES-1).  The 

area known as the Hanford Reach is an 82-km (51-mi) stretch of the Columbia River that flows 

unimpeded between Priest Rapids Dam to the head of Lake Wallula upstream of McNary Dam.  

The Hanford Reach is the only free-flowing portion of the river above Bonneville Dam in the 

United States. 
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Figure ES-1.  Columbia River Remedial Investigation Area. 
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The Hanford Site is a 1,517-km2 (586-mi2) federal facility located within the semiarid 

shrub-steppe Pasco Basin of the Columbia Plateau in south-central Washington State.  

(NOTE:  For the purposes of this report, the Hanford Site refers to the boundaries of the 

Hanford Reservation.)  It is situated north and west of the cities of Richland, Kennewick, and 

Pasco.   

 

The Hanford Site became a federal facility in 1943 when the U.S. Government took possession 

of the land to produce weapons-grade plutonium during World War II.   

 

During Hanford Site operations, liquid effluents from plutonium production reactors were 

discharged directly to the Columbia River, and unplanned overland flows from retention ponds 

and basins occasionally occurred.  In addition, plumes of contaminated groundwater developed 

in portions of the Hanford Site as a result of the practice of discharging waste waters to the soil 

column and subsequent migration through the soil.  Some of these contaminated groundwater 

plumes have reached the Columbia River, discharging in seasonal springs along the shoreline 

and upwelling through the river bottom. 

 

Hanford Site production activities continued until the late 1980s, when the mission focus 

changed to cleaning up the radioactive and hazardous wastes that had been generated during the 

previous decades.  In 1989, areas of the Hanford Site were placed on the National Priorities List 

under the authority of the Comprehensive Environmental Response, Compensation, and Liability 

Act of 1980 (CERCLA).  Placement on the National Priorities List initiated the CERCLA process 

that would result in the cleanup of contaminated areas.   

 

A primary objective of the Hanford Site cleanup mission is protection of the Columbia River, 

through remediation of contaminated soil and groundwater that resulted from its production 

mission.  These remedial actions were initiated in 1994 and continue today, with an emphasis on 

activities in the “River Corridor,” a 570-km2 (220-mi2) portion of the Hanford Site that includes 

the former plutonium production reactors in the 100 Area and research and development 

facilities in the 300 Area.   
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This SLERA focuses on the Columbia River itself, which contains residue from historical 

activities at the Hanford Site as well as current upriver and non-Hanford Site sources.  The 

Columbia River is not a part of the Hanford Site, but because it is a potentially affected area, it is 

being investigated under the same CERCLA process and guidance.  The general approach for the 

entire baseline ecological risk assessment (BERA) was described in DOE/RL-2008-11, Remedial 

Investigation Work Plan for Hanford Site Releases to the Columbia River (RI Work Plan).  This 

study follows the approach outlined in that work plan. 

 

 

PURPOSE AND SCOPE  

 

The purpose of this SLERA is to evaluate whether Hanford Site-related contaminants released to 

the Columbia River currently exist at concentrations that may warrant further investigation due 

to the potential for adverse effects to ecological receptors either within the Columbia River or on 

the numerous islands that exist within the river channel.  A parallel goal is also to identify 

constituents and media that are not expected to have ecological impact and for which no further 

consideration is necessary.  Because of the conservatism of the screening approach used in this 

assessment, constituents identified in the SLERA are not necessarily considered to present an 

ecological risk, but rather to require further evaluation to determine if a risk from Hanford Site 

contaminants exists. 

 

This study is designed to complement the work of the River Corridor Baseline Risk Assessment 

(RCBRA) (DOE/RL-2007-21), which evaluates upland, riparian, and near-shore portions of the 

Columbia River in the Hanford Reach.  The present study evaluates the main channel, islands, 

and the opposite shore areas of the Columbia River (those areas beyond the near-shore area of 

RCBRA) in the Hanford Reach, in addition to the whole of Lake Wallula, which was not 

evaluated by RCBRA.  These two studies were designed to provide a seamless coverage of the 

Columbia River and were conducted in coordination to ensure a consistent and accurate 

approach to assessment.  This study is based on application of the eight-step process outlined by 

the U.S. Environmental Protection Agency (EPA) (EPA-540-R-97-006 Ecological Risk 
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Assessment Guidance for Superfund:  Process for Designing and Conducting Ecological Risk 

Assessments, Interim Final) for ecological risk assessment, shown in Figure ES-2.   

 

The first two steps of this process comprise a SLERA, where generic benchmarks are used to 

evaluate site data.  Steps 3 through 8 are considered to be components of a BERA, which relies 

on detailed, site-specific studies and data to obtain a more refined understanding of risk.  

However, at the beginning of Step 3, the Problem Formulation for a BERA, EPA guidance 

provides for a “Refinement” step, where the conclusions from the screening-level assessment are 

reviewed further before initiating the site-specific analyses for the BERA. 

 

The present study spans all three levels of assessment.  It consists of the following: 

 

• A SLERA, as defined by Steps 1 and 2 

 
• A “Refinement” analysis of the constituents identified by the SLERA, included at the 

beginning of Step 3  

 
• A fish evaluation, which consists of the evaluation of body characteristics and tissue samples 

from fish collected from the Columbia River.  This site-specific evaluation is characteristic of 

BERA analyses.  

 
At the end of this study, constituents are identified that may have the potential for risk and 

require some level of additional evaluation to reduce the uncertainty associated with that 

assessment.   
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Figure ES-2.  Eight-Step Ecological Risk Assessment  
Process for Superfund. 
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STUDY COMPONENTS 

 

The components, data, and structure of the SLERA are described below.  

 

Area of Study.  For purposes of statistical evaluation and assessment of surface water, sediment, 

and fish, the area of investigation was divided into four sub-areas.  As described in the 

RI Work Plan (DOE/RL-2008-11), the boundaries of the sub-areas downriver of 

Priest Rapids Dam were determined based on spatial distribution of contaminant concentrations 

observed in surface water and sediment with respect to the various sources of contamination 

from the Hanford Site.  The four sub-areas are as follows:   

 

• Upriver Sub-Area (RM 420 to RM 388) 

• 100 Area Sub-Area (RM 387 to RM 366) 

• 300 Area Sub-Area (RM 365 to RM 340) 

• Lake Wallula Sub-Area (RM 339 to RM 292). 

 

For porewater analysis, porewater data were evaluated relative to CERCLA groundwater 

operable units (OUs) on the Hanford Site, to facilitate the correlation of these data with 

groundwater plumes in OU areas.  Porewater data were divided into seven different groups, 

corresponding to the following groundwater OUs: 

 

• 100-B/C-5 OU (RM 385 to 382) 

• 100-KR-4 OU (RM 382 to 379.65) 

• 100-NR-2 OU (RM 379.48 to 378.37) 

• 100-HR-3 OU (RM 378.10 to 369.86) 

• 100-FR-3 OU (RM 369.79 to 365) 

• 200-PO-1 OU (RM 365 to 346) 

• 300-FF-5 OU (RM 346 to 343).   
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Within the study area, the lateral area evaluated extends shore to shore (ordinary high water mark 

to ordinary high water mark) except for “near-shore” areas within the Hanford Reach that have 

been previously characterized and assessed by the RCBRA.  The RCBRA near-shore study area 

consisted of the right bank of the river from the land to a water depth of 2 m (6 ft), as measured 

at low water.  In the Hanford Reach, the lateral study area for this risk assessment begins 

where the RCBRA investigation stopped, namely at water depth greater than 2 m (6 ft), 

measured at low water.  Downstream of the Hanford Site, the lateral study area extended from 

shore to shore. 

 

Prior to the study, these areas were visually reviewed and documented during a habitat survey 

that was used to confirm sample locations and visually identify the types and locations of 

habitats within each sub-area. 

 

Data Use.  The data used for the risk assessment were drawn from a wide variety of sources, 

reflecting the high level of monitoring and assessment historically associated with the 

Columbia River and the Hanford Site.  The final data set used for this SLERA is composed of 

data collected during the Columbia River RI, which was conducted between 2008 and 2010 

specifically to support the risk assessments, and “historical” data, which were collected as part of 

other studies prior to 2008.  Remedial investigation data were described in detail in WCH-398, 

Data Summary Report for the Remedial Investigation of Hanford Site Releases to the 

Columbia River, Hanford Site, Washington.  Because of the importance of consistent 

methodology, only porewater data from the RI were used.  Historical data were obtained from a 

variety of sources and were screened to exclude data from outside the geographical or lateral 

boundaries of the RI study area.   
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Data from the following date ranges were used:  

 

Medium Data Set Range  

Surface water  Selected 2000 – 2010 

Sediment  Selected 2000 – 2010  

Porewater  2008 – 2010 

Island soil  2008 – 2010 

Fish tissue  2000 – 2010 

 

No soil data prior to the 2008 to 2010 RI were available; therefore, the RI data form the basis for 

the soils data set.  

 

Contaminant of Potential Ecological Concern Selection.  Detected constituents in each Site 

media (surface water, sediment, porewater, island soils, and fish tissue) and sub-area were 

designated as contaminants of potential ecological concern (COPECs) if they met one of three 

criteria:   

 

• The constituent was present at concentrations higher than Reference, as determined by 

statistical or qualitative analysis 

 
• The constituent was identified as an Inclusion List compound in the RCBRA program 

 
• The constituent was either not detected or not sampled for in Reference data. 

 

Because of the numerous offsite contributions to the river within the length of the study area, the 

specific Reference areas for surface water and sediment vary for each sub-area.  In general, 

Reference samples for surface water and sediment consist of Upriver Sub-Area samples plus 

samples from any tributaries, wasteways, or irrigation returns that empty directly into the 

Columbia River within or upriver of the specific sub-area in question.  Thus, the number of 

Reference sources for surface water and sediment increases with distance downriver, since all 

sources would combine to affect downriver sub-areas.  Reference samples for fish and soils were 

obtained from the Upriver Sub-Area only.  Porewater was compared to Hanford Site background 
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groundwater concentrations, obtained from DOE/RL-96-61, Hanford Site Background:  Part 3, 

Groundwater Background, for this analysis.   

 

Inclusion List analytes were identified as part of the RCBRA based on an evaluation of the 

commonly reported analytes in waste site cleanup reports or based on the most prevalent 

contaminants in groundwater plumes.  They are thus considered to be constituents known to be 

associated with Hanford Site operations.   

 

The COPEC selection method was described in detail in the RI Work Plan (DOE/RL-2008-11).  

This process produced separate COPEC lists for each media and sub-area and groundwater OU. 

 

Exposure Pathways and Assessment Endpoints.  Contaminant sources, exposure pathways, 

media, potential receptors, and measures of effect were identified as part of the Problem 

Formulation phase of the SLERA.  Exposure pathways are the linkage between the contaminant 

source and the receptor and identify how contaminants can reach potential receptors as well as 

how and where these receptors might be exposed.  Ecological receptors are those organisms that, 

based on the exposure pathways and the life history of the receptor, are likely to be exposed to 

site contaminants.  Exposure pathways and potential receptors in turn form the basis for the 

ecological conceptual exposure model for the river.  The primary purpose of the ecological 

conceptual exposure model is to illustrate how stressors might reach and affect ecological 

resources in the natural environment.   

 

Hanford Site contaminants were discharged to the Columbia River by a variety of mechanisms, 

both during production and after operations had ceased.  Exposure pathways between 

Hanford Site releases and the Columbia River consist primarily of the following: 

 

• Discharge of Hanford Site contaminants in groundwater to sediment and surface water 

 

• Discharge of Hanford Site contaminants to surface water, as overland flow, runoff, or 

riparian seeps and springs (evaluated by the RCBRA) 

Exhibit 12a



 DOE/RL-2010-117 

Executive Summary Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 1:  Screening-Level Ecological Risk Assessment 
June 2012 ES-11 

• Historical discharge of wastewater and cooling water through submerged or riparian 

discharge pipes (e.g., the discharge pipes in the 100-D Area that released effluent directly to 

the Columbia River). 

 
In addition, numerous offsite sources such as irrigation return flows contribute additional 

constituents through runoff and direct discharge to the river on an ongoing basis, both within the 

Hanford Site sub-areas and the Upriver Sub-Area. 

 

Once in the river, many constituents bind with sediment and may be redistributed to downstream 

depositional areas or island shorelines during floods and high-water events.  These sources and 

transport mechanisms combine to distribute constituents in surface water and sediment, both of 

which are media to which ecological receptors have continual or periodic exposure.  The 

transport of contaminants with sediment can result in an exposure pathway to benthic organisms 

at locations relatively remote from the source, and the historical deposition of sediments on 

higher elevations on islands provides an exposure pathway to terrestrial receptors.  A complete 

exposure pathway thus exists between these Hanford Site and offsite sources and the wide 

variety of aquatic and riparian species that are present in the river and on islands. 

 

These characteristics were integrated into a conceptual site model and used to establish the 

assessment endpoints of the study.  An assessment endpoint is the explicit expression of the 

ecological value to be protected and includes both the ecological entity (such as wading birds) 

and a characteristic of that entity (e.g., survival and reproduction).  Assessment endpoints are the 

ultimate focus of the risk assessment and are linked by the measures of effects to the risk 

characterization process for the Hanford Site.  In accordance with the conservative nature of a 

screening assessment, receptors with the highest potential exposures to contaminated media in 

the Columbia River were selected.   
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Assessment endpoints for the Columbia River SLERA are as follows: 

 

Aquatic Habitat 

 

1. Survival, growth, and reproduction of fish 

2. Survival, growth, and reproduction of aquatic plants 

3. Survival, growth, and reproduction of algae (phytoplankton and periphyton) and zooplankton 

4. Survival, growth, and reproduction of amphibians 

5. Survival, growth, and reproduction of benthic organisms. 

 

Terrestrial Habitat (Islands) 

 

1. Survival, growth, and reproduction of soil invertebrates 

2. Survival, growth, and reproduction of terrestrial plants 

3. Survival, growth, and reproduction of mammals 

4. Survival, growth, and reproduction of birds 

5. Survival, growth, and reproduction of shorebirds. 

 

Risk Calculation.  In accordance with EPA guidance for screening-level assessments, effects on 

these receptors were evaluated by the use of screening benchmarks (referred to collectively as no 

observed effect concentrations, or NOECs, in this report), which are conservative, generic values 

below which the potential for risk is expected to be negligible, although effects are typically 

observed in a low percentage of the supporting data used to generate the benchmark.  These 

benchmarks are media- and often receptor-specific, and exceedance of these values does not 

indicate risk but rather that further evaluation is necessary.  To reflect “worst-case” exposures, 

the maximum detected concentration of each COPEC was compared to the NOEC for each 

sub-area or groundwater OU.  The COPECs with maximum concentrations less than the NOEC 

were considered to present negligible risk and were eliminated from further consideration.  

Contaminants of potential ecological concern with maximum concentrations equal to or greater 

than the NOEC were retained for further evaluation. 
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Based on this evaluation, up to nine COPECs per media (surface water, sediment, porewater, and 

soils) and sub-area were identified as having maximum concentrations greater than the NOEC.  

Metals, particularly chromium and lead, exceeded NOECs in many areas.  These COPECs were 

retained for further evaluation. 

 

Contaminant of Potential Ecological Concern Refinement Process.  Surface water, sediment, 

porewater, and soil COPECs with maximum concentrations that exceeded NOECs were then 

subject to additional evaluation.  This additional evaluation was conducted as part of a 

Refinement of COPECs, which is a preliminary stage of Step 3 of the CERCLA ecological risk 

assessment process.  

 

In this step, additional factors were reviewed to evaluate the potential risk represented by the 

NOEC exceedances identified during the screening stage.  Factors reviewed included the number 

and magnitude of all NOEC exceedances, as well as the date and location of the samples that 

produced them; the field and laboratory notes associated with the data; and the magnitude of the 

concentration relative to lowest observed effect concentrations (LOECs).  The ratio of COPEC 

concentration to the LOEC, termed the hazard quotient (HQ), was calculated for all samples with 

a NOEC exceedance.  Many LOECs were derived by applying an uncertainty factor to the lowest 

credible value from the scientific literature, an approach that typically produces relatively 

conservative values.  Lowest observed effect concentration HQs equal to or higher than 1.0 were 

considered to be LOEC “exceedances” and reviewed further.   

 

Many COPECs were eliminated in this step.  In some cases, the maximum HQ reflected 

concentrations in a single sample collected 5 to 8 years ago.  In others, the detected 

concentration, while above the NOEC, was well below the lowest LOEC value where effects 

have been documented.  Single LOEC exceedances were present for several constituents that 

have multiple anthropogenic sources and no clear tie to the Hanford Site.  For these and other 

reasons, many COPECs were not retained for further evaluation, since they are not considered to 

reflect a current Hanford Site-related ecological risk. 
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However, nine different COPECs in abiotic media were retained from this evaluation and are 

recommended for further evaluation under the existing River Corridor OU remedial 

investigation/feasibility study (RI/FS) programs.  These COPECs are identified below.  

 

Media 100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area 

Surface water None None None 

Sediment 
Chromium 
Hexavalent chromium 

Hexavalent chromium None 

Soil  None None -- 

Shoreline sediments  None None None 

Porewater: 

 100-BC-5 

Aluminum 

  Hexavalent chromium 

Lead 

 100-KR-4 
Hexavalent chromium 

  
Manganese 

 100-NR-2 
Hexavalent chromium 

  
Nitrate 

 100-HR-3 

Aluminum 
Chromium 
Hexavalent chromium 
Lead 
Nickel 
Nitrate 

  

 100-FR-3 
Hexavalent chromium 
Manganese 

  

 200-PO-1  
Hexavalent chromium  
Lead 

 

 300-FF-5  

Aluminum 
Lead 
Nitrate 
Selenium 
Uranium 

 

NOTE:  Shoreline sediment is an exposure media for terrestrial birds, as well as aquatic biota; sediment is an exposure media for 
aquatic biota only.  

-- = no COPECs in this sub-area 
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Fish Risk Evaluation.  For the evaluation of fish, three lines of evidence were assessed to 

estimate fish exposure and effect.  These additional lines were as follows: 

 

• Comparison of fish tissue concentrations to literature-derived tissue effect (LOECs) 

• Comparison of fish condition factors between sub-areas 

• Sturgeon histology. 

 

These additional studies were included in this screening-level assessment to provide additional 

direct and site-specific information about the condition of fish in the Columbia River. 

 

During the RI, composite samples of bass, sucker, carp, whitefish, and walleye, as well as 

samples from individual sturgeon, were collected from each sub-area to provide a robust data set 

representative of current conditions in the Columbia River.  Samples of fillet, combined liver and 

kidneys (except for carp and sturgeon, for which the livers and kidneys were separate), and 

carcass were analyzed for a wide variety of analytes.  These recent data were combined with 

comparable historical samples from 2000 to 2007 to provide a basis for the evaluation.   

 

Fish tissue concentrations from each of the six species included in the sampling program were 

compared to tissue-specific LOECs from the EPA Toxicity Residue (ToxRes) database.  Tissue 

effect levels were specific to fillet, liver, kidney, and carcass; however, values were not available 

for all COPEC/tissue combinations.  The lower of either liver or kidney literature values was 

used for comparison to combined liver and kidney tissue sample results from the RI data. 

 

The tissue data compiled in the ToxRes database show concentrations in fish tissue resulting 

from varying levels of exposure in food and/or water.  However, as described in Section 10.0, the 

relationship between effects and tissue concentrations is inconsistent and generally poorly 

understood for most constituents, due to a variety of factors.  These include differing 

accumulation rates with time and exposure concentration, varying physiologic responses of 

species to exposure, natural sequestering of metals in nontoxic forms, varying effects and 

accumulation rates by exposure route, and other considerations.  In addition, tissue 
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concentrations may simply vary with chemical exposure without having any causal relationship 

to effects and therefore do not represent a “critical” body residue directly correlated with 

toxicity.  For these reasons, inferences about potential risk were avoided to prevent over-

interpretation of relatively imprecise tissue and LOEC relationships.  The LOEC tissue analysis 

is thus valuable primarily as a comparative tool, showing differences over time and between 

sub-areas and species.  

 

This evaluation showed that the greatest number and magnitude of LOEC exceedances occurred 

for cadmium, copper, selenium, and zinc.  Cadmium produced LOEC HQs close to or greater 

than 1.0 in carp liver tissue.  Copper produced LOECs close to or greater than 1.0 in kidney and 

liver/kidney tissue.  Selenium exceeded LOECs in many kidney and liver/kidney samples.  Zinc 

exceeded LOECs in liver and liver/kidney samples for several species.  No COPEC 

concentrations approached or exceeded LOECs in fillet or carcass.  Results were similar to 

Reference area fish for all tissues except liver.  The relationship of these COPECs to 

Hanford Site operations is uncertain. 

 

As a second line of analysis, fish condition parameters were reviewed for general morphological 

differences between areas.  Factors considered consisted of weight, length, condition factor, and 

hepatosomatic index (HSI).  Data comparisons (via averages and standard deviations) were made 

between the Upriver Sub-Area and the three downriver sub-areas, and were separated by species. 

 

This study found changes but no consistent trends among the species or parameters evaluated.  

High variability was found for weight and length values within and between species.  No trend in 

any of the parameters was found across sub-areas.  The average HSI of bass, sturgeon, and 

walleye decreased in the 100 Area Sub-Area, relative to upriver, while average HSIs of carp, 

sucker, and whitefish increased in this location.  In the 300 Area Sub-Area the average HSI of 

sturgeon, walleye, and whitefish decreased relative to the 100 Area Sub-Area, while the HSI of 

carp, sucker, and bass increased.  Within the Lake Wallula Sub-Area, carp and sucker each had a 

decreasing average HSI relative to the 100 Area Sub-Area.  Because the parameters evaluated 

are also sensitive to seasonal-, habitat-, and feeding-related environmental effects, these observed 
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changes may reflect the effect of natural conditions.  The relationship of any of these 

observations to Hanford Site operations is thus uncertain.  

 

As a third line of evidence, kidney, liver, gill, and gonad tissues from 30 white sturgeon collected 

from the Columbia River (both Upriver and Site Sub-Areas) were submitted to the Bozeman Fish 

Health Center for histological evaluation.  This evaluation identifies effects on fish, but does not 

indicate what constituents cause the effects.  Histological changes observed in gill and other 

tissues were indicative of an internal insult (e.g., an ingested toxicant rather than an external 

toxicant in water).  Widespread vasculitis suggests transport of a toxicant or pathogen via blood, 

subsequent absorption into surrounding tissue, and injury to the endothelial lining of blood 

vessels eliciting a strong immune response.  Additionally, the blood vessel inflammation, 

considered a nonspecific response, is indicative of chronic insult and not the result of a transient 

event (e.g., handling, single acute contaminant exposure).   

 

The immune response of the sampled sturgeon is considered to be active and chronic.  The 

integrity of some blood vessel walls was compromised in fish with moderately severe 

widespread vasculitis, which could have a negative impact on vascular function.  In addition, 

high numbers of macrophage aggregates or melanomacrophage centers, which are widely used 

as a biomarker for exposure to environmental stressors (i.e., chemical contaminants), were 

observed in liver tissue sections.  However, the type of environmental stressor is not identified 

by the tissue histology; this characteristic would need to be compared to fish of similar ages from 

an uncontaminated site and related to body burdens of contaminants in order to confirm whether 

contaminant associations, as opposed to other forms of environmental stressors, are associated 

with the observed effect.  The Upriver Sub-Area, while not influenced by Hanford Site 

contaminants and so suitable as a Reference area for this study, is still subject to inputs from 

many industrial sources on the upper Columbia River and cannot be considered 

“uncontaminated” for histological purposes.  Because upriver fish data histology was similar to 

the histology of fish from downriver sub-areas, no effects from Hanford Site operations could 

be identified from the histological measures evaluated.  In addition, no stressor studies were 

conducted to identify the specific effects that might be caused by potential Hanford Site 
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contaminants; rather, the histology of all fish was assessed in relation to catch location, and no 

relationship between observed effects and specific downriver sub-areas was identified.   

 

 

CONCLUSIONS AND RECOMMENDATIONS 

 

This ecological risk assessment study provided a comprehensive assessment of surface water, 

sediment, porewater, soils, and fish within the Columbia River adjacent to and downriver from 

the Hanford Site.  Based on this effort, nine COPECs in two media were identified for further 

evaluation.  COPECs identified for further evaluation are as follows:   

 

• 100 Area Sub-Area sediment:  Chromium and hexavalent chromium 

 

• 300 Area Sub-Area sediment:  Hexavalent chromium  

 

• 100-BC-5 OU porewater:  Aluminum, hexavalent chromium, and lead 

 

• 100-KR-4 OU porewater:  Hexavalent chromium and manganese 

 

• 100-NR-2 OU porewater:  Hexavalent chromium and nitrate 

 

• 100-HR-3 OU porewater:  Aluminum, chromium, hexavalent chromium, lead, nickel, and 

nitrate 

 

• 100-FR-3 OU porewater:  Hexavalent chromium and manganese 

 

• 200-PO-1 OU porewater:  Hexavalent chromium and lead 

 

• 300-FF-5 OU porewater:  Aluminum, lead, nitrate, selenium, and uranium. 
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Chromium, which is a natural component of sediment, was detected above the sediment LOECs 

of 88 mg/kg in three sediment samples collected during the groundwater upwelling investigation 

along the right bank of the river.  Sample designation T100D3A from river mile (RM) 377.72 

was collected from along the right edge of the river just upriver of the 100-D Reactor Area 

boundary.  This sample contained 122 mg/kg of chromium.  A second sample designated as 

J100H43 was collected from in front of the White Bluffs townsite and contained 275 mg/kg of 

chromium.  The third sample (designation J100F11) was collected from the right edge of the 

river in front of the 100-F Reactor Area and contained 151 mg/kg of chromium.   

 

Chromium was included in the risk assessment because it is an Inclusion List compound; 

however, concentrations of this COPEC in the 100 Area Sub-Area were in fact statistically 

higher in the Reference areas than in the 100 Area Sub-Area, indicating no discernible effect 

from the Hanford Site.   

 

Hexavalent chromium in sediment was designated for further evaluation because it is a known 

site contaminant and has no sediment NOEC or LOEC by which it can be evaluated.  It was 

detected in 31 of 117 sediment samples in the 100 Area Sub-Area, with a maximum 

concentration of 7.38 mg/kg.  The location of the sample with this concentration was on the left 

side of the river opposite Locke Island and the 100-H Area, just past the bend in the river known 

as “The Horn.”  In the 300 Area Sub-Area, hexavalent chromium was present in 38 of 

133 sediment samples, with a maximum of 17.3 mg/kg detected in the slough in back of 

Savage Island at sample designation SI-10SD.   

 

While hexavalent chromium at the Hanford Site may arise from both the Site and offsite sources, 

the most current Hanford Site-related concentrations of hexavalent chromium derive from the 

discharge of groundwater from one or more OUs at the Hanford Site.  Hexavalent chromium is 

highly soluble, and much of the hexavalent chromium measured in sediment is likely associated 

with interstitial porewater.  Hexavalent chromium exists in groundwater at the 100-K and 

100-D Areas and throughout the Horn area, as well as at the 100-H Area.   
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Any further evaluation of COPECs in sediment or porewater will be undertaken as part of the 

ongoing River Corridor RI/FS programs.  The RI/FS for the relevant OU will evaluate the nature 

and extent, conceptual site model, and fate and transport of SLERA COPECs identified above to 

determine if detected concentrations in the river are potentially from current or historical 

operations from that OU.  Based on this assessment, the need for further study or remedial action 

will be determined.  Therefore, no BERA will be conducted under the CRC program.  
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1.0 INTRODUCTION 

1.1 BACKGROUND 

This document presents the methodology and results of a screening-level ecological risk 
assessment (SLERA) of the surface water, sediment, island soils, porewater, and fish of the 
Columbia River adjacent to and downriver of the Hanford Site in Benton County, Washington.  
The study was conducted to obtain information about the potential for Hanford Site-related 
constituents to affect the fish and wildlife species of the Columbia River.  
 
The U.S. Department of Energy (DOE), which retains responsibility for the Hanford Site, is 
currently in the process of conducting remedial investigations and cleanup activities at the site in 
accordance with the requirements and guidelines of the Comprehensive Environmental 
Response, Compensation, and Liability Act of 1980 (CERCLA) program.  The Columbia River 
itself, which contains residuals both from historical activities at the Hanford Site as well as 
current upriver and non-Hanford Site sources, is not formally part of the Hanford Site, but is 
being investigated under the same CERCLA process.  Accordingly, this SLERA is conducted in 
accordance with the following guidance:  
 
• EPA 540-R-97-006, Ecological Risk Assessment Guidance for Superfund:  Process for 

Designing and Conducting Ecological Risk Assessments, Interim Final  
 

• EPA/630/R-95/002F, Guidelines for Ecological Risk Assessment  
 

• EPA 540/F-01/014, ECO Update:  The Role of Screening-Level Risk Assessments and 
Refining Contaminants of Concern in Baseline Ecological Risk Assessments. 

 
These guidance documents were incorporated into the general approach for the entire baseline 
ecological risk assessment (BERA), which was described in the following project document:  
DOE/RL-2008-11, Remedial Investigation Work Plan for Hanford Site Releases to the 
Columbia River (RI Work Plan). 
 
Subsequent sections of this report describe the purpose, area of study, data, methods, screening 
values, and results of the SLERA.  

1.2 PURPOSE AND SCOPE  

The purpose of this SLERA is to evaluate whether Hanford Site-related constituents in the 
Columbia River currently exist at concentrations that may warrant further investigation due to 
the potential for risk to ecological receptors either within the Columbia River or on the numerous 
islands that exist within the river channel.  A parallel goal is also to identify constituents and 
media which are not expected to have ecological impact and for which no further consideration 
is necessary.  Because of the conservatism of the screening approach used in this assessment, 

Exhibit 12a



 DOE/RL-2010-117 

Introduction Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 1:  Screening-Level Ecological Risk Assessment 
June 2012 1-2 

constituents identified in the SLERA are not necessarily considered to present an ecological risk, 
but rather to require further evaluation to determine and quantify if a risk from Hanford Site 
constituents exists.   
 
As described in more detail in Section 1.4, this study is designed to complement the work of the 
River Corridor Baseline Risk Assessment (RCBRA), which evaluated riparian and near-shore 
portions of the Columbia River in the Hanford Reach.  The present study evaluates the main 
channel, islands, and the opposite shore areas of the Columbia River (those areas beyond the 
near-shore area of RCBRA) in the Hanford Reach, in addition to the whole of Lake Wallula, 
which was not evaluated by RCBRA.  These two studies were designed to provide a seamless 
coverage of the Columbia River and were conducted in coordination to ensure a consistent and 
accurate approach to the river assessment.  
 
This study is part of the eight-step process outlined by the U.S. Environmental Protection 
Agency (EPA) for ecological risk assessment, shown in Figure 1-1.   
 
The first two steps of this process comprise a SLERA, where conservative, generic benchmarks 
are used to evaluate site data.  The main purpose of this step is to eliminate from the study 
constituents for which risks are clearly negligible.  Steps 3 through 8 are considered to be 
components of a BERA, which relies on detailed, site-specific studies and data to obtain a more 
refined understanding of risk.  However, at the beginning of Step 3, the Problem Formulation for 
a BERA, EPA guidance provides for a “Refinement” step, where the conclusions from the 
screening-level assessment are reviewed further before initiating the site-specific analyses for the 
BERA.   
 
The present study spans all three levels of assessment.  It consists of the following: 
 
• A SLERA, as defined by Steps 1 and 2 
 
• A “Refinement” analysis of the constituents identified by the SLERA, included at the 

beginning of Step 3  
 
• A fish evaluation, which consists of the evaluation of body characteristics and tissue samples 

of fish collected from the Columbia River.  This site-specific evaluation is characteristic of 
BERA analyses.  

 
At the end of this study, constituents are identified that may have the potential for risk, but which 
require some level of additional evaluation to reduce the uncertainty associated with that 
assessment.   
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Figure 1-1.  Eight-Step Ecological Risk Assessment  
Process for Superfund. 
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1.3 REPORT ORGANIZATION 

This report follows a presentation structure designed to both comply with EPA guidance and to 
facilitate the understanding of this large and complex site by presenting information in a logical 
and sequential fashion.  The overview below provides a “roadmap” to the presentation of 
methods and data used in the SLERA and correlates section content with the EPA risk 
assessment steps previously described.  Because of the amount of information to convey, some 
components of each step are presented as separate sections, in an order that promotes a logical 
and sequential understanding of the project components.  As noted previously, the evaluation of 
fish is presented separately from that of abiotic media, because this receptor is evaluated using 
characteristics different than those of abiotic media.  
 
Subsequent portions of this section and following sections provide the following information. 
 
• Section 1.0 – Introduction.  In the remaining subsections, the area encompassed by this 

study is described in relation to both the river features as well as the study area of the 
RCBRA, which has addressed the near-shore portion of the river.  The boundary between 
these two parallel studies determines both the use and interpretation of data in the SLERA 
and is a fundamental point of understanding for subsequent discussions.  In addition, the 
location of upriver areas and adjacent tributaries, the source of Reference data to which study 
area data were compared, is illustrated. 

 
• Section 2.0 – Overview of Risk Assessment Data (Step 1).  This section describes the body 

of data that were used in the SLERA to characterize and evaluate the Columbia River.  Much 
of these data were collected between 2008 and 2010 specifically to support the ecological 
and human health risk assessments, but additional historical data from other studies were 
included as well (where available).  This section presents both the data and the rationale for 
selecting historical data for current use. 

 
• Section 3.0 – Selection of COPECs (Step 1).  In this section, the method used to select the 

specific constituents that are evaluated in the SLERA is described and implemented.  This 
method was presented previously in the RI Work Plan (DOE/RL-2008-11) and generally 
follows the approach used in the RCBRA.  When sufficient data are available, the method 
includes a statistical comparison of the concentration of detected constituents to offsite 
“Reference” concentrations to identify constituents that are not likely to be associated with 
Hanford Site activities.  

 
• Section 4.0 – Habitat Assessment (Step 1).  A brief summary of the ecology of the 

Columbia River as it relates to the specific goals of this SLERA is presented in this section.  
Information is presented about the flora and fauna of the Columbia River and a discussion of 
rare, threatened, or endangered species is included.  This information is summarized from a 
habitat survey conducted in November 2008, plus a variety of other reports or state sources 
and from the more detailed description in the RI Work Plan (DOE/RL-2008-11).  
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• Section 5.0 – Screening-Level Problem Formulation (EPA Step 1).  This section identifies 
exposure pathways (the transport route by which Hanford Site contaminants could reach 
ecological receptors) and potential receptors in the Columbia River.  This is illustrated 
visually in an ecological conceptual site model for the Hanford Site.  From this model, 
assessment endpoints (the ecological receptors, such as fish or invertebrates that are 
evaluated by the SLERA) and measures of effect (the techniques used to evaluate the species 
chosen as assessment endpoints) are selected and described.  Consistent with EPA guidance, 
most measures of effect consist of ecological toxicity benchmarks, to which maximum site 
concentrations are compared. 

 
• Section 6.0 – Screening-Level Toxicity Evaluation (Step 1) and Exposure Assessment 

(Step 2).  In this section, the ecological benchmarks used as measures of effect are presented 
for each medium and ecological receptor.  Benchmarks are drawn from a variety of sources 
and consist of highly conservative screening concentrations useful for identifying 
concentrations of negligible effect.  Benchmarks are drawn from the scientific literature and 
are presented for sediment, surface water, and soils.  Additionally, the data that will be used 
to estimate the exposure of ecological receptors to contaminants are described.  For most 
media, exposure is represented by measured concentrations of constituents in river media.  
For sturgeon, various histological examinations of selected tissue types were also performed, 
and these are described as well.  In accordance with EPA guidance, this SLERA uses the 
maximum detected concentration of each constituent to identify constituents likely to present 
negligible risk.  However, to present a more robust understanding of media characteristics, all 
detected concentrations are shown in subsequent risk calculations. 

 
• Section 7.0 – Screening-Level Risk Calculation (Step 2).  In this section, maximum abiotic 

media concentrations are compared to screening benchmarks.  Constituents with maximum 
concentrations that fall below the corresponding benchmark are considered unlikely to 
present a potential risk to ecological receptors.  Surface water, sediment, and soil constituents 
with concentrations that are higher than ecological benchmarks require more evaluation to 
determine if a potential for risk exists. 

 
• Section 8.0 – Risk Refinement (Step 3:  Initial).  As a final evaluation step, the constituents 

from Section 7.0 that have maximum concentrations that exceed the benchmarks are 
examined further to identify those that have a potential for adverse effect.  In this section, 
additional considerations such as the number, magnitude, and location of exceedances; 
concentrations relative to low-effect toxicity levels; and the results of the findings for the 
same constituents in the RCBRA are reviewed to obtain a more comprehensive 
understanding of the potential effects.  

 
• Section 9.0 – Fish Risk Evaluation (Site-Specific Baseline:  Steps 3-8).  The evaluation of 

fish data was completed separately from the screening-level evaluation discussed in 
Sections 7.0 and 8.0.  In this section, fish are evaluated by three additional lines of evidence:  
(1) a comparison to literature-derived tissue effect levels, (2) a comparison of fish condition 
factors between sub-areas, and (3) a histological review of sturgeon tissue.  These additional 
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studies are beyond those normally included in a screening-level assessment, but provide 
additional direct and site-specific information about the condition of fish in the 
Columbia River.  

 
• Section 10.0 – Uncertainty Analysis.  This section lists the points of estimation and 

uncertainty in the study and notes how they may affect the study results. 
 
• Section 11.0 – Summary and Conclusions.  This section presents a concise summary of the 

findings of the risk assessment.  Several constituents are recommended for further study.  For 
each of these constituents, the general form of further evaluation – additional sampling or 
toxicological studies – is identified.   

 
In addition, the report contains the following appendices: 
 
• Appendix A – Location of abiotic samples collected during the remedial investigation (RI) 
• Appendix B1 – Statistical output for reference comparisons (on compact disc (CD) only) 
• Appendix B2 – Porewater statistical analysis by groundwater operable unit (on CD only) 
• Appendix C – Scatter plots of sample data (on CD only) 
• Appendix D – Food chain calculations for lowest-observed-effect values (on CD only) 
• Appendix E – Access data file of SLERA data (on CD only) 
• Appendix F – Habitat survey (on CD only)  
• Appendix G – Summaries of reference data (on CD only) 
• Appendix H – Data figures from the RI Data Summary Report (on CD only) 
• Appendix I – Supplemental Analysis of Wasteway and Irrigation Return Reference Data (on 

CD only) 
• Appendix J – Ecological Evaluation of Dredge Spoils (on CD only) 
 
A description of the specific areas evaluated in this SLERA is described in the following section.  

1.4 STUDY AREA DESCRIPTION 

The area considered in the Columbia River RI and this SLERA consists of the reach of the 
Columbia River extending from above Wanapum Dam (river mile [RM] 440) to McNary Dam at 
RM 292 (Figure 1-2).  The portion of the river for which risk is evaluated extends from just 
downstream of Vernita Bridge (RM 388) to McNary Dam, a distance of approximately 154 km 
(96 mi).  The 77-km (48-mi) stretch of river adjacent to the Hanford Site, from RM 388 to 
Richland at RM 340, is referred to as the Hanford Reach, in accordance with general practice.  
Additionally, the Bonneville Dam Sub-Area is shown in Figure 1-2.  Although no SLERA 
analyses were completed for this area, it is relevant to the RI/feasibility study (FS) project 
because the Hanford Site operated for a short period of time before McNary Dam was 
constructed.  During that time period, the Bonneville Dam was the first dam downriver of the 
Hanford Site. 
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Figure 1-2.  Columbia River Study Areas. 
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In the Hanford Reach, the lateral study area for this risk assessment begins where the RCBRA 
investigation stopped, namely at a water depth greater than 2 m (6 ft), measured at low water.  
The lateral investigation areas are depicted in Figures 1-3 and 1-4.  An exception to this is 
groundwater upwelling data (Section 2.2) that were collected near the right bank in some areas;  
sediment, surface water, and porewater data from these sampling points were included in the data 
set for this SLERA.  
 
For purposes of statistical evaluation and assessment of surface water, sediment, and fish, the 
area of investigation was divided into four sub-areas.  As described in the RI Work Plan 
(DOE/RL-2008-11), the boundaries of the sub-areas downriver of Priest Rapids Dam were 
determined based on spatial distribution of contaminant concentrations observed in surface water 
and sediment with respect to the various sources of contamination from the Hanford Site.  The 
four sub-areas are as follows:   
 
• Upriver Sub-Area (RM 420 to RM 388) 
• 100 Area Sub-Area (RM 387 to RM 366) 
• 300 Area Sub-Area (RM 365 to RM 340) 
• Lake Wallula Sub-Area (RM 339 to RM 292). 

Figure 1-2 shows the four sub-areas in relation to the Hanford Site.  Features and characteristics 
associated with each of these sub-areas are illustrated in Figures 1-5, 1-6, 1-7, and 1-8, 
respectively.  
 
In contrast, porewater data were evaluated relative to CERCLA groundwater operable units 
(OUs) to facilitate the correlation of these data with groundwater plumes in OU areas.  As 
described in further detail in Section 2.0, porewater data were divided into seven different groups 
corresponding to the following OUs: 
 
• 100-B/C-5 (RM 385 to 382) 
• 100-KR-4 (RM 382 to 379.65) 
• 100-NR-2 (RM 379.48 to 378.37) 
• 100-HR-3 (RM 378.10 to 369.86) 
• 100-FR-3 (RM 369.79 to 365) 
• 200-PO-1 (RM 365to 346) 
• 300-FF-5 (RM 346 to 343).   
 
Gaps between the numerical boundaries of the OUs reflect areas where no samples exist.  The 
approximate boundaries of these OUs are shown in Figures 1-6 and 1-7. 
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Figure 1-3.  Columbia River Remedial Investigation  
Area Adjacent to the Hanford Site. 
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Figure 1-4.  Columbia River Remedial Investigation Area  
Downriver and Upriver of the Hanford Site. 
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Figure 1-5.  Upriver Sub-Area River Features. 
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Figure 1-6.  100 Area Sub-Area River Features. 

Exhibit 12a



  DOE/RL-2010-117 

Introduction  Rev. 0 

 
  

 
Columbia River Component Risk Assessment 
Volume I, Part 1:  Screening-Level Ecological Risk Assessment 
June 2012 1-13 

Figure 1-7.  300 Area Sub-Area River Features. 
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Figure 1-8.  Lake Wallula Sub-Area River Features. 
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Within this report, reference is frequently made to different banks of the river.  By convention, 
all lateral references are made looking downriver.  Thus, “left bank” of the river or an island 
refers to the left side, looking downstream.  The Columbia River flows generally north to south 
in the study area, so Vernita Bridge is upriver of the Hanford Site, while Richland is downriver.   
 
Hanford Site sources of contamination to the Columbia River include past river effluent pipeline 
discharges, current contaminated groundwater seepage to the river, and limited overland flow 
from the operational areas.  Detailed descriptions of these Hanford Site-related sources are 
provided in the RI Work Plan (DOE/RL-2008-11).  

1.5 REFERENCE AREA DESCRIPTION 

Non-Hanford Site contaminants are most likely to be present in the study area surface water, 
sediment, and fish as the result of contributions by upriver or off-site sources.  For this reason, a 
“Reference” data set was assembled from both historical and RI data results.  The purpose of 
Reference data is threefold:  (1) to provide information about the chemical characteristics of 
waterways and river reaches unaffected by the Hanford Site, (2) to obtain information about 
possible sources of constituents detected in the Study Area, and (3) to provide a means for 
quantitatively identifying constituents with concentrations that are elevated in the Study Area 
relative to the Reference data, since these constituents may be related to Hanford Site operations.  
The Reference dataset is not intended to reflect natural or “pristine” river conditions, which no 
longer exist in the Columbia River, but rather to depict conditions in regional waterways 
unaffected by Hanford Site discharges.  For these reasons, all major sources of off-site 
constituents are included in the pool of Reference data.   
 
The majority of Reference samples is obtained from the Upriver Sub-Area and reflects 
conditions that are unrelated to any potential effect from Hanford Site operations.  Data from 
other sources that contribute to the river are added in sequence to the Reference data set for the 
evaluation of downriver areas.  These include the major river tributaries, consisting of the 
Yakima, Snake, and Walla Walla Rivers, as well as irrigation returns and wasteways, which 
transport irrigation runoff (see Section 3.0 for further discussion).  Collectively, these upriver 
and off-site sources are referred to as Reference areas and are used in the risk assessments as a 
source of anthropogenically influenced “Reference” concentrations.  
  
The Reference data set is used in the risk assessment as the first line of constituent evaluation.  
Specifically, it is used in statistical evaluations to identify constituents with concentrations that 
are higher in the Hanford Reach or Lake Wallula than in upriver and off-site areas, and so 
warrant further investigation in the risk assessment (Section 3.0).  This is the first step in 
distinguishing effects that may be related to Hanford Site operations from other source area 
effects.   
 
Constituents from a number of off-site sources may affect chemical composition of media in the 
SLERA Study Area.  The potential current and historical contaminant sources upriver of the 
Hanford Site, as well as in tributaries and wasteways within the study area, are described in 
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detail in the RI Work Plan (DOE/RL-2008-11) and WCH-91, Columbia River Component Data 
Evaluation Summary Report.  These sources were referred to as “other contributing influences” 
(OCI) in that document.  These sources and additional ones include the following: 
 
• Upriver sources:  Mining operations, smelting, pulp and paper production, runoff from 

agricultural areas, municipal and industrial wastewater treatment plants, and other activities 
that have released materials that reach the river.  Associated contaminants include heavy 
metals, polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAH), dioxins 
and furans. 

 
• Global-contributing sources:  Worldwide atmospheric nuclear testing contributed to 

radionuclide contaminants in surface waters and ultimately to sediments throughout the 
Pacific Northwest.  Associated contaminants consist primarily of radionuclides such as 
cesium-137 and strontium-90, along with shorter lived radionuclides such as cerium-141, 
zirconium-95/niobium-95, and ruthenium-103/106.  In addition, constituents such as 
mercury, lead, and PAH are ubiquitous in emissions from urban areas worldwide and are 
transported long distances as airborne particles.  

 
• Naturally occurring sources:  The following naturally occurring inorganic elements and 

radionuclides have been detected at Reference sediment locations:  antimony, arsenic, 
barium, cadmium, manganese, nickel, potassium, zinc, uranium-234, uranium-238, and 
potassium-40.  Aluminum, arsenic, barium, cadmium, manganese, elemental uranium, 
tritium, uranium-234, and uranium-238 have been detected in surface water samples from 
Reference locations.  

 
• Municipal/urban sources:  National Pollutant Discharge Elimination System permitted 

discharges to the Columbia River include stormwater, minor industrial process wastewater, 
contact and noncontact cooling waters, treated waters, and construction sites.  Urban 
contributions including nonpermitted residential and commercial stormwater runoff, 
residential use of fertilizers and pesticides, and septic sewage systems are some of the 
potential sources of contamination from communities along the banks of the Columbia River.  

 
• Agricultural sources:  Water from the irrigation returns (wasteways) in the Hanford Reach 

has been sampled, and contaminants include nitrogen, phosphate, copper, uranium, and 
suspended solids.  Uranium is commonly present in phosphate-based fertilizers and is a 
natural constituent that weathers from some types of rocks in the region.  

 
• Commercial/recreational vessels:  Recreational and commercial activities on the 

Columbia River contribute contamination to surface water and sediments via marinas, boats, 
or other recreational watercraft, and discharge of bilge and ballast water, engine oil, spills, 
and materials associated with boat maintenance. 

 
Reference samples were considered to be reflective of all of these potential sources. 
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Because of the numerous offsite contributions to the river within the length of the study area, the 
specific Reference areas for surface water and sediment vary for each sub-area.  In general, 
Reference samples consist of Upriver Sub-Area samples, plus samples from the tributaries, 
wasteways, or irrigation returns that empty directly into the Columbia River within or upriver of 
the specific sub-area in question.  Thus, the number of Reference sources for surface water and 
sediment increases with distance downriver, since all sources would combine to affect downriver 
sub-areas.  
 
The following table summarizes the areas that were used to generate Reference data sets for use 
in comparisons of sediment and surface water data in the 100 Area, 300 Area, Lake Wallula 
Sub-Area data.  
 
 

Summary of Reference Areas Used to Evaluate Surface Water and  
Sediment in Each Sub-Area. 

100 Area Sub-Area Upriver 300 Area Sub-Area Upriver Lake Wallula Sub-Area Upriver 

Upstream Columbia River 

Saddle Mountain Wasteway a  

WB-10 Wasteway 

Upstream Columbia River 

Saddle Mountain Wasteway a  

WB-10 Wasteway 

WB-5 Wasteway 

Ringold Springs Wasteway 

PE 16.4 Wasteway 

Potholes Canal Wasteway 

Esquatzel Coulee Wasteway 

Upstream Columbia River 

Saddle Mountain Wasteway a  

WB-10 Wasteway 

WB-5 Wasteway 

Ringold Springs Wasteway 

PE 16.4 Wasteway 

Potholes Canal Wasteway 

Esquatzel Coulee Wasteway 

Yakima River 

Snake River 

Walla Walla River 

a No remedial investigation samples were collected from the Saddle Mountain Wasteway when it was found to be 
inactive during a field visit. 

 
 
This array of Reference areas applies only to surface water and sediment.  All soils and fish 
tissue Reference data were collected from upriver areas only.  Likewise, porewater was 
compared to upgradient groundwater, as described in Section 3.0. 
 
In this report, the term “Reference” includes both upriver and other sources such as tributaries 
and wasteways, as appropriate.  The Upriver Sub-Area includes only upriver sources and is used 
when this distinction is intended.  
 
An overview of both Sub-Area and Reference data used to complete the risk assessment is 
provided in Section 2.0.  
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2.0 OVERVIEW OF RISK ASSESSMENT DATA 

2.1 OVERVIEW 

The data used for the risk assessment were drawn from a wide variety of sources, reflecting the 
high level of monitoring and assessment historically associated with the Columbia River and the 
Hanford Site.  The final data set used for this SLERA is composed of data collected during the 
remedial investigation (“RI” data), which were collected between 2008 and 2010 as part of the 
RI field effort, and “historical” data, which were collected as part of other studies prior to 2008.  
The data from these two sources are described separately, below.  Because both recent and 
historical data are combined, the data set used for this risk assessment differs from that described 
in WCH-398, Data Summary Report for the Remedial Investigations of Hanford Site Releases to 
the Columbia River (Data Summary Report [DSR]), which includes only the RI data.  The 
number of samples by area and medium is summarized in Table 2-1. 
 
The data set used for this risk assessment was assembled to meet specific data quality objectives 
(DQOs) identified in WCH-265, DQO Summary Report for the Remedial Investigations of 
Hanford Site Releases to the Columbia River.  Specifically, the data set was developed to 
provide the basis for answering the following principal study question (WCH-265): 
 

“Do Hanford Site-related contaminants in sediment, soil, surface water, and/or 
fish pose an unacceptable risk to human health or biota and need to be evaluated 
in a further study?”   

 
The RI sampling program was initiated to provide a robust and current set of data to meet this 
objective.  The results from the RI program were then combined with the smaller historical data 
set to add a temporal dimension to site understanding.  Both of these data sources are described 
below.  
 
 
2.2 2008 TO 2010 REMEDIAL INVESTIGATION DATA 

As part of the RI of the Columbia River, a large and comprehensive field program was 
conducted to document conditions in the surface water, sediment, porewater, soil, and fish of the 
Columbia River adjacent to and downriver from the Hanford Site.  This effort produced an 
equally large and comprehensive data set that reflects the use of consistent collection techniques, 
analytical methods, laboratories, staff, and other parameters.  In consequence, the RI program 
produced a high-quality and technically uniform data set that provides an accurate depiction of 
current conditions in the Columbia River.  It thus forms the bulk of the risk assessment data set 
used to support both the SLERA and the human health risk assessment of the Columbia River. 
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The RI data, described in detail in the DSR (WCH-398), were obtained from samples from the 
main channel of the Columbia River, as well as from islands and left-bank shorelines.  The RI 
data collection effort was composed of three separate components: 
 
• 2008 to 2009 surface water, sediment, and soil data collection 

• 2010 groundwater upwelling investigation (collocated porewater, surface water, and 
sediment sample collection) 

• 2009 to 2010 fish tissue sample collection. 

Data collected from the three RI components above were used in the SLERA.  Porewater 
samples collected as part of the groundwater upwelling study were collected primarily to identify 
upwelling areas and so were obtained from 30.5 cm (12 in.) or less below the sediment surface.  
This is below the habitat zone of many (but not all) aquatic invertebrates, but is within the typical 
depth zone of salmon redds.  These data were screened against ecological benchmarks as a 
means of identifying areas of potential effect from upwelling groundwater.  As noted previously, 
the scope of the 2008 to 2010 RI sampling program was based on the outcome of the DQO 
process (WCH-265) to address data needs for the RI/FS.  
 
The rationale for the sampling approach and strategy are detailed in the RI Work Plan 
(DOE/RL-2008-11).  Appendix A of the RI Work Plan is the sampling and analysis plan (SAP) 
that describes the sampling activities.  Requirements for sampling methods, sample handling and 
custody, and analytical methods are detailed in WCH-286, Sampling and Analysis Instructions 
for the Remedial Investigation of Hanford Site Releases to the Columbia River (SAI).  The 
RI Work Plan, SAP, and SAI directed the sample collection methods and locations. 
 
The 2008 to 2010 RI field activities associated with the collection of sediment, river water, and 
island soil are documented in WCH-352, Field Summary Report for Remedial Investigation of 
Hanford Site Releases to the Columbia River, Hanford Site, Washington:  Collection of Surface 
Water, River Sediments, and Island Soils.  WCH-352 describes the sampling locations, identifies 
samples collected, and describes modifications and additions made to the SAP. 
 
In addition, the groundwater plume upwelling survey was completed to delineate areas of 
groundwater plume upwelling into the Columbia River for subsequent sampling.  During 
Phase III of that study, collocated porewater, surface water, and sediment samples were collected 
from 49 stations identified previously in the RI as being areas of groundwater upwelling.  The 
groundwater upwelling field activities and data collection are documented in WCH-380, Field 
Summary Report for Remedial Investigation of Hanford Site Releases to the Columbia River, 
Hanford Site, Washington:  Collection of Surface Water, Pore Water, and Sediment Samples for 
Characterization of Groundwater Upwelling. 
 
The RI field activities associated with the collection of fish tissue samples are documented in 
WCH-387, Field Summary Report for Remedial Investigation of Hanford Site Releases to the 
Columbia River, Hanford Site, Washington:  Collection of Fish Tissue Samples. 
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While detailed information about the RI sampling program methodology and results is contained 
in the documents above, a summary of the data is provided below, by medium.  In addition, 
figures from WCH-398 illustrating the results of the RI sampling program are included as 
Appendix H.  
 
2.2.1 Remedial Investigation Soil Sample Collection 

Island soil samples were collected from island soil that may have been transported during high 
river levels during floods or other nonroutine events.  Samples were collected from the 
Upriver Sub-Area (Reference), 100 Area Sub-Area, and 300 Area Sub-Area, specifically 
Island 3, Locke Island, White Bluffs, Homestead Island, Wooded Island, Johnson Island, 
Island 19 (Gull Island), and an unnamed island in Wanapum Pool (upriver Reference).  These 
samples were collected from the riparian zone, above the normal zone of inundation, and were 
generally composed of soil to a maximum depth of 0.09 m (0.3 ft) below the soil surface.  This is 
the depth of maximum biological importance as both substrate for rooting plants and habitat for 
terrestrial invertebrates (Suter et al. 2000, Ecological Risk Assessment of Contaminated Sites).  A 
total of 84 soil samples (not including Reference samples) were collected as part of the RI and 
used to evaluate effects to terrestrial island receptors. 
 
An approach similar to a stratified random sampling design was used for island soils.  For island 
soils, the target “population” is the river-transported sediments from the Hanford Site that have 
been deposited on islands during high river levels.  To ensure that samples were representative of 
this population, a single-cell sample grid was established prior to sample collection.  Samples 
were collected at random locations within each grid cell.  This random sampling enhances the 
representativeness of these samples for the population. 
 
As noted in Section 1.5, Reference samples for island soils were collected only from 
Upriver areas, so the Reference data set for soils is the same for all three sub-areas.  
 
2.2.2 Remedial Investigation Sediment Sample Collection 

Sediment sampling consisted of the collection of shallow and deep sediment, shoreline sediment, 
and shallow and deep sediment cores.  Sediment was also collected as part of the groundwater 
upwelling investigation.  A total of 811 sediment samples (not including Reference samples) 
were collected as part of the RI and used for the ecological risk assessment.  Descriptions of 
sediment depositional areas within the Hanford Reach and McNary Dam Pool are provided in 
Appendix B (Preliminary Assessment of Sediment Deposition Areas) of the RI Work Plan 
(DOE/RL-2008-11). 
 
A stratified random approach was used for the design of the sediment sampling program.  
Because most of the river bottom consists of coarse to medium gravel, a fine-grained sediment 
survey was conducted prior to the selection of sample locations to identify depositional areas 
where fine-grained material is present in quantities sufficient for sampling.  The survey was 
conducted by sonar, which was initially verified by petite ponar sediment collection to verify the 
accuracy of the technique.  In the subsequent RI, all sediment samples were collected within 
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these pre-identified areas of fine-grained sediment deposition, which comprise the population 
“strata” for statistical purposes.   
 
To ensure that samples are representative of the sediment at each location, sampling locations 
must be positioned within a sampling grid designated as part of the sample design.  Because of 
the nonhomogeneous distribution of fine-grained sediment within the river, however, each area 
of fine-grained deposits was considered to be a single cell from a sample design grid, and the 
exact location of sample collection was selected at random from within the cell.   
 
Shallow sediment samples were collected from shallow water, less than 1.8 m (6 ft) in depth.  
The samples consisted of the upper 10 cm (4 in.) of sediment near island and river shorelines, 
and from the shallow areas of irrigation returns, tributary deltas (Yakima, Snake, and 
Walla Walla), and other depositional areas between the reactors and McNary Dam.   
 
Deep sediment samples were collected in deep water, in areas where water depth was greater 
than 1.8 m (6 ft).  These samples consisted of the upper 10 cm (4 in.) of sediment from deep 
water areas of the Columbia River, as well as depositional areas upriver of the Yakima River 
confluence and downriver of the Walla Walla River confluence. 
 
Shoreline sediment samples were collected from downriver islands and along the left-bank 
(non-Hanford) shoreline within the Hanford Reach.  These samples were collected from the 
lower riparian zone, defined as the area devoid of terrestrial vegetation and inundated on a daily 
basis by water-level fluctuations.  Shoreline sediment samples are included with other sediment 
samples for the evaluation of aquatic receptors, but are considered separately for the evaluation 
of terrestrial receptors (Section 5.2.2). 
 
Shallow sediment core samples were collected using a vibracorer drilling tool in selected 
sediment deposits that were generally thinner than 3 m (10 ft) thick.  Sampled sediment deposits 
potentially date back to reactor operations and were located at the 100-B/C, 100-K, 100-N, and 
100-D Reactors, selected reactor water intake structure inlets; the head of Lake Wallula pool 
(near the 300 Area Sub-Area); and the Yakima and Snake River deltas.  To obtain sufficient 
media for analysis, sediment core samples were composed of sediment from 0 to 0.2 m (0.8 ft) 
below the lake bottom.   
 
Deep cores were completed at water depths of up to 27 m (90 ft) with anticipated thick sediment 
sequences greater than 3 m (10 ft) thick.  Deep sediment cores were collected from above 
Priest Rapids Dam and from areas in Lake Wallula (Port Kelley, Hat Rock, and just upriver of 
McNary Dam) where sediment deposits may date back to the era of reactor operations.  Cores 
were collected to a depth of up to 2.7 m (8.8 ft) behind McNary Dam and elsewhere, but only 
sediment from 0 to 0.2 m (0.8 ft) below the lake bottom were used in the SLERA.  This is the 
zone of greatest biological activity and the habitat of most benthic organisms.   
 
Lastly, sediment was also collected as part of the groundwater upwelling investigation.  This 
sediment was collected of the top 10 cm (4 in.) of sediment in areas previously determined to be 
the zone where site groundwater discharges to the surface water of the Columbia River.  
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These samples, which are within the discharge plume, are designated as “groundwater 
upwelling” in the database and are collocated with porewater and surface water samples. 
 
All sediment samples, along with core sediment samples from the upper top 30 cm (12 in.) or 
less of sediment, were used to evaluate effects on aquatic biota in the ecological risk assessment.  
Deep core samples were also used in both the RI and the human health risk assessments. 
 
2.2.3 Remedial Investigation Surface Water Sample Collection 

Surface water samples were collected from the reactor areas; 300 Area Sub-Area; recreational 
locations (parks and boat launches); Lake Wallula; McNary Dam; irrigation returns; and 
tributary deltas at the Yakima, Snake, and Walla Walla Rivers.  Upriver Reference samples were 
collected in a random design, as described earlier.  For this approach, the target population was 
considered to be upriver surface water above Priest Rapids Dam, and sample locations were 
identified at random within this area.  Within the river, surface water samples were collected at 
approximately two-thirds of the depth of the water column and, within the irrigation wasteways, 
samples were collected approximately 15 cm (6 in.) from the surface. 
 
Two surface water sampling events (fall and spring) were conducted.  The fall sampling event 
occurred between October 16, 2008, and November 13, 2008, and the spring sampling event 
occurred between June 1 and 9, 2009. 
 
In addition to these surface water samples, additional deep surface water samples were collected 
during RI field sampling activities.  These three samples were collected directly above the 
riverbed within Lake Wallula, downriver of the Walla Walla River confluence, and behind 
McNary Dam. 
 
Surface water was also collected as part of the groundwater upwelling investigation.  For this 
evaluation, surface water was collected from within a foot of the sediment surface in areas of 
documented plume release.  Sediment and porewater samples were collected at the same 
locations.   
 
A total of 1,810 surface water samples were collected and used to evaluate effects on aquatic 
biota in the SLERA, not including Reference samples.  Both total and dissolved metals were 
included in the analysis.  While samples were collected from a variety of aquatic environments, 
aquatic receptors were assumed to be exposed to all samples for the purposes of the screening 
assessment.  Specific details of surface water location and depth are provided in WCH-352. 
 
2.2.4 Remedial Investigation Porewater Sample Collection 

Porewater samples were collected as part of the groundwater upwelling study at specified 
locations associated with reactors and documented groundwater plumes in both the 100 and 
300 Area Sub-Areas.  This study was completed in three phases, which are detailed in the SAP 
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(DOE/RL-2008-11, Appendix A).  During Phase I, the proposed Trident™ probe technology was 
tested for its application in Hanford Reach conditions.  Phase II consisted of two events:  
Phase II(a), Conductivity Mapping, and Phase II(b), Indicator Contaminants Screening.  During 
Phase II(a), five conductivity transects were mapped for each of eight upwelling study areas 
(100-B/C, 100-K, 100-D, 100-H, 100-F, 100-N, Hanford townsite, and 300 Area).   
 
Phase II(b) chemical sampling locations were determined based on areas of high water 
conductivity, spatial distribution of data identified in Phase II(a), and consideration of other 
factors.  A total of 233 stations were visited and sampled for analysis of selected water quality 
parameters as well as area-specific indicator contaminants.  Results (provided in WCH-380) 
were used to determine the sampling locations for additional porewater, sediment, and surface 
water sampling needed for plume characterization in Phase III of the study.   
 
Phase III (Groundwater Plume Upwelling Characterization) consisted of the collection of 
porewater, surface water, and sediment samples from 49 stations selected from a review of the 
Phase II results.   
 
In total, groundwater upwelling locations were mapped using conductivity and temperature 
measured at 685 sample locations.  Indicator contaminant levels in the porewater were analyzed 
in 237 samples, and subsequent characterization of multiple Hanford Site contaminants was then 
conducted in 49 samples of porewater and surface water during the spring of 2010. 
 
2.2.5 Remedial Investigation Fish Tissue Sample Collection 

In accordance with the SAP, specimens of six fish species (common carp [Cyprinus carpio], 
mountain whitefish [Prosopium williamsoni], walleye [Stizostedion vitreum], smallmouth bass 
[Micropterus dolomieui], bridgelip sucker [Catostomus columbianus], and white sturgeon 
[Acipenser transmontanus]) were collected as part of the fish sampling program.  These six fish 
species are year-round resident fish that reflect a range of trophic levels and have a higher rate of 
harvest and consumption among the local population.  The objective of the proposed fish 
sampling project was to obtain tissue samples for analysis of contaminants that have been 
identified as originating from the Hanford Site.  The primary use of the fish sampling data is to 
determine the potential health risk to nearby residents who consume these fish as a part of their 
diet.  However, fish tissue data were also used to support the evaluation of fish in the ecological 
risk assessment. 
 
The species sampled all consisted of fish resident year-round in the Study Area.  The conclusions 
of several studies, including EPA 910-R-02-006, Columbia River Basin Fish Contaminant 
Survey 1996-1998, indicate that resident species of fish have the highest levels of contaminants 
from the Hanford Site.  For example, data from this study (EPA 910-R-02-006) confirm that 
higher concentrations of organic chemicals have been detected in nonmigratory resident fish 
such as sturgeon, suckers, walleye, and whitefish than in the migratory transient fish such as 
salmon and steelhead.  Salmon, which spend most of their lives in the ocean and therefore have 

                                                 
™ Trident is a trademark of Environmental Sciences, San Diego, California. 
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little opportunity to be exposed to Hanford Site-related contaminants, were not sampled as part 
of this program.  Because of their longer residency time in the river, nonmigratory fish have 
more opportunity for exposure and for accumulation of site-related contaminants.  Therefore, 
based on this information, the fact that resident fish are available year-round for harvest, and 
because many of the resident species are also species routinely harvested and eaten, the fish 
sampling effort focused on resident species (rather than anadromous species) to develop both 
representative and conservative human health and ecological risk estimates. 
 
The number of fish collected during the 2008 to 2010 sampling event is shown in Table 2-2.  
Table 2-1 shows the total number of fish samples used in the SLERA.  Details of the fish 
collection and sampling program are provided in WCH-387, Field Summary Report for Remedial 
Investigation of Hanford Site Releases to the Columbia River, Hanford Site, Washington:  
Collection of Fish Tissue Samples.  
 
Fish were collected by various methods.  Whitefish were collected by electrofishing only, while 
suckers and carp were collected by both electrofishing and by hook-and-line methods.  Walleye 
were collected only by hook-and-line methods, and sturgeon were collected only by long-lines.  
Bass, sturgeon, and walleye were collected during the summer months; carp and suckers were 
collected during the fall; and whitefish were collected during the winter.   
 
Species were collected from areas of the river where they are known to be present.  Since the 
primary objective of the samples was to provide data for the human health risk assessment, 
sampling efforts initially focused on popular recreational fishing spots that receive high use from 
the local population.  However, this approach did not satisfy sample requirements, so fish were 
retained from wherever they could be caught.  Sampling continued until the required sample 
numbers were met.  Specific fishing areas were not designated for suckers; these fish were 
collected from fast-water areas.  Only fish within the legal size limit (where applicable) were 
collected.  For all species except sturgeon, fish samples were composite samples composed of 
tissue from approximately five fish.  Five samples of each species were collected from each area, 
and each sample included separate fillet, carcass, and combined liver and kidney tissue for 
analysis.  For carp, sufficient tissue mass was available to obtain separate liver and kidney 
samples.  Fillet samples for these species were prepared with the skin on. 
 
Sturgeon samples were not composited, and thus samples represent tissue from individual fish.  
Sturgeon fillet samples were collected with the skin off, and separate liver and kidney samples 
were prepared.  Twenty-five sturgeon were collected from the 100 Area, 300 Area, and 
Lake Wallula Sub-Areas, while five reference fish were collected from upriver of 
Wanapum Dam. 
 
In addition, fish tissue was also collected for histological evaluation.  Further details are provided 
in Section 6.2.6. 
 
A total of 534 individual fish were collected in support of the RI fish collection program.  A total 
of 1,249 fish samples (including Reference) were used in this SLERA.  Results from the fish 
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tissue study were used to support both the SLERA and human health risk assessment.  Details of 
fish collection are contained in WCH-387.   
 
2.2.6 Remedial Investigation Analytical Methods and Reported Results 

As detailed in the DSR (WCH-398), samples from all media were analyzed for a wide variety of 
constituents.  Analyses varied somewhat by medium and sampling objective, but typical analyses 
for most constituents included metals, hexavalent chromium, total petroleum hydrocarbons 
(TPH), PCBs, pesticides, radionuclides, volatile organic compounds (VOCs), and semivolatile 
organic compounds (SVOCs).  Surface water and porewater samples included both dissolved and 
total metals analysis.  In addition, both strontium and uranium were analyzed by radioisotopic 
methods and standard ICP metal analysis.  All fish tissue was analyzed for PCB congeners, 
metals, pesticides, and radionuclides; sturgeon was analyzed for methyl mercury and hexavalent 
chromium, in addition.  Specific analytical details for all medium types are provided in 
WCH-398. 
 
Fish tissue results are reported in wet weight; all other media results are reported in dry weight.  
Sediment results were received from the laboratory in wet weight, and converted to dry weight 
using percent moisture data, as described in WCH-398. 
 
The RI effort produced a large, consistent, and high-quality data set focused specifically on the 
needs of risk assessment.  For this reason, this data formed the bulk of the data used to evaluate 
river conditions in both the SLERA and the human health risk assessment.  An assessment of the 
quality of the data obtained during the RI is presented in WCH-381, the Data Quality Assessment 
Report for the Remedial Investigation of Hanford Site Releases to the Columbia River, Hanford 
Site, Washington.  However, historical data were also reviewed for use in the risk assessment, 
and the data incorporated from these sources are described below. 
 
 
2.3 PRE-2008 HISTORICAL DATA 

Historical data were compiled into a single database as part of the effort for the 2007 
Columbia River Component Data Gap Analysis (WCH-201).  The combined database created for 
the Data Gap Analysis consisted of data from the following sources: 
 
• The original Columbia River Component (CRC) database 

• U.S. Army Corps of Engineers 

• Data used in the 100/300 Area Sub-Area RCBRA 

• Mid-Columbia River Sediment Data provided by EPA Region 10, Watershed Restoration 
Unit, on June 8, 2007 

• 2004 and 2005 data from the Pacific Northwest National Laboratory (PNNL). 
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Since the completion of the Data Gap Analysis (WCH-201), additional data collected after 2007 
have been added to the database.  Additional data (other than RI data) were composed primarily 
of monitoring and sampling data from PNNL annual monitoring programs and other sources as 
appropriate.  No porewater data were present in the historical data set. 
 
As described in WCH-201, the original CRC database was a compilation of data obtained from 
the detailed data collection effort conducted as part of WCH-64, Existing Source Information 
Summary Report Compilation/Evaluation Effort:  December 2004 to September 2005, 
Columbia River Component of the River Corridor Baseline Risk Assessment, and WCH-91, 
Columbia River Component Data Evaluation Summary Report.  As part of those efforts, data 
were obtained, reviewed, and selected by a team composed of researchers from universities, 
PNNL, WCH, and a Native American consulting firm through a process that involved extensive 
review and input by DOE, Trustees, and regulators.  The extensive details of the data collection 
and evaluation method are provided in those documents, particularly WCH-64, and specific 
decisions about what data to include or exclude were made by those researchers.  Data quality 
was categorized into tiers, and only Tier I data, the highest quality category, were retained for 
use in this SLERA and the associated human health risk assessment. 
 
Prior to use, the historical data set for each medium was reviewed on a sample-by-sample basis 
to identify samples appropriate for use in the risk assessments.  For all media, samples were 
omitted if they were collected from outside the study area (Section 1.5) or used in the RCBRA 
evaluation of the near-shore area of the river.  Other factors used to select historical samples are 
described by medium, below.  Historical data exist for sediment, surface water, and fish, but not 
soils, in the area of study. 
 
2.3.1 Historical Sediment Data 

Sediment samples results were reviewed for the period 1990 to 2007 to determine comparability 
and consistency with the RI data set.  Specific characteristics that were reviewed included data 
reporting practices such as consistent units, nomenclature issues, duplicate reports, categories of 
constituents analyzed and detected, the relative number of samples, the frequency of detection 
(FOD) of constituents, and concentrations detected relative to the RI data set.  This evaluation 
was conducted separately for the 1990 to 2007 data set as well as for the more recent 2000 to 
2007 data set.  The goal of the separate evaluations was to determine if sediment conditions, as 
reflected by the historical data, had remained consistent over the last 20 years or had changed 
enough to warrant the use of more recent data only. 
 
In general, the analysis showed that the sediment data from 2000 and later were more 
comparable in concentration and detected constituents to the RI data than the older data from 
1990 to 2000.  This reflects the river as a dynamic system, where daily flow changes and 
periodic flooding continually transport material and in general realign the sediment 
characteristics with the changing array of Hanford Site and non-Hanford Site discharges that 
influence sediment chemical composition.  In addition, the process of radioactive decay will 
naturally reduce the concentrations of many radionuclides over time.  The results of the data 
review show that river conditions for approximately the last 10 years have been relatively 
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consistent and suggest that conditions reflected by older sediment no longer exist in the river.  
For this reason, only historical sediment data from 2000 forward were retained for use in the 
SLERA and the human health risk assessment, since these data were shown to be more 
representative of current conditions in the river than data from 10 or more years ago. 
 
In addition, historical samples were reviewed based on location.  Sediment samples removed 
from the data set consisted of samples from along the right bank of the river in the 
Hanford Reach (the area addressed by the RCBRA study) and samples that were not collected 
from the Columbia River or a nearby tributary. 
 
In summary, the historical sediment data used for the SLERA and the human health risk 
assessment consisted of selected data from year 2000 and later. 
 
2.3.2 Surface Water Historical Data Review 

Surface water was reviewed in a manner similar to sediment in regard to sample location and 
data characteristics.  Sample results over the last 20 years were reviewed semiquantitatively in 
relation to the magnitude of concentrations, FOD, and types of constituents detected.  Based on 
this review, surface water data collected prior to the year 2000 were not included in either the 
review or the resulting risk assessment data set, for the following reasons: 
 
• Results from the last 10 years were largely consistent and differed from the data in the 

previous years (i.e., pre-2000) in the number and types of constituents detected. 
 
• As an inherently transient medium, surface water most accurately reflects recent conditions 

and current influences on water quality.  Thus, current river conditions and resulting risks are 
most accurately estimated by the use of recent surface water data. 

• The results of the sediment analysis suggest that conditions in the river have remained 
relatively consistent over the last 10 years.  Thus, surface water from this time period is 
expected to be similarly consistent and so was included to provide a robust data set that 
captures a variety of seasonal and flow conditions. 

Thus, historical surface water samples from 2000 to 2008 were included in the risk assessment 
data set. 
 
As with sediment, surface water records were reviewed on a sample-specific basis, and some 
samples were removed due to locations or sample content.  Samples removed from the data set 
consisted of samples not from the Columbia River or nearby tributaries; samples collected from 
Hanford Reach springs, seeps, sloughs, or other source areas; and samples from the right bank of 
the Columbia River within the area addressed by the RCBRA study. 
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2.3.3 Fish Tissue Historical Data Review 

Fish tissue has been a part of monitoring at the Hanford Site for many years, resulting in a wide 
variety of species and fish tissue in the database of historical samples.  As mobile and relatively 
long-lived components of the river biota, fish reflect the conditions in both surface water and 
sediment during the years they live in the river and therefore are good monitors of 
bioaccumulative constituents over time.  Thus, while the large fish collection effort conducted as 
part of the RI comprises the bulk of the data set, selected historical fish samples were included as 
well.  The following describes the rationale for selection of historical fish data for use in this risk 
assessment: 
 
1. To minimize the effects of interspecific variability and maximize the temporal span of the 

data set, historical data for only those species collected in 2009 and 2010 were reviewed for 
inclusion in the data set.  These species include bass, carp, sucker, whitefish, walleye, and 
sturgeon.  Historical data for smallmouth bass and bridgelip sucker were included in the 
historical data review. 

 
2. To be consistent with pre-2000 surface water and sediment data, fish data from prior to 2000 

were not included in the data set.  Surface water and sediment are the exposure media for 
fish, and earlier data for both media have been found to differ from data from 2000 and later.  
Depending on the age of the fish, adult fish data reflect conditions up to approximately 
5 years prior to date of collection and therefore conservatively capture historical conditions. 

 
3. Only data from adult fish were included in the data set to avoid underestimating 

bioaccumulative compounds. 
 
4. To maximize the size of the data set, both fillet samples with the skin on and the skin off 

were combined for use in the data set for all species except sturgeon, for which samples with 
the skin off only were considered.  Sturgeon samples in 2009 were collected with the skin 
off, whereas other species in the 2009 data set were collected with the skin on. 

 
5. Upriver samples were included only if they were upstream of Priest Rapids Dam.  Samples 

from locations identified as “Vernita Bridge” were not included to be consistent with the 
logic and location of the 2009 data set, which includes only locations physically separated 
from the 100 Area. 

 
6. Tributary river samples were included only as Reference samples if they were tributaries to 

the Columbia River.  Samples from tributaries in other watersheds were not included.  
Examples of tributary samples not included in the study include bass samples from the 
Okanagan River and walleye samples from the Umatilla River. 

 
Thus, the final data set used for evaluation of effects on fish included fish samples from 
2000 to 2010.  This provides a robust and comprehensive array of samples for evaluation. 
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2.4 SUMMARY OF RISK ASSESSMENT DATA 

As described above, the data used for this SLERA are composed largely of the data produced by 
the 2008 to 2010 RI sampling, supplemented as appropriate by historical data collected from 
2000 and later.  To summarize, the data spans for each medium are as follows: 
 

Medium Data Set Range  

Surface water  Selected 2000 - 2010 

Sediment  Selected 2000 - 2010  

Porewater  2008 - 2010 

Island soil  2008 - 2010 

Fish tissue  2000 - 2010  

 
The location of all RI surface water, sediment, porewater, and soil samples used in the SLERA is 
provided in Appendix A.  Fish collection locations are provided in Appendix M of the DSR 
(WCH-398). 
 
 
2.5 INTERPRETING ANALYTICAL RESULTS 

Analytical results used in this SLERA are based on the results reported by the analytical 
laboratory.  There are two types of results that are used in the risk assessment:  detected and 
nondetect (i.e., censored) results.   
 
Chemical Analysis.  For nonradionuclides, each result involves a laboratory reporting limit 
(LRL) (this may also be referred to in laboratory reports as an estimated quantitation limit 
[EQL]).  The LRL is the lowest concentration that can be reliably reported within the 
specified limits of precision and accuracy during routine laboratory operating conditions and 
is unique to each sample and compound (SW-846, Test Methods for Evaluating Solid Waste, 
Physical/Chemical Methods).   
 
Note that the LRL is a value different from the instrument detection limit (IDL) and 
method detection limit (MDL).  The IDL is a concentration equivalent to an instrument 
signal due to the analyte of interest that is equal to a multiplier of the standard deviation of 
a series of replicate measurements of a reagent blank’s signal measured at the same 
response (SW-846).  In effect, the IDL determines the baseline background “noise” of an 
analytical instrument for the specific analyte of interest.  The IDL determinations are 
typically made using reagent water and do not incorporate any potential effects or the 
components on the analytical instrument (i.e., matrix effects).  The IDL is then typically 
used to estimate a likely MDL.   
 
The MDL is the minimum concentration of a constituent that can be measured and reported 
with 99% confidence that the analyte concentration is greater than zero.  The MDL is 
determined from analysis of a given matrix type containing the analyte at a level derived 

Exhibit 12a



 DOE/RL-2010-117 

Overview of Risk Assessment Data Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 1:  Screening-Level Ecological Risk Assessment 
June 2012 2-13 

from the IDL (SW-846).  It is standard laboratory practice to perform MDL studies with 
spiked reagent water or simple solid matrix materials (e.g., silica sand).  However, MDLs 
are unique to a method and not a particular sample. 
 
The laboratories providing data for this report use limits of detection (LODs) to define the 
detect/nondetect decision point during analyses.  The LODs are derived from MDLs 
adjusted for potential real-life sample effects on the analytical process.  Analytical results 
reported as detected below the LRL reflect the presence of the analyte but with less 
precision and/or accuracy than results reported at or above the LRL.  These results are 
flagged to identify them as lower precision/accuracy values. 
 
The LRLs are sample-specific and are highly matrix-dependent.  As a result, the LRL of a 
given sample may be 5 to 10 times higher than the MDL.  For many analytes, the base LRL 
analyte value is selected as the lowest nonzero standard in the calibration curve.  For 
reporting of actual sample results, base LRLs are adjusted if necessary to account for 
sample-specific parameters (e.g., initial aliquot quantity, conversion to dry-weight reporting, 
additional instrument dilutions).  For nonuniform matrices, such as sediment, the LRLs 
within a sample group may vary substantially; it is not uncommon to have individual sample 
results within a sample delivery group with a 10-fold difference in LRLs.  
 
For chemical data used in this risk assessment, positive chemical results are those results 
reported at or above the LOD and nondetect results (U-qualified) reported at the LRL.  The LRL 
is used in generating statistics for nondetect results. 
 
Radionuclide Analysis.  Radionuclides are reported relative to a minimum detectable activity 
(MDA) rather than an LRL.  Minimum detectable activities are established based on analytical 
detector baseline instrument activity (background).  The MDA establishes a statistical confidence 
that radionuclide activity is present in the sample (i.e., detected versus nondetected).  
Radionuclide analytical results can be positive, negative, or zero.  Results above the MDA are 
treated as detected, results below the MDA as nondetected (i.e., censored).  Positive results 
below the MDA and negative results were used without modification in a manner similar to that 
of detected results in generating the various statistics employed in the SLERA. 
 
Hexavalent Chromium Analysis in Sediments.  The methodology used to analyze sediment 
samples from the Columbia River for hexavalent chromium was an alkaline digestion 
(SW-846 Method 3060A) followed by a colorimetric determination (SW-846 Method 7196A).  
The digestion process is described as one that will neither reduce hexavalent chromium nor 
oxidize trivalent chromium.  The components that comprise the sediment are all subject to the 
digestion process.  The digestion allows for the disassociation of hexavalent complexes so the 
concentration of hexavalent chromium that is present can be determined.  
 
Laboratory quality assurance and quality control techniques are employed in the analyses.  The 
matrix spike recovery is in most cases a combination of a soluble matrix spike and an insoluble 
matrix spike to evaluate the impacts of the digestion on the chromium present and provide a 
framework with which to evaluate the oxidizing and/or reducing conditions in the sample matrix.  
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The laboratory control sample results generally provide a means to evaluate and assess accuracy 
with duplicates providing a way to assess precision. 
 
The question of what comprises sediment is open to differing interpretations.  One EPA 
description of sediments is that, “Sediments are a semi-solid media comprised of minerals, 
organic material, interstitial water, and a myriad of physico-chemical and biological 
components” (EPA 905-B94-002, Assessment and Remediation of Contaminated Sediments 
[ARCS] Program Assessment Guidance Document).  Examining the sediments and their 
components as to how they might be categorized may lead to four general descriptors:  an 
interstitial or porewater subcomponent, an elutriate or water-extractable fraction subcomponent, 
a solid subcomponent, and a sediment as a whole component.  
 
The digestion of the sediments as a whole allows the subsequent measurement of the hexavalent 
chromium in the sediment as a whole and includes any hexavalent chromium in any of its 
subcomponents (i.e., interstitial water, elutriate, solid) but does not allow the quantitation of 
hexavalent chromium for individual subcomponents.  Separate analyses from splitting a larger 
sample would be needed to differentiate the hexavalent chromium in the subcomponents.  
 
Sediments are a dynamic system in nature.  New materials are added through deposition, 
removed through erosion, and altered by internal chemical or biological activities.  A sample of 
porewater taken from the same location but at a greater depth than a sediment sample would not 
necessarily be representative of the sediment sample due to additional sediment with varying 
characteristics being between the sediment sample and the porewater sample as well as the 
changing characteristics of the porewater as it filters up through the sediments.   
 
In summary, the hexavalent chromium concentrations determined in the sediment sample 
analyses is the sum of all the hexavalent chromium in any of the sediment components, and care 
must be taken not to add any individual component concentrations that may have been 
determined because they are already included in the whole sediment analyses. 
 
 
2.6 REFERENCES 

DOE/RL-2008-11, 2008, Remedial Investigation Work Plan for Hanford Site Releases to the 
Columbia River, Rev. 0, U.S. Department of Energy, Richland Operations Office, 
Richland, Washington.  Available at 
http://www2.hanford.gov/arpir/?content=findpage&AKey=0810240394. 

 
EPA 905-B94-002, 1994, Assessment and Remediation of Contaminated Sediments (ARCS) 

Program Assessment Guidance Document,  U.S. Environmental Protection Agency, 
Great Lakes National Program Office, Chicago, Illinois.  Available at 
http://www.epa.gov/greatlakes/arcs/EPA-905-B94-002/EPA-905-B94-002.html.  

Exhibit 12a



 DOE/RL-2010-117 

Overview of Risk Assessment Data Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 1:  Screening-Level Ecological Risk Assessment 
June 2012 2-15 

EPA 910-R-02-006, 2002, Columbia River Basin Fish Contaminant Survey 1996-1998, 
U.S. Environmental Protection Agency, Region 10, Seattle, Washington.  Available at 
http://yosemite.epa.gov/r10/oea.nsf/0703bc6b0c5525b088256bdc0076fc44/c3a9164ed26
9353788256c09005d36b7/$FILE/Fish%20Study%20TOC.pdf.  

 
Suter, G. W., R. A. Efroymson, B. E. Sample, and D. S. Jones, 2000, Ecological Risk Assessment 

of Contaminated Sites, CRC Press, Boca Raton, Florida.  
 
SW-846, Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, 

U.S. Environmental Protection Agency, Washington, D.C., as amended.  Available at 
http://www.epa.gov/epawaste/hazard/testmethods/sw846/online/index.htm.  

 
WCH-64, 2006, Existing Source Information Summary Report Compilation/Evaluation Effort:  

December 2004 to September 2005, Columbia River Component of the River Corridor 
Baseline Risk Assessment, Rev. 0, Washington Closure Hanford, Richland, Washington.  
Available at 
http://www.washingtonclosure.com/documents/mission_complete/CRC/WCH-
64_Rev0.pdf. 

 
WCH-91, 2006, Columbia River Component Data Evaluation Summary Report, Rev. 0, 

Washington Closure Hanford, Richland, Washington.  Available at 
http://www.washingtonclosure.com/documents/mission_complete/WCH-
91_Rev_0_final.pdf. 

 
WCH-201, 2007, Columbia River Component Data Gap Analysis, Rev. 0, Washington Closure 

Hanford, Richland, Washington.  Available at 
http://www.washingtonclosure.com/documents/mission_complete/CRC/WCH-
201_Rev0_final_text.pdf. 

 
WCH-265, 2008, DQO Summary Report for the Remedial Investigations of Hanford Site 

Releases to the Columbia River, Rev. 0, Washington Closure Hanford, Richland, 
Washington.  Available at 
http://www.washingtonclosure.com/documents/mission_complete/Rem_Invest/DQO_Su
m_RptInvestSiteReleases.pdf. 

 
WCH-286, 2010, Sampling and Analysis Instructions for the Remedial Investigation of 

Hanford Site Releases to the Columbia River, Rev. 3, Washington Closure Hanford, 
Richland, Washington.  Available at 
http://www.washingtonclosure.com/documents/mission_complete/Rem_Invest/WCH-
286_Rev3.pdf. 

 

Exhibit 12a



 DOE/RL-2010-117 

Overview of Risk Assessment Data Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 1:  Screening-Level Ecological Risk Assessment 
June 2012 2-16 

WCH-352, 2009, Field Summary Report for Remedial Investigation of Hanford Site Releases to 
the Columbia River, Hanford Site, Washington:  Collection of Surface Water, 
River Sediments, and Island Soils, Rev. 0, Washington Closure Hanford, Richland, 
Washington.  Available at 
http://www.washingtonclosure.com/documents/mission_complete/WCH-352_Rev.0.pdf. 

 
WCH-380, 2010, Field Summary Report for Remedial Investigation of Hanford Site Releases to 

the Columbia River, Hanford Site, Washington:  Collection of Surface Water, 
Pore Water, and Sediment Samples for Characterization of Groundwater Upwelling, 
Rev. 1, Washington Closure Hanford, Richland, Washington.  Available at 
http://www.washingtonclosure.com/documents/mission_complete/380r1/WCH-
380_Rev._1_Part_1.pdf.  (Part 1) 
http://www.washingtonclosure.com/documents/mission_complete/380r1/WCH-
380_Rev._1_Part_2.pdf.  (Part 2) 

 
WCH-381, 2010, Data Quality Assessment Report for the Remedial Investigation of Hanford Site 

Releases to the Columbia River, Hanford Site, Washington, Rev. 1, Washington Closure 
Hanford, Richland, Washington.  Available at 
http://www.washingtonclosure.com/documents/mission_complete/WCH-
381%20Rev.%201/WCH-381%20Rev.%201.pdf. 

 
WCH-387, 2010, Field Summary Report for Remedial Investigation of Hanford Site Releases to 

the Columbia River, Hanford Site, Washington:  Collection of Fish Tissue Samples, 
Rev. 0, Washington Closure Hanford, Richland, Washington.  Available at 
http://www.washingtonclosure.com/documents/mission_complete/WCH-
387%20Rev.%200/WCH-387%20Rev%200.pdf. 

 
WCH-398, 2010, Data Summary Report for the Remedial Investigations of Hanford Site 

Releases to the Columbia River, Rev. 0, Washington Closure Hanford, Richland, 
Washington.  Available at 
http://www.washingtonclosure.com/documents/mission_complete/WCH-
398_Rev.0/WCH-398%20Rev.%200%20Sections%201-8.pdf. 

 
 
 

Exhibit 12a



DOE/RL-2010-117 
Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 1:  Screening-Level Ecological Risk Assessment 
June 2012 3-1 

3.0 SELECTION OF CONTAMINANTS OF POTENTIAL 
ECOLOGICAL CONCERN 

3.1 INTRODUCTION 

Contaminants of potential ecological concern (COPECs) are the constituents for which risk will 
be quantitatively evaluated in the SLERA.  They are selected from among analyzed constituents 
by a sequential process, outlined in the RI Work Plan (DOE/RL-2008-11) and implemented in 
this section, which takes into account detection status, relationship to Reference concentrations, 
and the availability of toxicity data.  Selection of the appropriate COPECs is critical to preparing 
an assessment that is representative of risks resulting from Hanford Site operations and useful for 
making remedial action decisions.   
 
Because the focus of this SLERA is on Hanford Site-related constituents, the COPEC selection 
process uses two mechanisms to identify constituents potentially related to Hanford Site 
operations.  The first is a statistical comparison with Reference data.  In this analysis, 
constituents statistically higher in concentration in the Hanford Reach or Lake Wallula are 
assumed to be potentially related to the Hanford Site and, therefore, are retained as COPECs.  
The second is the Inclusion List developed during the RCBRA.  This list identifies compounds 
known to be used at the Hanford Site, and therefore these compounds were retained as COPECs 
if they were detected in the Hanford Reach or Lake Wallula, regardless of the results of 
statistical analysis.  While this approach helps to narrow the COPEC list, it does not indicate 
whether detected compounds are in fact Hanford Site related because many constituents 
identified by this method also occur naturally or can be present from other anthropogenic 
sources.  Thus, for many COPECs, the relationship to Hanford Site activities remains uncertain.   
 
This section summarizes the approach used to identify COPECs and presents the COPECs for 
each medium identified by this process. 
 
 
3.2 CONTAMINANT OF POTENTIAL ECOLOGICAL CONCERN 

SELECTION METHODOLOGY 

The method used to select COPECs was described in detail in the RI Work Plan 
(DOE/RL-2008-11) and generally follows the approach used by the RCBRA study, modified as 
appropriate for river media.  Because the river is subject to contributions from upriver and 
tributary sources, the identification of constituents with concentrations consistent with upriver 
and tributary concentrations is an important component of this analysis, since the concentrations 
of these constituents are considered to be representative of Reference conditions.  The approach 
for selecting COPECs is illustrated in Figure 3-1, and the steps are summarized from the 
Work Plan description below.  This process was applied to all media except pore water, for 
which compounds were selected as described in Section 3.2.4. 
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Figure 3-1.  Contaminant of Potential Ecological Concern 
Selection Process Flow Diagram. 

 
 

Source:  DOE/RL-2008-11, 2008, Figure 4-8
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The approach used to select and evaluate COPECs differs from RCBRA in one important 
respect.  In the RCBRA, constituents that were determined to be present at concentrations above 
Reference were then evaluated by the use of ecological “screening values,” which were the most 
conservative values available representing concentrations below which effects are unlikely.  
Constituents that exceeded screening values were then identified as COPECs and subject to 
evaluation by ecological “benchmarks,” which include both no-effect and low-effect values, in 
the body of the report.  In the CRC, no screening values are used; all constituents that exceed 
Reference concentrations are designated as COPECs and are subject to evaluation in the risk 
assessment.  The COPEC lists in this CRC are thus somewhat larger than corresponding lists in 
the RCBRA.  The CRC COPECs are evaluated against “no-effect” values in Section 7.0, and 
exceedances are evaluated against “low-effect” values in Section 8.0 of this report.  Figure 3-2 
compares the RCBRA and CRC approaches. 
 
3.2.1 Overview of Approach 

All analytes, detected or not, were considered at the beginning of the COPEC selection process.  
As the first step, constituents identified on either waste site or groundwater Exclusion Lists 
developed for the RCBRA (DOE/RL-2007-21) were removed from consideration, in accordance 
with regulator agreements developed for that study.  These excluded constituents are listed in 
Table 3-1 and include constituents such as calcium, magnesium, and other constituents that have 
been identified as naturally occurring or determined not to be associated with Hanford Site 
activities.  The RCBRA study listed separate Exclusion Lists for groundwater and soils; for this 
study, analytes from both lists were combined into a single Exclusion List, shown in Table 3-1. 
 
Constituents were then divided into detected and undetected constituents, referred to as 
“nondetects.”  Nondetected constituents were not detected above analytical reporting limits in 
any sample within the medium and therefore could not be evaluated quantitatively in the 
SLERA.  Nondetect constituents that were identified as indicator compounds in Table 1-2 of 
DOE/RL-2005-42, 100 Area and 300 Area Component of the RCBRA Sampling and Analysis 
Plan (RCBRA SAP), and which met their required reporting limit were removed from further 
consideration.  Nondetect constituents that were not SAP indicator compounds or which did not 
meet their required reporting limits were retained for qualitative evaluation in the Uncertainty 
Analysis (Section 10.0).  The results of the evaluation of nondetected constituents are presented 
in more detail in Section 3.8. 
 
Detected constituents were evaluated relative to their presence on the Inclusion List for waste 
sites and groundwater, as provided in the RCBRA study.  Inclusion List analytes were identified 
as part of the RCBRA based on an evaluation of the commonly reported analytes in waste site 
cleanup reports or based on the most prevalent contaminants in groundwater plumes.  They are 
thus considered to be constituents known to be associated with Hanford Site operations.  For this 
SLERA, the RCBRA waste site and groundwater Inclusion Lists were combined, so that a 
constituent detected in any medium and present on either RCBRA Inclusion List was identified 
as a SLERA COPEC.   
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Figure 3-2.  Comparison of River Corridor Baseline Risk Assessment and  
Columbia River Component Contaminant of Potential  

Ecological Concern Selection Approaches. 

 

 

(Section 5.4.2) 

(Section 8.2.2) 
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The list of Inclusion List constituents used in this SLERA is provided in Table 3-1.  Any 
Inclusion List constituent detected in a sub-area medium was designated as a COPEC for that 
sub-area, regardless of its relationship to Reference data.  In some cases, Inclusion List 
compounds were present in sub-areas at concentrations consistent with or lower than Reference 
concentrations, suggesting little relationship to Hanford Site activities; these cases are noted in 
the evaluation.   
 
Following comparison to the Inclusion List, detected constituents in each sub-area were 
compared to Reference data either by statistical or qualitative methods.  This process is described 
in Section 3.2.2.  Constituents determined to be present at concentrations higher than Reference 
concentrations, or which are present on the Inclusion List, are identified as COPECs, and 
evaluated in subsequent sections of the report.  Because sub-areas were evaluated separately, 
separate lists of COPECs were developed for each medium and sub-area.  These are discussed 
separately by medium in Sections 3.3 through 3.7.   
 
To facilitate the analysis of nitrogen compounds (nitrate [NO3] and nitrite [NO2]), data were 
converted mathematically to a common form prior to the selection of COPECs.  Nitrogen results 
collected in 2006 and earlier were originally reported as “nitrogen in nitrate” or “nitrogen in 
nitrite,” while the 2008 to 2010 RI sampling measured nitrate and nitrite directly.  For the 
evaluations in this SLERA, all “nitrogen in nitrate” and “nitrogen in nitrite” results, which show 
only the amount of nitrogen in each molecule, were converted to nitrate and nitrite values, which 
reflect the weight of the entire molecule, not just the nitrogen ion.  Thus, the detected values of 
“nitrogen in NOx” were increased to reflect the larger molecular weight of the molecule in which 
the nitrogen ion occurs.  This mathematical conversion, which is based on the molecular weight 
of nitrogen versus the weight of the molecule in which it exists, is as follows: 
 

Concentration of nitrate = concentration of nitrogen in nitrate x 4.428571 
Concentration of nitrite = concentration of nitrogen in nitrite x 3.285714. 

 
All nitrogen-in-NOx data were converted to the respective nitrate or nitrite value prior to use in 
COPEC selection.  These data were combined with the 2008-2010 data to form a single nitrate 
and nitrite data set for evaluation.   
 
In addition, constituents or constituent groups for which more precise analytical results are 
available through another analytical method were also not included.  These typically do not have 
toxicological information.  Examples include the following: 
 
• Gross beta and gross alpha results, which were addressed by the evaluation of individual 

radionuclides 
 
• “Nitrogen in nitrate and nitrite” results, which were addressed by evaluating individual 

nitrogen constituents 
 

Exhibit 12a



Selection of Contaminants of DOE/RL-2010-117 

Potential Ecological Concern Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 1:  Screening-Level Ecological Risk Assessment 
June 2012 3-6 

• Uranium gamma results, which were addressed by “plate” results.  For the radionuclides 
analyzed by both gamma spectroscopy and plate methods (e.g., uranium-235 and 
uranium-238), the values reported for the plate analysis were used in lieu of the gamma 
values because the plate methods produced more measureable results. 

 
The evaluation of data relative to Reference conditions is described below.  
 
3.2.2 Reference Comparison 

Detected non-Inclusion List surface water, sediment, and fish tissue constituents were evaluated 
relative to their concentrations in Reference samples.  The objective of the background 
comparisons is to test the null hypothesis that analyte concentrations are the same between the 
Reference and site locations.  As described in Sections 1.4 and 1.5, Reference samples were used 
to characterize non-Hanford Site contributions to study area media and include media from 
upriver as well as tributary and wasteway locations.   
 
As described in Section 1.5, the Reference data set for surface water and sediment increases in 
size with each sub-area to reflect additional contributions with distance downriver.  For the 
100 Area Sub-Area, the Reference data set consists of upriver samples and the 
WB-10 Wasteway.  For the 300 Area Sub-Area, the contributions of several wasteways present 
in the sub-area are included.  For Lake Wallula, contributions from the Yakima, Snake, and 
Walla Walla Rivers are added to reflect contributions from all sources.  Thus, surface water and 
sediment in each sub-area is evaluated separately against a Reference data set that reflects all 
contributions upriver to or within the sub-area.   
 
As described above, the Reference data set for all sub-areas includes a small number of samples 
from wasteways and irrigation returns, which convey runoff from agricultural fields located near 
the Columbia River.  Because wasteways and irrigation returns may contain higher 
concentrations of some constituents than other Reference areas, the potential exists that these 
constituents in Site samples may be designated as non-COPECs because Site concentrations are 
lower than the wasteway and irrigation return Reference data.  To evaluate the potential effects 
on COPEC selection of including wasteway and irrigation return data in the Reference data set, a 
Wasteway Supplemental Analysis (Appendix I) was conducted to determine whether including 
wasteway and irrigation return data in the Reference data set had any effect on the findings or 
outcome of the SLERA.  To complete the analysis, constituents that may have been designated 
as non-COPECs because of wasteway and irrigation return data were identified and reevaluated 
as if they were COPECs, using the same approach followed in Sections 7.0 and 8.0 of the 
SLERA.  The analysis found that none of the constituents excluded from the risk assessment by 
the use of wasteway and irrigation return data affect the findings or conclusions of the SLERA, 
as presented in Section 11.0 of this document.  The use of wasteway and irrigation return data is 
considered further in the uncertainty analysis in Section 10.0, and full details are provided in 
Appendix I.   
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For soils and fish tissue, however, the Reference data set consists only of samples from upriver 
of Priest Rapids Dam.  Thus, the same Reference data set is used to evaluate all three sub-areas.  
No fish or soils samples were obtained from wasteways or irrigation returns.   
 
The goal of the analysis was to identify and remove from the risk assessment constituents with 
concentrations comparable to those in Reference areas, which have non-Hanford Site sources 
and can be considered as anthropologically influenced Reference locations.  
 
In summary, if constituent concentrations in the Reference data set were higher than or 
statistically equal to concentrations in the sub-area under consideration, then the constituent was 
not evaluated further in the risk assessment.  Constituents with concentrations that were higher in 
the study areas than in the Reference data were considered to be potentially related to the 
Hanford Site and retained.   
 
As part of the development of the work plan for the SLERA, the appropriateness of using 
statistical methods on the SLERA data sets was considered.  Because statistical methods are 
typically specified for use with random samples, the sample design of the data set for each media 
(surface water, sediment, soils, and fish tissue) was reviewed to identify any influence the 
sample design and data set characteristics, described in Section 2.2, may have on the statistical 
outcome.  Sample design is reviewed by media, below.  
 
• Fish tissue:  Due to the sampling practice of obtaining fish from where they were available 

rather than at specific sampling points (see Section 2.2.5), and the use of the same approach 
in both Site and Reference areas, these samples are considered to be suitable for statistical 
comparisons.   

 
• Soils:  Because soils were randomly collected from a single-cell grid in general areas of 

interest, they were collected in a manner similar to a stratified random sampling design.  The 
strata are composed of the separate islands within which the sample locations were randomly 
identified.  Not all islands were sampled; however, the data are suitable for use in statistical 
analyses.  
 
Key soil sampling areas included the following downriver islands:  Island 3, Locke Island, 
Homestead Island, Wooded Island, Johnson Island, and Gull Island.  These islands were 
identified as key sampling locations because of their location downriver from source areas, 
the presence of depositional areas, and/or their recreational use.  Soil samples were collected 
in areas above the ordinary high water mark, where riparian vegetation becomes dominant.  

 
• Sediment and surface water:  Most of the sediment and surface water samples collected 

during the RI were from locations randomly selected within general areas of interest 
(Sections 2.2.2 and 2.2.3).  Sediment samples were collected according to a stratified random 
design, with the depositional areas targeted for sampling representing the individual “strata” 
for analysis.   
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Surface water samples in the Upriver Sub-Area were collected according to a random design, 
where sample locations were selected at random from within the area upriver of 
Priest Rapids Dam.  Within the downriver sub-areas, samples were collected at random from 
within general areas of interest, which were typically areas where data were lacking.   
 
However, the data set for both sediment and surface water also includes historical samples 
and samples from the groundwater upwelling study, both of which included locations from 
within known areas of contamination.  These are judgmental samples, also called “focused” 
samples in the RI Work Plan.  The data set for sediment and surface water thus consists of a 
mix of both random and judgmental (focused) data.   

 
Unintentional bias from the use of focused sampling may cause inclusion of too few or too many 
COPECs depending on the nature of the bias introduced by focused sampling.  At the 
Hanford Site, concentrations in focused samples are assumed to be higher than elsewhere, since 
these areas consisted of reactor outfalls, plume discharge areas, and other locations of known or 
suspected contaminant presence.  Under these circumstances, the effect of including focused 
samples in the otherwise random data set would be to overestimate the magnitude of the Site data 
median and increase the chance that the null hypothesis (that the medians between two sample 
groups are the same) will be rejected.  In the COPEC selection process, this would mean that 
concentrations between Site and Reference are more likely to be designated as different, when in 
fact they are the same.  This would in turn lead to the designation of constituents as COPECs that 
are in fact similar in concentration to Reference.  This introduces bias of a conservative nature.  
This conservative bias, which tends to increase the number of constituents designated as 
COPECs, is considered to be acceptable for risk assessment.   
 
Statistical Reference analyses were completed using JMP® software, Version 8.0.2 (JMP) 
(SAS 2008), a commercially available statistical package by SAS Institute Inc.  The data for 
evaluation were downloaded from the updated Hanford Site CRC database into Microsoft® 
Access® software for initial processing and quality assurance checks, and then further analyses 
were completed in JMP.  In the JMP output, the results from all statistical tests are shown, and 
the test used is chosen according to the hierarchy below and indicated in the tables in 
Appendix B-1.  
 
For each medium (island soil, sediment, surface water, and fish), two-sample statistical tests 
were used to compare concentrations of each of the constituents between site and Reference 
locations.  Statistical comparisons were performed on all detected constituents, except those on 
the Exclusion List (Table 3-1). 
 

                                                 
® JMP software is a registered trademark of SAS Institute Inc. in the USA and other countries.  ® indicates USA 
registration. 
® Microsoft and Access are registered trademarks of Microsoft Corporation in the United States and/or other 
countries. 

Exhibit 12a



Selection of Contaminants of DOE/RL-2010-117 

Potential Ecological Concern Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 1:  Screening-Level Ecological Risk Assessment 
June 2012 3-9 

The specific test used for comparisons was dependent on characteristics of the site and Reference 
data sets.  The process used to select and implement statistical tests was as follows: 
 
• If there were no nondetected values in both the site and Reference data sets for a given 

constituent, the Shapiro-Wilk test was used to test whether the distribution of the data sets 
approximate a normal distribution.  If both data sets were normally distributed, a 
Student’s t-test was used to compare the data sets; if either the site or Reference data set was 
not normally distributed, a nonparametric Wilcoxon rank-sum test was used to compare the 
data sets. 

 
• If either the site or Reference data set contained at least one nondetected value for a given 

constituent, the data sets were compared using a generalized Wilcoxon test (Kalbfleisch and 
Prentice 1980, Statistical Analysis of Failure Time Data).  This is a nonparametric test that 
tests the null hypothesis that the site and Reference concentrations are the same and is a 
recommended approach over substitution methods for nondetect values (Helsel 2005, 
Nondetects and Data Analysis:  Statistics for Censored Environmental Data).  Much as with 
a standard Wilcoxon rank-sum test, the comparison is made between the sums of the ranks of 
the data in each data set.  The generalized Wilcoxon test assigns an estimated rank to those 
data below the detection limit.  This statistical test does not rely on a specific data 
distribution (e.g., is nonparametric) and addresses the fact that concentrations below a 
specific value (the reporting limit) are not known.  This test is implemented in JMP’s 
survival statistics platform, which was also used to generate Kaplan-Meier (KM) 
summary statistics.  As described below, comparative statistics were calculated but not 
considered reliable for data sets with more than 30% nondetect values.   

 
The results of the statistical comparisons indicated whether the concentrations of constituents in 
the study area were different than in Reference areas and provided an initial assessment of 
whether these constituents are related to Hanford Site releases.  The null hypothesis being tested 
as part of the statistical comparisons is that analyte concentrations are the same between the 
Reference and site locations.  An α (Type I error rate) of 0.10 was used to determine if site and 
Reference concentrations were significantly different; two-tailed statistical tests, described 
above, resulting in a p-value of less than 0.10 indicated site concentrations are significantly 
greater or significantly less than Reference locations  The Type 1 error rate of 10%, as opposed 
to the standard 5%, was selected as a conservative measure to increase the probability that 
analytes exhibiting elevated concentrations were included as contaminants of concern.  While 
this increases the chance of incorrectly including certain analytes as posing a risk when they in 
fact do not (“false positives”), it reduces the probability of incorrectly concluding that an analyte 
does not pose a risk when in fact it does (“false negative”).  The consequences of the former 
(increased remedial cost) are generally considered to be less than the potential consequences of 
the latter (failing to address a potential ecological or human health risk).  Appendix B provides 
the output for the statistical comparisons.  Polychlorinated biphenyls were evaluated as total 
PCBs in the Reference evaluation.  Polychlorinated biphenyls are reported in the database as 
both total (measured) PCBs and specific congeners, which were measured in the 2008 to 2010 RI 
sampling events.  Congener data were summed to obtain a total PCB value comparable to 
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measured total PCB values.  Nondetected congeners were represented by values generated by the 
Kaplan-Meier procedure. 
 
Following the quantitative statistical analysis, two additional evaluations were conducted as part 
of the Reference evaluation: 
 
• If a constituent was detected above reporting limits in a study area (100 Area, 300 Area, or 

Lake Wallula Sub-Areas) but was either not sampled for or not detected in the Reference 
areas, the constituent was retained as a preliminary COPEC. 

 
• If the FOD of the constituent was less than 30%, the results of the statistical tests were 

considered to be uncertain and the constituent data were subject to further qualitative 
analysis.  While a statistical output was produced for these constituents, the results were 
flagged because the accuracy of the statistical conclusion is less certain when few detected 
values are present.  Thirty percent was chosen as the conservative cutoff point for use of 
statistical results (Antweiler and Taylor 2008, “Evaluation of Statistical Treatments of Left-
Censored Environmental Data using Coincident Uncensored Data Sets:  I. Summary 
Statistics”), and constituents were evaluated by qualitative analysis. 

 
In the qualitative analysis, the magnitude and frequency of detected concentrations and 
reporting limits were reviewed, the average concentration of study area samples were 
compared to Reference averages, and the range of detected values and reporting limits in the 
study area were compared to ranges in Reference data.  If these comparisons suggested 
higher concentrations in the study area, the constituent was retained as a COPEC.  
Compound-specific details on these comparisons are provided in Appendix B.   

 
The Reference evaluation identified constituents present only in the Hanford study area and 
constituents present at concentrations higher than Reference areas.  These constituents have the 
potential to be related to Hanford Site operations and therefore were retained for further 
evaluation as COPECs. 
 
3.2.3 Toxicological Review 

As a component of COPEC designation, a toxicological review of each COPEC was conducted.  
This review consisted of determining whether an ecological benchmark value exists for the 
constituent.  As described in Section 5.0, benchmarks are conservative, generic screening values 
to which Hanford Site data are compared to estimate a potential for risk.  Some media, such as 
surface water and soil, have benchmarks for more than one receptor; if a benchmark was 
identified for any receptor evaluated in this SLERA, the constituent was retained as a COPEC for 
the medium and area in question.  Constituents for which no ecological benchmark exists are 
discussed in the Uncertainty Analysis (Section 10.0).  For clarity, these COPECs are identified in 
the data summary tables of Section 7.0, where all COPECs are compared to ecological 
benchmarks.  In these tables, “NA” (meaning “not available”) appears in the benchmark column, 
but other useful information about the frequency and magnitude of detections is provided.  
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This approach helps illustrate the characteristics and relative number of COPECs without 
benchmarks. 
 
3.2.4 Porewater Contaminant of Potential Concern Selection Methodology 

Porewater COPECs were selected by a variation of the method described above.  As described in 
Section 2.0, porewater samples were collected at locations previously determined to be the point 
of upwelling groundwater.  By design, porewater samples thus were intended to consist largely 
of groundwater rather than of surface water present elsewhere in the water column.  For this 
reason, Reference surface water data were considered to be inappropriate for the selection of 
porewater COPECs, since Reference surface water data would not reflect the condition of 
groundwater prior to Hanford Site influences; rather, Reference groundwater data were obtained 
and used as a more relevant point of comparison. 
 
Reference groundwater data were obtained from DOE/RL-96-61, Hanford Site Background:  
Part 3, Groundwater Background.  In this 1996 study, groundwater data from historical data 
gathered in conjunction with monitoring activities and additional data collected specifically for 
the purpose of evaluating groundwater background were screened and combined to develop a 
sound background data set for use in site evaluation.  The background data consisted of dissolved 
levels of naturally occurring inorganic chemicals and radionuclides in the uppermost unconfined 
aquifer.  In the 1996 report, the historical data (1989 to 1993) were screened to eliminate samples 
and/or constituents that may have been affected by Hanford Site activities.  The screening 
process was conducted in two steps as follows:  (1) using thresholds based on an upper range of 
background compositions to eliminate any data that show obvious signs of contamination, and 
(2) evaluating the location of each well with respect to known groundwater contamination and 
area activities.  Samples obtained in 1993 to 1994 specifically for evaluating background were 
collected from existing wells demonstrated to be free of contaminants and from wells situated in 
areas that had little pre-existing data associated with them.  A fundamental DQO for well 
selection was to maximize the lateral coverage of groundwater across the Hanford Site.  
Summary statistics, which included the geometric mean, standard deviation, and minimum and 
maximum values computed for a lognormal distribution, were calculated from the combined data 
set.  For the statistical calculations in the 1996 report, “nondetect” values were replaced with 
one-half the reporting limit. 
 
The summary statistics of the background groundwater data in the 1996 report were used directly 
in a qualitative evaluation to select porewater COPECs.  Specifically, the selection process for 
the selection of porewater COPECs at each OU was as follows: 
 
1. Porewater data (including both filtered and nonfiltered results, as available) were divided into 

seven separate data sets, each corresponding to a separate groundwater OU.  The boundaries 
of these data were determined based on a review of the OUs and related groundwater plumes, 
as depicted in DOE/RL-2010-11, Hanford Site Groundwater Monitoring and Performance 
Report for 2009.  Boundaries of the OU areas are shown on Figure 1-7 and in more detail on 
the maps in Appendix A.   
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2. For each OU data set, a geometric mean, geometric standard deviation, and maximum and 
minimum value, based on dissolved concentrations, were computed.  For these calculations, 
negative values for radionuclides were not used, since geometric means cannot be calculated 
with negative numbers.  These statistics were developed to match those in the 1996 
background report.  

 
3. These statistics were then compared to the corresponding statistics in the background 

groundwater data set to determine whether to include constituents as COPECs. 
 
4. As with other media, Inclusion List constituents detected in porewater were categorized as 

COPECs, regardless of the comparison of data statistics.  Likewise, constituents detected in 
porewater and not analyzed in the background data set were also included as COPECs. 

 
From this procedure, separate porewater COPEC lists were developed for porewater at each 
groundwater OU.  Compounds that were not detected in porewater were evaluated in the same 
manner as in other media, as described previously in Section 3.2.1.   
 
 
3.3 SURFACE WATER CONTAMINANT OF POTENTIAL ECOLOGICAL 

CONCERN SELECTION 

Surface water data from 2000 to 2010 were evaluated in accordance with the COPEC selection 
methodology described in Section 3.2.  For conservatism, both total and dissolved samples were 
included together in the analysis. 
 
The results of the Reference evaluation for 100 Area, 300 Area, and Lake Wallula Sub-Areas are 
provided in Tables 3-2, 3-3, and 3-4.  The basis for including or excluding constituents is also 
shown.  Details of the Reference analysis are included in Appendix B-1. 
 
Silica and carbonate ion had no Reference data but were not retained as COPECs because silica 
is a naturally occurring compound in sand and carbonate ion is found in nearly all surface water, 
as the result of dissolution of carbonate rocks.   
 
Based on the methods described in Section 3.2, the surface water COPECs for each sub-area are 
as follows: 
 

100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area 
Cesium-137 a 

Chromium b 
Fluoride 
Lead b 
Mercury a 
Nitrate b 
Phosphate 
Phosphorus 
Strontium-90 b 

1,2-Dichloroethane 
1,4-Dichlorobenzene 
Acetone 
Chloroform 
Chromium a 

Chrysene 
Lead b 

Mercury a 
Nitrate b 

Chloride 
Chromium a 
Cobalt-60 a 
Fluoride 
Hexavalent chromium a 
Lead a 
Mercury a 
Nitrate b 
Plutonium-238 
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100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area 
Sulfate b 
Technetium-99 a 
Total PCBs 
Tritium a 
Uranium-233/234 b 
Uranium-238 b 

Nitrite 
Plutonium-238 
Plutonium-239/240 a 
Silver 
Strontium-90 a 
Sulfate b 
Technetium-99 a 
Total PCBs 
Trichloroethene a 
Tritium a 
Uranium-233/234 b 
Uranium-235 a 
Uranium-238 b 

Xylenes (total) 

Plutonium-239/240 a 
Strontium-90 a 
Sulfate b 
Total PCBs 
TPH-diesel range a 
TPH-motor oil (high boiling) a 
Tritium a 
Uranium a 
Uranium-233/234 b 
Uranium-234 
Uranium-235 a 
Uranium-238 b 

a Inclusion List analyte. 
b Inclusion List analyte consistent with or lower than Reference concentrations, as determined 

by statistical or qualitative evaluation. 
PCB = polychlorinated biphenyl 
TPH = total petroleum hydrocarbons 

 
The following Inclusion List compounds were not detected in surface water, and therefore were 
not identified as COPECs: 
 
• 100 Area Sub-Area:  Carbon-14, cis-1,2-dichloroethylene, cobalt-60, europium-152, 

europium-154, hexavalent chromium, plutonium-239/240, tetrachloroethene, TPH-diesel, 
TPH-motor oil, trichloroethene, uranium (nonisotopic analysis only; isotopic forms were 
quantified), and uranium-235 

 
• 300 Area Sub-Area:  Carbon-14, cesium-137, cis-1,2-dichloroethylene, cobalt-60, 

europium-152, europium-154, hexavalent chromium, tetrachloroethene, TPH-diesel, 
TPH-motor oil, and uranium (nonisotopic analysis only; isotopic forms were quantified) 

 
• Lake Wallula Sub-Area:  Carbon-14, cesium-137, cis-1,2-dichloroethylene, europium-152, 

europium-154, technetium-99, tetrachloroethene, and trichloroethene.  
 
Sediment COPECs are identified in the following section.  
 
 
3.4 SEDIMENT CONTAMINANT OF POTENTIAL ECOLOGICAL  

CONCERN SELECTION 

Sediment data from 2000 to 2010 were evaluated according to the methodology of Section 3.2 
for each sub-area.  Samples included all sediment from shorelines, shallow and deep water, and 
from the upper portion (e.g., top 24 cm [9.4 in.]) of sediment cores.  Sample data were reported 
in dry weight or converted to dry weight using percent moisture data (see WCH-398). 
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The data set for sediments includes shoreline sediments, which are those sediments around 
islands and shorelines that are routinely exposed during routine water-level changes as the result 
of water release at Priest Rapids Dam.  For this reason, the COPEC list for sediments is 
considered to be appropriate for evaluation of shoreline sediments exposure as well, for the 
purposes of potential risk evaluation and the COPEC refinement as presented in 
Sections 7.0 and 8.0. 
 
The results of the sediment Reference evaluation for the 100 Area, 300 Area, and Lake Wallula 
Sub-Areas, as well as the basis for including or excluding constituents, are provided in 
Tables 3-5, 3-6, and 3-7.  Details of the Reference analysis are included in Appendix B-1. 
 
Sediment COPECs for each sub-area are as follows: 
 

100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area 
Acetone 
Carbon-14 a 
Cesium-137 b 
Chromium b 
Cobalt-60 a 
delta-BHC 
Endosulfan sulfate 
Europium-152 a 
Heptachlor epoxide 
Hexavalent chromium a 
Lead b 
Mercury b 
Plutonium-239/240 a 
Strontium-90 a 
Technetium-99 a 
TPH-diesel range a 
TPH-motor oil (high boiling) a 
Uranium a 
Uranium-233/234 b 
Uranium-235 a 
Uranium-238 b 

Carbon-14 a 
Cesium-137 b 
Chromium b 
Cobalt-60 a 
Europium-152 a 
Hexavalent chromium a 
Lead b 
Mercury  
Plutonium-239/240 a 
Selenium 
Strontium-90 a 
Technetium-99 a 
Titanium 
TPH-diesel range a 
TPH-motor oil (high boiling) a 
Tritium a 
Uranium a 
Uranium-234 
Uranium-233/234 b 
Uranium-235 a 
Uranium-238 b 

Alpha-BHC 
Antimony 
Cesium-137 b 
Chromium b 
Cobalt-57 
Cobalt-60 a 
Dichlorodiphenyldichloroethane 
Europium-152 a 
Europium-154 a 
Hexavalent chromium a 
Lead b 
Mercury b 
Molybdenum 
Phosphorus 
Plutonium-239/240 a 
Silver 
Strontium-90 a 
Thallium 
Titanium 
Toluene 
Total PCB 
TPH-diesel range a 
TPH-motor oil (high boiling) a 
Uranium-233/234 b 
Uranium-234 
Uranium-235  
Uranium-238 b 
Vanadium 

a Inclusion List analyte. 
b Inclusion List analyte consistent with or lower than Reference concentrations, as determined by statistical or 

qualitative evaluation. 
PAH = polycyclic aromatic hydrocarbons 
PCB = polychlorinated biphenyl 
TPH = total petroleum hydrocarbons 
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The following Inclusion List compounds were not detected in sediment, and therefore were not 
identified as COPECs: 
 
• 100 Area Sub-Area and 300 Area Sub-Area:  cis-1,2-dichloroethylene, europium-154, 

tetrachloroethene, and trichloroethene 
 
• Lake Wallula:  Carbon-14, cis-1,2-dichloroethylene, technetium-99, tetrachloroethene, 

trichloroethene, and uranium. 
 
Porewater COPECs area identified in the following section.  
 
 
3.5 POREWATER CONTAMINANT OF POTENTIAL ECOLOGICAL  

CONCERN SELECTION 

Porewater COPECs for each of the seven groundwater OU areas were selected according to the 
method described in Section 3.2.4.  Each OU area was compared separately to background 
groundwater concentrations, using the summary statistics of geometric mean and maximum, 
and minimum detected, in accordance with the available summary information for 
background groundwater.  In general, when the site geometric mean was substantially greater 
(i.e., more than a factor of 2 or so) than the background geometric mean, then the constituent was 
retained as a COPEC, even if the site maximum was less than the background maximum.  
The evaluation statistics and detailed rationale of the evaluation for each OU are provided in 
Appendix B-2.   
 
Based on this evaluation, porewater COPECs for each OU are as follows: 
 

100-B/C-5 OU 100-KR-4 OU 100-NR-2 OU 100-HR-3 OU 
Aluminum 
Arsenic 
Cadmium 
Chromium a 
Cobalt 
Hexavalent chromium a 
Lead a 
Nitrate a 
Selenium 
Strontium-90 a 
Sulfate a 
Tritium a 
Vanadium 
Zinc 

Aluminum 
Chromium a 
Hexavalent chromium a 
Lead a 
Manganese 
Nitrate a 
Phosphate 
Sulfate b 
Tritium a 
Vanadium 

Aluminum 
Chloride 
Chromium a 
Hexavalent chromium a 
Lead a 
Nickel 
Nitrate a 
Phosphate 
Strontium-90 b 
Sulfate a 
TPH-diesel range a 
TPH-motor oil a 
Tritium a 
Vanadium 

Aluminum 
Arsenic 
Chromium a 
Cobalt 
Copper 
Hexavalent chromium b 
Lead a 
Manganese 
Mercury a 
Nickel 
Nitrate a 
Strontium-90 b 
Sulfate b 
Tritium a 
Uranium a 
Vanadium 
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100-FR-3 OU 200-PO-1 OU 300-FF-5 OU 
Aluminum 
Chromium a 
Cobalt 
Hexavalent chromium a 
Lead a 
Manganese 
Mercury a 
Nickel 
Nitrate b 
Strontium-90 b 
Sulfate b 

Aluminum 
Arsenic 
Chromium a 
Hexavalent chromium b 
Lead a 
Nickel 
Nitrate a 
Nitrite 
Selenium 
Sulfate b 
Technetium-99 a 
Tritium a 
Vanadium 

Aluminum 
Acetone 
Arsenic 
Barium 
Cadmium 
Chloride 
Chromium a 
Cobalt 
Copper 
Hexavalent chromium b 
Lead a 

Manganese 
Mercury a 
Nickel 
Nitrate a 
Sulfate a 
Selenium 
Trichloroethene b 
Tritium a 
Uranium a 
Vanadium 
Zinc 

a Inclusion List analyte. 
b Inclusion List analyte consistent with or lower than Reference concentrations, as determined by qualitative 

evaluation. 
TPH = total petroleum hydrocarbons 

 
 
3.6 ISLAND SOIL CONTAMINANT OF POTENTIAL ECOLOGICAL 

CONCERN SELECTION 

Constituents in island soil from the 100 Area and 300 Area Sub-Areas were evaluated according 
to the methods described in Section 3.2.  Soil Reference locations consisted of 10 soil samples 
collected from an unnamed island in Wanapum Pool.  The results of the soils Reference 
evaluation for 100 Area and 300 Area Sub-Areas are provided in Tables 3-8 and 3-9.  The basis 
for including or excluding constituents is also shown in these tables.  Details of the Reference 
analysis are included in Appendix B-1. 
 
Soil COPECs for the two sub-areas are as follows: 
 

100 Area Sub-Area 300 Area Sub-Area 
Arsenic 
Carbon-14 a 
Cesium-137 b 
Chromium a 

Dichlorodiphenyltrichloroethane 
Diethylphthalate 
Hexavalent chromium a 
Lead a 
Lithium 
Mercury b 
Nickel 
Total PCBs 
TPH-diesel range a 
TPH-motor oil (high boiling) a 
Uranium a 
Uranium-233/234 b 
Uranium-235 a 

Arsenic 
Cesium-137 b 
Chromium a 
Cobalt-60 a 
Europium-152 a 
Hexavalent chromium a 
Lead a 
Lithium 
Mercury b 
Nickel 
Plutonium-239/240 a 
Strontium-90 a 
Total PCBs 
TPH-diesel range a 
TPH-motor oil (high boiling) a 
Uranium a 
Uranium-233/234 b 
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100 Area Sub-Area 300 Area Sub-Area 
Uranium-238 b Uranium-235 a 

Uranium-238 a 
a Inclusion List analyte. 
b Inclusion List analyte consistent with or lower than Reference 

concentrations, as determined by statistical or qualitative evaluation. 
PCB = polychlorinated biphenyl 
TPH = total petroleum hydrocarbons 

 
The following Inclusion List compounds were not detected in soil and therefore were not 
identified as COPECs: 
 
• 100 Area Sub-Area:  Cobalt-60, europium-152, europium-154, plutonium-239/240, 

strontium-90, technetium-99, and tritium 
 
• 300 Area Sub-Area:  Carbon-14, europium-154, technetium-99, and tritium.   
 
Fish tissue COPECs are identified in the following section.  
 
 
3.7 FISH TISSUE CONTAMINANT OF POTENTIAL ECOLOGICAL 

CONCERN SELECTION 

Fish data from 2000 to 2010 were evaluated in accordance with the COPEC selection 
methodology described in Section 3.2.  Fish data include samples for fish carcass, fish fillet, and 
fish liver/kidney throughout the study area.  Details of the Reference analysis for each fish tissue 
type are included in Appendix B-1. 
 
Because historical data varied or were not explicit in details of tissue composition (e.g., skin on 
versus skin off for fillets, inclusion of organs in “carcass”), only RI fish data were used for the 
statistical Reference evaluation.  These comprise the bulk of the fish data used in the risk 
assessment.  However, historical fish samples were included in the data set for risk evaluation, as 
described in Section 2.0. 
 
The results of the fish carcass Reference evaluation for 100 Area, 300 Area, and Lake Wallula 
Sub-Areas as well as the basis for inclusion or exclusion of constituents are provided in 
Tables 3-10, 3-11, and 3-12. 
 
Fish carcass COPECs for each Sub-Area are as follows: 
 

100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area 

Aluminum 
Arsenic 
Barium 
Carbon-14 a 
Chromium b 

Aluminum 
Arsenic 
Barium 
Carbon-14 a 
Chromium b 

Aluminum 
Arsenic 
beta-1,2,3,4,5,6-Hexachlorocyclohexane 
Carbon-14 a 
Chromium b 
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100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area 

delta-BHC 
Endrin 
gamma-BHC 
Lead a 
Mercury a 
Strontium-90 a 
Total PCB 
Uranium a 

delta-BHC 
Lead a 
Mercury a 
Methoxychlor 
Methyl mercury 
Plutonium-239/240 a 
Strontium-90 a 
Total PCBs 
Tritium a 
Uranium a 

delta-BHC 
gamma-BHC 
Lead a 
Mercury b 
Methyl mercury 
Uranium a 

a Inclusion List analyte. 
b Inclusion List analyte consistent with or lower than Reference concentrations, as determined by 

statistical or qualitative evaluation. 
PCB = polychlorinated biphenyl 

 
The results of the fish fillet Reference evaluation for 100 Area, 300 Area, and Lake Wallula 
Sub-Areas as well as the basis for inclusion or exclusion of constituents are provided in 
Tables 3-13, 3-14, and 3-15. 
 
Fish fillet COPECs for each sub-area are as follows: 
 

100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area 
alpha-BHC 
alpha-Chlordane 
Arsenic 
Carbon-14 b 
Cesium-137 b 
Chromium a 
Cobalt-60 b 
Dichlorodiphenyltrichloroethane 
Endrin 
Hexavalent chromium b 
Lead b 
Mercury a 

Methoxychlor 
Plutonium-239/240 b 
Strontium-90 b 

Aldrin 
alpha-BHC 
Arsenic  
Cesium-137 b 
Chromium a 
Cobalt 
delta-BHC 
Dieldrin 
Hexavalent chromium b 
Lead b 
Mercury b 
Methyl mercury 
Uranium-234 
Uranium-235 b  
Uranium-238 b 

Aldrin 
Chromium a 
Dieldrin 
Hexavalent chromium b 
Lead b 
Mercury a 
Methyl mercury 
Selenium 
Tritium b 

a Inclusion List analyte consistent with or lower than Reference concentrations, as determined by 
statistical or qualitative evaluation. 

b Inclusion List analyte. 

 
The Reference evaluation for liver and kidneys included all tissue results from combined 
liver/kidney samples as well as from separate liver and kidney analyses.  The results of the fish 
liver/kidney Reference evaluation for 100 Area, 300 Area, and Lake Wallula Sub-Areas as well 
as the basis for inclusion or exclusion of constituents are provided in Tables 3-16, 3-17, 
and 3-18. 
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Fish liver/kidney COPECs for each sub-area are as follows: 
 

100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area 
alpha-Chlordane 
Aluminum 
Antimony 
Arsenic 
beta-1,2,3,4,5,6-Hexachlorocyclohexane 
Beryllium 
Cadmium 
Carbon-14 
Chromium 
Copper 
Dichlorodiphenyldichloroethylene 
Dieldrin 
Endosulfan I 
Endrin 
Endrin aldehyde 
Endrin ketone 
gamma-BHC 
gamma-Chlordane 
Heptachlor 
Iron 
Lead a 
Manganese 
Mercury a 

Methoxychlor 
Selenium 
Silver 
Strontium-90 a 
Thallium 
Thorium 
Total PCBs 
Uranium a 
Zinc 

alpha-Chlordane 
Aluminum 
Antimony 
Arsenic 
Barium 
Cadmium 
Cesium-137 
Chromium 
Copper 
delta-BHC 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endrin 
Endrin ketone 
gamma-Chlordane 
Heptachlor epoxide 
Lead a 
Manganese 
Mercury a 
Methoxychlor 
Selenium 
Silver 
Technetium-99 a 

Thorium 
Total PCBs 
Tritium a 
Uranium a 
Zinc 

Arsenic 
Carbon-14 a 
Chromium a 
delta-BHC 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endrin 
Endrin ketone 
Heptachlor epoxide 
Mercury b 
Total PCBs 

a Inclusion List analyte. 
b Inclusion List analyte consistent with or lower than Reference concentrations, as determined by statistical or 

qualitative evaluation. 
PCB = polychlorinated biphenyl 

 
As listed above in this subsection, the COPECs vary by both tissue type and sub-area; however, 
mercury and chromium are COPECs for all three tissue types (carcass, fillet, and liver/kidney) 
within all three sub-areas.  Lead is a COPEC for all tissue types within all three sub-areas except 
for liver/kidney tissue within the Lake Wallula Sub-Area. 
 
The lists above identified detected constituents carried forward into the risk assessment.  As 
described in Section 3.2.1, nondetected constituents were also evaluated to determine which 
should be addressed in the Uncertainty Section and which can be eliminated from the study.  
The results of this evaluation are presented in the following section. 
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3.8 EVALUATION OF NONDETECT DATA 

Analytical results for surface water, sediment, soil, and fish collected during the RI were 
evaluated in accordance with the process illustrated in Figure 3-1.  The process was conducted 
separately for each medium and sub-area. 
 
As shown in this process, analytes that were not detected within a particular medium 
(i.e., surface water) were subsequently reviewed to determine if it was listed as an “indicator 
contaminant,” summarized in Table 1-2 of the RCBRA SAP (DOE/RL-2005-42).  Analytes that 
were not listed as indicator contaminants were retained for further evaluation in the Uncertainty 
Analysis.  If the analyte was listed as a SAP indicator compound for that particular medium, the 
sample-specific reporting limits (listed as “results” for data qualified as nondetects in the 
database) for nondetected constituents in the RI data set were compared to the laboratory-
required detection limits prescribed in Tables 3-1, 3-2, and 3-3 of the CRC Quality Assurance 
Project Plan (QAPP) (Section 3.0 of the SAP [Appendix A of the RI Work Plan 
(DOE/RL-2008-11)]).  Analytes with reporting limits at or below the corresponding target 
detection limits were not retained as COPECs.  However, analytes not meeting the corresponding 
target detection limits (i.e., nondetect results reported at values higher than the required detection 
limits) were retained for evaluation in the Uncertainty Analysis. 
 
The following subsections summarize the evaluation of nondetect data by sub-area for surface 
water, sediment, porewater, soil, and fish, respectively. 
 
3.8.1 Surface Water 

In the 100 Area, 300 Area, and Lake Wallula Sub-Areas, many VOCs, SVOCs, inorganics, 
metals, organics, pesticides, and radionuclides were reported as nondetect in surface water 
(see Tables 3-19, 3-20, and 3-21, respectively).  As shown in these tables, only a small 
percentage of analytes are excluded as COPECs by this process; most are retained for evaluation 
in the Uncertainty Analysis.  A total of 127, 120, and 129 analytes in the 100, 300, and 
Lake Wallula Sub-Areas, respectively, were retained as COPECs to be addressed in the 
Uncertainty section.  For each sub-area, the following nondetected constituents met their 
reporting requirements and so were excluded as COPECs: 
 
• 100 Area and 300 Area Sub-Areas (Tables 3-19 and 3-20):  Hexavalent chromium, uranium, 

TPH (diesel range and motor oil), methoxychlor, carbon-14, and cobalt-60 
 
• Lake Wallula Sub-Area (Table 3-21):  Methoxychlor and carbon-14. 
 
3.8.2 Sediment 

In the 100 Area, 300 Area, and Lake Wallula Sub-Areas, many VOCs, SVOCs, metals, 
pesticides, radionuclides, and dioxins/furans (Lake Wallula only) were reported as nondetect in 
sediment (see Tables 3-22, 3-23, and 3-24, respectively).  A total of 111, 114, and 138 analytes 
in the 100, 300, and Lake Wallula Sub-Areas, respectively, were retained as COPECs to be 
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addressed in the Uncertainty section.  The following nondetected constituents met their reporting 
requirements and so were excluded as COPECs, while the remainder are addressed in 
Section 10.0 (Uncertainty Analysis): 
 
• 100 Area and 300 Area Sub-Areas (Tables 3-22 and 3-23):  Methoxychlor 
• Lake Wallula Sub-Area (Table 3-24):  Carbon-14. 
 
3.8.3 Porewater 

Nondetect analytes in all OUs included metals and selected radionuclides, reflecting the focused 
analytical scheme of these samples.  Nondetected analytes for porewater from all OUs are shown 
in Table 3-25.  As shown by this table, the following nondetected constituents met their reporting 
requirements and therefore were excluded as COPECs: 
 
• 100-B/C-5 OU: Uranium 
• 100-KR-4 OU: Strontium-90 and uranium 
• 100-NR-2 OU: Mercury and uranium 
• 100-HR-3 OU: None 
• 100-FR-3 OU: Tritium and uranium 
• 200-PO-1 OU: Mercury and uranium 
• 300-FF-5 OU: None. 
 
3.8.4 Soil 

In the 100 Area and 300 Area Sub-Area soil, nondetected constituents included VOCs, SVOCs, 
metals, pesticides, and radionuclides (see Tables 3-26 and 3-27, respectively).  As shown in these 
tables, only a small percentage of analytes are excluded as COPECs by this process; the majority 
are retained for evaluation in the Uncertainty Analysis.  A total of 87 and 89 analytes in the 
100 and 300 Sub-Areas, respectively, were retained as COPECs to be addressed in the 
Uncertainty section.  For the two sub-areas, the following nondetected constituents met their 
reporting requirements and therefore were excluded as COPECs: 
 
• 100 Area Sub-Areas (Table 3-26):  Cobalt-60, methoxychlor, strontium-90, and tritium 
• 300 Area Sub-Area (Table 3-27):  Methoxychlor and tritium. 
 
3.8.5 Fish 

Many metals, pesticides, and radionuclides were reported in the 100 Area, 300 Area, and 
Lake Wallula Sub-Areas as nondetect in fish carcass (see Table 3-28), fish fillet (see 
Table 3-29), and fish liver/kidney (see Table 3-30).  As these tables show, a small percentage of 
analytes are excluded as COPECs by this process; most have been retained for further evaluation 
in the Uncertainty Analysis.   
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The following is a summary of the number of constituents retained as COPECs and the specific 
nondetected constituents that met their reporting requirements and therefore were excluded as 
COPECs for each fish tissue type: 
 
• Fish carcass (Table 3-28):  A total of 27, 24, and 24 analytes were retained as fish carcass 

COPECs in the 100 Area, 300 Area, and Lake Wallula Sub-Areas, respectively.  The 
following nondetected constituents met their reporting requirements and therefore were 
excluded as COPECs:   

 
− 100 Area Sub-Area:  Cesium-137, nickel, uranium-233/234, and uranium-235 

 
− 300 Area Sub-Area:  Cesium-137, uranium-233/234, and uranium-235 

 
− Lake Wallula Sub-Area:  Antimony, cesium-137, silver, strontium-90, uranium-233/234, 

and uranium-235. 
 
• Fish fillet (Table 3-29):  A total of 25, 36, and 26 analytes were retained as fish fillet 

COPECs in the 100 Area, 300 Area, and Lake Wallula Sub-Areas, respectively.  The 
following nondetected constituents met their reporting requirements and therefore were 
excluded as COPECs:   

 
− 100 Area Sub-Area:  Nickel, uranium-233/234, and uranium-235 

 
− 300 Area Sub-Area:  Carbon-14, nickel, strontium-90, and uranium-233/234 

 
− Lake Wallula Sub-Area:  Carbon-14, silver, strontium-90, uranium-233/234, and 

uranium-235. 
 
• Fish liver/kidney (Table 3-30):  A total of 20, 19, and 18 analytes were retained as fish 

liver/kidney COPECs in the 100 Area, 300 Area, and Lake Wallula Sub-Areas, respectively.  
The following nondetected constituents met their reporting requirements and therefore were 
excluded as COPECs:   

 
− 100 Area Sub-Area:  Uranium-233/234 
− 300 Area Sub-Area:  Carbon-14, strontium-90, and uranium-233/234 
− Lake Wallula Sub-Area:  Strontium-90, uranium-233/234, and uranium-235. 

 
As this evaluation has shown, the majority of analytes reported as nondetect in all media and 
sub-areas have been retained for further evaluation.  This evaluation is detailed in the 
Uncertainty Analysis in Section 10.0. 
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4.0 HABITAT DESCRIPTION 

4.1 OVERVIEW 

The Columbia River originates in British Columbia, Canada’s western Rocky Mountains and 
flows to the Pacific Ocean along the Washington/Oregon State boundary.  Approximately 
1,207 km (750 mi) of the river flows through Washington State.  The Hanford Reach of the 
Columbia River is an 82-km (51-mi) stretch of river that flows from the base of 
Priest Rapids Dam downstream to the head of Lake Wallula above McNary Dam.  The focus of 
this study is both the Hanford Reach (100 and 300 Area Sub-Areas) adjacent to the Hanford Site 
and Lake Wallula. 
 
In November 2008, a habitat survey was conducted to identify the general types of terrestrial and 
shoreline habitats present on islands and left-shore riparian zones as well as around the sampling 
points used in the RI.  In more general terms, the purpose of this assessment was to obtain an 
island-by-island understanding of habitats and island use to aid in the interpretation of sample 
results.  The survey itself was conducted by slowly circling each island by boat, observing, 
describing, and photo-documenting the shoreline vegetation and topography.  Upland vegetation 
was noted, as was the presence of any observed wildlife or birds.  Vegetation at this time was in 
autumn colors, which facilitated distinguishing species from each other, but had not yet begun to 
shed foliage.  Also recorded was typical island use by human and ecological receptors, as well as 
common feeding, congregation, and nesting and breeding areas for avifauna and amphibians 
along the reach.  Information from this survey was used in the evaluation of site data and as the 
basis for the descriptions below.  This survey, “Columbia River Ecological Risk Assessment 
Habitat Survey Results” (CCN 144495), is included as Appendix F to this SLERA.  
 
The Columbia River supports a large and diverse population of plankton (phytoplankton and 
zooplankton), aquatic and riparian plants, benthic (bottom-dwelling) invertebrates 
(e.g., insect larvae, clams, and crayfish), fish, and other communities.  These communities have 
been well described by others and are the focus of ongoing monitoring programs as part of the 
management of the Hanford Site.  The following subsections provide a brief overview of riverine 
(water column), benthic, riparian, and shoreline habitats, and are summarized from existing 
sources as well as from the habitat survey conducted by Woodard & Curran in November 2008. 
 
 
4.2 RIVERINE ECOLOGY 

This section describes the aquatic ecosystem within the Columbia River in the vicinity of the 
Hanford Site.  The following text was included in PNNL-6415, Hanford Site National 
Environmental Policy Act (NEPA) Characterization, and has been modified and included below 
for the purposes of this report.  References associated with the text below have not been included 
but can be found in PNNL-6415. 
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The Columbia River crosses the Hanford Site entering at the northwest corner, traveling 
eastward, and then turning south, forming the eastern boundary of the Hanford Site.  The 
Columbia River and associated riparian zones provide habitat for numerous wildlife and plant 
species.  The area known as the Hanford Reach, the Columbia River from Priest Rapids Dam 
(RM 397) to McNary pool (RM 346), is the last unimpounded, nontidal segment of the 
Columbia River in the United States. 
 
Plants and animals residing in the water column include planktonic species (phytoplankton and 
zooplankton), macrophytes, aquatic insects, and many species of fish.  Phytoplankton and 
zooplankton populations at the Hanford Site are largely transient, flowing from one reservoir to 
another.  With the relatively rapid flow of the Columbia River, there is generally insufficient 
time for characteristic endemic groups of phytoplankton and zooplankton to develop in the 
Hanford Reach, and cycles of population are more transient than observed within impoundments 
and reservoirs. 
 
Forty-five species of fish have been identified (see Table 4-1) in the Hanford Reach of the 
Columbia River, of which 16 are introduced.  Native species including Chinook salmon 
(Oncorhynchus tshawytscha), sockeye salmon (Oncorhynchus nerka), coho salmon 
(Oncorhynchus kisutch), and steelhead trout (Oncorhynchus mykiss) use the river for migration 
and spawning, making this section of river of significant cultural and economic importance.  Fall 
Chinook salmon and steelhead trout also spawn in the Hanford Reach.  Inundation of other 
mainstream Columbia River spawning grounds by dams has increased the relative importance of 
the Hanford Reach to fall Chinook salmon production in the Columbia and Snake Rivers.  There 
are presently 10 areas identified in the Hanford Reach that support salmon spawning. 
 
White sturgeon (Acipenser transmontanus) is a long-lived, late-maturing, benthic species whose 
habitat includes the Hanford Reach.  Sturgeon is an important economic and cultural species to 
the Columbia River, as it is popular both as a sport fishery as well as for the edible fillet and 
fish roe (http://www.psmfc.org/habitat/edu_wsturg_fact.html).  Sturgeon are also of considerable 
cultural and economic importance to Native American peoples, who have relied on sturgeon, as 
well as salmon and other river species, for thousands of years. 
 
White sturgeon spawn in rivers with swift currents and large cobble; when not spawning, they 
prefer slower water and pools in riverine areas.  Sturgeon found upstream of Bonneville Dam 
generally exhibit restricted movement, remaining within a single reservoir for their entire lives.  
However, some exchange occurs within reservoir stocks.  The nonimpounded nature of the 
Hanford Reach allows for unrestricted movement of sturgeon within this area, providing both 
important spawning and nonspawning grounds (Wydoski and Whitney 2003, Inland Fishes of 
Washington). 
 
American shad (Alosa sapidissima), an introduced anadromous species, may also spawn in the 
Hanford Reach.  The upstream range of the shad has been increasing since 1956 when less than 
10 adult shad passed McNary Dam.  Since then, the number of shad ascending Priest Rapids 
Dam has risen to many thousands each year, and young-of-the-year (fish born the year of 
collection) have been collected in the Hanford Reach.  Shad are not dependent on the same 
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conditions that are required by salmonids for spawning and apparently have found favorable 
conditions for reproduction. 
 
Benthic (bottom) habitat and its associated biota are defined by the composition of the sediments 
that range from accumulations of fines (mud in the sloughs, backwater areas, and shoreline areas 
of reduced current flow) to a gradation of gravel and cobbles up to large (>0.5 m [>1.6 ft] 
diameter) boulders.  Classification schemes have been proposed for characterizing benthic 
habitat based on the distribution of cobble by size and the degree of embeddedness in the fines.  
Bottom-dwelling organisms are found either attached to or closely associated with the 
substratum.  A total of 151 different taxa of aquatic invertebrates have been identified in the 
Columbia River, and all major freshwater benthic taxa are represented.  Insect larvae such as 
caddisflies (Trichoptera), midge flies (Chironomidae), and black flies (Simuliidae) are dominant.  
Other benthic organisms include clams (Corbicula spp., Anodontia spp.), limpets (Fisherola 
spp.), snails (Physa spp.), sponges (Spongilla spp.), and crayfish (Astacus trowbridgii). 
 
 
4.3 ISLANDS AND SHORELINES 

Downstream shoreline portions of islands within the Columbia River provide a riparian habitat 
for a number of semi-aquatic species and can be depositional areas for Hanford Site-related 
contaminants.  These areas consist largely of riparian habitats of exposed shorelines and island 
areas that are flooded infrequently in the Hanford Reach and downriver as the result of releases 
from Priest Rapids Dam.  Upper portions of the shorelines are exposed for extended periods of 
time, providing a feeding area for terrestrial or riparian species. 
 
Islands present a diverse array of habitats.  The Columbia River islands are characterized by 
vegetated cobble shorelines, open interiors, and occasional areas of trees and more dense upland 
vegetation.  Topography is largely flat, with an elevated center.  The 2008 habitat survey 
indicates that islands in the Hanford Reach are primarily less vegetated while downstream 
islands (Lake Wallula) have generally thicker vegetation.  Suitable habitat exists for all the 
terrestrial or semi-aquatic receptor groups identified in the RI Work Plan (DOE/RL-2008-11), 
although not all habitats are represented on each island.  Riverbank shorelines were found to be 
similar in habitat array to the islands, with similar vegetation and topography. 
 
River fluctuations from the operation of Priest Rapids Dam do not allow for the establishment of 
persistent benthic communities, particularly in shoreline areas.  Clams and crayfish have 
difficulty in establishing populations in shoreline areas that are frequently left dewatered by 
river-level fluctuations (PNNL-6415).  However, benthic species may be present in shoreline 
areas as the result of stranding following declining water levels, and these individuals can 
provide a food source for shoreline birds (“Avian Interactions with Mid-Columbia River Water 
Level Fluctuations” [Books 1985]).  Species with rapid life cycles are less likely to be impacted 
by river fluctuations. 
 
Macrophytes are sparse in the Columbia River because of strong currents, a rocky bottom, and 
frequently fluctuating water levels.  Vegetation that occurs along the shoreline in the slackwater 
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areas includes rushes (Juncus spp.) and sedges (Carex spp.); these areas include 
White Bluffs Slough below the 100-H Area, the slough area downstream of the 100-F Area, and 
the Hanford Slough. 
 
Macrophytes are present along gently sloping shorelines that are subject to flooding during the 
spring freshet and daily fluctuating river levels (downstream of Coyote Rapids and the 
100-D Area).  Where they exist, macrophytes have considerable ecological value, providing food 
and shelter for juvenile fish and spawning areas for some species of warm-water game fish.  
Some of these macrophytes include water smartweed (Polygonum amphibium), bulbous 
bluegrass (Poa bulbosa), and common witchgrass (Panicum capillare) (PNNL-6415).  These 
occur throughout the sub-areas along shallow shorelines, in small coves and passages along and 
between islands, and in sheltered areas along river shorelines generally.   
 
Eurasian milfoil (Myriophyllum spicatum), an introduced macrophyte, has increased to nuisance 
levels since the late 1980s and may encourage increased sedimentation of fine particulate matter.  
Reed canarygrass (Phalaris arundinacea), the most common nonnative species of macrophyte, 
has also reached nuisance levels in the Columbia River.  This invasive plant often overwhelms 
important native habitat, as it is extremely aggressive and grows very densely 
(http://www.ecy.wa.gov/programs/wq/plants/weeds/aqua011.html). 
 
 
4.4 RARE, THREATENED, AND ENDANGERED SPECIES 

A variety of species are present on the upland and riverine portions of the Hanford Site that are 
considered to be rare and of management concern.  Species listed as endangered or threatened by 
either the federal government under the Endangered Species Act of 1973 (50 CFR 17) or by the 
State of Washington are listed in Table 4-2.  No federal- or state-listed endangered or threatened 
mammals, reptiles, amphibians, or invertebrates exist on the Hanford Site.  However, 3 species 
of fish, 4 species of birds, and 13 species of plants are present that are listed as threatened or 
endangered by either the state or federal governments.   
 
Of the three listed fish species, only the upper Columbia River steelhead trout (Oncorhynchus 
mykiss) spawns in the Hanford Reach, although the extent of spawning is not known.  Upper 
Columbia River spring Chinook salmon (O. tshawytscha) do not spawn in the Hanford Reach, 
but adults pass through the Hanford Reach while migrating to spawning grounds, and the 
juveniles use the Hanford Reach as a nursery area while they migrate toward the ocean.  The 
bull trout (Salvelinus confluentus) primarily inhabits smaller, colder streams, usually at higher 
elevations.  Bull trout have been observed occasionally in the Hanford Reach, in association with 
the spring freshet.  Bull trout are not considered to be residents of the Hanford Site.  The 
remaining three state candidate fish species—the leopard dace, mountain sucker, and river 
lamprey—have been sited in the Hanford Reach (PNNL-6415). 
 
The American white pelican (Pelecanus erythrorhynchos) is relatively common along the 
Hanford Reach but does not appear to nest or reproduce on site.  The sandhill crane 
(Gruscanadensis) migrates over the Hanford Site and on rare occasions is observed on the shore 
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or islands of the Hanford Reach, and the greater sage grouse (Centrocercus urophasianus) has 
been spotted in the Hanford Reach, but is less common in this area.  Additionally, the loggerhead 
shrike (Lanius ludovicianus), sage sparrow (Amphispiza belli), and sage thrasher (Oreoscoptes 
montanus) are dependent on undisturbed shrub habitat and tend to roost and nest in lower 
elevations along the Hanford Reach (PNNL-6415). 
 
No plants listed by the federal government as threatened or endangered are found within the 
Hanford Reach.  Several are listed by the State of Washington, but only a few are associated with 
riparian environments.  These consist of the awned halfchaff sedge (Lipocarpha aristulata), 
grand redstem (Ammannia robusta), lowland toothcup (Rotala ramosior), and Columbia 
yellowcress (Rorippa columbiae), which are restricted to wetlands in the riparian zone of the 
Columbia River. 
 
In addition to the species listed by the state or federal resource agencies as threatened or 
endangered, there are numerous animal species listed by the State of Washington as candidate, 
sensitive, monitored, or species with priority habitat (Table 4-3).  Plant species are also listed as 
sensitive, review, or watch list (Table 4-4). 
 
The bald eagle (Haliaeetus leucocephalus) was removed from threatened status in the lower 
48 contiguous United States on July 9, 2007 (72 FR 37346).  However, as reclassified in 
January 2008, the State of Washington does list the bald eagle as a state sensitive species 
(PNNL-18427, Hanford Site Environmental Surveillance Data Report for Calendar Year 2008).  
The Bald and Golden Eagle Protection Act of 1940 and Migratory Bird Treaty Act of 1918 will 
remain in place for continuance of protective and management actions.  The bald eagle is a 
relatively common winter resident along the Hanford Reach that occasionally attempts to nest on 
the Hanford Site but has not been successful over the duration of Hanford Site operations 
(PNNL-6415).  Hanford Site bald eagle protection guidelines were revised in September 2009, 
and these updated guidelines will continue to serve as the site-specific management plan for the 
Hanford Site.  Access controls on the Hanford Site will remain in place from November to 
March for the protection of roosting and nesting sites (DOE/RL-94-150, Bald Eagle Site 
Management Plan for the Hanford Site, South-Central Washington). 
 
The common loon (Gavia immer) and the peregrine falcon (Falco peregrinus) are the only other 
animal species on the Hanford Site listed as sensitive by Washington State.  The Washington 
ground squirrel (Spermophilus washingtoni), listed as a candidate species by both the state and 
federal governments, is most likely to occur in the Franklin or Grant County portions of the 
Hanford Site.  Townsend’s ground squirrel (S. townsendii), a Washington State candidate 
species, may be found on the Benton County portions of the Hanford Site (PNNL-6415).  
Of these species, only the common loon is expected in the Columbia River corridor. 
 
Several state candidate and sensitive animal species, including the loggerhead shrike (Lanius 
ludovicianus), burrowing owl (Athene cunicularia), sagebrush lizard (Sceloporus graciosus), 
peregrine falcon, goshawk (Accipiter gentilis), Columbia River spire snail (Fluminicola 
columbiana), and California floater (Anodonta californiensis), as well as the state threatened 
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ferruginous hawk, are considered to be species of concern by the U.S. Fish and Wildlife Service 
(USFWS). 
 
The State of Washington lists 14 species of plants as state sensitive species (PNNL-18427).  
Three of these state sensitive plant species, Columbia milkvetch (Astragalus columbianus), 
Hoover’s desert parsley (Lomatium tuberosum), and gray cryptantha (Cryptantha leucophaea), 
as well as the state endangered Columbia yellowcress, are considered by the USFWS to be 
species of concern in the mid-Columbia Basin.  Species of concern are not protected under 
federal law, but are considered to be vulnerable and of special management concern 
(PNNL-6415). 
 
In 2002, the islands of the Hanford Reach were surveyed for the USFWS candidate species 
Artemisia campestris subsp. borealis var. wormskioldii, or northern wormwood.  While this 
species has been found upstream of the Hanford Site, no specimens were found within the 
Hanford Reach during the 2002 survey.  However, suitable habitat was found on several islands 
(Studies of Hanford Rare Plants 2002 [Caplow 2003]). 
 
In 2008, the Columbia River in the downstream section of the Hanford Reach was surveyed for 
the Columbia yellowcress, a USFWS species of concern.  This is a species that requires 
inundation part of the year, seasonal fluctuation of water level, wet soil, and open habitats.  
A population exists in the Hanford Reach that is 1 of only 11 known populations of this species, 
and the Hanford Reach population is considered to be the most vigorous:  in 1982 and 1994 
“millions” of stems were reported over the 80-km (50-mi) stretch of the Hanford Reach.  A 
2002 survey showed a severe decline in the numbers of these species:  in the stretch between the 
White Bluffs boat launch and the Ringold boat launch, where previously 36,000 stems had been 
reported, only 200 stems were found, and none of them had flowers or fruits (Caplow 2003).  
However, 2008 data indicated a significant increase in the number of Columbia yellowcress, 
compared to the 2002 survey, with the number of stems creeping up over 5,000.  The variation in 
stem numbers is believed to be related to river-level fluctuations that inundate habitat for the 
species through much of the growing season (PNNL-18427). 
 
The study area provides habitats for as many as 45 fish species, hundreds of different aquatic 
invertebrate taxa, and all the terrestrial and semi-aquatic receptor groups identified in the 
RI Work Plan (DOE/RL-2008-11).  Information about these habitats and species is used in the 
next step in the ecological risk assessment, problem formulation, which is described in 
Section 5.0. 
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5.0 PROBLEM FORMULATION 

5.1 INTRODUCTION 

Problem formulation is the first step in an ecological risk assessment.  The purpose of the 
problem formulation is to identify the focus and scope of the SLERA by systematically 
identifying the stressor characteristics, the ecosystems potentially at risk, and the ecological 
effects to be evaluated.  Selection of these elements will be based on the management goals 
identified in the project planning phase preceding the assessment.  In accordance with EPA 
guidance (EPA-540-R-97-006), the problem formulation typically consists of the following: 
 
• Selection of COPECs 
• Habitat description 
• Exposure pathways and potential receptors 
• Ecological conceptual exposure model (CEM) 
• Assessment endpoints and measures of effect. 

The COPEC selection process and habitat description were presented separately in Sections 3.0 
and 4.0 of this SLERA.  The remainder of this section presents exposure pathways and potential 
receptors, the ecological CEM, and the assessment endpoints and measures of effect that form 
the basis of this SLERA. 
 
 
5.2 EXPOSURE PATHWAYS AND POTENTIAL RECEPTORS 

Exposure pathways are the linkage between the contaminant source and the receptor and identify 
how contaminants can reach potential receptors as well as how and where these receptors might 
be exposed.  Ecological receptors are those organisms that, based on the exposure pathways and 
the life history of the receptor, are likely to be exposed to site contaminants. 
 
Exposure pathways and potential receptors in turn form the basis for the ecological CEM for the 
river.  As described in Ecological Risk Assessment (Suter 1993), the major purpose of the 
ecological CEM is to illustrate how stressors might reach and affect ecological resources in the 
natural environment.  An ecological conceptual site model uses visual depiction to simplify and 
illustrate risk pathways. 
 
This section identifies potential exposure pathways and receptors for the habitats identified in the 
Columbia River, as described below.  These pathways are based on the Hanford Site as it 
currently exists, with access by all potential receptors to all reaches of the river within the area of 
study. 
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5.2.1 Exposure Pathways 

As summarized in the RI Work Plan (DOE/RL-2008-11), Hanford Site contaminants were 
discharged to the Columbia River by a variety of mechanisms, both during production and after 
operations had ceased.  Exposure pathways between Hanford Site releases and the 
Columbia River consist primarily of the following: 
 
• Discharge of Hanford Site contaminants in groundwater to sediment and surface water 
 
• Discharge of Hanford Site contaminants to surface water, as overland flow, runoff, or 

riparian seeps and springs (evaluated by the RCBRA) 
 
• Historical discharge of wastewater and cooling water through submerged or riparian 

discharge pipes, for example the discharge pipes in the 100-D Area, which released effluent 
directly to the Columbia River. 

 
In addition, the numerous off-site sources documented in Section 1.5 contribute additional 
constituents through runoff and direct discharge to the river on an ongoing basis, both within the 
sub-areas and the Upriver Sub-Area.  As shown in Figures 1-4 through 1-7, these include 
agricultural wasteways, which are located in every sub-area.  
 
Once in the river, many constituents bind with sediment and may be redistributed to downstream 
depositional areas or island shorelines during floods and high water events.  Most Hanford Site 
inorganics either bind to particulates or complex with natural ions to form insoluble hydroxides 
or carbonates, which combine with the sediment matrix.  Bioavailability of metals is usually 
lower when bound to sediments than in a free or dissolved form.  Likewise, organic compounds 
will bind to sediment carbon according to compound-specific partitioning factors and hence be 
present in depositional areas where higher levels of carbon-rich organic matter is present.  
Dissolved forms of both inorganics and organics would be transported downriver with surface 
water.  A complete description of the fate and transport of specific constituents detected in 
sediment and surface water is provided in the DSR (WCH-398).  
 
These sources and transport mechanisms combine to distribute constituents in surface water and 
sediment, both of which are media to which ecological receptors have continual or periodic 
exposure.  The transport of contaminants with sediment can result in an exposure pathway to 
benthic organisms at locations relatively remote from the source, and the historical deposition of 
sediments on higher elevations on islands provides an exposure pathway to terrestrial receptors.  
A complete exposure pathway thus exists between these Hanford Site and off-site sources and 
the wide variety of aquatic and riparian species that are present in the river and on islands. 
 
5.2.2 Potential Receptors 

The biological resources of the Columbia River have been investigated by a number of authors, 
and are summarized in PNNL-6415, Hanford Site National Environmental Policy Act (NEPA) 
Characterization.  Major receptor groups are described below. 
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Potential receptors in the Columbia River consist of a wide array of flora and fauna that are 
consistent with the ecology of a large, free-flowing river.  Fish are the most economically and 
culturally important group, with at least 45 species having been documented in the 
Hanford Reach.  Fall chinook salmon and steelhead trout spawn in the Hanford Reach, while 
coho salmon and sockeye salmon migrate through it.  While migrating salmon have been found 
in all portions of the river, the primary migration routes are in the deepest part of the channel and 
near the left-bank (looking downriver) shoreline (Dauble and Watson 1989, “Spatial Distribution 
of Juvenile Salmonids in the Hanford Reach, Columbia River”).  Native mountain whitefish and 
white sturgeon, in addition to introduced bass, crappie, catfish, walleye, and others, are important 
components of the strong recreational fishery on the river.  Fish would be potential receptors 
exposed to COPECs in both surface water and sediment.  Exposure to sediments for adult fish 
would occur primarily during feeding and spawning.  Eggs and fry may be exposed to porewater 
in sediment during the period of time before swim-up and dispersal.   
 
Because of their diversity of natural history characteristics, benthic invertebrates are exposed to 
surface water, sediment, and shallow porewater.  The dominant kinds of aquatic insects present – 
caddisflies, midge flies, and black flies – exist generally on the surface of rocks and would be 
exposed primarily to surface water and suspended particles flowing over and under rock 
surfaces.  Likewise, the other major invertebrate species present, such as clams, limpets, snails, 
sponges, and crayfish, also exist on or among the cobble bottom, putting them in close proximity 
to sediment, which they may both contact and ingest.  In quiescent areas, burrowing species 
associated with the fine-grained sediment may be expected, although communities in these areas 
would also be adversely affected by the regularly changing water levels.  Crayfish, which are 
abundant in the fall, may have adapted to fluctuating water levels by staying in deeper waters 
except when flows are relatively constant (TNC 2003, Biodiversity Studies on the Hanford Site, 
2002 – 2003).  Because of their proximity to sediment, benthic invertebrates may be exposed to 
constituents in sediment, surface water, and shallow porewater.   
 
Aquatic macrophytes are exposed to contaminants in surface water and sediment through both 
roots and leaves.  However, these species are uncommon in the Columbia River due to the strong 
current, rocky bottom, and fluctuating water levels (PNNL-6415).  They exist in the backwater 
of some islands, but are much more common on the Hanford Site side of the river, where the 
many sloughs and inlets provide the quiescent conditions necessary for both fine-grained 
sediment deposition and root establishment. 
 
Amphibians and, to a lesser extent, reptile species have been documented in the Columbia River 
but, like aquatic plants, are generally associated with the backwaters and sloughs, where the 
presence of vegetation and protected waters provides favorable conditions for egg deposition and 
suitable habitat for both developing larvae and adults.  The habitat of this type that would have 
the greatest exposure to Hanford Site contaminants is located on the Hanford side of the river, 
where several sloughs exist downstream of operating areas and the Hanford townsite. 
 
Like other littoral fauna, amphibians are subject to stress because of the frequently changing 
water levels in the river, which can expose eggs to drying and reduce habitat for tadpoles seeking 
both food and protection among littoral vegetation.  Three species of amphibians–the 
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Great Basin spadefoot toad, Woodhouse’s toad, and the bullfrog–have been documented in the 
shoreline areas of the Hanford Reach (PNNL-15892, Hanford Site Environmental Report for 
Calendar Year 2005; PNNL-16623, Hanford Site Environmental Report for Calendar 
Year 2006).  Of these, the bullfrog would have the highest potential exposure, since this species 
is both the most common and is the only nearly fully aquatic species, spending its entire life 
cycle in and around permanent ponds and waterways.  Typically, amphibians breed in water but 
spend their adult lives in riparian or upland areas, thus limiting exposure to surface water and 
sediment.  Both the Great Basin spadefoot and Woodhouse’s toad are terrestrial as adults, 
inhabiting shrub-steppe areas outside of the breeding season.  The presence of the bullfrog, 
however, particularly in irrigation wasteway systems, has been identified as a threat to other 
herpetofauna because of the predatory nature of the large adults (Biodiversity Studies on the 
Hanford Site, Final Report 1994 – 1999 [TNC 1999]).  In general, the location and often 
transitory nature of suitable amphibian habitat, as well as life history characteristics that for most 
species includes a terrestrial phase, would serve to limit the exposure of this receptor group 
relative to others in the river. 
 
Of these major receptor groups, fish and benthic invertebrates are likely to have the greatest 
potential exposure to site contaminants in surface water and sediment and, to a lesser extent, 
porewater.  These organisms spend their entire life cycle in surface water and/or sediment, and 
many remain in the same segment of the river for the bulk of their lives.  Because of the swift 
and free-flowing nature of the river, much of the river substrate consists of gravel and cobble, 
which provide abundant high-quality habitat for these organisms throughout the Hanford Reach 
(PNNL-6415).  
 
Some terrestrial species also have the potential to have a limited exposure to site contaminants.  
Elevated inner portions of islands serve as upland habitat for typical terrestrial flora and fauna, 
most of which would be similar to those found in surrounding upland or riparian areas.  Island 
upland areas have the potential to contain Hanford Site contaminants as the result of aerial 
deposition of dust from the operating portions of the site, as well as direct deposition of 
contaminated sediments in upland island areas during historical high flood events. 
 
In addition, potentially contaminated sediments from Hanford Site sloughs and source areas are 
routinely transported during normal annual periods of high flow to depositional shoreline areas 
in downstream islands.  During periods of moderate or low flow, these shoreline sediments are 
exposed in the same manner as terrestrial media (soil) and thus may serve as an exposure media 
for avian or mammalian species that feed on or pass near the shoreline.  Although these routinely 
scoured and dried sediments do not typically support robust invertebrate communities, they do 
effectively entrap drifting aquatic insects deposited by a falling water level, and these stranded 
invertebrates are an important food source to island and riparian shorebirds (Books 1985, 
“Interactions with Mid-Columbia River Water Level Fluctuations”).  While the invertebrates 
themselves would not reflect local shoreline conditions, the shoreline sediments that shorebirds 
typically ingest would be a potential exposure medium for these species.   
 
Mammals, which may cross the shoreline areas en route to the islands, are expected to have 
lower exposure to shoreline sediments than birds since typical species do not feed on benthic 
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invertebrates to the same extent as shorebirds.  Although some mammals, such as otter and mink, 
may cross exposed shorelines as part of normal daily movements between habitats, the exposure 
of these animals to shoreline sediments is expected to be less than for birds.  Mammals are 
protected by fur and most feed primarily in upland areas or in the river, consuming fish and other 
organisms.  In contrast, shorebirds congregate specifically in exposed shorelines on a daily basis 
and feed on organisms in or on shoreline sediment, consuming significant quantities of shoreline 
sediment in the process.  Thus, most mammals are expected to have relatively low exposure to 
shoreline sediments, since they do not routinely feed or congregate in the exposed sediments the 
way shorebirds do.   
 
Likewise, shoreline sediment would not be an attractive habitat for feeding area for amphibians, 
who would be ready prey to herons and raptors in this area, and who typically reside in upland 
areas as adults.  In general, mammals and amphibians are expected to have considerably less 
exposure, particularly ingestion exposure, to shoreline sediments than birds, which congregate 
specifically in these areas to feed.   
 
A small number of plants, most notably the state-endangered Columbia yellowcress 
(Rorripa columbiae), can and do live on the cobble shorelines of Hanford Reach islands.  Thus, 
both shorebirds and plants are potential receptors to exposed sediments on island shorelines, and 
shoreline sediments will thus be evaluated in the SLERA according to methodologies for the 
evaluation of soil.  While the exposure of benthic invertebrates to shoreline sediments is 
expected to be minor, due to limited residency of organisms, the potential effects to these species 
will be evaluated in the same manner as other river sediments.   
 
Some receptors, such as piscivorous birds and mammals, may be exposed through diet to 
compounds that bioaccumulate in benthic organisms and fish.  Of these, birds are likely to have 
the highest exposure due to their abundance and exclusive use of the river corridor.  For this 
reason, piscivorous birds (herons) were evaluated as part of the RCBRA using field-collected 
prey items from the Columbia River.  Because this receptor ranges freely over the entire river 
and is included in the RCBRA study, an evaluation of this species is not repeated in this report.  
As discussed in more detail in Section 10.0, the CRC COPECs that were associated with risk in 
the RCBRA-heron evaluation are not present at concentrations above Reference in most of the 
CRC study area.  For this reason, the RCBRA evaluation of this receptor is considered to be 
adequate.  
 
 
5.3 ECOLOGICAL CONCEPTUAL EXPOSURE MODEL 

As described by Suter (1993), the major purpose of the CEM is to develop a series of working 
hypotheses about how stressors (e.g., COPECs) might affect ecological resources in the natural 
environment.  The conceptual site model combines information about stressors, exposure 
pathways, and potential receptors into an integrated model of the Hanford Site, and through 
visual depiction serves to simplify and illustrate risk hypotheses. 
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For this study, the CEM has been constructed to depict not only the pathways from contaminant 
source to receptors, but also to show the relationship of near-shore areas to the channel portions 
of the river.  Near-shore areas on the right bank of the river (looking downriver) in the 
Hanford Reach include sloughs, seeps, and former pipe discharge areas that were also evaluated 
by the RCBRA.  Each of these areas may be a current or historical discharge point for site 
contaminants.  As described previously, however, sediments from near-shore areas are 
transported during high water periods to downstream depositional areas near shorelines or 
historically at higher elevations on islands.  Likewise, surface water from near-shore areas enters 
the normal river current system to mix downstream with water farther out in the channel.  
Through these mechanisms, most Hanford Site-related constituents are transported from 
near-shore areas to the main channel of the river, forming a complete exposure pathway to 
aquatic receptors and to terrestrial receptors who contact sediment historically deposited on 
islands, now functioning as terrestrial soil. 
 
The CEM for this site is shown in Figure 5-1 and illustrates the potential movement of 
contaminants from the Hanford Site to major receptor groups in the Columbia River.  In this 
CEM, fish, aquatic invertebrates, algae, plants, and zooplankton are represented as “aquatic 
biota,” since these receptors share exposure pathways.  Likewise, island birds and mammals, 
which are exposed to island soil, are also depicted together.  As illustrated by the CEM, the 
primary media of concern are sediments and surface waters and, to a lesser extent, island soil. 
 
 
5.4 ASSESSMENT ENDPOINTS AND MEASURES OF EFFECT 

Assessment endpoints and measures of effects are derived from the ecological CEM and describe 
both the specific objectives and evaluation methodology of the SLERA.  Assessment endpoints 
and corresponding measures of effects are detailed below. 
 
5.4.1 Assessment Endpoints 

As defined by EPA, the assessment endpoint is “the explicit expression of the ecological value to 
be protected” (EPA-540-R-97-006).  Assessment endpoints are usually defined as a group of 
organisms or an ecological guild of organisms (e.g., game fish in a river or wading carnivorous 
birds) that are considered to have ecological or societal value.  An assessment endpoint includes 
both the ecological entity (such as wading birds) and a characteristic of that entity (e.g., survival 
and reproduction).  Assessment endpoints are the ultimate focus of the risk assessment and are 
linked by the measures of effects to the risk characterization process for the Hanford Site. 
 
At the Hanford Site, assessment endpoints reflect the major receptor groups described in 
Section 4.0.  In accordance with the conservative nature of a screening assessment, receptors 
with the highest potential exposures to contaminated media in the Columbia River were selected.   
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Figure 5-1.  Ecological Conceptual Exposure Model. 

 

Exhibit 12a



 DOE/RL-2010-117 

Problem Formation Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 1:  Screening-Level Ecological Risk Assessment 
June 2012 5-8 

Assessment endpoints for the Columbia River SLERA are thus as follows: 
 
Aquatic Habitat: 

1. Survival, growth, and reproduction of fish 
2. Survival, growth, and reproduction of aquatic plants 
3. Survival, growth, and reproduction of algae (phytoplankton and periphyton) and zooplankton 
4. Survival, growth, and reproduction of amphibians 
5. Survival, growth, and reproduction of benthic organisms. 
 
Terrestrial Habitat: 

1. Survival, growth, and reproduction of soil invertebrates 
2. Survival, growth, and reproduction of terrestrial plants 
3. Survival, growth, and reproduction of mammals 
4. Survival, growth, and reproduction of birds 
5. Survival, growth, and reproduction of shorebirds. 
 
Methods to evaluate each of these endpoints are presented in the following subsection. 
 
5.4.2 Measures of Effect 

Measures of effect are measurable or potential changes in an attribute (e.g., survival) of an 
assessment endpoint (i.e., fish, macroinvertebrates) in response to a stressor to which the 
assessment endpoint species is exposed.  In the SLERA, the potential for changes in survival, 
growth, or reproduction of ecological receptors exposed to COPECs (the stressor of concern) is 
evaluated in sequence by two different measures, which represent concentrations reflective of 
negligible and probable effect, respectively.   
 
The first, lower tier measure is referred to in this report by the general term no observed effect 
concentration, or NOEC.  Typically called ecological screening benchmarks, these values are 
conservative, generic criteria and literature-based values below which the potential for 
significant adverse effect is considered to be negligible, although effects are in fact observed in a 
low percentage of the supporting data.  They are minimum threshold values generally used to 
identify constituents for which further evaluation is warranted.  They include approved or 
accepted standards or guidelines (such as national water quality criteria) and are typically based 
on large data sets (as opposed to single studies) and conservative exposure assumptions.  
Benchmark values can be obtained from a variety of sources that differ in their approach and use 
of supporting data, and standards from the same source are usually not available for all 
constituents.  Where available, promulgated criteria, such as chronic freshwater water quality 
criteria (WQC), are used as the primary screening value.  Many widely accepted benchmarks 
have been adopted by states as guidelines, and in those instances, the state citations are provided 
as the reference.   
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Also included under the generic term “NOEC” are no-effect toxicity data obtained from 
individual toxicity studies.  When benchmarks (derived from aggregated data in large data sets) 
are unavailable, the toxicity literature directly may be consulted to identify study values that 
signify the concentration or dose at which no effect was observed.   
 
Both of these data types, consisting of benchmarks derived from large data sets and true 
no-effect levels from individual studies, are grouped under the collective term NOEC in this 
SLERA.  While, the “no-effect” portion of the term may not be fully representative of WQC or 
benchmarks derived from aggregated data, the single term is used categorically for convenience 
in this report.  No observed effect concentrations are used for the first screening of site data in 
Section 7.0.   
 
No observed effect concentrations for radionuclides consist of biota concentration guides 
(BCGs) as calculated by DOE’s RESRAD BIOTA computer code (Version 1.5) 
(http://web.ead.anl.gov/ resrad/home2/index.cfm).  These values reflect the amount of ionizing 
radiation that would not exceed 1 rad/day for aquatic animals and terrestrial plants and 
0.1 rad/day for terrestrial animals, exclusive of all other sources.  Both riparian animals and 
aquatic animals are considered to be exposed to surface water, and the lower of the benchmarks 
for either is chosen for use in COPEC screening.  Values for the most sensitive receptor are 
chosen as the screening benchmark.  While other more stringent generic screening values for 
nonhuman biota have recently been proposed using European guidance (Andersson et al. 2009), 
the BCGs developed by DOE are considered to be appropriate values for use at the Hanford Site.  
 
No observed effect concentrations are available for surface water, sediment, and soil and vary by 
receptor group.  For aquatic biota, NOECs are not typically available for each specific biota type 
(fish, benthic organisms, amphibians, algae, and aquatic plants); however, WQC and Tier II 
chronic aquatic life values typically take into account effects to all of these species.  For this 
reason, benchmarks for aquatic life are used to reflect effects to all aquatic biota in both surface 
water and porewater. 
 
The second, higher tier measure of effect is described by the generic term lowest observed effect 
level, or LOEC.  Described in more detail in Section 8.0 (Preliminary Refinement), these values 
reflect concentrations where the effect level is high (typically 20% to 50%) or where actual 
effect has been observed in laboratory studies.  These values are used in Section 8.0 to further 
evaluate the potential risk associated with constituents determined in Section 7.0 to have 
concentrations that exceed NOECs.1   
 
Potential effects on fish are evaluated by surface water NOECs, but are also assessed by 
additional measures that extend beyond those normally associated with a screening-level 
assessment.  These additional measures were incorporated to more fully understand the impacts 
to this recreationally and ecologically important receptor group and used specimens collected in 

                                                 
1 Doses to birds and mammals are typically referred to as no- or lowest-observed effects levels (NOELs and 
LOELs).  However, this study uses the term NOEC and LOEC for both exposures and doses to simplify categorical 
discussions of no-effect and low-effect values.  
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support of the human health risk assessment.  Fish were evaluated by the following three 
additional measures of effect: 
 
• Comparison of tissue concentrations to tissue residue effect levels 
• Evaluation of fish condition factors (weight, length, and hepatosomatic index) 
• Tissue histopathology (conducted on sturgeon only). 
 
Fish tissue histopathology, conducted by a specialist, identifies microscopic changes in tissue 
structures caused by exposure to chemicals and assesses whether such changes may adversely 
affect tissue function.  These and other measures of effect specific to fish are discussed 
separately in Section 9.0. 
 
 
5.5 RELATIONSHIP TO BASELINE ECOLOGICAL 

RISK ASSESSMENT ACTIVITIES 

The NOEC measures of effect described above will be used in Section 7.0 (the SLERA Risk 
Calculation) to identify constituents for which additional study is necessary, as indicated by the 
presence of concentrations higher than NOECs.  As described in Section 1.0, compounds that 
require further study after the SLERA risk calculation will be subject to additional evaluation in 
the Refinement of COPECs in Section 8.0, where additional toxicological data (LOECs) and 
exceedance characteristics are examined to further refine the risk potential of each constituent.   
 
At that point a decision is made about whether more in-depth BERA ecological studies are 
necessary or whether further information about the nature and extent of exceedances is necessary 
to reduce the uncertainty associated with the Section 8.0 findings.  Because the potential for risk 
for many constituents is related to the size of the affected area, an understanding of the areal 
extent of elevated concentrations is often an important precursor to BERA studies as well as to 
the consideration of subsequent remedial actions, if any.  These findings will vary by COPEC 
and media.   
 
Reference data were used to select COPECs in the SLERA and are considered further as 
appropriate in subsequent sections of this report.  For instance, some constituents were 
designated as COPECs because of their presence on the RCBRA Inclusion List, regardless of 
how their concentrations compared statistically to Reference concentrations.  In the refinement 
of Section 8.0, the statistical comparison of Inclusion List COPECs to Reference concentrations 
are considered, where appropriate.   
 
More in-depth discussions of the source and value of each of the benchmarks used in the SLERA 
are found in Section 6.0. 
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6.0 SCREENING-LEVEL EFFECTS AND 
EXPOSURE EVALUATION 

6.1 INTRODUCTION 

This section examines the two primary components of risk–exposure and effects–that together 
provide the components necessary for determining or predicting ecological responses to 
stressors.  In the following sections the means for estimating the toxicity of COPECs and the 
exposure of receptors to COPECs is described as the basis for the final risk calculation in 
Section 7.0. 
 
 
6.2 SCREENING-LEVEL EFFECTS EVALUATION 

According to EPA guidance (EPA-540-R-97-006), the effects evaluation is the identification of 
contaminant exposure levels that represent conservative thresholds for adverse ecological effects.  
These are screening-level ecological benchmarks, referred to in this report by the generic term 
NOEC, described in Section 5.4.2.  In this section, the sources and values of ecological NOEC 
benchmarks for the SLERA are identified.  In addition, estimation practices, including the use of 
uncertainty factors, used for both NOEC and LOECs (used in Section 8.0) are also presented.   
 
Most of the NOEC literature sources and values in the SLERA are the same as those used in the 
RCBRA and provided in the RI Work Plan (DOE/RL-2008-11).  However, additional or more 
recent benchmark values were added as appropriate, and include updated sediment NOECs 
developed for the Washington State Department of Ecology.  In addition, bioaccumulation-based 
bird and mammal values are also used, as available. 
 
When values were not available in these sources, a literature search was conducted to identify 
toxicity values appropriate for use as screening values.  The EPA’s ECOTOXicology database 
(ECOTOX), which contains summarized toxicity data for a wide variety of primarily aquatic 
receptors and constituents, was used as the initial search tool (EPA 2010), followed by other 
Internet-based search mechanisms.  The procedures for deriving evaluation values from study 
data for all media are described in more detail in Section 6.2.4.  Studies identified by this 
mechanism were then reviewed to determine if the values were suitable for use in risk 
assessment.  
 
No observed effect concentrations for radionuclides in all media consist of BCGs developed by 
DOE for the first tier of evaluation of radionuclide effects.  As described in Section 5.4.2, these 
values, which are in picocuries, were developed by DOE to reflect a target dose of 1 rad/day to 
aquatic animals and terrestrial plants and a dose of 0.1 rad/day to riparian animals and a 
terrestrial animals.  Where two receptors may be exposed to a single medium (e.g., aquatic 
animals that live in the water and riparian animals that drink the water), the lower value is 
chosen, in accordance with DOE guidance.  The radionuclide-specific BCGs reflect the 
assumption that the entire radiation dose is derived from the single radionuclide represented by 
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the BCG and are designed to be used in a sum-of-fractions approach, described in more detail in 
Section 7.0. 
 
Sources of NOECs are provided in the following sections.  The specific NOEC, as well as the 
source of the NOEC, for each medium, receptor, and COPEC are shown in medium-specific 
tables referenced in each section.   
 
6.2.1 Surface Water Benchmarks 

Surface water NOECs were used to evaluate both surface water and porewater and were drawn 
from the sources described below.   
 
Water quality criteria, where available, were used as the primary source for surface water values 
because these are the source of legally enforceable criteria used by many states.  Values used in 
the SLERA are shown in Table 6-1. 
 
Metals criteria were corrected for hardness using the average river hardness of 84 mg/L calcium 
carbonate (CaCO3), as derived from the large CRC data set.  Federal WQC are based on a default 
hardness value of 100 mg/L CaCO3, so calculated CRC WQC are slightly lower than the default 
values.  However, the calculated values are also slightly higher than hardness-adjusted values 
used in the RCBRA, which uses a data set that describes different portions of the river (such as 
sloughs), and so is represented by a hardness value of 70 mg/L CaCO3.   
 
Ammonia criteria were calculated according to equations provided in the federal WQC 
documents, assuming a water temperature of 20 °C and a pH of 8.0, both of which are at the 
upper end of the range for the Columbia River.  Because ammonia toxicity increases with 
temperature and pH, this produced a value protective under most river conditions. 
 
No observed effect concentration values for aquatic life were considered to appropriately reflect 
effects to all species in the “aquatic biota” receptor group:  fish, aquatic invertebrates, algae and 
periphyton, and aquatic plants.  In addition, because amphibians share an aquatic lifestage and 
are included in the data for many water quality criteria, they were also considered to be 
appropriately evaluated by surface water NOECs protective of aquatic life.  Although specific 
benchmarks are not available for these individual receptor groups, the majority of aquatic life 
NOEC values are based on aggregate data that include effects to a diverse array of phyla, 
including these and other species.  For this reason, these values are considered to be sufficiently 
protective of the aquatic biota and amphibian species.   
 
The primary sources for surface water NOECs for aquatic biota are as follows: 
 
• National Recommended Water Quality Criteria 

http://www.epa.gov/waterscience/criteria/wqctable/index.html (EPA 2009).  These are 
national recommendations that are protective of 95% of species with the endpoints of 
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survival, growth, and reproduction.  Values are typically reflective of effects on fish, 
invertebrates, and plants.   

 
• Washington Administrative Code (WAC) 173-201A, “Water Quality Standards for Surface 

Waters of the State of Washington.”  These are Washington State values developed in 
accordance with EPA guidelines for WQC, with the same endpoints.  

 
• ES/ER/TM-96/R2, 1996, Toxicological Benchmarks for Screening of Potential Contaminants 

of Concern for Effects on Aquatic Biota:  1996 Revision.  These values are based on the same 
endpoints as EPA WQC, but are generated from a smaller data set using a modified 
procedure (the EPA Tier II methodology). 

 
• LA-UR-08-6673, Los Alamos National Laboratory Ecorisk Database (Release 2.3).  This is a 

compilation of no-effect toxicity data for aquatic and terrestrial species. 
 
• RESRAD BIOTA for Windows, Version 1.5 (http://web.ead.anl.gov/resrad/home2/) 

(radionuclides only).  RESRAD values are designed to be protective of sensitive species 
against radiation-incurred effects primarily on reproduction and survival.  

 
Chronic values for freshwater systems were used, where available.  For constituents with no 
benchmark listed in the source above, values were derived from other regulatory agencies or 
from the primary literature, as described in Section 6.2.4.  Values for only freshwater species 
were used.   
 
6.2.2 Sediment No Observed Effect Concentration Benchmarks 

While no criteria for sediment have been promulgated, effects values have been developed by 
several agencies and adopted as guidelines by many states.  For this study, sediment benchmarks 
were drawn from the following sources: 
 
• Michelsen, 2011, Development of Benthic SQVs for Freshwater Sediments in Washington, 

Oregon, and Idaho, Washington State Department of Ecology, Publication No. 1-09-05.  
These values reflect a large data set of effects on growth and mortality and are set at levels 
that optimize the combination of false-positive and false-negative rates for each compound, 
rather than using a fixed percentile rate as with conventional benchmarks.  Values reflect a 
10% to 20% effect level in toxicity tests.  

 
• RESRAD Biota for Windows, Version 1.5 (http://web.ead.anl.gov/resrad/home2/); 

DOE 2009 (radionuclides only).  As described above, RESRAD values are designed to be 
protective of sensitive species against radiation-incurred effects primarily on reproduction 
and survival.  
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• ES/ER/TM-95/R4, 1997, Toxicological Benchmarks for Screening Contaminants of Potential 
Concern for Effects on Sediment-Associated Biota:  1997 Revision.  These are sediment 
benchmarks derived from Tier II water quality values that reflect effects on survival, growth, 
and reproduction, and are designed to be protective of 95% of species.   

 
• OMOE 1993, Guidelines for the Protection and Management of Aquatic Sediment Quality in 

Ontario.  Value cited is the lowest effect level (LEL).  These values reflect mortality to 
benthic invertebrates and are based on a 10% effect level.  Lowest effect levels are protective 
of 95% of species.  

 
Development of Benthic SQVs for Freshwater Sediments in Washington, Oregon, and Idaho, 
(Michelsen 2011) is the primary source of sediment data for this SLERA.  These values were 
developed using a large data set of matched chemistry and bioassay samples and include acute 
and chronic data for two benthic species for each chemical evaluated.  The data set is composed 
of samples from both east and west of the Cascade Mountain range and includes samples from 
the Columbia River.  The sediment quality standards, used as NOECs in this SLERA, were 
developed as the value that represents a no acute or chronic adverse effects level, established as 
the minimum detectable difference from control samples.  Sediment quality standard values are 
intended to serve as the long-term cleanup goal for freshwater sediments in the State of 
Washington (Michelsen 2011).  
 
Benchmarks used for sediment COPECs are shown in Table 6-2. 
 
6.2.3 Soil No Observed Effect Concentration Benchmarks 

Soils benchmarks are used to evaluate the potential effect of island soils and shoreline sediments 
on terrestrial receptors.  Sources of soils benchmarks are consistent with those used in the 
RCBRA and are drawn primarily from the following sources: 
 
• WAC 173-340, Table 749-3, Ecological Indicator Soil Concentrations for Protection of 

Terrestrial Plants and Animals 
(http://www.ecy.wa.gov/programs/tcp/policies/terrestrial/table_749-3.htm).  Values for 
plants and biota consist of screening values developed by Oak Ridge National Laboratory 
(ES/ER/TM-126/R2, Toxicological Benchmarks for Contaminants of Potential Concern for 
Effects on Soil and Litter Invertebrates and Heterotrophic Process:  1997 Revision; 
ES/ER/TM-85/R3, Toxicological Benchmarks for Screening Contaminants of Potential 
Concern for Effects on Terrestrial Plants:  1997 Revision).  These values are taken from a 
review of the scientific literature and are the lowest 10% of LOEC data for mortality, growth, 
or reproduction. 

 
• LA-UR-08-6673, Los Alamos National Laboratory Ecorisk Database (Release 2.3).  These 

are soil screening benchmarks based on bioaccumulation-based food chain modeling for both 
mammals and birds, using a NOEL-based toxicity reference value (TRV).  The lowest value 
from among all receptors was chosen as the benchmark for use in this risk assessment.  
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• Ecological Soil Screening Levels (SSLs), Office of Solid Waste and Emergency Response 
(http://www.epa.gov/ecotox/ecossl/). 

 
• RESRAD BIOTA for Windows, Version 1.5 (http://web.ead.anl.gov/resrad/home2/) 

(radionuclides only).  As described previously, RESRAD values are designed to be protective 
of sensitive species against radiation-incurred effects primarily on reproduction and survival. 

 
• Sheppard et al., 2005, “Derivation of Ecotoxicity Thresholds for Uranium,” Journal 

Environmental Radioactivity, Vol. 79, pp. 55-83.  This source contains no-effect screening 
values based on a review of the scientific literature.  

Soil benchmarks for plants and invertebrates reflect direct adverse effects on receptor survival, 
growth, or reproduction.  Soil benchmarks for birds and mammals reflect effects through dietary 
exposure and are calculated by food chain modeling to representative species.  Benchmarks for 
soils receptors are shown in Tables 6-3 through 6-6. 
 
6.2.4 Use of Primary Literature for No Observed Effect Concentration and Lowest 

Observed Effect Concentration Development 

As described above, NOEC benchmarks are drawn from government agencies or entities 
whenever possible.  However, when appropriate values from these sources were lacking, NOEC 
and LOECs (Section 8.0) were estimated from values obtained directly from the scientific 
literature.  For this effort, data contained in EPA’s ECOTOX database or compiled by the 
World Health Organization or other secondary sources were reviewed to identify the lowest 
value available for a freshwater species.  Values were selected only from studies with 
methodologies that complied generally with standard toxicity testing practices and which 
reflected conditions representative of the Columbia River, where possible.  
 
In most cases, study conditions did not match or produce data directly comparable to chronic 
NOEC or LOECs.  Much of the available toxicity data consist of acute LC50s, which are the 
concentrations lethal to 50% of the test organisms (when the endpoint is an effect other than 
lethality, the term effective concentration, or EC50, is used).  In this case, uncertainty factors 
were applied to the lowest acceptable study data to obtain NOEC and LOEC values for use in 
Section 7.0 and Section 8.0 of this SLERA, respectively.  Uncertainty factors were used for two 
purposes:  conversion of acute LC50 values to chronic LOECs and conversion of LOEC values to 
NOEC values.  Uncertainty factors were consistent with those recommended by EPA Region 10 
(EPA 910-R-97-005, Supplemental Ecological Risk Assessment Guidance for Superfund). 
 
For conversion of acute values to chronic LOECs, an uncertainty factor of 10 was applied.  This 
value is consistent with the geometric mean (7.6) of the acute-chronic ratios used by EPA in the 
development of water quality criteria for primary pollutant metals (EPA 2009).  It is within the 
range of 1 to 10 recommended by EPA in the Great Lakes Water Quality Initiative (60 Federal 
Register 15366, “Final Water Quality Guidance for the Great Lakes System”) and is supported 
by current EPA Region 10 Guidance (EPA 910-R-97-005).  An acute-to-chronic ratio of 10 is 

Exhibit 12a



Screening-Level Effects and DOE/RL-2010-117 

Exposure Evaluation Rev. 0 

 
  

 
Columbia River Component Risk Assessment 
Volume I, Part 1:  Screening-Level Ecological Risk Assessment 
June 2012 6-6 

also recommended by Environment Canada as a “generally applicable, conservative estimate,” 
based on “broad experience and many toxicity tests” (EPS 1/RM/34, Guidance Document on 
Application and Interpretation of Single-Species Tests in Environmental Toxicology).   
 
For a conversion of LOECs to NOECs, an uncertainty factor of 5 is used.  This value is 
consistent with EPA Region 10 guidance and represents a reasonably conservative estimate of 
the LOEC-NOEC relationship.  The LOEC-NOEC relationship is determined by study design 
(specifically, the spacing of treatment concentrations) rather than actual toxicity, and the 
conventional use of large values, such as 10, has been criticized as “compounding the uncertainty 
in a manner that makes the result essentially meaningless” (“A Critical Evaluation of Safety 
[Uncertainty] Factors for Ecological Risk Assessment” [Chapman et al. 1998]).  For conversion 
of acute (LC50) data to NOECs, an uncertainty factor of 50, obtained by multiplying the two 
individual uncertainty factors together, was used.   
 
No observed effect concentrations developed by the use of uncertainty factors, as well as the 
specific uncertainty factors used, are identified in the NOEC tables in this section.  In a similar 
manner, LOECs developed using uncertainty factors are identified in the tables in Section 8.0.   
 
6.2.5 Fish Evaluation Measures 

As described in Section 1.3, fish were evaluated by an array of measures quite different from 
those of abiotic media.  These measures include site-specific analyses and evaluations that are 
used in addition to WQC as potential lines of evidence for either exposure or effect.  For 
consistency, the measures of effect for fish are described below; however, the results of these 
analyses are discussed separately Section 9.0, after the discussions of abiotic media in 
Sections 7.0 and 8.0.   
 
6.2.5.1  Tissue Residues Associated with Effects.  These values are concentrations in specific 
fish tissues (such as muscle or liver), which may correlate with specific effects, such as survival 
and reproduction.  These values were selected from EPA’s Toxicity/Residue database, a 
searchable database located at http://www.epa.gov/med/Prods_Pubs/tox_residue.htm. 
 
This database was developed by researchers at the EPA, MED-Duluth Laboratory, and consists 
of a comprehensive toxicity and tissue residue database for aquatic organisms exposed to 
inorganic and organic chemicals.  It is the online version of  Linkage of Effects to Tissue 
Residues:  Development of a Comprehensive Database for Aquatic Organisms Exposed to 
Inorganic and Organic Chemicals (Jarvinen and Ankley 1999).  The database contains more 
than 3,000 effect and no-effect endpoints for survival, growth, and reproductive parameters for 
invertebrates, fish, and aquatic life-stage of amphibians.  Data were abstracted from 
approximately 500 literature references on approximately 200 chemicals and 190 freshwater and 
marine test species.  Survival endpoints account for about 74% of the total amount of data, with 
growth and reproduction accounting for 19% and 7%, respectively. 
 
Unlike surface water and sediment benchmarks, these fish tissue residue values are drawn from 
individual studies on representative fish.  In many cases, the tissues studied are not strongly 
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affected by the study constituents, so tissue concentrations do not correlate well with observed 
effects.  As discussed further in Section 9.0, a variety of factors affect constituent concentrations 
in tissue, and correlations between tissue concentration and effect are poorly established and 
inconsistent between species and constituents.  Thus, an unusually high level of uncertainty is 
associated with the use of tissue effects data, particularly no-effect values.  For this reason, only 
LOEC values are used in the evaluation.  For convenience, fish tissue effect values are presented 
with the evaluation of fish in Section 9.0. 
 
6.2.5.2  Fish Histology.  As noted previously, histological examination of selected 
sturgeon tissue samples was performed as a means of assessing both exposure and effect to these 
long-lived fish.  For this analysis, kidney, liver, gill, and gonad tissues from 30 white sturgeon 
collected from the Columbia River were submitted to the Bozeman Fish Health Center for 
histological evaluation.  Additional tissue samples were submitted from four of these sturgeon 
found to have gross lesions or abnormalities.  Tissues were dissected and evaluated by a trained 
histopathologist for microscopic changes in tissue structure that may be the results of exposure to 
harmful chemicals.  Where possible, the potential for adverse effects resulting from 
morphological changes was noted and evaluated.  This evaluation is thus an assessment of both 
exposure and, potentially, effect.  Results are discussed in more detail in the separate evaluation 
of fish in Section 9.0. 
 
6.2.5.3  Fish Condition Analysis.  Fish length, weight, condition factor (CF), and hepatosomatic 
index (HSI - ratio of the liver weight over the body weight) were calculated for all species and all 
sub-areas, to determine any gross difference in values.  Size, weight, CF, and HSI can sometimes 
change in response to environmental stress.  This assessment does not show causality; however, 
it is an assessment that indicates the general condition of individual species.  The CF and HSI are 
evaluated in order to understand the overall condition of the six sampled fish species within the 
Hanford Reach and Lake Wallula.  The results of this analysis are presented in Section 9.0.   
 
The surface water, sediment, and soil NOECs described above are used to evaluate COPECs in 
Section 7.0 of this SLERA.  The method for evaluating receptor exposure to COPECs is detailed 
in the following section. 
 
 
6.3 SCREENING-LEVEL EXPOSURE ASSESSMENT 

The concentrations of COPECs to which site receptors are potentially exposed are represented by 
sampling data from the RI and previous sampling events.  These sampling data were described in 
Section 2.0, and the sample locations used for this SLERA are illustrated in Appendix A. 
 
For amphibians, fish, and relatively immobile receptors such as invertebrates and vegetation, 
exposure to COPECs is assessed on a sample-by-sample basis, with the concentration at each 
sample location considered to be representative of media concentrations in the immediate area of 
the sample.  From this evaluation, a general understanding of the magnitude and areal extent of 
potentially elevated exposures can be obtained, which can provide information about potential 
community effects.  For surface water at all locations, both total and dissolved concentrations of 
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metals are used for the screening evaluation in Section 7.0, although only the dissolved fraction 
is considered to be the bioavailable portion upon which WQC are based and so is recommended 
by EPA for use in ecological assessments (EPA-540-R-97-006).  However, the characteristics of 
metal results as either total or dissolved are included in the COPEC Refinement of Section 8.0.  
 
In accordance with the conservative protocols of a screening-level risk assessment, 
however, maximum detected concentrations of COPECs are used for comparison to NOECs 
in Section 7.0.  Use of the maximum values in risk calculations focuses on the “worst-case” 
exposure scenario, which helps in identifying constituents unlikely to cause adverse effect even 
under maximum exposure conditions.  Constituents with maximum concentrations exceeding 
NOECs in Section 7.0 are retained for further evaluation in Section 8.0 (Refinement of 
COPECs). 
 
For nonradioactive constituents, exposure is represented by the maximum concentration of each 
individual COPEC.  For radionuclides, which all exert a similar effect, the maximum 
concentrations of each radionuclide are added together in a sum-of-fractions approach described 
in more detail in Section 7.0.  Because maximum concentrations may exist in different samples 
separate both in space and time, the combination of maximum values is a conservative approach 
to exposure estimation. 
 
The estimation of risk, using the effects data (NOECs) and exposure data (maximum 
concentrations in environmental media) described above, is conducted in Section 7.0. 
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7.0 SCREENING-LEVEL RISK CALCULATION 

7.1 INTRODUCTION 

The risk calculation (Step 2 in the EPA risk assessment outline) is the final component of the 
SLERA process.  Risk calculation integrates the exposure and effects information described in 
Section 6.0 to produce an estimate of the magnitude and extent of effects on the designated 
assessment endpoints. 
 
In this section, exposure and effects data (NOECs) for each of the COPECs, sub-areas, media, 
and receptors are presented and compared to obtain an assessment of the potential for risk for 
each of the species identified in the endpoints.  For this screening evaluation, exposure is 
represented by the maximum detected concentration of each COPEC, in accordance with EPA 
guidance and the conservative screening goals of this SLERA.  The results of this evaluation 
represent the worst-case exposure scenario identified by 
site samples.  A maximum detected concentration less 
than the respective NOEC indicates that the potential for 
toxic effects and risks are likely to be negligible.  These 
COPECs are not retained for further evaluation.  A 
maximum detected concentration equal to or exceeding 
the respective NOEC indicates that further evaluation is 
necessary to estimate whether exposures may be 
associated with toxic effects.  These COPECs are retained 
for evaluation in Section 8.0. 
 
In addition to the screening evaluation described above, 
COPECs that are also Inclusion List analytes were 
compared to Reference data to determine where they 
were detected and the significance of the detections.  This 
analysis is described in detail in Section 3.0, and 
Reference data summaries are provided in table format in 
Appendix G.  Reference comparisons were completed for 
surface water, soil, and sediment COPECs.  Further 
discussion of Reference data for those COPECs that are 
found to exceed NOECs in this section is provided in 
Section 8.0.  As described in Section 1.5, Reference data 
for surface water and sediment vary by sub-area, with 
data for tributaries and wasteways added to the Reference data set for the 300 Area and 
Lake Wallula Sub-Areas. 
 
Radionuclides are evaluated in a manner that differs somewhat from that of nonradionuclides.  
Because radionuclides exert a similar effect on biological tissue, the evaluation of radiation must 
take into account the combined contributions from all radionuclides when comparing to an effect 
level, not just single constituents only.  Thus, a DOE method for radionuclide assessment was 

NOECs:  As described in 
Section 5.0, the term NOEC 
(no observed effect 
concentration) is used 
categorically to mean 
conservative, generic criteria 
and literature-based values 
below which the potential 
for significant adverse effect 
is considered to be 
negligible, although effects 
may be observed in a low 
percentage of the supporting 
data.  They are screening 
values used to identify 
constituents for which 
further evaluation is 
warranted.   

Exhibit 12a



 DOE/RL-2010-117 

Screening-Level Risk Calculation Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 1:  Screening-Level Ecological Risk Assessment 
June 2012 7-2 

used that considers these additive effects (DOE-STD-1153-2002, A Graded Approach for 
Evaluating Radiation doses to Aquatic and Terrestrial Biota). 
 
As described in Section 6.2, radionuclides are evaluated by comparison to BCGs, which were 
developed by DOE to reflect the amount of radiation, measured in picocuries, that will produce a 
target dose of 1 rad/day to aquatic animals and terrestrial plants, and a dose of 0.1 rad/day to 
riparian animals and a terrestrial animals.  These radionuclide-specific BCGs reflect the 
assumption that the entire radiation dose derives from the single radionuclide represented by 
the BCG.  When several radionuclides are present, each can contribute only a fraction of the total 
dose (as reflected by the BCG) if the total dose is to remain under the target limit.  This is the 
basis of the “sum-of-fractions” (SOF) approach. 
 
In this approach, the fractions for each radionuclide are calculated as described above, using the 
maximum value of each radionuclide divided by the BCG.  The fractions for all radionuclides are 
then added together, and the resulting sum compared to 1.0.  If the SOF does not exceed 1.0, no 
risk from ionizing radiation is expected.  If the SOF is 1.0 or greater, further evaluation is 
warranted.   
 
The SOF approach was used for each of the radionuclides evaluated in this section, although the 
calculated fractions are not shown on the summary tables.  For consistency with other COPECs, 
these tables indicate only whether or not the SOF exceeds 1.0.  
 
Radionuclide risks to aquatic receptors are estimated based on single medium exposures only, 
not multiple media (i.e., surface water and sediment) to which aquatic receptors may be exposed.  
Thus, the SOF approach is conducted separately for each media, and estimated exposures are 
reflective of exposures within that media only.  Surface water and sediment samples with 
maximum values are not co-located, and the highly conservative bias introduced by the current 
practice of summing maximum detected concentrations that occur in samples from the same 
media that may be widely separated in both space and time within the sub-area is considered 
sufficient to encompass the effects of exposures from other media.   
 
As part of this evaluation, COPEC distribution was also visualized through a graphical plotting 
of the data.  Scatter plots were developed to show COPEC concentrations across all four 
sub-areas as well as in the Reference area upstream of and along the sub-areas of the 
Columbia River.  While these plots were not used to select COPECs for further analysis, they 
provide a useful format for illustrating where the highest and lowest concentrations of each 
COPEC are in relation to the distinctive river areas and sub-areas.  The scatter plots were 
developed for each COPEC in each medium and indicate the associated ecological NOEC(s) and 
LOEC(s) in relation to detects, nondetects, Reference detects, and Reference nondetects.  
Although the plots show the Reference data, this discussion will focus only on the 
non-Reference data.  The scatter plots are found in Appendix C and are referenced throughout 
the Section 7.0 text. 
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To develop the scatter plots and also aid in sample location, each sample was assigned a 
river mile location to the 100th of mile (e.g., RM 351.22).  This was done through the Geographic 
Information System (GIS) by estimating the centerline of the river and then assigning each 
sample a river mile designator based on its position relative to the centerline.  This allowed 
samples to be sequenced precisely by their location along the Columbia River and viewed 
sequentially in scatter plots.  It also facilitated discussion of sample locations in subsequent 
discussions.   
 
Contaminants of potential concern are evaluated by sub-area and medium below for surface 
water, sediment and soils.  Porewater contaminants of potential concern are evaluated by 
groundwater OU.  For each sub-area and OU, data and summary tables are presented that show 
characteristics of the sample data set as well as the number of exceedances for each receptor.  
Results are then discussed by receptor.  Results for all receptors are then summarized in tables 
showing the specific COPECs retained for further evaluation in Section 8.0. 
 
 
7.2 SURFACE WATER NOEC EVALUATION  

Surface waters were considered to be exposure media for two receptors, aquatic biota and 
amphibians.  As described in Section 3.3, NOECs for aquatic biota reflect the effects of direct 
toxicity.  As discussed in Section 6.0, NOECs for aquatic biota are considered to be protective of 
all aquatic receptors, including amphibians, fish, plants, algae, and benthic invertebrates.  Based 
on Reference evaluations, 15 COPECs were identified for the 100 Area Sub-Area, 23 COPECs 
were identified for the 300 Area Sub-Area, and 21 COPECs were identified in the Lake Wallula 
Sub-Area. 
 
Effects to the receptors are discussed in the following subsections. 
 
7.2.1 Aquatic Biota NOEC Evaluation 

Data that reflect aquatic biota NOECs are shown for the 100 Area, 300 Area, and Lake Wallula 
Sub-Areas in Table 7-1. 
 
Table 7-1 indicates that the 100 Area Sub-Area had three COPECs with maximum 
concentrations that exceeded the aquatic NOECs, the 300 Area Sub-Area had three COPECs 
with maximum concentrations that exceeded NOECs, and the Lake Wallula Sub-Area had two 
COPECs with maximum concentrations that exceeded the aquatic NOECs. 
 
The 100 Area Sub-Area shows maximum detected concentrations above the aquatic biota NOEC 
for chromium, lead, and mercury.  The maximum concentrations for chromium (0.0973 mg/L), 
lead (0.00432 mg/L), and mercury (0.000081 mg/L) each were the only sample for each COPEC 
that exceeded the respective NOECs.  One of 142 samples exceeded the NOEC for both 
chromium and lead, and 1 of 105 samples exceeded the mercury NOEC.  This is visually 
represented in the respective scatter plots in Appendix C. 
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The 300 Area Sub-Area shows maximum detected concentrations above the NOEC for lead, 
nitrate, and nitrite.  Maximum concentrations for lead (0.00556 mg/L), nitrate (8.41 mg/L) and 
nitrite (0.329 mg/L), along with the other detects above the NOECs, represent less than 3% of all 
samples for each of these three COPECs.  Two of 468 samples exceeded the NOEC for lead, 1 of 
318 samples exceeded the NOEC for nitrate, and 8 of 314 samples exceeded the NOEC for 
nitrite.  The nitrate and nitrite NOEC values are both obtained from study results obtained from 
the scientific literature, and uncertainty factors were applied to obtain a chronic NOEC 
(Table 6-1).  A greater amount of uncertainty is associated with these NOECs than with other 
values.   
 
Mercury and uranium exceeded their respective aquatic NOECs in the Lake Wallula Sub-Area, 
with maximum concentrations of 0.000062 mg/L and 0.0125 mg/L, respectively.  Only 1 of 
42 samples exceeded the NOEC for both mercury and uranium. 
 
Several COPECs in all three sub-areas had reporting limits that exceeded the aquatic NOECs, as 
shown in Table 7-1.  In the 100 Area Sub-Area, lead and mercury had reporting limits that 
exceeded the NOECs.  Reporting limits for chromium, lead, mercury, nitrate, and silver in the 
300 Area Sub-Area exceeded NOECs.  In the Lake Wallula Sub-Area, lead, mercury, and 
uranium had reporting limits that exceeded the NOECs.  When reporting limits exceed the 
NOECs, potential toxicity cannot be fully evaluated.  This results in some uncertainty in the 
evaluation; however, as discussed in Section 10.2, this uncertainty is expected to be low.   
 
No observed effect concentrations are not available for sulfate (which was detected in all three 
sub-areas) and TPH-motor oil (detected in the Lake Wallula Sub-Area).  Without a NOEC, these 
analytes cannot be evaluated quantitatively and will be discussed qualitatively in the Uncertainty 
Analysis (Section 10.0). 
 
7.2.2 Surface Water:  Summary of Screening-Level Evaluation 

The maximum concentrations of surface water COPECs were compared to ecological NOECs 
for aquatic biota.  The results are summarized in Table 7-2, which shows the constituents that 
have maximum detections greater than the respective NOECs and have been retained for further 
evaluation in Section 8.0.  As described above, this is a conservative screening process and 
detections exceeding the NOEC benchmarks suggest that exposures may be associated with toxic 
effects and that further evaluation of these constituents is thus warranted. 
 
As shown in Table 7-2, the COPECs with maximum concentrations greater than or equal to the 
NOECs range throughout the three sub-areas.  However, both lead and mercury have been 
identified in two of the three sub-areas. 
 
Five of these six analytes (chromium, lead, nitrate, mercury, and uranium) were included on the 
COPEC list because they were Inclusion List analytes.  As described in Section 3.2.1, these 
constituents were determined during the RCBRA studies to be potentially associated with 
Hanford Site operations, so were designated as COPECs regardless of their relationship to 

Exhibit 12a



 DOE/RL-2010-117 

Screening-Level Risk Calculation Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 1:  Screening-Level Ecological Risk Assessment 
June 2012 7-5 

Reference concentrations.  However, these COPECs were still statistically compared to 
Reference data as part of the COPEC selection process described in Section 3.0. 
 
Mercury was also found to have a low FOD in the 100 Area Sub-Area; for this reason, further 
statistical analyses were not performed on this analyte.  Chromium, lead, and nitrate each had 
numerous data, and results indicated that the downstream study area concentrations were 
statistically lower than or not significantly different than concentrations found in Reference 
locations.  Nitrite in the 300 Area Sub-Area was found, like mercury in the 100 Area Sub-Area, 
to have a FOD too low for statistical analysis.  Mercury and uranium were also found to have 
low FODs in the Lake Wallula Sub-Area, and, therefore, further statistical analyses were not 
performed.  However, as noted above, these constituents were included as COPECs because they 
are Inclusion List analytes.  Additionally, Reference data have been compared to NOECs and is 
summarized in Appendix G tables. 
 
In summary, the following surface water COPECs exceeded NOECs.  Inclusion List constituents 
that have concentrations consistent with Reference concentrations are marked with an asterisk. 
 
• 100 Area Sub-Area:  Chromium,* lead,* and mercury  
• 300 Area Sub-Area:  Lead,* nitrate,* and nitrite  
• Lake Wallula Sub-Area:  Mercury and uranium. 
 
These seven COPECs have been retained for further evaluation in Section 8.0. 
 
 
7.3 SEDIMENT NOEC EVALUATION 

Sediment was considered to be an exposure medium for sediment-associated biota.  Ecological 
NOECs were obtained as described in Section 6.2.2 and reflect the effects of direct toxicity.  
Based on Reference evaluations, 21 COPECs were identified for the 100 Area Sub-Area, 
21 COPECs in the 300 Area Sub-Area, and 28 COPECS in the Lake Wallula Sub-Area.  As a 
conservative step, shoreline sediments were included in the sediment COPEC analysis, although 
these frequently dried areas are not expected to support a robust invertebrate population.   
 
Appendix C shows scatter plot data of the COPECs for sediment data.  As described in 
Section 3.0, a detailed evaluation was completed to identify COPECs for each sub-area of the 
river.  A statistical analysis comparing Reference concentrations to each sub-area of the river 
was part of this evaluation.  Although the plots in Appendix C show some constituents with 
detected concentrations above specific sediment NOECs, statistical evaluation showed that the 
data set for these COPECs was consistent with Reference concentrations.  The COPECs for each 
sub-area are listed in Tables 7-3 and 7-4 and are discussed in the following subsections. 
 
7.3.1 Sediment Biota NOEC Evaluation 

Table 7-3 provides data summaries that reflect the sediment biota NOECs for the 100 Area, 
300 Area, and Lake Wallula Sub-Areas.  This table indicates that several COPECs in the 
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100 Area, 300 Area, and Lake Wallula Sub-Areas had maximum concentrations exceeding 
sediment-associated ecological NOECs. 
 
The 100 Area Sub-Area had three COPECs (acetone, chromium, and heptachlor epoxide) with 
maximum detections that exceed the sediment biota NOECs.  Acetone had a maximum detected 
concentration of 0.0579 mg/kg compared to the NOEC of 0.0087 mg/kg, with 3 of the 
45 samples exceeding the NOEC.  Only 3 of the 123 chromium samples exceeded the NOEC, 
with a maximum detected concentration of 275 mg/kg compared to the NOEC of 72 mg/kg.  
Heptachlor epoxide had a maximum detected concentration of 0.0318 mg/kg compared to the 
NOEC of 0.0025 mg/kg, with only 1 of 45 samples exceeding the NOEC benchmark.  Scatter 
plots showing this data can be found in Appendix C. 
 
Of the 21 sediment COPECs identified in the 300 Area Sub-Area, none exceeded applicable 
NOECs.   
 
The Lake Wallula Sub-Area had seven COPECs (alpha-BHC, chromium, phosphorus, silver, 
thallium, toluene, and TPH-diesel range) with maximum detections that exceed the sediment 
biota NOECs, as shown in Table 7-3 and Appendix C scatter plots.  Table 7-3 also indicates the 
number of NOEC exceedances for each COPEC, showing that thallium, toluene, and TPH-diesel 
range all had only one sample exceeding the respective NOECs.  Of the remaining 4 COPECs, 
the exceedances range from 4 (alpha-BHC, chromium, and silver) to 95 (phosphorus) 
exceedances. 
 
As shown in Table 7-3, total PCBs were evaluated against NOECs, and no detected 
concentrations exceeded NOEC values.  Further information about PCBs at various locations in 
the river is provided by Aroclor data (Appendix E) that illustrate the commercial designation of 
detected PCBs.  For instance, at RM 337 in Richland, low concentrations (0.007 to 0.2 mg/kg) of 
Aroclors-1016, Aroclor-1254, and Aroclor-1260 were detected.  These forms were historically 
used in electrical capacitors and transformers, as well as in electrical oils and other solid 
products.  
 
Reference data for these COPECs are shown in Appendix G.  As shown in Table G-2, most of 
these COPECs were present in Reference locations, indicating the natural presence of many 
metals or, in some cases, additional anthropogenic sources.  Further evaluation of Reference data 
is included as appropriate in the detailed analysis in Section 8.0  
 
Several COPECs in all three river sub-areas had reporting limits that exceeded the 
sediment-associated NOECs, as shown in Table 7-3.  In the 100 Area Sub-Area, acetone and 
heptachlor epoxide had reporting limits that exceeded the NOECs.  Alpha-BHC, DDD, silver, 
toluene, and total PCBs in the Lake Wallula Sub-Area had reporting limits that exceeded the 
NOECs.  However, no J-flagged or other estimated detections were reported below sample 
reporting limits, suggesting that the constituents were not present in these sediment samples.  
The uncertainty resulting from reporting limits higher than NOECs is discussed in the 
Uncertainty Analysis (Section 10.0).   
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The SOF for the 10 radionuclides detected in the 100 Area Sub-Area, the 12 radionuclides 
detected in the 300 Area Sub-Area, and the 11 radionuclides detected in the Lake Wallula 
Sub-Area all were less than 1.0, with fractions ranging from 0.00008 to 0.002 in the 100 Area 
Sub-Area, from 0.00005 to 0.01 in the 300 Area Sub-Area, and from 0.00007 to 0.002 in the 
Lake Wallula Sub-Area. 
 
A sediment NOEC is not available for hexavalent chromium (detected in all three sub-areas), 
titanium (detected in both the 300 Area and Lake Wallula Sub-Areas), or antimony and 
vanadium (both detected in the Lake Wallula Sub-Area).  Without a NOEC, these four analytes 
cannot be evaluated quantitatively and will be discussed qualitatively in the Uncertainty Analysis 
(Section 10.0). 
 
7.3.2 Sediment:  Summary of Screening-Level Evaluation 

The maximum concentrations of sediment COPECs were compared to ecological NOECs for 
sediment-associated biota.  The results are summarized in Table 7-4, which indicates those 
constituents that have maximum detections greater than or equal to the respective NOECs.  
As described above, this is a conservative screening process, and detections exceeding the 
NOEC benchmarks suggest that exposures may be associated with toxic effects and that further 
evaluation of these constituents is thus warranted. 
 
As shown in Table 7-4, the COPECs with maximum detections greater than or equal to NOECs 
were present in 100 Area Sub-Area and Lake Wallula Sub-Area only.  These COPECs have been 
retained for further evaluation in Section 8.0. 
 
Of these COPECs, two (chromium and TPH-diesel range) were included on the list because they 
were Inclusion List analytes (Section 3.2.1).  However, concentrations of these constituents were 
also statistically compared to Reference concentrations as part of the COPEC selection process 
described in Section 3.0.  The results of this evaluation help to illustrate whether the 
concentrations of these COPECs are influenced by contamination from outside the specified 
sub-areas.  Additionally, Reference data have been compared to NOECs and are summarized in 
Appendix G tables. 
 
Appendix B shows the results of statistical evaluation of these constituents, conducted as part of 
COPEC selection.  Chromium was found to have statistically lower concentrations in the 
100 Area Sub-Area compared to those detected concentrations in Reference areas.  Total 
petroleum hydrocarbons-diesel range data were found to have low FODs in all three sub-areas 
and therefore could not be evaluated statistically.  Diesel range TPH was also found to only be 
detected in the 100 and 300 Area Sub-Areas, not in the associated Reference locations and 
therefore was included as a COPEC for that reason. 
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In summary, the following sediment COPECs exceeded NOECs.  Inclusion List constituents that 
have concentrations consistent with Reference concentrations are marked with an asterisk: 
 
• 100 Area Sub-Area:  Acetone, chromium,* and heptachlor epoxide 

 
• 300 Area Sub-Area:  None 
 
• Lake Wallula Sub-Area:  Alpha-BHC, chromium,* phosphorus, silver, thallium, toluene, and 

TPH-diesel range.   
 
These COPECs were retained for further evaluation in Section 8.0. 
 
 
7.4 POREWATER NOEC EVALUATION 

As described in Section 1.0, porewater was evaluated on an OU-specific basis due to its potential 
relationship to site groundwater at each separate OU.  While porewater at the depth evaluated is 
below the zone inhabited by most (but not all) benthic invertebrates (Aquatic Insect Ecology:  
Biology and Habitat [Ward 1992]), it is nonetheless compared to surface water NOECs as a 
potential exposure media.  As discussed previously, porewater data are important as an indicator 
of potential exceedances in the primary exposure media of surface water and sediment, which 
was the primary reason these data were collected.   
 
Ecological NOECs for porewater are the same as those listed in Section 6.2.2 (Table 6-1) for 
surface water and reflect the effects of direct toxicity.  However, hardness-dependent WQC are 
adjusted for a hardness of 100 mg/L CaCO3 (rather than the average value of 84 for the main 
river channel) to more closely approximate the conditions in the groundwater that comprises the 
bulk of porewater samples.  In addition, data for dissolved metals were used in the analysis, 
because this is the most mobile and bioavailable form for most metals (EPA 120/R-07/001, 
Framework for Metals Risk Assessment) and is also the form of metals represented by WQC.  
However, both dissolved and total results were used for hexavalent chromium, strontium-90, and 
tritium to maximize the size of the data set for these constituents.  Likewise, total (unfiltered) 
results were used for the evaluation of organics and soluble anionic COPECs, consisting of 
nitrate, nitrite, phosphate, sulfate, and chloride.  Based on reference evaluations, between 5 and 
15 COPECs were identified for each of the 7 OUs.  
 
Appendix C shows scatter plot data of the porewater dissolved metals COPECs for aquatic biota, 
as well as the dissolved and total metals results for hexavalent chromium, strontium, and tritium.  
A detailed evaluation was done on each parameter to understand which contaminants are 
COPECs for each OU.  The COPECs for each OU are listed in Table 7-5 and are discussed in the 
following subsections. 
 
As described in Section 3.0, 14 COPECs were identified for the 100-BC-5 OU, 10 COPECs were 
identified for the 100-KR-4 OU, 14 COPECs were identified for the 100-NR-2 OU, 16 COPECs 
were identified for the 100-HR-3 OU, 11 COPECs were identified for the 100-FR-3 OU, 
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13 COPECs were identified for the 200-PO-1 OU, and 22 COPECs were identified for the 
300-FF-5 OU.  A discussion of the results of the NOEC screening is provided separately for each 
OU in the following subsections.   
 
7.4.1 Porewater NOEC Evaluation – 100-B/C-5 Operable Unit 

Data summaries that compare concentrations of COPECs in porewater to aquatic biota NOECs 
are shown in Table 7-5. 
 
As shown in this table, four COPECs (aluminum, hexavalent chromium, lead, and nitrate) within 
the OU had maximum concentrations exceeding ecological NOECs for aquatic biota.  Aluminum 
had a maximum detected concentration of 0.416 mg/L compared to the aquatic NOEC of 
0.087 mg/L.  Only one of the eight samples exceeded the NOEC.  Hexavalent chromium had a 
maximum detected concentration of 0.112 mg/L as compared to the NOEC of 0.01 mg/L, with 
19 of the 38 samples exceeding the NOEC.  Lead had a maximum detected concentration of 
0.00465 mg/L compared to the NOEC of 0.0025 mg/L.  Like aluminum, only one of the eight 
samples analyzed for lead exceeded the aquatic NOEC.  Nitrate had a maximum detected 
concentration of 24.4 mg/L with three of the seven samples exceeding the NOEC. 
 
In addition, the COPECs cadmium, lead, and selenium had reporting limits that exceeded the 
aquatic NOECs in the 100-BC-5 OU (Table 7-5).  As noted previously, reporting limits in excess 
of NOECs adds uncertainty to the assessment of risk, but as discussed in Section 10.0, the effects 
on the conclusions of the risk assessment are expected to be minor. 
 
In summary, aluminum, hexavalent chromium, lead, and nitrate exceeded aquatic NOECs and 
will be retained for further evaluation in Section 8.0.   
 
7.4.2 Porewater NOEC Evaluation – 100-KR-4 Operable Unit 

For the 100-KR-4 OU, three porewater COPECs had maximum concentrations exceeding the 
associated ecological NOEC for aquatic biota.  As shown in Table 7-5, hexavalent chromium had 
a maximum detection of 0.056 mg/L compared to the NOEC of 0.01 mg/L.  Of the 38 samples 
analyzed for hexavalent chromium, 14 of them exceeded the NOEC.  Manganese had a 
maximum detection of 2.13 mg/L that exceeded the NOEC of 0.12 mg/L.  Like hexavalent 
chromium, only one of the five samples analyzed for manganese exceeded the NOEC.  Nitrate 
had a maximum detection of 17.3 mg/L with all four samples exceeding the NOEC.  Thus, 
hexavalent chromium, manganese, and nitrate were retained for further evaluation in Section 8.0. 
 
Of the 10 COPECs in the 100-KR-4 OU, lead was the only COPEC that had a reporting limit 
that exceeded the aquatic NOEC, with 4 of the 5 samples having reporting limit exceedances 
(Table 7-5).  The effects on the risk assessment conclusions of reporting limits greater than the 
NOEC are discussed in Section 10.0.   
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7.4.3 Porewater NOEC Evaluation – 100-NR-2 Operable Unit 

Of the 14 COPECs identified in the 100-NR-2 OU, maximum concentrations of hexavalent 
chromium, nitrate, and phosphate exceeded applicable NOECs.  As shown in Table 7-5, 
hexavalent chromium had a maximum detection of 0.026 mg/L compared to the NOEC of 
0.01 mg/L.  Of the five samples analyzed, only one of them exceeded the NOEC.  Nitrate had a 
maximum detection of 134 mg/L with all five samples exceeding the NOEC.  Phosphate had a 
maximum detection of 9.05 mg/L compared to the NOEC of 1 mg/L, with one of two samples 
exceeding the NOEC. 
 
As shown in Table 7-5, lead and TPH-diesel had reporting limits that exceeded the aquatic 
NOEC in the 100-NR-2 OU.  All five lead samples had reporting limits that exceeded the aquatic 
NOEC.  Only 1 of the 15 TPH-diesel samples had a reporting limit that exceeded the NOEC.  
When reporting limits exceed the screening values (NOECs), potential toxicity cannot be fully 
addressed.  Lead and TPH-diesel will therefore be evaluated further in Section 10.0. 
 
In summary, hexavalent chromium, nitrate, and phosphate exceeded aquatic NOECs and will be 
retained for further evaluation in Section 8.0. 
 
7.4.4 Porewater NOEC Evaluation – 100-HR-3 Operable Unit 

In the 100-HR-3 OU, 7 COPECs (aluminum, chromium, hexavalent chromium, lead, manganese, 
nickel, and nitrate) of the 16 COPECs for this OU had maximum concentrations exceeding 
ecological NOECs for aquatic biota.  Table 7-5 provides the tabulated details of this analysis.  
Aluminum had a maximum detected concentration of 0.477 mg/L compared to the aquatic 
NOEC of 0.087 mg/L; only 1 of the 11 samples exceeded the aluminum NOEC.  Two of the 
11 samples exceeded the NOEC for chromium, with a maximum detection of 0.62 mg/L, 
compared to the NOEC of 0.074 mg/L.  Although only two chromium samples exceeded the 
NOEC, the maximum detection (designation T100D3A) was located in the extent of the 
100-D/DR Area chromium plume, as shown in Appendix A maps at RM 377.  Thirty-one of the 
72 hexavalent chromium samples (both total and dissolved) exceeded the NOEC for hexavalent 
chromium, with a maximum detected concentration of 0.64 mg/L compared to the aquatic NOEC 
of 0.01 mg/L.  Lead had a maximum detected concentration of 0.00681 mg/L compared to the 
NOEC of 0.0025 mg/L.  Of the 11 samples, only 2 exceeded the NOEC.  Manganese had a 
maximum detection of 0.792 mg/L, compared to the aquatic NOEC of 0.12 mg/L; only 2 of the 
11 manganese samples exceeded the NOEC.  All 11 samples collected for nickel were detects; 
however, only 1 detection was elevated to a level near the NOEC.  The maximum nickel 
detection was 0.0518 mg/L compared to the NOEC of 0.052 mg/L.  This detection is considered 
to be equal to the NOEC, and therefore nickel will be evaluated further in Section 8.0 with the 
other six COPECs discussed in this section.  Nitrate had a maximum detection of 44.2 mg/L 
compared to a NOEC of 7.1 mg/L, with 9 of the 14 samples exceeding the NOEC. 
 
As shown in Table 7-5, the COPECs copper, lead, mercury, and uranium within the 
100-HR-3 OU had reporting limits that exceeded the aquatic NOECs.  As noted previously, 
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reporting limits in excess of NOECs adds uncertainty to the assessment of risk, but as discussed 
in Section 10.0, the effects on the conclusions of the risk assessment are expected to be low. 
 
7.4.5 Porewater NOEC Evaluation – 100-FR-3 Operable Unit 

In the 100-FR-3 OU, four porewater COPECs (hexavalent chromium, manganese, mercury, and 
nitrate) had maximum concentrations exceeding the ecological NOEC for aquatic biota.  
As shown in Table 7-5, hexavalent chromium had a maximum detected concentration of 
0.031 mg/L compared to the aquatic NOEC of 0.01 mg/L.  Only 3 of 24 samples had detections, 
with 2 samples exceeding the NOEC.  Manganese had a maximum detected concentration of 
2.26 mg/L compared to the NOEC of 0.12 mg/L.  Mercury had a maximum detection of 
0.000099 mg/L compared to the NOEC of 0.000012 mg/L.  Both COPECs (manganese and 
mercury) only had one of three samples exceeding the respective aquatic NOECs.  Nitrate had a 
maximum detection of 8.02 mg/L compared to the aquatic NOEC of 7.1 mg/L.  Only one of the 
two samples exceeded the NOEC. 
 
Lead and mercury in the 100-FR-3 OU had reporting limits that exceeded the aquatic NOEC 
(Table 7-5).  As noted previously, the effect of NOECs less than reporting limits is discussed 
further in the Uncertainty Analysis (Section 10.0).  
 
7.4.6 Porewater NOEC Evaluation – 200-PO-1 Operable Unit 

The 200-PO-1 groundwater OU is located within the 300 Area Sub-Area.  As detailed in 
Table 7-5, 4 COPECs (hexavalent chromium, lead, nitrate, and nitrite) of the 13 had maximum 
concentrations exceeding the ecological NOEC.  Four of the five hexavalent chromium samples 
exceeded the aquatic NOEC of 0.01 mg/L, with a maximum detected concentration of 
0.021 mg/L.  Lead had a maximum detection of 0.00421 mg/L compared to the aquatic NOEC of 
0.0025 mg/L.  The maximum detect was the only sample to exceed the NOEC.  Four of the five 
nitrate samples exceeded the NOEC of 7.1 mg/L, with a maximum detection of 35.7 mg/L.  Only 
one sample was analyzed for nitrite, with a detected concentration of 0.27 mg/L exceeding the 
NOEC. 
 
Lead and selenium in the 200-PO-1 OU had reporting limits that exceeded the aquatic NOECs 
(Table 7-5).  The effect of NOECs less than reporting limits is discussed further in the 
Uncertainty Analysis (Section 10.0).  
 
7.4.7 Porewater NOEC Evaluation – 300-FF-5 Operable Unit 

In the 300-FF-5 OU, 5 COPECs (aluminum, lead, nitrate, selenium, and uranium) of the 
22 COPECs at this OU had maximum concentrations exceeding ecological NOECs for aquatic 
biota.  Table 7-5 provides the details of this analysis.   
 
Aluminum had a maximum detected concentration of 0.107 mg/L compared to the aquatic 
NOEC of 0.087 mg/L; only one of the eight samples exceeded the aluminum NOEC.  One of the 
eight samples exceeded the NOEC for lead, with a maximum detection of 0.00253 mg/L, 
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compared to the NOEC of 0.0025 mg/L.  Nitrate had a maximum detection of 116 mg/L 
compared to the NOEC of 7.1 mg/L, with six of the eight samples exceeding the NOEC.  
Selenium had a maximum detected concentration of 0.0102 mg/L compared to the NOEC of 
0.005 mg/L.  Of the eight samples, only one exceeded the NOEC.  Uranium had a maximum 
detection of 0.17 mg/L compared to the aquatic NOEC of 0.005 mg/L; seven of the eight 
uranium samples exceeded the NOEC.  The maximum detection of uranium, designation J3002, 
was found within the extent of the 300 Area uranium plume.  The extent of this plume is shown 
in the Appendix A maps and is located near RM 345. 
 
The following COPECs had reporting limits that exceeded the aquatic NOECs:  cadmium, 
copper, hexavalent chromium, lead, mercury, selenium, and uranium (Table 7-5).  As noted 
previously, the effects of these reporting limit exceedances are discussed in Section 10.0.  
 
7.4.8 Porewater:  Summary of Screening-Level Evaluation 

The maximum concentrations of porewater COPECs were compared to ecological NOECs for 
aquatic biota.  The results are summarized in Tables 7-5 and Table 7-6.  Table 7-5 summarizes 
the constituents that have maximum detections greater than the respective NOECs and have been 
retained for further evaluation in Section 8.0.  Porewater COPECs that exceed NOECs are shown 
below; those that have concentrations consistent with Reference concentrations as represented by 
upgradient groundwater as described in DOE/RL-96-61, Hanford Site Background:  Part 3, 
Groundwater Background (Section 3.2.4), are marked with an asterisk:   
 
• 100-B/C-5 OU:  Aluminum, hexavalent chromium, lead, and nitrate  

 
• 100-KR-4 OU:  Hexavalent chromium, manganese, and nitrate  

 
• 100-NR-2 OU:  Hexavalent chromium, nitrate, and phosphate  

 
• 100-HR-3 OU:  Aluminum, chromium, hexavalent chromium,* lead, manganese, nickel, and 

nitrate 
 

• 100-FR-3 OU:  Hexavalent chromium, manganese, mercury, and nitrate 
 

• 200-PO-1 OU:  Hexavalent chromium, lead, nitrate, and nitrite 
 

• 300-FF-5 OU:  Aluminum, lead, nitrate, selenium, and uranium. 
 
As described previously, this is a conservative screening process, and detections exceeding the 
NOEC benchmarks suggest only that exposures have the potential to be associated with toxic 
effects, not that effects are in fact occurring.  Further evaluation of these constituents is thus 
warranted. 
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As shown in Table 7-6, the COPECs with maximum concentrations greater than or equal to the 
NOEC range throughout the seven OUs; however, aluminum, hexavalent chromium, lead, and 
manganese are seen in at least three of the seven OUs, and nitrate is seen in all seven OUs.  The 
12 COPECs that exceeded the NOECs throughout the 7 OUs will be retained for further analysis 
in Section 8.0. 
 
7.5 ISLAND SOILS NOEC EVALUATION 

Island soils were considered to be exposure media for four terrestrial receptors:  terrestrial plants, 
soil invertebrates, birds, and mammals.  As described in Section 6.2.3, separate ecological 
NOECs for each receptor were obtained.  No observed effect concentrations for terrestrial plants 
and invertebrates reflect the effects of direct exposure to soil, while the NOECs for birds and 
mammals reflect effects through the food chain, as the result of the ingestion of contaminated 
soil, plants, or invertebrates.  Based on Reference evaluations, 18 COPECs were identified for 
the 100 Area Sub-Area and 19 COPECs were identified for the 300 Area Sub-Area.  A visual 
assessment of these is presented in Appendix C.  No island soil samples were collected in the 
Lake Wallula Sub-Area, which has few islands. 
 
Effects to each receptor are discussed separately in the following subsections. 
 
7.5.1 Terrestrial Plant NOEC Evaluation – Island Soils 

Data summaries that reflect plant NOECs are shown for the 100 Area and 300 Area Sub-Areas in 
Table 7-7. 
 
As shown in this table and the plots in Appendix C, only one COPEC (lead) in either sub-area 
had maximum concentrations exceeding ecological NOECs for terrestrial soil plants.  In the 
100 Area Sub-Area, the maximum detection for lead was 94.3 mg/kg, and 3 of 29 samples 
exceeded the NOEC.  In the 300 Area Sub-Area, the maximum lead detection was 65 mg/kg, and 
7 of 48 samples exceeded the NOEC.   
 
No plant NOECs are available for TPH (either diesel or motor oil range); therefore, these 
constituents cannot be evaluated quantitatively, but rather are discussed qualitatively in the 
Uncertainty Analysis (Section 10.0).  Additionally, the maximum reporting limit for hexavalent 
chromium exceeded the NOEC for 6 of 23 samples in the 100 Area Sub-Area, as can be seen in 
the hexavalent chromium scatter plot (Appendix C) for nondetect samples and in Table 7-7.  This 
reporting limit exceedance is also discussed further in the Uncertainty Analysis (Section 10.0). 
 
The SOF for the six radionuclides detected in the 100 Area Sub-Area and the eight radionuclides 
detected in the 300 Area Sub-Area totaled 0.001 pCi/g and 0.0009 pCi/g (see Table 7-7), 
respectively, both of which are well below 1.0. 
 
Based on this assessment, the maximum detected concentrations of soil COPECs are expected to 
present a negligible risk to terrestrial plants; however, lead will be further discussed in 
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Section 8.0 of this report.  The NOEC exceedances for all soil COPECs are listed along with 
those for other soil receptors in Table 7-11. 
 
7.5.2 Soil Invertebrate NOEC Evaluation – Island Soils 

Data summaries that reflect soil invertebrate NOECs are shown for the 100 Area and 300 Area 
Sub-Areas in Table 7-8. 
 
As seen in Table 7-8 and the Appendix C scatter plots, the 100 Area Sub-Area had no COPECs 
with NOEC exceedances.  In the 300 Area Sub-Area, the maximum concentration of mercury 
(0.11 mg/kg) slightly exceeded the NOEC of 0.1 mg/kg, with only 1 of the 48 samples exceeding 
the NOEC.  Because of the NOEC exceedance, mercury has been retained for further evaluation 
in Section 8.0.   
 
The SOF for the detected radionuclides was 0.04 in the 100 Area Sub-Area and 0.1 in the 
300 Area Sub-Area.  Because the SOF did not exceed 1.0, radionuclides were not retained for 
further evaluation. 
 
No soil invertebrate NOECs exist for TPH-motor oil, which was detected in both 100 Area and 
300 Area Sub-Areas.  This constituent cannot be evaluated quantitatively, so it is discussed 
qualitatively in the Uncertainty Analysis (Section 10.0). 
 
In summary, due to the slight NOEC exceedance of mercury in 300 Area Sub-Area, mercury has 
been retained for further evaluation and will be discussed in Section 8.0. 
 
7.5.3 Terrestrial Bird NOEC Evaluation – Island Soils 

In both the 100 Area and 300 Area Sub-Areas, lead and mercury were found to have maximum 
concentrations in excess of their respective NOECs, as shown in Table 7-9 and the Appendix C 
scatter plots.  
 
The NOEC for lead is 11 mg/kg, which is the EPA SSL for avian receptors.  However, as noted 
in the SSL document for lead, this value is lower than the 50th percentile for reported background 
concentrations in eastern and western U.S. soils.  The average value reported by 
OSWER Directive 9285.7-55, Guidance for Developing Ecological Soil Screening Levels, for 
western U.S. soils is 19.4 mg/kg.  The reported NOEC thus likely significantly overestimates 
potential risk to birds from exposure to lead in soils.  
 
In the 100 Area Sub-Area, the maximum concentration of lead was 94.3 mg/kg, which is an 
atypical result; all other detected lead concentrations were 60.1 mg/kg or lower.  Lead 
concentrations exceeded the avian lead NOEC of 11 mg/kg in 17 of 29 samples.  For mercury in 
the 100 Area Sub-Area, the maximum detected concentration was 0.052 mg/kg, and 
concentrations exceeded the avian mercury NOEC of 0.013 mg/kg in 20 of the 29 samples. 
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In the 300 Area Sub-Area, lead was detected at a maximum concentration of 65 mg/kg, 
exceeding the NOEC (11 mg/kg) in 33 of the 48 samples.  Mercury was detected at a maximum 
concentration of 0.11 mg/kg, with exceedances of the NOEC (0.013 mg/kg) in 23 of 48 samples.  
The maximum mercury detection is an outlier, as seen in the Appendix C mercury scatter plot. 
 
The SOF for radionuclides was 0.01 for the 100 Area Sub-Area and 0.004 for the 300 Area 
Sub-Area, both of which were well below 1.0.  Except for mercury in both sub-areas, no 
reporting limits exceeded NOECs.  For mercury in the 100 Area Sub-Area, 9 of 29 samples had 
reporting limits that exceeded the NOEC.  In the 300 Area Sub-Area, the reporting limit 
exceeded the NOEC in 21 of 48 samples.  These exceedances are further discussed in the 
Uncertainty Analysis (Section 10.0). 
 
Diethylphthalate, lithium, and TPH-motor oil were detected but have no NOECs.  These 
constituents will be evaluated qualitatively in the Uncertainty Analysis (Section 10.0). 
 
In summary, both lead and mercury in both the 100 Area and 300 Area Sub-Areas exceeded the 
respective NOECs and will be retained for further evaluation in Section 8.0. 
 
7.5.4 Terrestrial Mammal NOEC Evaluation – Island Soils 

Table 7-10 summarizes the terrestrial mammal findings for the 100 and 300 Area Sub-Areas.  
Lead concentrations resulted in NOEC exceedances in both of these sub-areas. 
 
In the 100 Area Sub-Area, the maximum lead concentration of 94.3 mg/kg exceeded the NOEC 
of 56 mg/kg; exceedances occurred in only 2 of the 29 samples.  In the 300 Area Sub-Area, lead 
was detected at a maximum concentration of 65 mg/kg.  Five of 48 samples exceeded the NOEC 
in the 300 Area Sub-Area. 
 
The SOF for detected radionuclides was 0.01 in the 100 Area Sub-Area and 0.006 in the 
300 Area Sub-Area.  Both values are well below the threshold of 1.0. 
 
The reporting limit for uranium was found to exceed the NOEC in 28 of 29 samples in the 
100 Area Sub-Area and 47 of 48 samples in the 300 Area Sub-Area.  The effect of these 
exceedances is discussed in Section 10.0.  Additionally, lithium and TPH-motor oil were both 
detected but have no NOECs for comparison; these COPECs are evaluated qualitatively in the 
Uncertainty Analysis (Section 10.0). 
 
In summary, lead was retained in both the 100 Area and 300 Area Sub-Areas because maximum 
concentrations exceeded the NOEC; this COPEC is evaluated further in Section 8.0. 
 
7.5.5 Island Soils:  Summary of Screening-Level Evaluation 

In this section, the maximum concentrations of soil COPECs were compared to ecological 
NOECs for terrestrial plants, invertebrates, birds, and mammals.  The results are summarized in 
Table 7-11, which lists those constituents that have maximum detections greater than or equal to 
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the respective NOECs.  Inclusion List constituents are further discussed below.  Island soil 
COPECs that exceed NOECs are as follows; those that have concentrations consistent with 
Reference concentrations are marked with an asterisk:   
 
• 100 Area Sub-Area:  Lead and mercury* 
• 300 Area Sub-Area:  Lead and mercury.* 
 
Concentrations of both constituents were statistically compared to Reference concentrations as 
part of the COPEC selection process.  This analysis was used to determine if concentrations at or 
downriver of the Hanford Site were consistent with Reference concentrations.  Additionally, 
Reference data have been compared to NOECs and are summarized in Appendix G tables. 
 
Both constituents (lead and mercury) had sufficient data for statistical analysis.  Results 
(Appendix B) showed that lead concentrations in 100 and 300 Area Sub-Areas were statistically 
higher than Reference, but that mercury concentrations were consistent with or lower than 
reference.  This information will be used to further evaluate the potential for these COPECs to 
present an ecological risk from the Hanford Site.  These constituents have been retained for 
further evaluation and are discussed in Section 8.0. 
 
 
7.6 SHORELINE SEDIMENTS NOEC EVALUATION 

Shoreline sediments, which consist of the area of shoreline routinely submerged and exposed by 
daily fluctuations in water level, were considered to be exposure media for two terrestrial 
receptors:  terrestrial plants and birds (Section 5.2.2).  As described in Section 6.2.3, separate 
ecological NOECs for each receptor were obtained.  No observed effect concentrations for 
terrestrial plants reflect the effects of direct toxicity, while the NOECs for birds reflect effects 
through the food chain, as the result of the ingestion of contaminated sediment or plants.  
Although NOECs for soils were used to evaluate shoreline sediments, the COPEC list for 
shoreline sediments was the same as that of sediments, since shoreline sediments are part of the 
sediment data set and the composition of this media is more closely identified with sediment 
distribution (Section 3.4).  Based on Reference evaluations, 21 COPECs were identified for the 
100 Area Sub-Area, 21 COPECs were identified for the 300 Area Sub-Area, and 28 COPECs 
were identified for the Lake Wallula Sub-Area. 
 
Effects to each receptor are discussed separately in the following subsections. 
 
7.6.1 Terrestrial Plant NOEC Evaluation – Shoreline Sediments 

Data summaries that reflect plant NOECs are shown for the three sub-areas in Table 7-12.   
 
In the 100 Area Sub-Area, only 1 of the 21 COPECs (hexavalent chromium) was detected at a 
concentration above its NOEC.  Hexavalent chromium had a maximum detected concentration of 
0.618 mg/kg compared to the plant NOEC of 0.35 mg/kg.  Only 2 of 48 samples exceeded this 
NOEC. 
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In the 300 Area Sub-Area, three COPECs were found to have maximum detection that exceeded 
their respective NOECs:  hexavalent chromium, lead, and selenium.  Hexavalent chromium had a 
maximum detected concentration of 0.998 mg/kg compared to the NOEC of 0.35 mg/kg, with 
10 of the 76 samples exceeding the NOEC.  Five of the 91 lead samples exceeded the NOEC of 
50 mg/kg, with a maximum detected concentration of 111 mg/kg.  Selenium had a maximum 
detected concentration of 1.01 mg/kg compared to the NOEC of 0.52 mg/kg.  Three of the 
91 samples exceeded this NOEC. 
 
In the Lake Wallula Sub-Area, only 1 of the 28 COPECs (hexavalent chromium) had maximum 
detected concentrations that exceeded their respective NOECs.  Hexavalent chromium had 2 of 
20 samples that exceeded the NOEC of 0.35 mg/kg.  The maximum detected concentration of 
hexavalent chromium was 1.73 mg/kg.   
 
No plant NOECs are available for antimony, phosphorus, titanium, TPH (either diesel or motor 
oil), or vanadium.  These constituents cannot be evaluated quantitatively, but rather are discussed 
qualitatively in the Uncertainty Analysis (Section 10.0).  Additionally, hexavalent chromium and 
selenium in the 300 Area Sub-Area and antimony and thallium in the Lake Wallula Sub-Area 
had reporting limits that exceeded the terrestrial plant NOECs, a condition that is also discussed 
in Section 10.0.   
 
The SOF for the 10 radionuclides detected in the 100 Area, 300 Area, and Lake Wallula 
Sub-Areas was well below the threshold of 1.0. 
 
Based on this assessment, hexavalent chromium in the 100 Area Sub-Area; hexavalent 
chromium, lead, and selenium in the 300 Area Sub-Area; and hexavalent chromium in the 
Lake Wallula Sub-Area are retained for further evaluation in Section 8.0, due to a maximum 
concentration higher than the NOEC.   
 
7.6.2 Terrestrial Bird NOEC Evaluation – Shoreline Sediments 

Data summaries that reflect bird NOECs are shown for the three sub-areas in Table 7-13.  This 
table indicates that chromium, lead, and mercury were detected at levels above their respective 
NOECs in each sub-area.  Details of exceedances in each sub-area are discussed further below. 
 
In the 100 Area Sub-Area, three COPECs had maximum detected concentrations that exceeded 
their respective NOECs, chromium, lead, and mercury.  Chromium had a maximum detection of 
35.8 mg/kg compared to the NOEC of 26 mg/kg.  Only 5 of the 52 chromium samples exceeded 
this NOEC.  Lead had a maximum detected concentration of 46.6 mg/kg compared to the avian 
NOEC of 11 mg/kg, with 42 of the 52 samples exceeding the NOEC.  Of the 52 mercury 
samples, 27 exceeded the NOEC of 0.013 mg/kg, with a maximum detected concentration of 
0.133 mg/kg. 
 
In the 300 Area Sub-Area, 3 of the 21 COPECs had maximum detections that exceeded their 
respective NOECs.  Chromium had a maximum detected concentration of 29.5 mg/kg compared 
to the NOEC of 26 mg/kg, with only 3 of the 91 samples exceeding the NOEC.  Of the 91 lead 

Exhibit 12a



 DOE/RL-2010-117 

Screening-Level Risk Calculation Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 1:  Screening-Level Ecological Risk Assessment 
June 2012 7-18 

samples, 32 exceeded the NOEC of 11 mg/kg, with a maximum detected concentration of 
111 mg/kg.  Mercury had a maximum detection of 0.045 mg/kg compared to the NOEC of 
0.013 mg/kg; 19 of the 91 samples exceeded this NOEC.   
 
The Lake Wallula Sub-Area had four COPECs with maximum detections exceeding their 
NOECs.  Chromium had a maximum detection of 27.9 mg/kg compared to the NOEC of 
26 mg/kg, with only 2 of the 40 samples exceeding the NOEC.  Of the 40 lead samples, only 3 
exceeded the NOEC of 11 mg/kg, with a maximum detected concentration of 34.4 mg/kg.  
Mercury also only had 2 of 40 samples that exceeded the NOEC (0.013 mg/kg), with a maximum 
detection of 0.0369 mg/kg.  Vanadium had a maximum detection of 123 mg/kg compared to the 
NOEC of 7.8 mg/kg; all 40 samples exceeded this NOEC. 
 
As with the terrestrial plant evaluation, the SOF for the detected radionuclides was below 1.0 for 
the 100 Area, 300 Area, and Lake Wallula Sub-Areas, indicating that the potential for these 
compounds to present an ecological risk is negligible.  No radionuclides have been retained for 
further evaluation.  
 
Several COPECs had reporting limits that exceeded the avian NOECs (Table 7-13).  In the 
100 Area Sub-Area, lead, mercury, and uranium had reporting limits that exceeded the NOECs.  
Lead, mercury, selenium, and uranium in the 300 Area Sub-Area had reporting limits in 
exceedance of NOECs.  In the Lake Wallula Sub-Area, lead, mercury, and thallium had reporting 
limits that exceeded NOECs.  As previously discussed, when reporting limits exceed the 
screening values (NOECs), potential toxicity cannot be fully addressed.  This situation is 
discussed further in Section 10.0.   
 
No avian NOECs are available for antimony, phosphorus, titanium, or TPH-motor oil.  These 
constituents cannot be evaluated quantitatively, but rather are discussed qualitatively in the 
Uncertainty Analysis (Section 10.0). 
 
In summary, maximum shoreline sediment concentrations of chromium, lead, and mercury in all 
three sub-areas exceeded their respective NOECs.  In addition, vanadium in the Lake Wallula 
Sub-Area exceeded its respective NOEC.  These COPECs are evaluated further in Section 8.0. 
 
7.6.3 Shoreline Sediments:  Summary of Screening-Level Evaluation 

In this section, the maximum concentrations of shoreline sediment COPECs were compared to 
ecological NOECs for terrestrial plants and birds.  The results are summarized in Tables 7-12 
and 7-13, which compared COPECs to the plant and avian NOECs, and in Table 7-14, which 
shows the COPECs with maximum concentrations greater than or equal to the NOECs 
throughout the three sub-areas.  The COPECs with maximum concentrations greater than 
NOECs are as follows. 
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 100 Area Sub-Area 300 Area Sub-Area Lake Wallula 

Terrestrial plant Hexavalent chromium 

Hexavalent chromium 

Hexavalent chromium Lead  

Selenium 

Terrestrial bird 

Chromium Chromium Chromium 

Lead Lead Lead 

Mercury Mercury 
Mercury 

Vanadium 

 
Because the shoreline sediment COPECs were based on sediment COPECs, further Inclusion 
List statistical analyses were not completed.  However, maximum concentrations of the six 
COPECs presented in Table 7-14 do exceed NOECs and therefore were retained for further 
evaluation. 
 
 
7.7 SUMMARY OF SCREENING-LEVEL RISK CALCULATION 

As described in Section 1.2, this SLERA is composed of the first two steps of a CERCLA 
ecological risk assessment (Figure 1-1).  This section concludes the work to achieve Step 2 and 
provide the COPECs included in the screening-level risk calculation.  Table 7-15 provides a 
summary of surface water, sediment, porewater and soil COPECs organized by medium, 
receptor, and river sub-area; each of these COPECs was shown in this section to exceed NOECs 
in at least one sample and so has been retained for additional evaluation in Section 8.0. 
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8.0 REFINEMENT OF CONTAMINANTS OF  
POTENTIAL ECOLOGICAL CONCERN 

8.1 INTRODUCTION 

In this section, all of the COPECs in Section 7.0 with maximum concentrations above the NOEC 
are evaluated further by the consideration of additional toxicity data (LOECs) and distribution 
information.  The goal of this analysis is to reduce the uncertainty associated with the use of 
conservative exposure and screening-level NOEC toxicity assumptions so that the final risk 
conclusions are still conservative, but more relevant to site-specific conditions.  This additional 
evaluation increases the scientific validity of the risk conclusions, so that subsequent 
considerations of additional studies or remedial actions, if required, can be focused on specific 
risk questions.   
 
The refinement incorporates additional toxicity literature and site-specific data into the 
evaluation of all surface water, sediment, and soil samples, and so expands the level of 
interpretation beyond that of the screening-level approach of Section 7.0.  The results of this 
analysis provide an improved understanding of potential risk and are used to identify the need for 
additional sampling or toxicological studies that would be conducted as part of a potential 
BERA.  This refinement does not, however, determine whether the COPECs evaluated arise 
from Hanford Site operations.  Ultimately, the final understanding of risk as well as the 
association of risk with Hanford Site activities will be used to determine the need, if any, for 
remediation of river media.   
 
The methodology used for this refinement evaluation is described in the following section. 
 
 
8.2 REFINEMENT METHODOLOGY 

The array of evaluative approaches in this refinement methodology varies by assessment 
endpoint.  In this section, all samples that exceed the NOECs of Section 7.0 are presented and 
evaluated on a sample-specific basis using a wide array of factors to more accurately quantify the 
“ecological adversity” represented by the NOEC exceedances (EPA/630/R-95/002F, Guidelines 
for Ecological Risk Assessment).  These additional evaluation factors and the way they will be 
used to estimate potential risk are described below.   
 
8.2.1 Magnitude of Exceedance:  Lowest Observed Effect Concentrations 

The magnitude of NOEC exceedances is also considered as a primary indicator of potential for 
risk.  Because of the conservatism of screening NOEC-based benchmarks, which are often based 
on large uncertainty factors, exceedances may not be indicative of actual risk, but rather indicate 
that a potential for risk may exist.  For some constituents, exceedances of the NOEC by factors 
of two or three may still not reflect a potential risk, because of the conservatism of the 
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assumptions used to develop the NOEC benchmark.  For this reason, additional toxicological 
values are used to more accurately estimate the potential for adverse effect. 
 
As described in Section 6.2.4, the ecological NOECs used in this report are values associated 
with a low or no probability of effects.  These values represent a lower boundary for the potential 
threshold of effect, because they are values at or below which effects are infrequent or, in the 
case of individual toxicity study results, not observed. 
 
To more accurately quantify the potential for risk, this refinement uses as an additional reference 
point values associated with the actual onset of effects, or a high probability of effects.  In 
sediment, terms such as “probable effect concentration” values are used, and for toxicological 
studies the term “lowest observed effect concentration” (or LOEC) is used.  As opposed to the 
no-effect or threshold effect values used as NOECs, these low-effect values define a level where 
effects are likely or, in toxicological tests, where effects were actually detected.  In this report, 
such values are referred to collectively as “LOEC-based” values, or LOECs.  These values, 
combined with the no-effect NOECs, serve to bracket the potential for risk, since the actual onset 
of effects is expected to occur somewhere between the two values.  
 
For sediment, the Michelsen 2011 Cleanup Screening Level (CSL) is used as the LOEC.  These 
values are based on the freshwater sediment quality standards (Section 6.2.2.) that are used as 
sediment NOECs.  The CSLs were selected by Michelsen as the next highest significantly 
different value, which is more than 20% higher than the sediment quality standards.  From a 
statutory standpoint, CSLs are intended to serve as the level above which cleanup sites are 
designated.   
 
Media concentrations relative to a LOEC are represented by the use of a hazard quotient (HQ), 
which quantifies the comparison between the exposure experienced by a receptor and the 
exposures associated with toxicological effects documented in the literature.  The HQ is 
calculated as follows: 
 

LOEC HQ = Exposure concentration 
Chemical-specific LOEC 

 
Lowest observed effect concentration HQs thus reflect the relationship of the detected 
concentration to the relevant LOEC and express this relationship as a multiple of the LOEC.  
However, because toxicological effects vary by COPEC and receptor physiology, the magnitude 
of the LOEC HQ does not correlate directly with the magnitude of the risk; for example, a LOEC 
HQ of 2.0 does not signify twice as much risk or effect as a LOEC HQ of 1.0.  Rather, the LOEC 
HQ provides a relative scale of probability of effect, with increasing likelihood of effect with 
increasing distance from 1.0. 
 
For the HQ calculation, exposure is represented by the sample-specific concentration rather than 
the maximum value used in Section 7.0.  A LOEC HQ of less than 1.0 indicates that the 
concentration is below that conservatively associated with the onset of adverse effects and that 
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the potential for significant risk is relatively low.  An HQ equal to or in excess of 1.0 suggests 
that exposures are in the estimated range of potential effects to the most sensitive species and 
that further evaluation of these constituents may be warranted.  Because LOECs are developed 
by a conservative method that typically applies an uncertainty factor to the lowest effects value 
in the literature (see Section 6.0), they typically overestimate risks for most species.   
 
Lowest observed effect concentration-based effect values used in this refinement were drawn or 
calculated directly from the scientific literature.  For many sediment constituents, LOEC-based 
values in the form of CSLs or other NOECs are available, and these are used directly.  For 
surface water and soils, LOEC values were obtained and calculated as described in Section 6.2.4 
using credible scientific studies and appropriate uncertainty factors to estimate chronic LOEC 
values, where necessary.  Aquatic surface water LOEC values were also used to calculate 
sediment LOECs for organic constituents through the use of equilibrium-partitioning equations, 
as described in EPA-822-R-02-041, Technical Basis for the Derivation of Equilibrium 
Partitioning Sediment Guidelines (ESGs) for the Protection of Benthic Organisms:  Nonionic 
Organics (Draft).  Selected LOECs are typically the lowest value from a credible study 
identified in the literature and, therefore, still reflect a large measure of conservatism. 
 
An exception to this approach applies when NOECs consist of state or federal chronic WQC, 
which are used to evaluate both surface water and porewater.  Water quality criteria are legally 
enforceable standards that serve as applicable or relevant and appropriate requirements in the 
Superfund program and are not subject to modification.  Chronic water quality criteria are 
derived from acute and chronic effect levels, including LC50, EC50, NOEC, and LOEC values.  
Water quality criteria are used as both NOECs and LOECs in this report, so that WQC 
exceedances are retained for evaluation in this section.  In the text, NOECs that consist of WQC 
are identified, and the term WQC is used in further discussion.  However, for consistency in 
terminology with other COPECs, the term LOEC HQ is retained to describe HQs based on 
WQC. 
 
Bird and mammal LOECs were calculated by food chain modeling, using the exposure models 
and parameters developed by EPA for the calculation of the ecological SSLs used as NOECs.  
These models estimate effects to the robin and the shrew, and these same species were used to 
estimate LOECs as well.  Site-specific species, such as the heron or kingfisher, were not used to 
develop soil LOECs, to avoid adding additional variability into the NOEC-LOEC relationship.  
Lowest observed effect concentration-based TRVs drawn from the EPA data set were 
incorporated into the calculations, which are presented in Appendix D.   
 
Table 8-1 presents the LOEC values used in this study for surface water, sediment, and soils.  
Full identification of the source and calculation methodology for each value is provided.   
 
Evaluating data relative to both NOECs and LOECs is useful for gauging whether detected 
concentrations are likely to cause adverse effects, because the actual concentration at which 
effects begin to occur in organisms typically lies somewhere between the two.  For instance, 
concentrations that exceed NOECs but are still well below the LOECs are often not likely to 
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present a significant potential for risk.  Conversely, COPECs with concentrations that exceed the 
LOEC have an increasing potential for adverse effects with increasing LOEC HQs. 
 
8.2.2 Location and Setting of No Observed Effect Concentration Exceedances 

In most cases, the spatial relationships of NOEC exceedances to other samples and wildlife 
habitat areas are reviewed as a first line of assessment.  Because contaminant distribution in soil 
and sediment can vary significantly over small areas due to differences in media characteristics 
and depositional patterns, the location and results of nearby samples are an important source of 
relevant information.  Large areas of elevated concentrations will have a higher ecological 
impact, especially to relatively immobile receptors such as plant and terrestrial invertebrates, 
than small isolated areas of anomalously elevated results.  Likewise, exceedances that occur in 
an area not likely to be frequented by receptors are less likely to impart an impact than 
exceedances in preferred habitat.  For these reasons, the location and setting of NOEC 
exceedances are evaluated as one means of gauging the potential for effect from elevated 
sample results. 
 
8.2.3 Comparison to RCBRA Studies and Conclusions 

The near-shore aquatic zone included the portion of the river along the Hanford Site shoreline, 
including source areas and sloughs, and the aquatic habitats in these areas are similar to the 
habitats in the channel and left-bank portions of the river that comprise the rest of the study area 
of the CRC evaluation.  Likewise, the riparian portions of the Hanford Site shoreline include 
exposed sediment depositional areas that constitute a soil exposure route to mammals and birds, 
and so in those respects are similar to the downstream islands evaluated as part of this study.  
Food items consumed on the islands and riparian areas are expected to be similar, if not the 
same, for the two areas.  Because of the similarity in contaminants, habitat, exposure pathways, 
and receptor groups, the ecological studies conducted on the receptors in near-shore and 
Hanford Site riparian areas are used as an appropriate source of relevant information about 
potential effects in the remainder of the Columbia River in the Hanford Reach.  These studies are 
not constituent-specific, but evaluate the effects of site constituents in combination as they exist 
in the sources areas adjacent to the river. 
 
For this refinement, the many ecological tests conducted as part of the RCBRA are reviewed as 
needed to estimate potential effects on similar constituents and similar concentrations detected in 
the rest of the river.  Specifically, constituents with concentrations in Columbia River media 
(surface water, sediment, and island soil) similar to those in the portions of the river evaluated in 
the RCBRA are assumed to have effects similar to effects identified in the RCBRA ecological 
studies.  Thus, these studies provide a useful guide to potential effects of COPECs in the 
Columbia River. 
 
8.2.4 Evaluation of Reference Data 

As a final step, COPECs that exceed LOECs in Site data are also evaluated in Reference data by 
comparing Reference COPEC data to LOECs.  This evaluation helps put Site data in context 
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relative to non-Site-related areas, and is particularly useful for naturally occurring or 
anthropogenic constituents, which are often ubiquitous in the environment.  As described in 
Section 1.5, Reference locations in the Reference data set increase in number with increasing 
distance downstream, as the number of tributaries and wasteways entering the river increase.   
 
In the subsections that follow, each medium and receptor is reviewed in sequence according to 
the approach described above to obtain a more accurate assessment of the potential risk 
presented by COPECs with maximum HQs greater than 1.0. 
 
 
8.3 SURFACE WATER CONTAMINANT OF POTENTIAL 

ECOLOGICAL CONCERN REFINEMENT 

In Section 7.0, maximum concentrations of surface water constituents were evaluated relative to 
ecological NOECs for aquatic life.  A small number of COPECs had maximum concentrations 
exceeding the NOECs and therefore are evaluated further in the following sections. 
 
In the followings sections and throughout subsequent sections, frequent reference is made to 
individual samples.  In most cases, these samples are identified by their sample “designation,” 
which is the location identifier shown on the maps in Appendix A.  Several samples may be 
obtained from a single location, and these individual samples are distinguished by sample 
number.  For the purposes of most of the evaluations, however, the sample location, as 
represented by its designation number, is the characteristic of interest, so the designation will be 
the primary sample identifier used.  Samples collected prior to 2008 do not have a “designation” 
number and are referred to only by sample number. 
 
8.3.1 Surface Water Aquatic Life Contaminant of Potential Ecological  

Concern Refinement 

As described in Section 7.2.2, two or three COPECs in each sub-area exceeded NOECs in at 
least one sample.  These exceedances are examined in more detail below. 
 
8.3.1.1  100 Area Sub-Area Surface Water Contaminant of Potential Ecological Concern 
Refinement.  As summarized in Table 7-15, maximum concentrations of three COPECs in the 
100 Area Sub-Area exceeded NOECs:  chromium, lead, and mercury.  Table 8-2 provides 
additional details about all samples with concentrations of these COPECs greater than the 
NOEC.  The NOEC for each of these consists of chronic WQC, which also serves as the LOEC, 
as described previously.  
 
8.3.1.1.1  Chromium.  As shown in Table 7-1, only 1 sample out of 142 exceeded the WQC 
NOEC for unspeciated total chromium.  Chromium was not detected in 92 of the 142 samples 
collected.  The maximum concentration detected, 0.0973 mg/L, exceeded the WQC of 
0.064 mg/L.   
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The single sample (sample number B1KHR6, designation HL 1296) in which chromium 
exceeded the WQC was collected from the right bank of the river in 2006 at RM 379.11, which 
is at the downriver edge of the 100-N Reactor Area.  A chromium groundwater plume is present 
upriver of this reactor (Appendix A).  No other surface water samples collected between 2000 
and 2010 exceeded the WQC.  All reporting limits were below the WQC.   
 
Chromium concentrations in 100 Area Sub-Area surface water were consistent with Reference 
concentrations, as noted in Section 7.0 and shown in Appendix B1.  This suggests that any risks 
from chromium in surface water would be no greater than elsewhere on the river.  Reference data 
summary and LOEC comparison for chromium is shown in Table G-5 in Appendix G.  No 
surface water chromium concentrations exceeded WQC in 100 Area Sub-Area reference data. 
 
As noted previously, no separate LOEC value is provided for chromium, since the NOEC is a 
promulgated chronic WQC.  However, because chromium exceeded this value by a relatively 
small amount in only one sample in the last 10 years, and because the single exceedance 
occurred 5 years ago, chromium is not considered to present a current risk to aquatic receptors. 
 
8.3.1.1.2  Lead.  Lead exceeded the NOEC, a chronic WQC, in 1 of 142 surface water samples 
collected between 2000 and 2010.  The sample with the WQC exceedance (designated as 
J100K24, sample number J19HR7) was collected in January 2010 from the right bank of the 
river just upstream of the 100-N Reactor Area.  The detected concentration of 0.00432 mg/L 
(dissolved concentration) is greater than the WQC of 0.0021 mg/L.  Because the WQC is a 
promulgated WQC, no separate LOEC value is presented.   
 
This sample (sample number J19HR7) was a surface water sample collected as part of the 
groundwater upwelling investigation.  As such, it was collected from just above the sediment 
surface.  This sample was the only 1 of 18 such samples collected between RMs 379 and 381 
that recorded a detection of lead, but this sample also carried a B qualifier, which the laboratory 
indicates is equivalent to a “J” qualifier, which means that the result is below the reporting limit 
for the method and thus estimated.  None of the other 18 near-sediment surface water samples 
recorded either a detection above the reporting limit of 0.005 mg/L or an estimated (J-qualified) 
result below the reporting limit.   
 
A total of 70 samples had reporting limits greater than the WQC of 0.0021 mg/L.  All reporting 
limits were 0.005 mg/L or less.  However, none of these samples had nonquantified detections 
below the reporting limit (normally indicated by a J or B qualifier), suggesting that lead is not 
present even at trace concentrations in these samples.  The effects on the risk assessment of 
reporting limits higher than NOECs and LOECs are discussed further in the uncertainty analysis 
in Section 10.0.   
 
In addition, lead was statistically compared to Reference concentrations as part of COPEC 
selection in Section 3.0 (Appendix B1).  Lead was included as a COPEC because of its presence 
on the Inclusion List, but the statistical evaluation showed that lead concentrations in 100 Area 
Sub-Area surface water were consistent with Reference concentrations.  Thus, any risks would 
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be no greater than those in Reference areas.  No detected concentrations of lead in Reference 
data exceeded LOECs (Table G-5 in Appendix G). 
 
Because lead was detected in a single sample and was an estimated value, the detected value is 
not considered to be representative of typical near-sediment conditions.  Although reporting 
limits exceeded NOECs in other similar samples, the lack of other estimated (J-qualified) data 
below the reporting limit suggests that lower concentrations of lead, near the NOEC 
concentration, were not present.  For these reasons, the single detection of lead in surface water 
is not considered to be reflective of a potential risk to aquatic biota. 
 
8.3.1.1.3  Mercury.  Mercury was detected above the NOEC in one sample in 100 Area 
Sub-Area (Table 7-1).  As shown in Table 8-2, the exceedance occurred in sample J19HR8 from 
the location designated as KWIN Test 1 at RM 381.81 in front of the 100-K Area. 
 
The NOEC for mercury, 0.000012 mg/L, is the Washington State chronic WQC, which is based 
on tissue concentrations and the resulting effects on human health.  Potential effects on aquatic 
receptors may be estimated by comparison to the EPA chronic WQC for inorganic mercury of 
0.00077 mg/L, which is based on effects to aquatic life.  The detected concentration of mercury 
that is above Washington’s human-health-based WQC in the 100 Area Sub-Area was 
0.000081 mg/L, which is well below EPA’s aquatic life value.  The maximum concentration 
detected in Reference data was 0.000158 mg/L, which is higher than the maximum detected in 
the 100 Area Sub-Area (Appendix B1). 
 
Because mercury was detected above the NOEC in only one sample, and because the detected 
concentration was well below EPA WQC for the protection of aquatic life, no potential effects 
from mercury are expected.   
 
8.3.1.1.4  100 Area Sub-Area Surface Water Contaminant of Potential Ecological Concern 
Refinement Conclusion.  Closer evaluation of the characteristics of the three SLERA 
exceedances (chromium, lead, and mercury) indicates that none of them is likely to reflect a 
potential for risk to aquatic biota in 100 Area Sub-Area surface water.  Relatively low LOEC 
HQs combined with the single exceedance for each COPEC and other constituent-specific 
factors suggest that the observed concentrations are not representative of conditions likely to 
exert an adverse effect on aquatic receptors.  Concentrations of both chromium and lead are 
consistent with reference concentrations.  Mercury concentrations were well below EPA aquatic 
life WQC.  None of the COPECs are thus recommended for further evaluation for effects to 
aquatic biota. 
 
8.3.1.2  300 Area Surface Water Aquatic Life Contaminant of Potential Ecological Concern 
Refinement.  As illustrated in Table 7-2, three constituents (lead, nitrate, and nitrite) exceeded 
NOECs in at least one sample in the 300 Area Sub-Area.  Table 8-2 shows details of each sample 
with a concentration of these COPECs that exceeded a NOEC.  These COPECs are discussed in 
more detail below. 
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8.3.1.2.1  Lead.  As shown in Table 8-2, two samples exceeded the NOEC (a WQC) for lead.  
The first, sample number B1DM03 (designation HL 2118), was collected in September 2005 
from a location on the right bank of the river near the irrigation pump house at RM 343.01, about 
two-thirds of a mile south of the 300 Area.  The lead concentration in this sample was 
0.00556 mg/L, higher than the lead WQC of 0.0021 mg/L, producing a LOEC HQ of 2.6.  
The concentration of lead in the sample reflects total lead, not dissolved, and so may 
overestimate dissolved concentrations.  The lead WQC is expressed as a dissolved concentration. 
 
The second sample, B13LD5 (designation HL1140), was collected in December 2001 from the 
right bank of the river at RM 340.89 near the town of Richland.  This location is about 3.4 km 
(2.1 mi) south of the first sample and contained 0.00347 mg/L of lead, higher than the WQC of 
0.0021 mg/L.  The LOEC HQ for this sample is 1.7.  As with the first sample, sample 
concentrations reflect total concentrations of lead, not dissolved.  No dissolved sample was 
available. 
 
The low and infrequent detection of lead suggests that it is not a current, persistent, or 
widespread constituent in 300 Area Sub-Area surface water.  Both samples in which lead was 
detected were collected six or more years ago from urban areas, where lead is typically a 
common component of urban stormwater runoff.  Sample locations are widely separated in both 
space and time, and no sample concentration over the WQC has been detected in the 300 Area 
Sub-Area since 2005.  Although many reporting limits exceeded the WQC, no estimated 
(J-qualified) results were obtained at lower concentrations to suggest the presence of lead. 
 
As described previously, lead was statistically compared to Reference concentrations as part of 
COPEC selection in Section 3.0.  Lead was included as a COPEC because of its presence on the 
Inclusion List, but the statistical evaluation showed that lead concentrations in 300 Area 
Sub-Area surface water are statistically lower than in Reference locations (Appendix B1).  Three 
samples in the 300 Area Sub-Area Reference data set exceeded the WQC, and the maximum 
detected Reference concentration produced a LOEC HQ of 1.6, similar to the LOEC HQ of 1.7 
obtained from Site sample designation HL1140 (Table G-5 in Appendix G).  Thus, ecological 
risks from lead, if any, would be no greater and likely less than in the upriver or tributary areas 
used for the Reference evaluation. 
 
Thus, because the two historical NOEC exceedances of lead in 300 Area Sub-Area were detected 
6 and 10 years ago and did not exceed the WQC LOEC by large margins, the potential for lead to 
present a current risk to aquatic receptors is considered to be negligible.   
 
8.3.1.2.2  Nitrate.  Nitrate concentrations in surface water exceeded NOECs in 1 of 318 samples 
in the 300 Area Sub-Area (Table 7-1).  The one nitrate sample that exceeded the NOEC is 
sample B1D7L8 (designation HL 707), collected in June 2005 with a concentration of 
8.41 mg/L.  This concentration is well below the LOEC of 37.64 mg/L, producing a LOEC HQ 
of 0.2 (Table 8-2), which is below a level likely to be associated with significant effect.   
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8.3.1.2.3  Nitrite.  Nitrite exceeded the aquatic life NOEC in 8 of 314 surface water samples 
(Table 7-1).  As shown in Table 8-2, these eight samples produced LOEC HQs of 0.7 or less. 
 
The two samples that produced the highest LOEC HQs (0.7 and 0.6, respectively) are B1KFX2 
and B1KFW5.  Sample B1KFX2, collected in Richland at RM 340.39, contained 0.289 mg/L of 
nitrite, producing a LOEC HQ of 0.6.  As shown in Table 8-2, this sample was collected from the 
left side of the river.  Sample B1KFW5 (designation HL 573), collected at RM 359.74 in 
September 2006, had a concentration of 0.329 mg/L, producing a LOEC HQ of 0.7 when 
compared to the nitrite LOEC of 0.493 mg/L.  Both are well below the levels potentially 
associated with adverse effect.  
 
8.3.1.2.4  300 Area Sub-Area Surface Water Conclusion.  Three COPECs – lead, nitrate, and 
nitrite – exceeded NOECs and were evaluated further in this refinement.  Lead, which exceeded 
NOECs only in two historical samples from 2001 and 2005, is not expected to present a risk to 
aquatic receptors due to the low frequency of exceedance.  Concentrations of this COPEC in the 
300 Area Sub-Area are statistically lower than reference concentrations. 
 
Nitrate and nitrite concentrations in 300 Area Sub-Area surface water were all well below 
LOECs, producing LOEC HQs of 0.7 or less.  Little potential for adverse effects to aquatic biota 
is expected from exposure to these COPECs.  
 
8.3.1.3  Lake Wallula Sub-Area Surface Water Contaminant of Potential Ecological 
Concern Refinement.  A summary of Lake Wallula COPECs was presented in Table 7-1 and 
summarized in Table 7-2.  As shown in Table 7-1, only concentrations of mercury and uranium 
exceeded the NOEC in Lake Wallula surface water. 
 
8.3.1.3.1  Mercury.  Mercury exceeded NOECs in 1 of 42 samples collected from the 
Lake Wallula Sub-Area.  This one sample, J17V41, was collected from location designation 
MD-3SW behind McNary Dam in November 2008.  The concentration of mercury in this 
sample, 0.000062 mg/L, exceeded the NOEC of 0.000012 mg/L.  However, as described in 
Section 8.3.1.1.4, the NOEC for mercury, 0.000012 mg/L, is the Washington State chronic 
WQC, which is based on tissue concentrations and the resulting effects on human health.  
Potential effects on aquatic receptors may be estimated by comparison to EPA chronic WQC for 
inorganic mercury of 0.00077 mg/L, which is based on effects to aquatic life.  The detected 
mercury concentration of 0.000062 mg/L is well below EPA’s aquatic life value.   
 
Mercury, an Inclusion List compound, was also detected in Reference data in 37 of 103 samples.  
The maximum mercury concentration detected in Reference data was 0.000158 mg/L, which is 
well below EPA’s aquatic life criteria but significantly higher than the maximum concentration 
of 0.000062 mg/L detected in the Lake Wallula Sub-Area.  The Reference sample was collected 
from the Columbia River at location designation WP-2SW-F, just upriver of Wanapum Dam, 
and illustrates the potential for substantial contributions from offsite sources.   
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Because mercury was detected above the NOEC in only one sample, and because the detected 
concentration was well below EPA WQC for the protection of aquatic life, no potential effects 
from mercury are expected.   
 
8.3.1.3.2  Uranium.  Uranium exceeded the NOEC in a single surface water sample out of 
42 samples collected in the Lake Wallula Sub-Area.  As shown in Table 8-2, the sample 
(designation CP-1SW-F) was collected in November 2008 from the right bank of the river at 
RM 330.28.  This location is near Columbia Park, just upriver from the Highway 395 bridge 
between Kennewick and Pasco.  This sample contained 0.0125 mg/L of uranium, exceeding the 
NOEC of 0.005 mg/L.  This sample was collected in the fall of 2008; a sample collected in the 
spring of 2008 (June) contained no detectable concentrations of uranium.  No estimated 
(J-qualified) data, which indicate detections below the reporting limit, were recorded for 
uranium.  However, when compared to the LOEC of 0.03 mg/L, the detected concentration of 
uranium produced a LOEC HQ of 0.4.  This indicates that the detection is well below 
concentrations expected to exert an effect on aquatic organisms.  The LOEC used for this 
analysis was developed from several studies and is the 25th percentile of invertebrate toxicity 
data.   
 
Uranium is a common component of agricultural chemicals and is frequently detected in 
irrigation returns.  A sample from the Potholes Canal/Pasco Wasteway, which is across from the 
300 Area and is a Reference area for 300 Area and Lake Wallula Sub-Areas, contained 
0.0145 mg/L of dissolved uranium in the sample designated PC-1SW-F collected in 
October 2008.  The single detection of uranium in the urbanized stretch of river in the 
Tri-Cities area is not considered to be reflective of conditions likely to adversely affect aquatic 
organisms. 
 
8.3.2 Surface Water Contaminant of Potential Ecological Concern Refinement 

Conclusion 

A detailed evaluation of the COPECs exceeding NOECs in the risk calculation of Section 7.0 
showed that the magnitude and frequency of most exceedances were not likely to reflect a 
potential threat to aquatic organisms or amphibians.   
 
The findings of the refinement of surface water COPECs are summarized below. 
 

Sub-Area 

COPECs 
Not Retained 
for Further 
Evaluation 

Rationale 

COPECs 
Recommended 

for Further 
Evaluation 

Rationale

100 Area Chromium a Only one minor WQC LOEC exceedance in 
10 years of sampling. 

None 
Lead a Single low detection only; likely laboratory 

contamination. 
Mercury Single detection; concentration well below 

EPA chronic WQC for aquatic life. 
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Sub-Area 

COPECs 
Not Retained 
for Further 
Evaluation 

Rationale 

COPECs 
Recommended 

for Further 
Evaluation 

Rationale

300 Area Lead a Two low detections in exceedance of WQC 
LOECs in historical samples only. 

None 
Nitrate  All sample concentrations below LOEC. 
Nitrite  All sample concentrations below LOEC. 

Lake Wallula Mercury  Single NOEC exceedance by McNary Dam 
is well below EPA’s chronic WQC for the 
protection of aquatic life. 

None 
Uranium One NOEC exceedance only; not 

reproduced in seasonal replicate and below 
LOEC value. 

a Inclusion List compound with concentrations consistent with Reference concentrations. 

 
Risks to sediment biota are evaluated in the next section.  
 
 
8.4 SEDIMENT CONTAMINANT OF POTENTIAL ECOLOGICAL  

CONCERN REFINEMENT 

As discussed in Section 7.0, sediment was sampled extensively throughout the study area, and 
several constituents exceeded NOECs in one or more samples.  Because many metals and 
organics bind to sediment, the sediment matrix will accumulate constituents from a variety of 
sources over time, making clear associations with distinct sources or areas problematic.  This is 
particularly true for petroleum hydrocarbons, which are ubiquitous in sediments as the result of 
widespread use and discharge through both direct runoff from roads and paved surfaces, as well 
as aerial fallout from airborne particulates from engine and furnace exhaust.   
 
A detailed evaluation of sediment constituents exceeding NOECs is provided in the following 
subsections.  Sample locations are identified by designation number on the maps in Appendix A. 
 
8.4.1 Sediment Contaminant of Potential Ecological Concern Refinement 

In Section 7.3, sediment was evaluated relative to NOECs for the protection of sediment biota.  
Several metals and organics exceeded these NOECs in the 100 Area Sub-Area and Lake Wallula 
and are discussed in more detail in the following subsections. 
 
8.4.1.1  100 Area Sub-Area Sediment Contaminant of Potential Ecological Concern 
Refinement.  As shown in Table 7-3 and detailed in Section 7.3.2, the following three 
constituents exceeded NOECs in at least one sample: 
 
• Acetone (three exceedances) 
• Chromium (three exceedances) 
• Heptachlor epoxide (one exceedance). 
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In addition, the following Inclusion List compound was detected in sediment but has no NOEC 
or LOEC value: 
 
• Hexavalent chromium. 

Each of these is discussed in the following sections.  Details of samples are shown in Table 8-3.   
 
8.4.1.1.1  Acetone.  Acetone is a common laboratory contaminant associated with the extraction 
process used in sample preparation and therefore is frequently found in analytical samples as an 
artifact of analyses.  As shown in Table 8-3, acetone was detected in three samples, at location 
designations RBC-1SD, RKC2-1SD, and RNC-1SD.  These are located at the intake structures of 
the 100-B/C, 100-K, and 100-N Reactors, respectively.  All samples were collected from the top 
interval of shallow core samples and contained varying amounts of plant material. 
 
Samples contained between 0.0229 mg/kg and 0.0579 mg/kg of acetone, exceeding the NOEC of 
0.0087 mg/kg.  All results were J-qualified, meaning they were estimated values below the range 
of calibration for the method.  When compared to the acetone LOEC of 0.141 mg/kg, these 
concentrations produced LOEC HQs of between 0.2 and 0.4, suggesting a low potential for 
effects on sediment organisms. 
 
Acetone is a small molecule that is relatively soluble and quickly degraded in nature.  While it 
can be produced naturally in highly organic sediment, it is also considered to be a common 
laboratory contaminant by EPA (EPA/540/1-89/002, Risk Assessment Guidance for Superfund 
Volume I Human Health Evaluation Manual [Part A], Interim Final).  Acetone is frequently 
used in the analytical laboratory as a solvent and for cleaning glassware.  It is absorbed by the 
methanol during sample handling and processing.  The low concentrations detected in these 
samples may reflect contributions from either source but are unlikely to reflect a historical 
release because acetone does not persist for long periods in nature. 
 
Thus, because the detected concentrations are well below LOECs and have a high probability of 
resulting from laboratory or field-extraction procedures, no additional investigation of this 
COPEC is recommended. 
 
8.4.1.1.2  Chromium.  Chromium was detected above sediment NOECs in three sediment 
samples collected during the groundwater upwelling investigation along the right bank of the 
river.  Sample designation T100D3A from RM 377.72 is located along the right edge of the river 
just upriver of the 100-D Reactor Area boundary.  This sample contained 122 mg/kg of 
chromium.  The sample designated as J100H43 was collected from in front of the White Bluffs 
townsite and contained 275 mg/kg of chromium.  Sample designation J100F11 was collected 
from the right edge of the river in front of the 100-F Reactor Area and contained 151 mg/kg of 
chromium. 
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Chromium concentrations in these three samples all exceeded the NOEC of 72 mg/kg.  All 
detected concentrations also exceeded the LOEC of 88 mg/kg, producing LOEC HQs ranging 
from 1.4 to 3.1.  The LOEC HQ of 3.1 suggests that concentrations are in the range where 
adverse effects are possible.   
 
The LOEC value used for chromium is a cleanup screening level from Michelsen (2011) that 
identifies a potential effect level based on correlations in data sets obtained from locations 
throughout the Pacific Northwest.  Whether toxicity occurs at any one site is a function of a 
variety of sediment and site factors, which can combine to increase or decrease the likelihood of 
toxicity by altering the bioavailability of contaminants or other factors.  Thus, toxicity tests on 
site-specific sediment samples are normally prescribed to determine whether the toxicity 
suggested by the CSL exceedance will in fact occur in the sediment under investigation.  These 
studies were implemented by the RCBRA program, and the results can be used to estimate the 
potential for effect from the chromium concentrations detected in the RI samples. 
 
As right-bank samples, the RI sediment samples were collected in the area similar to that 
investigated by the RCBRA, so the results of the RCBRA studies were reviewed for comparison, 
as described in Section 8.2.  Chromium concentrations in shallow sediment evaluated in the 
RCBRA study ranged from 3.3 to 286 mg/kg.  Remedial investigation chromium concentrations 
in the 100 Area Sub-Area spanned a similar range, from 5.9 to 275 mg/kg (Table 7-3).   
 
As part of the RCBRA studies, sediment dwelling biota in the near-shore area were evaluated by 
Hyalella bioassays, which were conducted with sediment collected from areas within discharging 
chromium groundwater plumes.  No relationship was observed between Hyalella survival and 
growth and chromium concentrations; rather, grain size and selenium concentrations appeared to 
influence organism response.  However, the concentration of chromium in the sediment tested 
were less than 50 mg/kg, so did not encompass the range detected in CRC sediments.  Thus, 
these results do not fully determine whether concentrations in CRC sediments could adversely 
affect sediment biota.   
 
Reference evaluations of sediment chromium conducted as part of COPEC selection in 
Section 3.0 showed that chromium concentrations in 100 Area Sub-Area sediment are 
statistically consistent with those of Reference concentrations (Appendix B1).  Chromium was 
detected in all 64 100 Area Sub-Area Reference sediment samples, with a maximum detected 
concentration of 93 mg/kg.  Four Reference samples exceeded the LOEC of 88 mg/kg 
(Table G-6 in Appendix G).  Chromium was included as a COPEC because it is an Inclusion List 
constituent, but risks from this constituent, if any, are likely to be no different than in upriver 
area or tributary sediments used for the Reference analysis. 
 
Chromium is a known Hanford Site contaminant and is present in groundwater at the 100-K, 
100-D, and 100-H Areas and throughout the Horn area.  As described above, detected 
concentrations of total chromium (which includes trivalent chromium) are similar to Reference 
areas, so the extent to which detected concentrations arise from Hanford Site activities is unclear.  
However, any further evaluation of chromium in 100 Area Sub-Area sediment will be 
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undertaken as part of the River Corridor RI/FS programs.  The River Corridor Operable Unit 
RI/FSs will evaluate the nature and extent, CSM, and fate and transport of COPECs identified in 
the CRC to determine if contamination in the river is potentially from the OU being evaluated 
and, based on this assessment, will evaluate the potential need for further study or remedial 
action at that OUs.   
 
8.4.1.1.3  Heptachlor Epoxide.  Heptachlor epoxide was detected in a single sediment sample 
(out of 45) collected along the left shoreline of the river, on the left side of Locke Island.  This 
sample, designated LI-1SD, was collected in December 2008 and contained 0.0318 mg/kg of 
heptachlor epoxide, which exceeded the NOEC of 0.0025 mg/kg.  When compared to the LOEC 
of 0.016 mg/kg, a LOEC HQ of 2.0 is produced, suggesting that concentrations are above those 
associated with observed effects.  Heptachlor epoxide was not detected in Reference samples 
(Appendix Table G-2). 
 
According to the Agency for Toxic Substances and Disease Registry, heptachlor was used 
extensively until 1988 for killing insects in homes, buildings, and on food crops.  Currently, it 
can only be used for fire ant control in power transformers.  Heptachlor epoxide is produced as a 
breakdown product of heptachlor by bacteria and animals and is more likely to be found in the 
environment than heptachlor. 
 
Because heptachlor epoxide was only detected in a single sample and is commonly detected in 
developed areas, no additional investigation of this COPEC is recommended.  Extensive 
agriculture in upriver areas is a likely potential source for the detected concentration.   
 
8.4.1.1.4  Hexavalent Chromium.  Hexavalent chromium is present in Site groundwater at 
several locations on the Hanford Site and was detected in sediment in 31 of 117 locations in the 
100 Area Sub-Area.  The maximum concentration of 7.38 mg/kg was detected in sample 
J17WJ9, from location designation LI-1SD.  This location was from RM 372.74, on the left side 
of the river opposite Locke Island and the 100-H Area, just past the bend in the river known as 
“The Horn.”   
 
Because hexavalent chromium is highly soluble, nearly all of the current Hanford Site-related 
hexavalent chromium measured in sediment is associated with interstitial porewater originating 
in Hanford Site groundwater.  Hexavalent chromium may also arise from offsite sources and was 
detected at a concentration of 0.958 mg/kg upriver of Priest Rapids Dam (Table G-2 in 
Appendix G).  Chromium exists in groundwater at the 100-K Area, the 100-D Area, and 
throughout the Horn Area as well as at the 100-H Area.  As noted previously, any further 
evaluation of hexavalent chromium in 100 Area Sub-Area sediment will be undertaken as part of 
the River Corridor RI/FS programs.  The River Corridor Operable Unit RI/FSs will evaluate the 
nature and extent, CSM, and fate and transport of COPECs identified in the CRC to determine if 
contamination in the river is potentially from the OU being evaluated and, based on this 
assessment, will evaluate the potential need for further study or remedial action at that OU.  
Thus, no further investigation of hexavalent chromium is recommended as part of the CRC risk 
assessment program.   
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8.4.1.1.5  100 Area Sub-Area Sediment Contaminant of Potential Ecological Concern 
Refinement Conclusion.  Based on this Refinement, no further investigation is recommended 
for acetone or heptachlor epoxide.  Acetone is a likely artifact of laboratory or field extraction.  
Heptachlor epoxide was detected in a single location at a concentration well below LOEC 
concentrations.  These COPECs are thus considered to have little potential for adverse effect. 
 
Chromium concentrations at three locations exceed LOECs, with a maximum LOEC HQ of 3.1, 
but are consistent with Reference concentrations.  Any further evaluation of the source, 
distribution, and need for further study or remedial action will be undertaken as part of the 
River Corridor RI/FS programs.   
 
8.4.1.2  300 Area Sub-Area Sediment Contaminant of Potential Ecological Concern 
Refinement.  As described in Section 7.3.2, none of the COPECs exceeded NOECs in the 
300 Area Sub-Area sediment.  Hexavalent chromium was detected, but has no NOEC or LOEC 
value.  This COPEC is discussed further below. 
 
8.4.1.2.1  Hexavalent Chromium.  As described in Section 8.4.1.1.5, hexavalent chromium is 
present in groundwater at several locations on the Hanford Site and was detected in sediment in 
28 of 133 locations in the 300 Area Sub-Area.  The maximum concentration of 17.3 mg/kg was 
detected from the slough in back of Savage Island, at sample designation SI-10SD.  As described 
previously, no NOECs or LOECs are available by which to assess toxicity of detected hexavalent 
chromium.  As noted previously, however, any further evaluation of hexavalent chromium in 
sediment will be undertaken as part of the River Corridor RI/FS programs.  The River Corridor 
Operable Unit RI/FSs will evaluate the nature and extent, CSM, and fate and transport of 
COPECs identified in the CRC to determine if contamination in the river is potentially from the 
OU being evaluated and, based on this assessment, will evaluate the potential need for further 
study or remedial action at that OU. 
 
8.4.1.2.2  300 Area Sub-Area Sediment Contaminant of Potential Ecological Concern 
Refinement Conclusion.  No sediment COPECs in the 300 Area Sub-Area exceeded NOECs.  
However, hexavalent chromium, which has no NOEC or LOEC, was detected in 28 300 Area 
Sub-Area sediments.  Any further specific evaluation of the source, distribution, and need for 
further study or remedial action will be undertaken as part of the River Corridor RI/FS programs.  
 
8.4.1.3  Lake Wallula Sub-Area Sediment Contaminant of Potential Ecological Concern 
Refinement.  Sediment in Lake Wallula was discussed in Section 7.3.2 and summarized in 
Table 7-3.  As described in that section, the following COPECs exceeded NOECs in at least one 
sample: 
 
• Alpha-BHC (4 exceedances) 
• Chromium (4 exceedances) 
• Phosphorus (95 exceedances) 
• Silver (4 exceedances) 
• Thallium (1 exceedance) 
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• Toluene (1 exceedance) 
• TPH-diesel range (1 exceedance). 

 
In addition, hexavalent chromium was detected in two sediment samples from the Lake Wallula 
Sub-Area.  As discussed previously, no NOEC or LOEC is available for hexavalent chromium; 
therefore, the potential effects of this COPEC in sediment cannot be evaluated.   
 
Hexavalent chromium was detected in 2 of 52 sediment samples from Lake Wallula.  The first 
sample, J189C7, was collected from the location designation BL-9SSD (RM 334) on the 
right-side shoreline just below Bateman Island in 2009; this sample contained 1.73 mg/kg of 
hexavalent chromium.  The second was sample J189T1 from location designation HR-8SSD, 
which is along the shoreline of inlets at Hat Rock State Park at RM 298.  The concentration in 
this sample was 0.51 mg/kg.   
 
At the Hanford Site, hexavalent chromium originates from the discharge of Site groundwater in 
100 and 300 Area Sub-Areas and therefore is present in the interstitial porewater of sediment.  
However, in surface water hexavalent chromium readily converts to trivalent chromium 
(Chromium IV Handbook [Guertin et al. 2005]), so does not typically persist in aerobic 
environments in hexavalent form.  The Lake Wallula sediment samples with detected hexavalent 
chromium were collected at locations that were 14.5 km (9 mi) and 72 km (45 mi), respectively, 
downriver from the southern edge of the 300 Area at RM 343, so are well below any influence 
from Hanford Site groundwater.  Detected concentrations may reflect off-site sources, since 
hexavalent chromium has been detected in Reference sediment samples from both the Snake and 
Walla Walla Rivers (see Appendix E).  For these reasons, hexavalent chromium in Lake Wallula 
sediments will not be retained for further evaluation.  
 
Lake Wallula differs significantly from upstream areas in both sediment characteristics and the 
sampling program.  Key differences that are relevant to the interpretation of sediment analytical 
results are as follows: 
 
• Lake Wallula is a quiescent water body that lies downstream of both the Hanford Reach and 

the Tri-Cities urban areas, as well as the confluences of the Yakima, Snake, and 
Walla Walla Rivers.  It thus receives contributions from a wide variety of anthropogenic 
sources and serves as an accumulation point for sediment-bound organics and inorganics 
arising from all of those areas. 
 

• Because of the reduced flow, Lake Wallula sediment contains a greater amount of 
constituent-binding fine-grained sediments and carbon than upriver areas.  Average total 
organic carbon (TOC) from within Lake Wallula is 0.75%, over twice that of 100 and 
300 Area Sub-Areas, which average 0.28% and 0.32% TOC, respectively.  Thus, organic and 
some inorganic constituents will more readily bind to and accumulate within Lake Wallula 
sediments than in the lower TOC and more coarse-grained upriver areas. 
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• Remedial investigation sampling within Lake Wallula focused on depositional and source 
areas such as marinas, so is biased towards areas of potential contaminant release as well as 
enhanced sediment retention.  Specific sampling efforts focused on the Cascade Marina, 
Columbia Point Marina, and Clover Island berthing area, where boat motors and fuel 
transfers present a continuing potential source of petroleum hydrocarbons.  The average TOC 
in these marina samples is 1.95%, over twice the average for Lake Wallula and over six times 
the average for the 100 Area and 300 Area Sub-Areas.  The ability of these sediments to bind 
organics and some inorganics is much higher than elsewhere. 

 
Thus, because of these unique sediment characteristics, many constituents are detected only in 
Lake Wallula or are detected at concentrations higher than the Upriver Sub-Areas. 
 
Contaminants of potential ecological concern exceeding NOECs in Lake Wallula sediment are 
discussed individually in the following subsections.  Details of exceedances are provided in 
Table 8-5. 
 
8.4.1.3.1  Alpha-BHC.  Alpha-BHC is a component of lindane, an agricultural insecticide 
formerly used on fruit, vegetables, and forest crops.  The insecticidal ingredient in lindane is 
gamma-BHC, but all isomers were included in the technical grade of the product (ATSDR 2010).  
Lindane has not been used in more than 20 years, but BHC isomers are still frequently detected 
in surface waters in agricultural areas. 
 
As shown in Table 7-3, alpha-BHC was detected in 7 of 94 samples collected in the 
Lake Wallula Sub-Area.  Four samples exceeded the NOEC of 0.006 mg/kg.  Concentrations 
ranged from 0.011 mg/kg to 0.0352 mg/kg, and all of these samples were collected from the 
Columbia Point Marina.  However, all detected concentrations were well below the LOEC of 
0.24 mg/kg, producing LOEC-based HQs ranging from 0.05 to 0.1. 
 
Because these concentrations are well below levels potentially associated with adverse effects 
and because alpha-BHC is very likely a historical residual from agricultural practices in upriver 
areas, this COPEC is not recommended for further evaluation. 
 
8.4.1.3.2  Chromium.  Chromium was detected in all 144 samples in Lake Wallula and 
exceeded NOECs in 4 of them.  Concentrations of these four samples ranged from 72.8 to 
80.5 mg/kg, exceeding the NOEC of 72 mg/kg.  However, none of these samples exceeded the 
LOEC of 88 mg/kg, producing LOEC HQs of 0.8 and 0.9.   
 
Chromium was also detected in all of the 124 Reference sediment samples for the Lake Wallula 
Sub-Area and exceeded the NOEC in 14 of them (Appendix G, Table G-2).  The maximum 
concentration detected in the Reference data, 93 mg/kg, was collected from near the 
Priest Rapids Dam and is higher than all the concentrations detected in the Lake Wallula 
Sub-Area.   
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Chromium is not recommended for further evaluation because the four concentrations that 
exceeded the NOEC of 72 mg/kg are below the LOEC (88 mg/kg) and are also consistent with 
Reference concentrations. 
 
8.4.1.3.3  Phosphorus.  Phosphorus is a natural component of sediments and a key ingredient of 
agricultural and lawn fertilizers.  It is also present in high concentrations in waterfowl feces, 
which are often implicated in the eutrophication of ponds and water bodies frequented by geese 
or other waterfowl. 
 
Every 1 of the 106 sediment samples considered in the evaluation of the Lake Wallula Sub-Area 
contained this constituent.  Ninety-five of these samples exceeded the NOEC of 600 mg/kg.  
However, all but two samples contained concentrations well below the LOEC value of 
2,000 mg/kg.  In addition, all 74 of the Reference samples contained phosphorus, from 388 to 
1,000 mg/kg, reflecting its widespread presence in the watershed.   
 
The two samples with LOEC exceedances were collected from the sheltered waters of the boat 
basin of Cascade Marina.  These samples, designated CM-4SD and CM-4SD-RES, contained 
2,990 mg/kg and 2,200 mg/kg of phosphorus, respectively, slightly exceeding the LOEC of 
2,000 mg/kg.  The LOEC value used for this evaluation is from the Ontario Ministry of the 
Environment, and reflects a “severe effects level” for benthic organisms.  The samples were 
composed of the top 5 cm (2 in.) of silt on the surface of the sediment. 
 
The Cascade Marina is located adjacent to the 1.4-ha (3.5-ac) Schlagel Park.  Fertilization of the 
park lawns and basin use by waterfowl may be current sources of phosphorus in surface 
sediment. 
 
Although phosphorus concentrations exceed LOECs in these two samples, no further evaluation 
of phosphorus in this area is recommended.  Conditions in the sediment are considered to reflect 
routine anthropomorphic impacts as the result of surrounding urban and recreational land use, as 
well as local use by waterfowl, rather than historical releases from upriver sources. 
 
8.4.1.3.4  Silver.  Silver was analyzed for in 128 Lake Wallula sediment samples, detected in 
23 samples, and found to exceed the NOEC in 4 samples collected in 2003 from just upstream of 
McNary Dam (Survey of Potential Hanford Site Contaminants in the Upper Sediment for the 
Reservoirs at McNary, John Day, The Dalles, and Bonneville Dams, 2003 [DOH et al. 2005]).  
The silver concentration in these four samples ranged from 1.2 mg/kg (B17B67 and B17B57) to 
2.5 mg/kg (B17B60).  Comparison of these concentrations to the equivalent silver LOEC value 
(1.7 mg/kg) produced LOEC HQs of 1.1 in sample B17B65 and 1.5 in sample B17B60.  Lowest 
observed effect concentration HQs for the other two samples were both 0.7.  Silver was also 
present in 24 of 98 Reference samples, although concentrations in none of them exceeded 
NOECs (Table G-2 in Appendix G ).   
 
Historically, silver was widely used in photographic materials, bearing production, and 
fungicides.  It continues to be used in electrical and electronic products, silver paints, batteries, 
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brazing alloys, and solders, as well as in jewelry and electroplated and sterling silverware.  It is 
also used medically as an antibacterial agent (ATSDR 2010). 
 
Because silver exceeded LOECs in only 2 of 128 sediment samples in Lake Wallula and because 
the magnitude of the LOEC exceedances were relatively small (1.5 and less), these detections are 
not considered likely to present a significant potential for risk to sediment biota.  As an urban 
contaminant, silver has a variety of possible sources in the watershed of Lake Wallula, and the 
accumulated sediments behind McNary Dam reflect both historical and recent discharges from 
upstream areas.  More recent and representative data from 2004 to 2010 showed no exceedances 
of silver in Lake Wallula sediments.  For these reasons, no further evaluation of this constituent 
is considered to be necessary. 
 
8.4.1.3.5  Thallium.  Thallium, found naturally in trace metals in the earth’s crust, is used in the 
manufacture of electronic devices, switches, and closures, primarily for the semiconductor 
industry.  Prior to 1984 it was obtained domestically as a by-product of smelting, although all 
current supplies are imported (ATSDR 2010).  Thallium is released to the environment through 
coal-burning power plants, smelting operations, and cement plants (ATSDR 2010). 
 
Thallium was detected in 38 of 128 sediment samples collected from the Lake Wallula 
Sub-Area.  Only one sample exceeded the NOEC of 2.6 mg/kg.  This sample, J180T5 
(designation CM-4SD), was collected from the boat basin of Cascade Marina in December 2008 
and contained 3.12 mg/kg of thallium.  No LOEC is available for this COPEC.  Thallium was 
also detected in 27 of the 98 Reference samples analyzed for this COPEC, although none of them 
exceeded NOEC values.  
 
Sample J180T5 was collected from within an area of high and continuing anthropomorphic 
contributions from multiple sources.  The presence of the constituent in the Cascade Marina 
basin may be related to the high organic content of sediments typically found in sheltered harbor 
settings.   
 
Because concentrations of thallium only slightly exceeded NOECs in only a single sample, little 
potential for adverse effect is expected, and no further investigation of this constituent is 
recommended. 
 
8.4.1.3.6  Toluene.  Toluene was the only VOC detected in Lake Wallula Sub-Area sediment.  
As shown in Table 7-3, this COPEC was detected in 1 of 75 samples, and this single detection 
exceeded the NOEC.  This sample, designated 300D-4SD, was collected on the left bank of the 
river, opposite the southern tip of Nelson Island in Richland.  
 
The 0.185 mg/kg of toluene detected at this location exceeded the NOEC of 0.05 mg/kg.  
However, this concentration is well below the LOEC, producing a LOEC HQ of 0.04.  This 
suggests that little potential for adverse effects exists from the detected concentration. 
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Thus, because toluene was detected in a single sample only at a concentration well below a level 
associated with observed effects, no further evaluation of this COPEC is recommended. 
 
8.4.1.3.7  Total Petroleum Hydrocarbons–Diesel.  Total petroleum hydrocarbons-diesel was 
analyzed in 69 sediment samples in the Lake Wallula Sub-Area and detected in 17 samples.  One 
TPH-diesel sample concentration exceeded the NOEC of 340 mg/kg; however, this sample 
concentration was below the LOEC of 510 mg/kg, producing a LOEC HQ of 0.7.  This sample 
(J180P3, designated CPM-2SD) was collected from the Columbia Point Marina.   
 
Because this concentration is well below the level potentially associated with adverse effects and 
because this sample was collected in an area of high petroleum use, no further evaluation of 
TPH-diesel in the Lake Wallula Sub-Area is recommended. 
 
8.4.2 Summary of Sediment Contaminant of Potential Ecological Concern Refinement 

As a result of this refinement, chromium in the 100 Area Sub-Area and hexavalent chromium in 
100 and 300 Area Sub-Areas are retained for further evaluation.  Coordination with the RCBRA 
program is recommended for further evaluation of chromium.  No COPECs are retained for 
evaluation in the Lake Wallula Sub-Area.  
 
The conclusions of the LOEC evaluation of sediment are summarized in the following table. 
 

Sub-Area 

COPECs Not 
Retained for 

Further 
Evaluation 

Rationale 

COPECs 
Recommended 

for Further 
Evaluation 

Rationale 

100 Area Acetone  • All detections well below  
 LOECs 
• Common laboratory and  
 field extraction contaminant. 

Chromium a Exceeded LOECs in three 
samples.  Concentrations in 
CRC study area consistent 
with Reference.   

Heptachlor 
epoxide 

Single sample; LOEC HQ of 
2.0, but multiple agricultural 
sources.  

Hexavalent 
chromium 

No NOECs or LOECs 
available; known Site 
contaminant.   

300 Area None Hexavalent 
chromium  

Known Site contaminant; 
no NOEC or LOEC toxicity 
data available.  

Lake Wallula Alpha-BHC Formerly used agricultural 
insecticide; concentrations well 
below LOECs. 

None 

Chromium Four NOEC exceedances are 
below the LOEC and consistent 
with Reference concentrations. 

Phosphorus Common nutrient, ubiquitous 
in sediment samples; two 
LOEC exceedances in marina 
sediments may reflect typical 
urban land use. 
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Sub-Area 

COPECs Not 
Retained for 

Further 
Evaluation 

Rationale 

COPECs 
Recommended 

for Further 
Evaluation 

Rationale 

Silver Minor LOEC exceedances in 2 
of 128 samples:  LOEC HQs of 
1.1 and 1.5.  Samples were 
from 2003; more recent data 
from 2004 to 2010 showed no 
exceedances.  Common urban 
contaminant.   

Thallium Concentration only slightly 
exceeded NOECs in a single 
sample from a marina basin.  

Toluene Single NOEC exceedance only; 
value well below LOEC. 

TPH-diesel One NOEC exceedance located 
at marina; concentration well 
below LOEC. 

Hexavalent 
chromium  

Two detections 14.5 km (9 mi) 
to 72 km (45 mi) below the 
Hanford Site; likely from 
off-site sources. 

a Inclusion List compound with concentrations determined by statistical or qualitative evaluation to be consistent with or 
lower than Reference concentrations. 

 
 
8.5 POREWATER CONTAMINANT OF POTENTIAL ECOLOGICAL  

CONCERN REFINEMENT 

Porewater COPECs at each of the seven groundwater OUs were compared to NOECs in 
Section 7.4.  Consistent with the approach for other media, samples with concentrations that 
exceed NOECs are compared to LOECs in this section.  Significant dilution typically occurs in 
the upper sediment layers, so concentrations in shallow sediment are expected to be substantially 
less than in porewater.  However, the comparison of porewater to LOECs is nonetheless useful 
for identifying the type and location of COPECs that are entering the sediment at ecologically 
significant concentrations, as well as for approximating relative potential for effects on the 
aquatic receptors that do exist at that depth.  To this end, the results of the porewater analysis are 
presented below, with details presented in Table 8-6.  Scatterplots that illustrate visually the 
distribution of porewater results by river mile and OU are included in Appendix C. 
 
At each groundwater OU, from 0 to 31 samples exceeded LOECs for at least one COPEC.  As 
described in Section 7.4, the NOECs for metals were based on a hardness of 100 mg/L CaCO3, 
rather than 84 mg/L used elsewhere, to reflect the groundwater origin of porewater.  For most of 
the COPECs listed (aluminum, chromium, hexavalent chromium, lead, mercury, and selenium) 
detected concentrations were compared to state or federal WQC, which serve as both NOECs 
and LOECs for these constituents.    
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Also, as noted in Section 7.4, the evaluation of all metals except hexavalent chromium is based 
on the dissolved fraction of metals only, since this is the mobile and bioavailable form of most 
metals (EPA 120/R-07/001, Framework for Metals Risk Assessment), and is also the form upon 
which most water quality criteria are based.  Both total and dissolved samples were used for 
hexavalent chromium in this analysis.  In addition, total concentrations were used for the 
evaluation of the anionic compounds nitrate, nitrite, phosphate, sulfate, and chloride.   
 
In addition, the WQC value used for chromium is the value for total chromium, which includes 
both trivalent and, if present, the more toxic hexavalent form.  Since hexavalent chromium has 
been detected in both Hanford Site groundwater and porewater, most of the chromium in total 
chromium samples is expected to be hexavalent chromium.  Hexavalent chromium has a 
separate, lower WQC than total chromium.  For this reason, the chromium data from porewater 
were compared separately to hexavalent WQC to assess conditions in the event that the 
porewater is dominated by hexavalent chromium.  That analysis is shown in Tables 8-7 and 8-8.   
 
8.5.1 100-BC-5 Operable Unit Porewater 

As shown in Table 8-6, sample J19F46 from location designation T100BC3C (in the middle of 
the river) contained dissolved aluminum above the chronic WQC of 0.087.  In addition, 
19 samples contained hexavalent chromium above the chronic WQC of 0.01 mg/L, and sample 
J19H10 from location designation T100BC1J1 (from the 100 B/C intake) contained dissolved 
lead at concentrations exceeding the chronic WQC of 0.0025 mg/L.  Maximum LOEC HQs 
produced were 4.8 for J19F46 (aluminum), 11.0 for hexavalent chromium, and 1.9 for J19H10 
(lead).  Total aluminum concentrations (see data in Appendix E) in the 100-B/C Area ranged up 
to 10.2 mg/L and reflect normal turbidity in unfiltered groundwater.  Total aluminum results are 
illustrated along with the results for dissolved aluminum in Appendix C.  Nitrate concentrations 
exceeded NOECs in three samples, but none exceeded LOEC values, with detected 
concentrations producing a maximum LOEC HQ of 0.6. 
 
As discussed in Section 7.4.1, chromium was detected in seven of eight porewater samples 
collected from this OU.  No sample concentrations exceeded the total chromium NOEC, a WQC.  
As shown by Table 8-7, three of these samples exceeded hexavalent chromium chronic WQC, 
which, like other WQC, serve as both NOEC and LOEC in this evaluation.  Samples contained 
from 0.0102 mg/L to 0.0236 mg/L of total chromium, which produced LOEC HQs of from 
1.0 to 2.4 when compared to the hexavalent chromium WQC of 0.010 mg/L (Table 8-8).  All 
samples were collected from in front of the 100-B/C Area, where chromium has been detected in 
groundwater (Table 8-8).  As noted previously, most total chromium samples are expected to 
consist of hexavalent chromium.   
 
8.5.2 100-KR-4 Operable Unit Porewater 

Hexavalent chromium in 14 samples and manganese in a single sample exceeded LOECs at this 
OU (Table 8-6).  Samples were collected from in or on the edge of a known groundwater 
chromium plume.  Detected hexavalent chromium concentrations ranged between 0.01 (J100K9) 
and 0.056 mg/L (J19HJ8), exceeding the WQC of 0.01 mg/L and producing LOEC HQs ranging 
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from 1 to 5.6.  The detected manganese concentration of 2.13 mg/L was collected from location 
designation K Intake Test 3A and exceeded the LOEC of 1.31 mg/L by a small margin, 
producing a LOEC HQ of 1.6.  The manganese LOEC is not a WQC, but was derived from a 
literature value.  Nitrate concentrations, which exceeded NOECs in four samples, did not exceed 
LOECs.  The maximum nitrate LOEC HQ was 0.5.   
 
Total chromium was detected in four of the five dissolved metals porewater samples collected 
from the 100-KR-4 OU (Table 8-7).  No samples exceeded total chromium WQC, but all four 
samples exceeded the hexavalent chromium WQC, producing LOEC HQs ranging from 1.6 to 
6 mg/L (Table 8-8).   
 
Detected concentrations of total chromium ranged from 0.0164 mg/L to 0.0595 mg/L and 
increased with distance downstream from 100-K Area.  Samples from location designations 
KWIN Test 1 and T100K1C were collected at or in the channel in front of the 100-K western 
intake.  Concentrations were 0.0164 and 0.0288 mg/L respectively, producing hexavalent 
chromium LOEC HQs of 1.6 and 2.9.  The sample from location designation T100K3A was 
collected from the right side of the river just downriver from the 100-K Area and contained 
0.0567 mg/L of total chromium, producing a hexavalent chromium LOEC HQ of 5.7.  The last 
sample, from location designation J100K24, was collected from just upriver of the 100-N Area.  
This sample contained 0.0595 mg/L of total chromium, producing a hexavalent chromium HQ 
of 6.0.   
 
8.5.3 100-NR-2 Operable Unit Porewater 

Hexavalent chromium in a single sample in porewater at the 100-NR-2 OU exceeded WQC.  The 
detected total concentration of 0.026 mg/L in sample J19JR6 from designation T100N1A 
produced a LOEC HQ of 2.6 when compared to the WQC of 0.01 mg/L (Table 8-6).  Dissolved 
chromium was detected in all five samples in which it was analyzed, but detected concentrations 
were below both the total chromium and the hexavalent chromium WQC (Table 8-7).  
 
All five nitrate samples that exceeded NOECs at this OU also equaled or exceeded LOECs, 
producing LOEC HQs of from 1.0 to 3.6 when compared to the LOEC of 37.6 mg/L.  Detected 
concentrations in porewater ranged from 36.5 mg/L to 134 mg/L.   
 
8.5.4 100-HR-3 Operable Unit Porewater 

Seven COPECs consisting of aluminum, chromium, hexavalent chromium, lead, manganese, 
nickel, and nitrate at 100-HR-3 contained concentrations that approximately equaled or exceeded 
WQC or LOECs (Table 8-6).  Sample J19J70 from location designation T100D3A at the 
100-D Intake area contained concentrations of aluminum, hexavalent chromium, lead, 
chromium, and nitrate in excess of WQC or LOECs.  Lowest observed effect concentration HQs 
at this location were 5.5 for aluminum, 33.0 and 64.0 for hexavalent chromium, 2.7 for lead, 
8.4 for total chromium, and 1.2 for nitrate.  These were the highest HQs for this OU.  
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Chromium exceeded WQC at two locations (including T100D3A above), with concentrations 
producing LOEC HQs of 1.1 and 8.4.  Hexavalent chromium (both total and dissolved) exceeded 
WQC in 31 samples, with LOEC HQs ranging from 1.0 to 64.  Lead concentrations exceeded 
WQC at two locations, producing LOEC HQs of 1.0 and 2.7 (Table 8-6).   
 
Manganese concentrations, which exceeded NOECs in two samples, did not exceed LOECs in 
either of them.  The maximum manganese LOEC HQs was 0.6.  Likewise, nitrate exceeded 
NOECs in nine samples, but only one of them, sample J19J66 from designation T100D3A 
(discussed above), slightly exceeded LOECs; the detected concentration of 44.2 mg/L nitrate 
produced a LOEC HQ of 1.2 (Table 8-6).   
 
Nickel was detected at one location designated T100D1A (sample J19J68) at a concentration of 
0.0518 mg/L, which produced an HQ of 1.0 (as the result of rounding) when compared to the 
WQC of 0.052 mg/L.  However, the concentration of nickel in the other 10 samples in which it 
was detected ranged from 0.000561 mg/L to 0.00375 mg/L, concentrations well below the WQC 
of 0.052 mg/L.   
 
Although only 2 of the 11 chromium samples collected exceeded the total chromium WQC, 
6 samples exceeded the lower WQC for hexavalent chromium (Table 8-7).  Five of these 
samples were collected from the right shoreline directly in front of or just upriver of the 
100-D Area (Table 8-8).  Four of these five samples contained chromium concentrations ranging 
from 0.0131 to 0.0825 mg/L, producing a hexavalent chromium HQ of from 1.3 to 8.3, 
respectively (Table 8-8).  However, the fifth sample, from location designation T100D3A at the 
100-D Intake area, contained 0.62 mg/L of total chromium, producing a LOEC HQ of 62 when 
compared to the hexavalent chromium WQC.   
 
The last chromium porewater sample that exceeded the hexavalent chromium WQC was 
collected from location designation T100H1A, collected from the right shoreline at the 
100-H Area.  Concentrations of 0.0428 mg/L produced a hexavalent chromium LOEC HQ 
of 4.3.   
 
8.5.5 100-FR-3 Operable Unit Porewater 

Hexavalent chromium, manganese, mercury, and nitrate all exceeded NOECs in porewater at this 
OU.  For hexavalent chromium and mercury, the NOEC and LOEC are both WQC.  Hexavalent 
chromium exceeded the WQC at two locations, producing a maximum HQ (based on total 
concentrations) of 3.1.  Mercury exceeded the WQC in sample J19JF3 from location designation 
J100H43; this sample contained 0.000099 mg/L of mercury, producing a LOEC HQ of 8.3 when 
compared to the NOEC WQC of 0.000012 mg/L.  Likewise, sample J19JF3 from the same 
location designation J100H43 contained 2.26 mg/L of manganese, producing a LOEC HQ of 1.7. 
 
However, as described in Section 8.3.1.1.3, the LOEC for mercury, 0.000012 mg/L, is the 
Washington State chronic WQC, which is based on fish tissue concentrations and the resulting 
effects on human health.  Potential effects on aquatic receptors may be estimated by comparison 
to the EPA chronic WQC for inorganic mercury of 0.00077 mg/L, which is based on effects to 
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aquatic life.  The detected mercury concentration of 0.000099 mg/L is well below EPA’s aquatic 
life value.  The LOEC HQ based on the EPA aquatic life WQC is 0.1, suggesting that few effects 
to aquatic life are likely from the detected mercury concentrations in porewater.  
 
Nitrate exceeded NOECs at a single location at this OU, but the detected concentration of 
8.02 mg/L did not exceed the LOEC of 37.6 mg/L.  
 
8.5.6 200-PO-1 Operable Unit Porewater 

Detected concentrations of hexavalent chromium, lead, nitrate, and nitrite exceeded NOECs in 
porewater at this OU.  Four hexavalent chromium samples (two with total concentrations and 
two with dissolved concentrations) exceeded the WQC, producing LOEC HQs of from 1.3 to 
2.1.  The maximum hexavalent chromium concentration of 0.021 mg/L was obtained from 
designation JHTS33, collected from the right side of the river opposite Savage Island.  Lead also 
exceeded the WQC NOEC/LOEC at this location; the lead (dissolved) concentration of 
0.00421 mg/L exceeded the chronic WQC of 0.0025 mg/L and produced a LOEC HQ of 1.7.   
 
Nitrate, which exceeded NOECs in five porewater samples at this OU, did not exceed LOECs in 
any of them.  In addition, concentrations of nitrite, which exceeded NOECs in a single sample 
(J19K32 at designation JHTS9), did not exceed the LOEC of 0.493 mg/L.   
 
8.5.7 300-FF-5 Operable Unit Porewater 

Porewater samples collected from in front of and to approximately a mile downriver of the 
300 Area contained concentrations of one or more COPECs above NOEC values (Table 8-6).  
Aluminum, lead, nitrate, selenium, and uranium all exceeded NOECs at one or more locations.   
 
Aluminum, lead, and selenium each exceeded NOECs (which are chronic WQC) in one 
porewater sample each, producing LOEC HQs of 1.2 for aluminum, 1.0 for lead, and 2.0 for 
selenium.  All concentrations were dissolved concentrations.  Nitrate, which exceeded the NOEC 
of 7.1 mg/L in six samples, exceeded the LOEC of 37.6 mg/L in one of them.  This sample, 
sample J19H02 from designation T3005J5, was collected in January 2010 and contained 
116 mg/L of nitrate.  All other nitrate concentrations were 21.8 mg/L or less, producing LOEC 
HQs of 0.6 or less. 
 
The highest concentration of uranium (0.17 mg/L) was detected in porewater from sample 
designation J3002, collected from the right shoreline directly in front of the 300 Area.  
Concentrations in this sample produced a LOEC HQ of 5.7 when compared to the LOEC of 
0.03 mg/L.  Five other porewater samples from in front of the 300 Area contained uranium 
concentrations ranging from 0.114 mg/L to 0.0409 mg/L and producing LOEC HQs of from 
3.8 to 1.4, respectively.  One of these five samples, from designation T3001J3, also equaled the 
lead WQC of 0.0025 mg/L, producing the lead LOEC HQ of 1.0 noted above.  A second of these 
five samples, from designation T30003A, also exceeded the aluminum WQC, producing the 
aluminum LOEC HQ of 1.2. 
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A final sample, collected approximately 1.07 km (0.6 mi) downriver of the 300 Area, contained 
concentrations of selenium (0.0102 mg/L) that exceeded the WQC, producing the LOEC HQ of 
2.0 noted earlier.   
 
8.5.8 Summary of Porewater Contaminant of Potential Ecological Concern Refinement 

In this section, porewater collected as part of the Groundwater Upwelling study in the CRC RI 
was compared to NOECs and LOECs in the same manner as other media.  Metals, except for 
hexavalent chromium, were evaluated as dissolved metals.   
 
The results of the porewater analysis are summarized below.   
 

Operable Unit 
Porewater COPECs 
Exceeding NOECs  

Number of 
LOEC 

Exceedances 

Range of LOEC 
HQs > 1.0 

Concentration 
Range of LOEC 

Exceedances  
(mg/L)  

100-BC-5 

Aluminum 1 4.8 0.416 
Hexavalent chromium 19 1.0 – 11 0.01 – 0.112 
Lead 1 1.9  0.00465 
Nitrate 0 -- -- 
Total chromium as 
hexavalent chromium 

3 1.0 – 2.4 0.0102 – 0.0236 

100-KR-4 

Hexavalent chromium 14 1.0 – 5.6 0.01 – 0.056 
Manganese 1 1.6 2.13 
Nitrate 0 -- -- 
Total chromium as 
hexavalent chromium 

4 1.6 – 6.0 0.0164 – 0.0595 

100-NR-2 
Hexavalent chromium 1 2.6 0.026 
Nitrate 5 1.0 – 3.6 36.5 - 134 
Phosphate 0 -- -- 

100-HR-3 

Aluminum 1 5.5 0.477 
Chromium 2 1.1, 8.4 0.0825, 0.62 
Hexavalent chromium 31 1.0 – 64 0.01 – 0.64 
Lead 2 1.0, 2.7 0.00256, 0.00681 
Manganese 0 -- -- 
Nickel 1 1.0 0.0518 
Nitrate 1 1.2 44.2 
Total chromium as 
hexavalent chromium  

6 1.3 – 62 0.0131 – 0.62 

100-FR-3 

Hexavalent chromium 2 2.0, 3.1 0.02, 0.031 
Manganese 1 1.7 2.26 

Mercury 

One, but no 
exceedance of 

EPA aquatic life 
criteria 

0.1, based on 
aquatic life WQC 

0.000099 

Nitrate 0 -- -- 

200-PO-1 

Hexavalent chromium  4 1.3 – 2.1 0.013 – 0.021 
Lead 1 1.7 0.00421 
Nitrate 0 -- -- 
Nitrite 0 -- -- 
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Operable Unit 
Porewater COPECs 
Exceeding NOECs  

Number of 
LOEC 

Exceedances 

Range of LOEC 
HQs > 1.0 

Concentration 
Range of LOEC 

Exceedances  
(mg/L)  

300-FF-5 

Aluminum 1 1.2 0.107 
Lead 1 1.0 0.00253 
Nitrate 1 3.1 116 
Selenium 1 2.0 0.0102 
Uranium 6 1.4 – 5.7 0.0409 – 0.17 

-- = not applicable 

 
In the RI, porewater samples were collected to guide surface water and sediment sampling and to 
help describe COPEC distribution, but not for use in risk assessment.  As noted previously, 
significant dilution of porewater concentrations typically occurs in the upper levels of sediment, 
particularly in the gravel substrate of fast-moving rivers like the Columbia River. 
 
The results above thus may be used only as a general guide to areas where a potential for 
ecological effects may exist for aquatic organisms that exist at depth in the sediment.  Areas 
where highest LOEC exceedances occurred consist of the 300-FF-5 OU, due to the 
concentrations of uranium, and the 100-BC-5 and 100-HR-3 OUs, both due to the potential 
presence of hexavalent chromium and for 100-HR-3, total chromium as well.  Further evaluation 
of porewater COPEC that exceed LOECs may be warranted.  As noted previously, the 
River Corridor Operable Unit RI/FSs will evaluate the nature and extent, CSM, and fate and 
transport of COPECs identified in the CRC to determine if contamination in the river is 
potentially from the OU being evaluated and, based on this assessment, will evaluate the 
potential need for further study or remedial action at that OU. 
 
 
8.6 ISLAND SOILS CONTAMINANT OF POTENTIAL ECOLOGICAL  

CONCERN REFINEMENT 

As described in Section 7.0, island soils were sampled on key downriver islands specifically in 
support of the CRC risk assessments.  Islands selected for sampling included those downriver of 
current or historical discharge areas, islands of particular cultural or recreational value, and 
islands of particular value as wildlife habitat that potentially are affected by Hanford Site 
releases.  Since no historical data exist for these islands, all sample results were collected during 
the 2008 to 2010 RI events. 
 
Island soils were evaluated for effects on four different receptors:  terrestrial plants, soil 
invertebrates, terrestrial birds, and terrestrial mammals.  Additional evaluation of NOEC 
exceedances for these receptors is provided below.  Sample locations are identified by 
designation number on the maps in Appendix A. 
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8.6.1 Terrestrial Plant Contaminant of Potential Ecological Concern Refinement 

As described in Section 7.5.1, only one COPEC, lead, exceeded plant NOECs in the 100 Area 
and 300 Area Sub-Areas.  Three samples out of 29 exceeded the 50 mg/kg NOEC in the 
100 Area Sub-Area, and 7 out of 48 samples exceeded the NOEC in the 300 Area Sub-Area.  
 
Detected lead concentrations are compared to plant LOECs on a sample-specific basis on 
Table 8-9.  As shown, none of the detected concentrations exceed the LOEC (144 mg/kg).  The 
LOEC HQs ranged from 0.4 to 0.7. 
 
The LOEC for plants was obtained from plant toxicity data compiled by EPA in support of the 
development of a plant SSL.  The EPA SSL database is currently considered to be the definitive 
toxicity data set for soil constituents, and only studies that met rigorous acceptability criteria 
were included in the data set.  For the plant lead SSL, the approved toxicity data consist of 
maximum acceptable toxicity concentrations, which are geometric means of individual study 
NOEC and LOEC values.  The LOEC value chosen (144 mg/kg) for this SLERA was the lowest 
maximum acceptable toxicity concentration value above the EPA SSL of 120 mg/kg.  As a 
NOEC-LOEC geometric mean, this value is lower than the actual study LOEC, so was 
considered to be appropriate for use.   
 
Because detected values fall well below levels associated with adverse effects to plants, no 
further investigation of lead in regard to plants is recommended.   
 
8.6.2 Soil Invertebrate Contaminant of Potential Ecological Concern Refinement 

As described in Section 7.5.2, only one COPEC, mercury in the 300 Area Sub-Area, exceeded 
NOECs.  As shown in Table 7-8, 48 mercury samples were collected and mercury was detected 
in 27 of these samples.  Only one sample exceeded the soil invertebrate NOEC of 0.1 mg/kg.  
The sample designated GI-7S, collected from Island 19 (Gull Island) just north of 
Richland, Washington at RM 341.95, contained 0.11 mg/kg of mercury (Table 8-10).  
Concentrations in this sample were well below the invertebrate LOEC of 0.5 mg/kg, producing a 
LOEC HQ of 0.2.   
 
In addition, Reference evaluations of mercury conducted as part of COPEC selection in 
Section 3.0 showed that mercury concentrations in 300 Area Sub-Area soil are consistent with 
Reference concentrations (Appendix B1).  Mercury was included as a COPEC because it is an 
Inclusion List constituent, but risks from this constituent, if any, are likely to be no different than 
in upriver soils used for the Reference analysis. 
 
Thus, because detected concentrations are well below invertebrate LOECs, no further evaluation 
of mercury is recommended.   
 
The refinement of terrestrial bird COPECs is discussed in the following section. 
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8.6.3 Terrestrial Bird Contaminant of Potential Ecological Concern Refinement 

Terrestrial birds were evaluated in Section 7.5.3 by comparing soil values to NOECs obtained 
through food chain modeling that incorporated exposures of birds to constituents in both soil and 
food items.  In both the 100 Area and 300 Area Sub-Areas, lead and mercury exceeded NOEC 
values.  For this reason, both sub-areas are discussed together below. 
 
Lead and mercury NOEC exceedances were illustrated in Table 7-9.  Details of samples with 
NOEC exceedances are shown in Table 8-11 (100 Area Sub-Area) and Table 8-12 (300 Area 
Sub-Area).  Each COPEC is discussed separately below. 
 
8.6.3.1  Lead.  Lead is ubiquitous in the study area, as it is in soils generally.  As shown in 
Table 7-9, lead was detected in all 77 soil samples collected in 100 and 300 Area Sub-Areas.  
Seventeen samples (59%) in the 100 Area Sub-Area and 33 samples (69%) in the 300 Area 
Sub-Area exceeded the low (11 mg/kg) avian NOEC for lead.  The maximum detected 
concentration of lead in either sub-area was 94.3 mg/kg.  Lead concentrations in the 100 and 
300 Area Sub-Areas were evaluated statistically as part of COPEC selection in Section 3.0, and 
concentrations in both sub-areas were found to be statistically higher than in Reference locations 
(Appendix B1). 
 
These sample results were then compared to the avian LOEC value of 25 mg/kg, which was 
calculated using the models developed by EPA to calculate the SSLs for birds, combined with 
LOEC-based toxicity reference values (Section 6.2.3).  This LOEC value is only slightly higher 
than the average concentration of lead in western United States soils (19.4 mg/kg), as reported by 
EPA in the development of the lead SSL.  The result of this comparison is shown in Tables 8-11 
and 8-12.   
 
As shown in these tables, the majority of concentrations are close to or in excess of LOECs, 
producing LOEC HQs up to 3.8 in the 100 Area Sub-Area and 2.6 in the 300 Area Sub-Area 
when compared to the bird LOEC of 25 mg/kg.  The average concentration of lead in 100 Area 
samples was 34.5 mg/kg (LOEC HQ of 1.4), while the average value of lead in 300 Area 
samples was 37.5 mg/kg (LOEC HQ of 1.5).  Samples from all island soils tested contained at 
least some lead concentrations in excess of LOECs. 
 
This result suggests a potential for effect, which can be verified by the implementation of 
site-specific and species-specific sampling bioaccumulation studies and sampling of food items.  
However, as described in Section 6.4, these studies were completed as part of the RCBRA for 
terrestrial birds as part of their evaluation of upland areas of the Hanford Site.  The maximum 
concentration of lead in the RCBRA study soil (327 mg/kg) exceeded the maximum 
concentration of lead in either the 100 Area Sub-Area (94.3 mg/kg) or the 300 Area Sub-Area 
(65 mg/kg).  Thus, the RCBRA studies can be used to estimate whether the potential for risk 
suggested by the exceedance of LOEC value for terrestrial birds is likely to occur in the 
Columbia River environment. 
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In the RCBRA studies, potential effects to terrestrial birds were evaluated by collecting food and 
prey items, including invertebrates and small mammals, from study areas to accurately reflect the 
exposure of terrestrial birds to COPECs through bioaccumulation in the food chain.  
Contaminant of potential ecological concern measurements in food items and site soils were used 
in food chain models to obtain site-specific estimates of exposure from both sources.  Estimated 
doses were then compared to LOEC-based TRVs to estimate the potential for effect to these 
receptors.  Species from each trophic level were included in the assessment and consisted of 
killdeer (carnivore–invertebrates), California quail (herbivore), and the meadowlark (omnivore). 
 
Lead was among the constituents evaluated by this method.  The results of this assessment 
showed that estimated exposures of lead exceeded the LOEC for killdeer and also exceeded 
NOEC values for the California quail at two study sites.  Lead was identified as a contaminant of 
ecological concern for further evaluation or development of an ecological preliminary 
remediation goal (PRG) for migratory birds. 
 
Final PRGs for the RCBRA study were released in July 2011 (CHPRC-01311, Tier II 
Risk-Based Soil Concentrations Protective of Ecological Receptors at the Hanford Site).  The 
avian soil PRG for lead is 156 mg/kg and is based on lead exposures to the killdeer, which, along 
with the spotted sandpiper, is one of the most common species present on Columbia River 
islands in the summer (“Avian Interactions with Mid-Columbia River Water Level Fluctuations” 
[Books 1985]).  The PRG was developed from site-specific food chain models incorporating 
upland species of invertebrate prey, which may differ from the invertebrates to which killdeer on 
island soils may be exposed.  However, the resulting PRG of 156 mg/kg (which was the lowest 
calculated of four bird species) is well above the 100 Area Sub-Area maximum of 94.3 mg/kg 
(65 mg/kg in the 300 Area Sub-Area) detected on island soils and exceeds the average 
concentration of lead of 37.5 mg/kg or less by an even greater degree.  Thus, the magnitude of 
the difference between the RCBRA-lead PRG and the detected concentrations of lead in island 
soils provides a substantial safety margin that is likely to accommodate the uncertainty 
associated with any differences in upland and island invertebrate prey concentrations.  Based on 
this difference, little potential for adverse effects is considered to exist for birds exposed to lead 
in island soils.   
 
In addition, lead detected in island soils may arise from a variety of sources.  As a former 
component of leaded gasoline, lead was widely distributed in soils and sediment as the result of 
aerial deposition of airborne exhaust particulates.  In addition, the presence of pre-Hanford 
orchards on the peninsula north of the White Bluffs townsite (RM 370-371; see Map A-15) may 
have been a source of lead as the result of the historical application of lead arsenate pesticides 
(BHI-01326, Pre-Hanford Agricultural History, 1949-43).  Current sources of lead emissions 
include manufacturing and the widespread burning of fossil fuels and municipal solid waste.  
While the contribution of Hanford Site operations to detected concentrations cannot be 
ascertained, the consistent and ubiquitous presence of this constituent throughout the 100 and 
300 Area Sub-Areas suggests the effects of widespread aerial deposition.   
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Because the detected concentrations of lead in island soil are substantially lower than the 
RCBRA PRG of 156 mg/kg and because the source of lead in island soils cannot be attributed 
solely to Hanford Site operations, no further investigation of the effects of lead on island soil 
avian receptors is recommended.  The magnitude of the difference between the RCBRA PRG 
and the detected concentrations in island soils is considered sufficient to offset uncertainties 
associated with potential differences between upland and island soil exposures, and the potential 
for effects to island birds is thus considered to be minimal.  
 
8.6.3.2  Mercury.  As with lead, mercury was analyzed for in 77 samples from island soils in the 
100 Area and 300 Area Sub-Areas.  Twenty samples in the 100 Area Sub-Area (69%) and 
23 samples in the 300 Area Sub-Area (48%) contained concentrations of mercury in excess of 
the NOEC (0.013 mg/kg).  As shown in Table 7-9, mercury exceeded NOECs in samples from 
most of the islands evaluated.  Highest concentrations were obtained from the sample designated 
as GI-7S from Island 19 (Gull Island) in the 300 Area Sub-Area; this sample contained 
0.11 mg/kg mercury.  
 
However, as shown in Tables 8-11 and 8-12, soil mercury concentrations in all samples fell far 
below the avian LOEC value of 2 mg/kg.  Lowest observed effect concentration HQs were 0.06 
or less, suggesting little potential for adverse effect to birds from mercury exposure.  In addition, 
mercury concentrations in the 100 Area and 300 Area Sub-Areas were found to be consistent 
with Reference concentrations (Appendix B1). 
 
Thus, because the detected concentrations of mercury are significantly lower than LOEC values 
and are consistent with Reference concentrations, no further evaluation of mercury is 
recommended. 
 
8.6.3.3  Conclusions:  Refinement of Terrestrial Bird Contaminants of Potential Ecological 
Concern.  In summary, the conclusions from the refinement evaluation of terrestrial bird 
COPECs lead and mercury in the 100 and 300 Area Sub-Areas are that both COPECs may be 
removed from further consideration.  Maximum concentrations of lead fall well below the 
RCBRA PRG for birds, so little potential for adverse effects from exposure to this COPEC 
exists.  Mercury concentrations fall well below applicable LOECs.  Thus, no further 
investigation of either COPEC is recommended.  
 
8.6.4 Terrestrial Mammal Contaminant of Potential Ecological Concern Refinement 

Similar to terrestrial birds, terrestrial mammals are evaluated by the use of soil toxicity values 
that reflect the exposure of mammals to contaminants in both food and incidentally ingested 
soils.  No observed effect concentrations are obtained by food chain modeling using 
representative NOEC and LOEC toxicity reference values.  No observed effect concentration 
exceedances for mammals in 100 and 300 Area Sub-Areas were discussed in Section 7.5.4 and 
illustrated in Table 7-10.  In both the 100 Area Sub-Area and the 300 Area Sub-Area, only lead 
exceeded NOEC benchmarks.   
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Lead was analyzed in 77 samples from throughout the 100 and 300 Area Sub-Areas and 
exceeded NOECs in 7 samples.  Details of these exceedances are shown in Table 8-13.  As noted 
previously, lead concentrations were evaluated statistically in Section 3.0 and found to be 
statistically higher than Reference concentrations in both the 100 Area and 300 Area Sub-Areas 
(Appendix B1). 
 
As shown in these tables, lead exceeded the mammal soil NOEC at seven locations from Island 3 
(two exceedances), Homestead Island (one exceedance), Johnson Island (three exceedances), and 
Gull Island (Island 19; one exceedance).  Concentrations ranged from 56.3 mg/kg to 94.3 mg/kg, 
in exceedance of the lead NOEC of 56 mg/kg.  This NOEC is EPA’s SSL for lead.  However, 
average values of lead in the 100 Area Sub-Area (34.5 mg/kg) and 300 Area Sub-Area 
(37.5 mg/kg) were both below the NOEC (Table 8-13).   
 
As described in Section 6.2.3, the mammalian LOEC value for lead was developed by using the 
food chain modeling equations and exposure parameters used by EPA to calculate the SSL with 
the LOEC-based TRV used in the RCBRA study.  The mammalian LOEC produced by this 
approach was 122 mg/kg. 
 
No detected concentrations of lead exceeded the LOEC values.  All samples had a LOEC HQ of 
0.8 or less.  This suggests that the slight NOEC HQ exceedance is unlikely to cause adverse 
effect, since it is well below the LOEC value where effects are likely. 
 
8.6.4.1  Conclusions:  Refinement of Terrestrial Mammal Contaminants of Potential 
Ecological Concern.  Based on this refinement, no further evaluation of lead in island soils is 
recommended.  Concentrations of this COPEC fall well below concentrations where adverse 
effects may be expected or are close to such values only in a very small area. 
 
8.6.5 Conclusions:  Refinement of Island Soils Contaminants of Potential Ecological 

Concern 

In this section, COPECs with concentrations exceeding NOECs for the four soil receptors – 
plants, invertebrates, terrestrial birds, and mammals – were evaluated against LOECs and other 
site characteristics.  Based on this assessment, no COPECs were retained for further 
investigation due to potential effects on birds.  Concentrations of all COPECs were found to be 
below levels potentially associated with adverse effects.  Results of the COPEC refinement of 
island soil are summarized below.  
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Sub-Area Soil Receptor 

COPECs Not 
Retained for 

Further 
Evaluation 

Rationale 

COPECs 
Recommended 

for Further 
Evaluation 

Rationale 

100 Area Plant Lead All concentrations 
below LOECs 

None 

Bird Lead  Maximum 
concentration of 
94.3 mg/kg well 
below RCBRA 
avian PRG for lead 
of 156 mg/kg 

None 

Mercury a Concentrations 
well below LOECs 

Mammal Lead Concentrations 
below LOECs 

None 

300 Area  Plant Lead All concentrations 
below LOECs 

None 

Invertebrate Mercury a Single NOEC 
exceedance well 
below LOEC 

None 

Bird Lead  Maximum 
concentration of 
65 mg/kg well 
below RCBRA 
avian PRG for lead 
of 156 mg/kg None 

Mercury a Concentrations 
well below LOECs 

Mammal Lead Concentrations 
well below LOECs 

None 

a Inclusion List compound with concentrations determined by statistical or qualitative evaluation to be consistent 
with or lower than Reference concentrations.

 
 
8.7 SHORELINE SEDIMENTS CONTAMINANT OF POTENTIAL ECOLOGICAL 

CONCERN REFINEMENT 

As described in Section 5.0, shoreline sediments were compared to terrestrial bird and plant 
NOECs to evaluate potential effects on shorebirds that congregate and forage in shallow 
sediments and plants that grow in the cobble substrate along shorelines and islands. 
 
8.7.1 Shoreline Sediment Terrestrial Plant Contaminant of Potential Ecological Concern 

Refinement 

Shoreline sediment NOEC exceedances for plants were discussed in Section 7.6.1 and illustrated 
in Table 7-12.  As noted, hexavalent chromium exceeded NOECs in all three sub-areas.  
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In addition, selenium and lead exceeded the NOEC in only the 300 Area Sub-Area.  These 
constituents are discussed separately in the following subsection. 
 
8.7.1.1  Hexavalent Chromium.  Hexavalent chromium was analyzed for in 144 samples from 
throughout the 100 Area, 300 Area, and Lake Wallula Sub-Areas.  It was detected in 15 samples 
and exceeded plant NOECs in 14 of these samples.  Details of these exceedances are shown in 
Table 8-14 and discussed separately for each sub-area below. 
 
Within the 100 Area Sub-Area, hexavalent chromium exceeded the plant NOEC at 2 of 
48 shoreline sediment locations.  Both locations (sample designations RFLS-2SSD and 
RFLS-5SSD) are located opposite or just downriver from the 100-F Reactor Area, on the left 
bank of the river (Appendix A).  Concentrations were 0.412 mg/kg (RFLS-2SSD) and 
0.618 mg/kg (RFLS-5SSD), exceeding the hexavalent chromium NOEC of 0.35 mg/kg.  Neither 
of these hexavalent chromium concentrations were close to the LOEC value of 1.8, producing 
LOEC HQ values of 0.2 and 0.3 for RFLS-2SSD and RFLS-5SSD, respectively.  These 
relatively low LOEC HQs indicate that the slight NOEC HQ exceedances are unlikely to cause 
adverse effects because they are well below the LOEC value where effects are likely. 
 
Because maximum hexavalent chromium values in 100 Area Sub-Area shoreline sediment fall 
significantly below the level where adverse effects to terrestrial plants may be expected, no 
further evaluation of hexavalent chromium in shoreline sediment within this sub-area is needed 
to complete this evaluation of potential effects to shoreline sediment vegetation.  However, 
further evaluation for potential effects to aquatic receptors will be necessary, as described in 
Section 8.4.1.   
 
In the 300 Area Sub-Area, 10 of the 76 samples from shoreline sediment had plant NOEC 
exceedances (Table 7-12).  These were dispersed throughout the sub-area, occurring on 
Savage Island (two exceedances), Island 11 (one exceedance), Island 12 (two exceedances), 
downriver of Ringold Springs (one exceedance), Homestead Island (one exceedance), in the 
vicinity of the 300 Area at the downriver end of Island 18 (one exceedance), and Island 19 
(Gull Island; two exceedances).  Details of these exceedances are provided in Table 8-14. 
 
Hexavalent chromium results at these locations ranged from 0.407 to 0.998 mg/kg, exceeding 
the NOEC of 0.35 mg/kg.  Similar to the 100 Area Sub-Area, however, none of these 
hexavalent chromium concentrations in the 300 Area Sub-Area are close to the LOEC value of 
1.8.  The LOEC HQ values for all locations ranged from 0.2 to 0.6 and indicate that the slight 
NOEC HQ exceedances are unlikely to cause adverse effects because they are well below the 
LOEC value where effects have been observed in some species.   
 
In Lake Wallula, hexavalent chromium exceeded plant NOECs in 2 widely separated shoreline 
sediment samples out of 20 collected in this sub-area.  As described previously, the first was 
sample J189C7 collected from the location designation BL-9SSD, collected from the right-side 
shoreline just below Bateman Island in 2009; this sample contained 1.73 mg/kg of hexavalent 
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chromium, producing a LOEC HQ of 1.0 (rounded value) when compared to the soil plant 
LOEC of 1.8 mg/kg.  This was the highest concentration detected in shoreline sediments.   
 
As discussed previously, hexavalent chromium is highly soluble and is present primarily in the 
interstitial porewater of sediment.  Hanford Site-derived hexavalent chromium originates from 
the discharge of Site groundwater in the 100 and 300 Area Sub-Areas.  However, the location of 
this sample is well below any influence from Hanford Site groundwater and may reflect offsite 
sources because hexavalent chromium has been detected in offsite Reference samples.  Because 
hexavalent chromium was detected in a single location at a concentration that is slightly below 
the LOEC, little potential for risk is expected.   
 
The second NOEC exceedance for hexavalent chromium was in sample J189T1 from location 
designation HR-8SSD, which is along the shoreline of inlets at Hat Rock State Park.  The 
concentration in this sample was 0.51 mg/kg, producing a LOEC HQ of 0.3.  This concentration 
is well below the LOEC, suggesting that effects on plants at this location are unlikely.  
 
8.7.1.2  Selenium.  In the 300 Area Sub-Area only, the plant NOEC for selenium was exceeded 
in 3 of the 91 samples analyzed for this constituent.  All three were obtained from the left shore 
of Island 18, which is located in front of and downriver of the 300 Area and less than half a mile 
downriver of the Esquatzel Coulee wasteway.  The sample location designated as 300LS-4SSD 
was near the upriver end of the island and contained 0.539 mg/kg of selenium, producing a 
LOEC HQ of 0.5 when compared to the LOEC of 1.0 mg/kg.  Samples from locations designated 
as 300LS-8SSD and 300LS-9SSD were both collected close to the downriver end of Island 18 
and situated approximately 0.16 km (0.1 mi) apart.  Selenium results at these two locations were 
1.01 mg/kg and 0.62 mg/kg, respectively, producing LOEC HQs of 1.0 and 0.6, respectively.   
 
As discussed in Section 8.4.1.2.1, selenium is not known to have been widely used at the 
Hanford Site; therefore, the extent to which the observed concentrations reflect Hanford Site 
operations is unknown.  Selenium is frequently used in the electronics industry and has multiple 
other industrial uses.  Because only 1 of 91 samples was at the LOEC concentration, the actual 
potential for effect is likely to be low and limited in area.  For this reason, no further 
investigation of selenium is warranted.   
 
8.7.1.3  Lead.  Lead exceeded NOECs in five locations in the 300 Area Sub-Area.  As shown in 
Table 8-14, samples from four locations from Wooded and Homestead Islands had 
concentrations ranging from 54.6 to 62.5 mg/kg, slightly over the NOEC of 50 mg/kg.  One 
sample (designation HT8SSD) from the slough in front of the Hanford townsite contained lead at 
a concentration of 111 mg/kg.   
 
Concentrations from all of these locations exceeded the NOEC of 50 mg/kg.  However, all 
values are well below the LOEC of 144 mg/kg, producing LOEC HQs of 0.4 to 0.8.   
 
This NOEC for lead is the Washington State Ecological Indicator Soil Concentration 
(WAC 173-340-900, Table 749-3), which is a screening value developed by Oak Ridge National 
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Laboratories in 1997.  In 2005, however, EPA published SSLs for lead, and these values reflect 
both recent science and a highly rigorous method of study selection and evaluation.  Values are 
intended for use as NOECs in risk screening.  The SSL for lead is 120 mg/kg, and all detected 
values are below this concentration.  The LOEC value of 144 used above is the lowest LOEC 
value (higher than 50 mg/kg) in the study set used to generate the SSL.  
 
Because the detected concentrations of lead in shoreline soils fall below both LOECs and EPA’s 
SSL for lead, no adverse effects to shoreline plants are expected and no further investigation of 
lead is recommended.  
 
8.7.1.4  Conclusions:  Refinement of Shoreline Sediment Terrestrial Plant Contaminants of 
Potential Ecological Concern.  Based on this refinement, detected concentrations of lead and 
selenium in 300 Area Sub-Area, and of hexavalent chromium in all three sub-areas, are 
considered unlikely to present a potential for ecological risk.  Concentrations were either below 
LOECs or, in the case of selenium in the 300 Area Sub-Area, were present at a concentration 
equal to the LOEC at one location only.  Selenium has a variety of sources, and the single 
occurrence of a concentration at the lower margin of the effects range is not considered 
representative of significant risk.  For these reasons, no further investigation into these COPECs 
is considered to be necessary because the potential for effects to terrestrial plants is considered to 
be low.   
 
8.7.2 Shoreline Sediment Terrestrial Bird Contaminant of Potential Ecological Concern 

Refinement 

As shown in Table 7-13, chromium, lead, and mercury in shoreline sediment all exceeded avian 
NOECs in at least one sample in all three sub-areas.  Thus, these areas are combined in the 
discussion below.  In addition, vanadium exceeded NOECs in the Lake Wallula Sub-Area.  
Details of samples with NOEC exceedances are provided in Tables 8-15 (100 Area Sub-Area), 
8-16 (300 Area Sub-Area), and 8-17 (Lake Wallula), which also compare detected 
concentrations to LOECs values.   

Lowest observed effect concentration values for shoreline sediment were calculated using the 
same food chain equations as for soil.  However, to add precision to the LOEC estimates, the 
model was modified in the following ways to more closely reflect shorebird exposure:   
 
• Exposure parameters for the killdeer, rather than the woodcock used in EPA equations, were 

used.  The killdeer, along with the spotted sandpiper, has been identified as one of the most 
common species feeding along rocky shorelines in summer (Books 1985).  This species was 
also modeled by RCBRA, and the same food ingestion rate and body weight estimates as 
were used in that study were used in the shoreline sediment model.  
 

• The ingestion rate for sediment was increased slightly to 18% (from 16.4% in the EPA 
terrestrial bird model) to reflect ingestion for shorebirds, based on average data from four 
species of sandpipers (EPA/600/R-93/187, Wildlife Exposure Factors Handbook).  
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• Bioaccumulation into invertebrate prey was modeled by the use of uptake factors specific to 
aquatic invertebrates rather than terrestrial invertebrates. 

 
For these reasons, the soil LOECs for shoreline sediment varies somewhat from the values used 
for terrestrial soils, primarily due to differing ingestion rates and bioaccumulation rates in 
aquatic systems.  Details of the modeling parameters and assumptions are provided in 
Appendix D.  Lowest observed effect concentrations specific to shorebird exposure are as 
follows: 
 

COPEC 
Terrestrial Bird 

Soil LOEC  
(mg/kg) 

Shorebird Shoreline 
Sediment LOEC 

(mg/kg) 
Lead 25 70 
Chromium 155 108 
Mercury 2 2.5 
Vanadium 16 11 

 
Values generated by these equations may overestimate the actual exposure of shorebirds to soil 
COPECs, since the model assumes that invertebrate prey live and grow in the same sediment that 
the shorebirds feed in, so that the same soil concentrations are ingested by both the invertebrates 
and the shorebirds that eat the invertebrates.  However, studies on shoreline sediment in the 
Hanford Reach (Books 1985) suggest that, due to the daily change in water level and consequent 
drying of shoreline sediments during low water periods, few benthic species colonize shoreline 
areas.  Rather, benthic organisms in upstream areas drift downriver and become stranded in the 
shoreline cobbles during the recession of the waterline, and in this manner become available to 
foraging shorebirds.  Thus, benthic organism COPEC concentrations would not then be directly 
related to local shoreline sediment concentrations, an assumption inherent in the conventional 
food chain models, but rather upstream areas.  For this reason, the LOECs produced here by 
conventional soil models may overestimate or underestimate the actual exposure to the 
shorebirds.   
 
Each constituent that exceeds bird NOECs is discussed separately below. 
 
8.7.2.1  Chromium.  As shown in Table 7-13, 143 shoreline sediment samples were analyzed for 
chromium in the 100 and 300 Area Sub-Areas, and 40 were analyzed for chromium in 
Lake Wallula.  As a naturally occurring metal, chromium was detected in all of them.  
Exceedances of the 26 mg/kg bird NOEC for chromium occurred in 5 out of 52 samples in 
100 Area Sub-Area, 3 out of 91 samples in the 300 Area Sub-Area, and 2 out of 40 samples in 
Lake Wallula Sub-Area.  Details of avian NOEC exceedances in all three sub-areas are shown in 
Tables 8-15, 8-16, and 8-17. 
 
These concentrations were compared to the LOEC of 108 mg/kg.  Detected concentrations of 
chromium were well below this value, producing a maximum LOEC HQ of 0.2 to 0.3.  Because 
detected concentrations fall well below the range of estimated potential effects, adverse effects to 
shorebirds from exposure to chromium in shoreline sediment is not expected.  
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8.7.2.2  Lead.  Lead exceeded the avian NOEC of 11 mg/kg in approximately 42% of the 
183 shoreline sediment samples collected from the three sub-areas.  However, exceedances 
declined in downstream sub-areas.  Forty-two out of 52 samples exceeded NOECs for lead in the 
100 Area Sub-Area, 32 out of 91 samples exceeded NOECs in the 300 Area Sub-Area, and 3 out 
of 40 samples exceeded NOECs for lead in Lake Wallula Sub-Area.  As shown in Tables 8-15, 
8-16, and 8-17, NOEC exceedances occurred throughout each sub-area.  Detected concentrations 
in shoreline sediment ranged from 11 mg/kg to 111 mg/kg.  
 
However, only one sample exceeded the LOEC of 70 mg/kg.  The sample with the highest 
concentration of lead was sample J187P2 from location designation HT-8SSD collected from the 
mud flats just upriver from the Hanford townsite in the 300 Area Sub-Area.  The detected 
concentration of 111 mg/kg exceeded the LOEC, producing a LOEC HQ of 1.6.  All other 
concentrations were lower, 58.3 mg/kg or less, with a LOEC HQ of 0.5 or less. 
 
As discussed in Section 8.6.3.1, lead effects on upland birds were evaluated through site-specific 
studies as part of the RCBRA, and lead exposures to killdeer, an invertivore typical of those 
birds that feed in exposed shoreline areas, were found to exceed acceptable levels.  
Concentrations in RCBRA soils (327 mg/kg) greatly exceeded maximum concentrations in 
shoreline sediments (111 mg/kg).  A soil PRG was developed based on exposures to the killdeer.  
The final PRG is 156 mg/kg, well above the maximum concentration of 111 mg/kg detected in 
shoreline sediment.  The magnitude of the difference between this PRG and the concentration in 
shoreline sediment suggests that little potential for effect to birds is likely.  
 
More important, however, is the fact that birds typically range over wide areas while foraging 
and feed at a variety of locations that vary both seasonally and with changes in water level.  
While the models used to generate the LOEC value assume that birds are consuming a diet 
consisting entirely of food with lead concentrations equal to the LOEC, in practice birds obtain 
food from a wide range of areas, which substantially reduces the exposure of shorebirds to 
concentrations at any one location.  Three other samples were collected at the same mudflat as 
the LOEC exceedance (Figure A-18), and all had LOEC HQs of 0.6 or less (Table 8-16).  These 
samples suggest that the area represented by the LOEC exceedance is relatively small and would 
constitute a very small fraction of the total feeding area of any individual or species.  Thus, the 
potential for birds to be exposed to these concentrations is low, and for this reason the actual 
potential for risk correspondingly low.  For this reason, little potential for adverse effect to birds 
is considered to exist due to the presence of the single LOEC exceedance.   
 
Thus, because of the low potential exposure represented by the single LOEC exceedance for 
lead, and because the maximum detected concentration was well below the RCBRA bird PRG of 
156 mg/kg, overall risks to shorebirds from lead in shoreline sediments is likely to be low.  Thus, 
no further investigation of lead in shoreline sediments is recommended.  
 
8.7.2.3  Mercury.  Mercury concentrations exceeded the avian NOEC (0.013 mg/kg) in 48 out of 
183 shoreline sediment samples collected from all three sub-areas (Table 7-13).  Concentrations 
in samples exceeding NOECs ranged from 0.0141 mg/kg to 0.133 mg/kg (Tables 8-13, 8-14, 
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and 8-15).  However, all detected concentrations are significantly below the soil mercury LOEC 
of 2.5 mg/kg, producing LOEC HQs of 0.05 or less.   
 
Because no sample concentrations approached levels estimated to be associated with potential 
adverse effect, no further evaluation of mercury is recommended. 
 
8.7.2.4  Vanadium.  Vanadium was a COPEC for Lake Wallula shoreline sediments only.  As 
shown in Table 7-13, vanadium exceeded the avian NOEC of 7.8 mg/kg in all 40 samples in 
which it was analyzed.  The NOEC value is the EPA SSL of 7.8 mg/kg, a concentration that EPA 
notes is less than background concentration for the western United States of 85 mg/kg (OSWER 
Directive  9285.7-75, Ecological Soil Screening Levels for Vanadium, Interim Final).  Thus, the 
NOEC exceedance is a reflection of an unrealistically low SSL, rather than an association of risk. 
 
The LOEC calculated for vanadium using a shorebird-specific model is 11 mg/kg, a value that is 
also well below both the average vanadium concentration in the western United States 
(85 mg/kg) as well in Washington State soils (160 mg/kg), based on EPA’s SSL data set 
(OSWER Directive  9285.7-75).  The range of vanadium concentrations in shoreline sediment 
Reference samples ranged from 24.5 to 60.8 mg/kg (Table G-4 in Appendix G).  The maximum 
detected concentration of vanadium in Lake Wallula (123 mg/kg) was higher than Reference, but 
well below Washington State average values.  In consequence, all detected concentrations of 
vanadium in Lake Wallula shoreline sediments exceed this value by a factor of 2.6 to 11.0 
(Table 8-17).  However, because actual concentrations of vanadium are below typical 
background concentrations, these HQs are not considered to be reflective of actual risk, but 
rather of substantial conservative error in the modeling assumptions.   
 
Vanadium is a component of the steel used to make automotive parts, springs, and ball bearings, 
among other products.  It thus is a component of urban runoff as the result of normal wear of 
machinery and motors.  As discussed in Section 3.0, vanadium concentrations in the 100 Area 
and 300 Area Sub-Area sediments were consistent with Reference concentrations but were 
statistically higher than Reference concentrations in Lake Wallula, which receives urban runoff 
from the Tri-Cities as well as contributions from the Yakima, Snake, and Walla Walla Rivers.  
The Hanford Site has no known use of significant amounts of vanadium. 
 
Thus, because of the conservative uncertainty associated with the NOEC and LOEC values, 
along with the ubiquitous presence of vanadium in Reference and Lake Wallula sediments, 
no accurate estimate of a potential for risk can be advanced.  As noted previously, vanadium is a 
typical constituent in urban runoff, so accumulations from the large urban and industrial areas in 
the Lake Wallula watershed are a likely historical and continuing source of this constituent to 
sediment.  For these reasons, no further investigation of Lake Wallula shoreline sediment 
vanadium is recommended.   
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8.7.2.5  Conclusions:  Refinement of Shoreline Sediment Terrestrial Bird Contaminants of 
Potential Ecological Concern.  Based on this refined analysis, no COPECs in shoreline 
sediments were retained for further evaluation.  Lead concentrations exceeded shoreline 
sediment LOECs at a single location in the 300 Area Sub-Area, but the single location represents 
a low exposure potential for birds, and concentrations were well below the RCBRA PRG, 
suggesting little potential for adverse effect.  Concentrations of mercury, selenium, and 
chromium were all below respective LOECs.  
  
8.7.3 Summary of Shoreline Sediment Contaminant of Potential Ecological Concern 

Refinement 

As the result of the refined evaluation of COPECs for shoreline sediment, no COPECs are 
recommended for further evaluation.  Concentrations of all COPECs were either below LOECs 
or exceeded LOECs by a small margin at a single location only, a condition unlikely to represent 
a significant potential for exposure.  For these reasons, the potential for effect is considered to be 
relatively low, and no further investigation is recommended.   
 
The findings of the shoreline sediment refinement of COPECs are summarized below.   
 

Sub-Area 
Shoreline 
Sediment 
Receptor 

COPECs Not 
Retained for 

Further 
Evaluation 

Rationale 

COPECs 
Recommended 

for Further 
Evaluation 

Rationale 

100 Area Plant Hexavalent 
chromium  

Below LOEC values for plants. 

None 

Bird  Mercury Concentrations well below avian 
LOECs. 

Chromium  All concentrations well below avian 
LOEC. 

Lead Concentrations below avian 
LOECs. 

300 Area  Plant Lead  Concentrations well below plant 
LOECs. 

None 

Hexavalent 
chromium 

Concentrations below plant 
LOECs. 

Selenium Concentrations equal plant LOEC 
at only 1 of 91 samples. 

Bird Mercury Concentrations well below avian 
LOECs. 

Chromium All concentrations well below avian 
LOECs. 

Lead Single LOEC exceedance with 
111 mg/kg represents low exposure 
potential for widely foraging birds; 
concentrations well below RCBRA 
PRG of 156 mg/kg. 
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Sub-Area 
Shoreline 
Sediment 
Receptor 

COPECs Not 
Retained for 

Further 
Evaluation 

Rationale 

COPECs 
Recommended 

for Further 
Evaluation 

Rationale 

Lake Wallula Plant  Hexavalent 
chromium  

Maximum concentration slightly 
less than LOEC and located well 
below potential Hanford Site 
groundwater influences. 

None 

Bird Lead Concentrations below avian 
LOECs. 

Mercury Concentrations well below avian 
LOECs. 

Vanadium Ubiquitous urban contaminant; 
toxicity estimates within natural 
ranges. 

Chromium  All concentrations well below avian 
LOECs. 

 
The conclusions of the refinement of COPECs for all media are provided below.  
 
 
8.8 REFINEMENT OF CONTAMINANTS OF POTENTIAL 

ECOLOGICAL CONCERN:  SUMMARY AND CONCLUSIONS 

In this section, a detailed review was conducted of the characteristics and array of each of the 
abiotic samples identified in Section 7.0 that contained at least one COPEC at a concentration in 
excess of the NOEC.  Included in this analysis was a review of the number, location, and 
magnitude of the NOEC exceedance, as well as a comparison of the result to lowest known 
levels of adverse effect, as represented by literature-derived or calculated LOECs.  As the result 
of this review, two COPECs in sediment, as well as nine COPECs in porewater, were 
recommended for further evaluation.  For hexavalent chromium in sediment, further 
understanding of toxicity in sediment is necessary to identify appropriate NOEC and LOEC 
values.  The COPECs recommended for further evaluation in the River Corridor Operable Unit 
RI/FS program, and the media in which they occur, are as follows: 
 
 

Media 100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area 

Surface water None None None 

Sediment 
Chromium 
Hexavalent chromium 

Hexavalent chromium None 

Soil  None None -- 

Shoreline sediments  None None None 

Porewater 

 100-BC-5 
Aluminum 
Hexavalent chromium 
Lead 
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Media 100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area 

 100-KR-4 
Hexavalent chromium 
Manganese 

  

 100-NR-2 
Hexavalent chromium 
Nitrate 

  

 100-HR-3 

Aluminum 
Chromium 
Hexavalent chromium 
Lead 
Nickel 
Nitrate 

  

 100-FR-3 
Hexavalent chromium 
Manganese 

  

 200-PO-1  
Hexavalent chromium  
Lead 

 

 300-FF-5  

Aluminum 
Lead 
Nitrate 
Selenium 
Uranium 

 

NOTE:  Shoreline sediment is an exposure media for terrestrial birds, as well as aquatic biota; sediment is an exposure media for 
aquatic biota only.  

-- = no COPECs in this sub-area 

 
 
As a final point of evaluation, a comparison of COPEC lists (as provided in Section 3.0) in 
100 Area and 300 Area Sub-Areas along with associated OUs is shown in Tables 8-18 and 8-19.  
As described in Section 3.0, these COPEC lists were obtained primarily by a comparison of Site 
data to Reference concentrations, although Inclusion List compounds were included as COPECs 
when detected.  While these lists do not reflect the screening or evaluations of Sections 7.0 or 
8.0, the correlation of COPECs in porewater and overlying media can help suggest generally the 
extent to which COPECs in surface water and sediment may reflect the influences of underlying 
porewater.  Potential relationships can be evaluated by reviewing the co-location of COPECs, as 
described in the DSR (WCH-398).    
 
As noted in Section 8.1, this refinement did not provide information about the source of these 
constituents; therefore, the relationship of observed COPECs and concentrations with 
Hanford Site operations remains uncertain.  However, recommendations for further evaluation of 
each of these COPECs are provided in Section 11.0. 
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9.0 FISH RISK EVALUATION 

9.1 INTRODUCTION 

The potential for effects of Hanford Site contaminants on fish in the Columbia River is evaluated 
in this risk assessment by a variety of means.  In Section 7.0, surface water was evaluated by the 
use of conventional, screening-level surface water benchmarks protective of fish and other 
aquatic biota.  In accordance with EPA ecological risk methodology, COPECs with maximum 
surface water concentrations exceeding screening-level benchmarks were further evaluated 
against LOECs in Section 8.0 to more accurately identify COPECs with concentrations in range 
of actual effects.  No COPECs in surface water were identified.  This serves as the first line of 
evidence for the evaluation of fish. 
 
In this section, three additional lines of evidence are presented for the evaluation of fish exposure 
and effect.  These additional lines are as follows: 
 
• Comparison of fish tissue to literature-derived LOECs 
• Comparison of fish condition between sub-areas 
• Sturgeon histology. 

These additional studies were included in this screening-level assessment to provide additional 
direct and site-specific information about the condition of fish in the Columbia River.   
 
As described in Section 2.2.4, an extensive fish sampling program was undertaken in 2008 to 
2010 to provide additional data to support both the human health and ecological risk 
assessments.  Composite samples of bass, sucker, carp, whitefish, and walleye, as well as 
samples from individual sturgeon, were collected from each sub-area to provide a robust data set 
representative of current conditions in the Columbia River.  Samples of fillet, combined liver and 
kidneys (except for carp and sturgeon, for which the livers and kidneys were separate), and 
carcass were analyzed for a wide variety of analytes.  Details on fish sampling and analysis are 
provided in WCH-387, Field Summary Report for Remedial Investigation of Hanford Site 
Releases to the Columbia River, Hanford Site, Washington.  Maps of the locations of individual 
fish are shown provided in Appendix M of the DSR (WCH-398).  These recent data were 
combined with comparable historical samples from 2000 to 2007 to provide basis for the 
evaluation, which is described in detail below.  A total of 638 samples were included in the data 
set for analysis. 
 
 
9.2 COMPARISON TO FISH TISSUE CONCENTRATIONS ASSOCIATED  

WITH EFFECTS  

Fish tissue concentrations from each of the six species included in the sampling program were 
compared to tissue-specific LOECs derived from the literature, shown in Table 9-1.  These data 
show concentrations in fish tissue resulting from varying levels of exposure in food and/or water.  
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However, as described in Section 10.0, the relationship between effects and tissue concentrations 
is inconsistent and generally poorly understood for most constituents, due to a variety of factors.  
These include differing accumulation rates with time and exposure concentration, varying 
physiologic responses of species to exposure, natural sequestering of metals in nontoxic forms, 
varying effects and accumulation rates by exposure route, and other considerations (“Utility of 
Tissue Residues for Predicting Effects of Metals on Aquatic Organisms” [Adams et al. 2011], 
“Application of the Tissue Residue Approach in Ecological Risk Assessment” 
[Sappington et al. 2011]).  In addition, tissue concentrations may simply co-vary with chemical 
exposure without having any causal relationship to effects, so do not represent a “critical” body 
residue directly correlated with toxicity (“Association Between Contaminant Tissue Residues 
and Effects in Aquatic Organisms” [Barron et al. 2002]).  For these reasons, only LOEC 
comparisons are used in the analysis, and inferences about potential risk are avoided to prevent 
overinterpretation of relatively imprecise tissue and LOEC relationships.  The LOEC analysis is 
thus valuable primarily from a comparative standpoint, showing differences over time and 
between sub-areas and species, and it is for this reason primarily that fish tissue LOEC HQs are 
described in the sections below.  
 
Tissue concentrations associated with effect were specific to fillet, liver, kidney, and carcass.  
The lower of either liver or kidney literature values was used for comparison to combined liver 
and kidney tissue sample results from the RI data.  Because of the relatively limited availability 
of tissue-specific effects data in general, LOEC values were not available for some 
COPEC/tissue combinations. 
 
Because of the large size and complexity of the fish data set (encompassing six species, three 
tissues, over three sub-areas), data are presented first in aggregate form, with further detail 
provided for LOEC exceedances only, in a manner similar to the abiotic media.  Specifically, the 
analysis consists of the following: 
 
1. Sample results for COPECs are presented and compared to LOECs on a sample-specific 

basis.  This provides more detail about changes over time and between species. 
 

2. Data are then aggregated by species to provide average COPEC concentrations and LOEC 
HQs for each species across sub-areas (including upriver) to illustrate trends and differences 
between sub-areas.  Averages are based on all detected data, for all species in which the 
COPEC was detected. 

 
3. Scatter plots, illustrating the distribution of data throughout all four sub-areas, were produced 

for all COPECs that exceeded LOECs.  These graphs are presented in Appendix C.  
Reference fish data, which were collected from the Upriver Sub-Area, are included on these 
figures.  Reference data were used primarily to select tissue COPECs (Section 3.0), but also 
provide a context for COPECs detected above LOEC concentrations.   

 
Because fish can move freely between sub-areas, observations on trends were not subject to 
statistical analysis based on sub-area as were abiotic results, since statistically important 
distinctions (such as variance) between data sets will change as individual fish change locations.  
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Rather, averages and other characteristics were used to make general observations about 
apparent data trends relevant to this line of evidence. 
 
Summary tables for aggregated data are discussed separately by tissue, below.  Within each 
section, maximum concentrations are compared to LOEC values in the same manner as the 
NOEC screenings for abiotic media in Section 7.0.  Additionally, each discussion consists of a 
comparison of all COPEC results to LOEC values, and presents the LOEC HQ for each sample.  
Lowest observed effect concentrations above 1.0 in each comparison table have been rounded to 
the nearest integer, since the uncertainty of the LOEC data does not support further definition.  
As part of this discussion, average concentrations and HQs are compared by both tissue type and 
by species across sub-areas in each of the following subsections.  LOEC HQ averages are based 
on the raw data, as opposed to the rounded HQs presented in the comparison tables. 
 
Tables 9-2 and 9-3 are summary tables that present the maximum LOEC HQ in fish tissue for all 
sub-areas (Table 9-2) and a summary of COPECs with maximum LOEC HQs equal to or greater 
than 1.0 within all sub-areas and Reference areas (Table 9-3).  Data summary tables of Reference 
data for all tissue COPECs are presented in Appendix G and include a comparison of Reference 
data to LOECs, where available.  As is indicated in Table 9-3, the Study Area data exceedances 
are comparable to the Reference data for nearly all tissue types.  The exception is liver, which is 
discussed in Section 9.2.2 below. 
 
9.2.1 Fish Fillet Data Analysis 

Summary statistics for fish fillets are presented for all three downriver sub-areas (i.e., 100 Area, 
300 Area, and Lake Wallula Sub-Areas) in Table 9-4.  Contaminants of potential ecological 
concern differ slightly by sub-area, reflecting the effects of the COPEC selection process 
described in Sections 3.2 and 3.6. 
 
As shown in Table 9-4, a robust data set, consisting of between 19 and 86 sample results for each 
COPEC exists for all 3 sub-areas.  Exceptions are hexavalent chromium and methyl mercury, 
which were analyzed only in selected sturgeon fillets in the 2008 to 2010 sampling event.  
However, fillet LOEC values were only available for four COPECs:  arsenic, 
dichlorodiphenyltrichloroethane (DDT), endrin, and mercury.  The maximum HQ for these four 
COPECs throughout all three sub-areas was below the threshold level of 1.0, with the maximum 
being 0.3 for endrin in the 100 Area Sub-Area.  Therefore, because LOEC HQs of all samples 
were 0.3 or less, the potential for adverse effect of these COPECs to fish is likely to be low.   
 
9.2.2  Fish Liver Data Analysis 

Table 9-5 presents a summary of liver results and a comparison to LOEC benchmarks by sub-
area.  These data reflect separate liver data for carp and sturgeon from the 2008 to 2010 sampling 
events, plus historical fish samples:  bass from 2002 and 2005; nine sucker samples from 2006, 
and five whitefish each from 2003 and 2005. 
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Among COPECs for these areas, LOECs were available for arsenic, cadmium, copper, DDT, 
endosulfan and endrin (also used as surrogate for other forms), lead, mercury, selenium, and 
zinc. 
 
As shown in Table 9-5, cadmium, copper, selenium, and zinc each exceeded LOECs in both the 
100 Area and 300 Area Sub-Areas.  None of these constituents were a COPEC for the 
Lake Wallula Sub-Area, and no constituents in the Lake Wallula Sub-Area fish liver samples 
exceeded LOECs.  In comparison to the Reference data, of the four COPECs that exceeded 
LOECs, only two of those also exceeded in the Reference data sets:  cadmium and zinc.  
For both of these COPECs, maximum HQs indicated in the data were higher in the Study Area 
than in Reference data (see Table 9-3), although the highest results for both cadmium and zinc 
were found in historical data, as discussed below. 
 
Maximum liver LOEC HQs for these constituents as well as the number of exceedances versus 
the number of samples (in parentheses) in the 100 Area and 300 Area Sub-Areas are as follows 
(see Table 9-5). 
 

COPEC 
100 Area Sub-Area 

Maximum LOEC HQ 
300 Area Sub-Area 

Maximum LOEC HQ 

Cadmium 36 (16/48) 24 (12/40) 

Copper 3.0 (9/48) 3.0 (7/40) 

Selenium 2.0 (7/48) 1.0 (1/40) 

Zinc  22 (38/48) 24 (25/40) 

NOTE:  Parenthetical values are number of exceedances/number of samples. 

 
Cadmium and zinc had the most exceedances, as well as the highest LOEC HQs. 
 
Tables 9-6 and 9-7 show sample-specific results for each LOEC exceedance along with LOEC 
HQs for the 100 Area Sub-Area and 300 Area Sub-Area, respectively.  Each of the four COPECs 
exceeding LOECs is discussed separately in the following subsections. 
 
9.2.2.1  Cadmium in Fish Livers.  Sample results are shown separated by year in Tables 9-6 
and 9-7.  As shown, highest cadmium concentrations in liver are in historical (pre-2008) 
samples.  In the 100 Area Sub-Area, all LOEC HQs that ranged from 7.0 to 36 were in samples 
collected in 2004 or earlier; all other samples had LOEC HQs of 6.0 or less.  Results for the 
300 Area Sub-Area were similar:  all LOEC HQs greater than 4.0 and up to 24 were from 2004 
or earlier; all other samples had LOEC HQs of 1.0 or lower. 
 
Table 9-8 shows cadmium average results by species, across all four sub-areas, for all detected 
concentrations of cadmium.  For species sampled in multiple sub-areas, highest average 
concentrations occurred in the 300 Area Sub-Area for carp and in the 100 Area Sub-Area for 
bass, sturgeon, and sucker.  Highest average concentrations across all sub-areas were detected in 
carp.  The lowest average concentrations of cadmium were detected in sturgeon in the 
Lake Wallula Sub-Area.  Concentrations did not exceed LOECs in these samples. 
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Based on 2009 data, carp had LOEC HQs of 1.0 to 2.0 in 6 of 88 liver samples collected from 
the 100 and 300 Area Sub-Areas.  Samples from 2009 for other species had cadmium LOEC 
HQs below 1.0.  These HQ data are comparable to the Reference data presented in Table 9-3; 
both Reference and current Study Area data present maximum liver HQs in the range of 1.0 
to 2.0. 
 
9.2.2.2  Copper in Fish Livers.  Copper exceeded LOEC benchmarks in nine samples in the 
100 Area Sub-Area and in seven samples in the 300 Area Sub-Area (Tables 9-6 and 9-7).  
As with cadmium, highest exceedances occurred in historical samples.  In both the 100 Area and 
300 Area Sub-Areas, the maximum LOEC HQs were 3.0; no LOEC exceedances occurred in the 
Upriver or Lake Wallula Sub-Areas. 
 
Average copper values for all samples are shown in Table 9-9.  Carp and sturgeon were the only 
species with sample results for all four sub-areas.  No pattern of exposure or residue 
concentration is apparent.  The highest average values for carp and the lowest average values for 
sturgeon occurred in the 100 Area Sub-Area.  Average LOECs were less than 0.4 for all species 
except carp.  Average LOECs for carp were 1.1 in the 100 Area Sub-Area and 1.0 in the 
300 Area Sub-Area.  However, as described previously, these were historical samples with 
elevated concentrations not found in more recent samples. 
 
In summary, copper liver LOEC HQs of all recent samples and all but 16 historical samples were 
below 1.0 and averaged 0.4 or less.   
 
9.2.2.3  Selenium in Fish Livers.  Selenium exceeded LOEC benchmarks in seven samples in 
the 100 Area Sub-Area and one sample in the 300 Area Sub-Area (Table 9-5).  All exceedances 
occurred in samples collected between 2002 and 2005.  In the 100 Area Sub-Area, all 
exceedances except one (a bass) were in whitefish samples, while in the 300 Area Sub-Area the 
exceedance was also in a bass sample.  No exceedances of benchmarks occurred in samples 
collected in subsequent sampling events or during the RI sampling between 2008 and 2010. 
 
A review of average values for all detected concentrations of selenium shows no pattern in carp 
or sturgeon samples, for which data across all sub-areas exist (Table 9-10).  In these two species, 
highest average concentrations were in carp in the 100 Area Sub-Area, while the Lake Wallula 
Sub-Area had the highest for sturgeon.  Overall highest average concentrations were found in 
whitefish in the 100 Area Sub-Area, as shown in Table 9-10. 
 
Selenium was not detected or did not exceed LOEC values in any samples collected since 2005, 
including the recent 2008 to 2010 RI sampling. 
 
9.2.2.4  Zinc in Fish Livers.  As an essential nutrient and common earth metal, zinc is readily 
absorbed and transported to fish tissue.  It was found in all 48 samples from the 100 Area 
Sub-Area and all 40 samples from the 300 Area Sub-Area (Table 9-5).  Zinc was not a COPEC 
for the Lake Wallula Sub-Area. 
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As with other metals, the 9 or 10 highest concentrations of zinc in fish liver in both sub-areas 
were found in historical (2004 and 2002, plus one 2006) samples, and all 10 were obtained from 
carp (Tables 9-6 and 9-7).  Lowest observed effect concentration HQs for these samples were 22 
and lower in the 100 Area Sub-Area and 24 and lower in the 300 Area Sub-Area.  Conversely, 
most of the samples with the lowest zinc concentrations in each sub-area were from sturgeon.  
Average LOEC HQs for sturgeon in all four sub-areas were between 0.6 and 0.7. 
 
Carp collected in 2009 had higher concentrations of zinc than 2009 sturgeon and many historical 
samples from other species.  Lowest observed effect concentration HQs for carp in the 100 Area 
Sub-Area ranged from 3.0 to 5.0, while in the 300 Area Sub-Area, LOEC HQs of 2009 carp 
ranged from 2.0 to 5.0.  As seen with cadmium, these HQ data are comparable to the Reference 
data presented in Table 9-3; both Reference and current Study Area data present maximum liver 
HQs for zinc in the range of 4.0 to 5.0. 
 
Average values for all detected liver concentrations of zinc are shown in Table 9-11.  As 
indicated above, carp tissue concentrations are higher than sturgeon or other species.  Carp tissue 
concentrations are lowest upriver (211 mg/kg), highest in the 100 Area Sub-Area (633 mg/kg), 
and decline in sequence through 300 Area and Lake Wallula Sub-Areas.  For sturgeon, 
zinc concentrations are lowest in the 100 Area Sub-Area and highest upriver.  Zinc is not likely 
to be a Hanford Site-related constituent, arising instead from upriver sources. 
 
9.2.3 Fish Kidney Data Analysis 

Summary results for kidney analyses are shown in Table 9-12 for all three sub-areas.  Among the 
COPECs for these areas, LOEC benchmarks were available only for cadmium, copper, selenium, 
and zinc.  In the 100 Area Sub-Area, all three COPECs exceeded LOEC benchmarks; in the 
300 Area Sub-Area, only selenium and zinc exceeded LOECs.  These constituents were not 
COPECs for the Lake Wallula Sub-Area. 
 
Maximum kidney LOEC HQs for these constituents as well as the number of exceedances versus 
the number of samples (in parentheses) in the 100 and 300 Area Sub-Areas are summarized from 
Table 9-12 as follows. 
 

COPEC 
100 Area Sub-Area 

LOEC HQ 
300 Area Sub-Area 

LOEC HQ 

Cadmium 1.0 (1/14) 2.0 (3/15) 

Copper 1.0 (1/14) 0.7 (0/15) 

Selenium 1.0 (12/14) 2.0 (10/15) 

Zinc 14 (5/14) 16 (6/15) 

 
These results are discussed by COPEC below. 
 
9.2.3.1  Cadmium in Fish Kidneys.  Cadmium LOEC exceedances are shown by sample in 
Table 9-13.  Four exceedances occurred in the 100 Area and 300 Area Sub-Areas, with one 
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exceedance in the 100 Area Sub-Area and the remaining three in the 300 Area Sub-Area.  All 
four exceedances were in samples from 2009. 
 
The LOEC HQ for the one cadmium exceedance in the 100 Area Sub-Area was 1.0, while the 
LOEC HQs in the 300 Area Sub-Area ranged from 1.0 to 2.0.  Average values for all kidney 
samples for which cadmium was detected are shown in Table 9-15; data are available for both 
carp and sturgeon.  The data indicate that the average LOEC HQs for the 100 Area Sub-Area for 
both carp and sturgeon are below 1.0, and the average LOEC HQs for the 300 Area Sub-Area for 
carp and sturgeon are at 1.0 and 0.1, respectively. 
 
9.2.3.2  Copper in Fish Kidneys.  Copper LOEC exceedances are shown by sample in 
Table 9-13.  Only one exceedance, in 2009, occurred in carp samples in the 100 Area Sub-Area, 
producing a LOEC HQ of 1.0.   
 
Average values for all kidney samples in which copper was detected are shown in Table 9-16.  
Data are available for both carp and sturgeon.  In both species, maximum tissue concentrations 
were present in samples from the 100 Area Sub-Area.  In sturgeon, concentrations declined 
steadily through downriver sub-areas, whereas in carp, concentrations were higher in the 
Lake Wallula Sub-Area than in the 300 Area Sub-Area. 
 
Because only one fish sample was found with an LOEC HQ equal to or greater than 1.0, the 
potential for effects to carp is likely to be low.  The lack of exceedance in the 300 Area Sub-Area 
(0/15) combined with the low LOEC HQ (0.7) suggests that potential risks are likely lower in 
that sub-area.  No further analysis is recommended. 
 
9.2.3.3  Selenium in Fish Kidneys.  Selenium exceeded LOEC benchmarks in the majority of 
kidney samples collected.  Results for individual samples are shown in Tables 9-13 and 9-14.  
All exceedances were in samples from 2009. 
 
In general, concentrations were similar in both sub-areas.  Lowest observed effect concentration 
HQs in the 100 Area Sub-Area were consistent at 1.0, while in the 300 Area Sub-Area, LOEC 
HQs ranged from 1.0 to 2.0. 
 
Average concentrations of all detected Site concentrations of selenium in both carp and sturgeon 
are shown in Table 9-17.  Concentration relationships with sub-area between the two species are 
not similar.  For carp, highest average concentrations occurred in Upriver Sub-Area samples.  
For sturgeon, highest concentrations occurred in the Lake Wallula Sub-Area samples.  Average 
LOEC HQs for both species equaled or exceeded one in all sub-areas, including upriver. 
 
9.2.3.4  Zinc in Fish Kidneys.  Zinc exceeded LOEC benchmarks in 5 of the 14 samples in the 
100 Area Sub-Area and in 5 of the 15 samples collected in the 300 Area Sub-Area as shown in 
Table 9-12.  As discussed above, results for the individual sample exceedances are shown in 
Tables 9-13 and 9-14; like copper and selenium, all exceedances for zinc were in samples from 
2009. 
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The LOEC HQs for zinc exceedances in the 100 Area Sub-Area ranged from 6.0 to 14, with a 
maximum detected concentration of 534 mg/kg.  In the 300 Area Sub-Area, LOEC HQs for 
exceedances ranged from 1.0 to 16. 
 
Average concentrations of all detected concentrations are shown in Table 9-18.  As has been 
seen with the majority of the average data, concentration relationships between the two species 
are not similar.  For carp, the highest average concentrations occurred in the Lake Wallula 
Sub-Area, while for sturgeon, highest average concentrations were in the 100 Area Sub-Area.  
Average LOEC HQs exceeded 1.0 for carp in all sub-areas.  Average LOEC HQs for sturgeon 
did not exceed 1.0. 
 
9.2.4 Combined Liver/Kidney Data Analysis 

Table 9-19 shows sample results for combined liver and kidney samples from all three sub-areas.  
These samples reflect bass, sucker, whitefish, and walleye samples collected between 2008 and 
2010.  Detected concentrations in combined liver and kidney tissue were compared to the lower 
of liver and kidney LOEC data in the literature.  This conservative approach may overestimate 
potential risks in some cases. 
 
Among the large number of COPECs for these areas, tissue effect LOEC benchmarks are 
available for arsenic, cadmium, chromium, copper, DDT, endosulfan and endrin (also used as 
surrogate for other forms), lead, mercury, selenium, and zinc. 
 
Among these, selenium is the only COPEC that exceeded the LOEC in both the 100 Area and 
300 Area Sub-Areas.  No COPECs exceeded benchmarks in the Lake Wallula Sub-Area. 
 
Maximum combined liver/kidney benchmark HQs for selenium as well as the number of 
exceedances versus the number of samples (in parentheses) in the 100 Area and 300 Area 
Sub-Areas are as follows (Table 9-19). 
 

COPEC 
100 Area Sub-Area 

Benchmark HQ 
300 Area Sub-Area 

Benchmark HQ 

Selenium 3.0 (11/21) 3.0 (13/20) 

 
These LOEC exceedances are reviewed in more detail in the following subsection. 
 
9.2.4.1  Selenium in Combined Liver/Kidney Tissue.  Selenium exceeded LOEC benchmarks 
in more than half of all samples collected in both the 100 and 300 Area Sub-Areas.  
Sample-specific results are shown in Tables 9-20 and 9-21.  As shown, concentrations were 
similar in both the 100 Area and 300 Area Sub-Areas.  Lowest observed effect concentration 
HQs in both the 100 Area and 300 Area Sub-Areas for selenium LOEC exceedances ranged from 
1.0 to 3.0, and were all collected during 2009.  A majority of samples in each area had LOEC 
HQs close to or greater than 1.0.  Exceedances occurred in all species except sturgeon and carp. 
 

Exhibit 12a



 DOE/RL-2010-117 

Fish Risk Evaluation Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 1:  Screening-Level Ecological Risk Assessment 
June 2012 9-9 

Average values for all samples in which selenium was detected are shown in Table 9-22.  The 
highest concentration in all four sub-areas was found in whitefish samples.  Within species, the 
highest average concentrations among the sub-areas for bass and whitefish were found in 
Upriver Sub-Area samples, while highest average concentrations for sucker and walleye samples 
were found in the 300 Area Sub-Area. 
 
Selenium is not an Inclusion List compound, and its relationship to the Hanford Site is uncertain. 
 
9.2.5  Fish Carcass Data Analysis 

Results for the data summary and LOEC review of carcass are shown in Table 9-23.  Between 
30 and 55 sample results are available for each COPEC, except for methylmercury, which was 
analyzed for in selected sturgeon samples in the 300 Area and Lake Wallula Sub-Areas.  Only 
one COPEC – arsenic – had toxicity data available.  Arsenic was detected in 14 of 35 samples in 
the 100 and 300 Area Sub-Areas and in 6 of 31 samples in the Lake Wallula Sub-Area.  Of these 
detections, none exceeded the LOEC of 3.1 mg/kg.  The highest LOEC HQ was 0.4 in both the 
100 Area and Lake Wallula Sub-Areas.   
 
9.2.6 Conclusions:  Fish Tissue Effects Level Evaluation 

The results of the evaluation of fish tissue produced a wide array of results that vary by species 
and area.  A brief narrative summary of the results and findings is presented below. 
 

Tissue COPEC Comments 

Fillet -- No LOEC exceedances; no risk associated with fillet tissue. 

Liver 

Cadmium 
Highest results in historical data.  Highest total concentrations in carp; LOEC HQs 
of 1.0 to 36 were found in 28/88 liver samples from 100 and 300 Area Sub-Areas.  
However, the association of cadmium with Hanford Site operations is uncertain.  

Copper 
Highest in historical samples.  All recent LOEC HQs 0.5 or less.  No pattern across 
areas. 

Selenium All exceedances in historical samples.   

Zinc 

Highest HQs in historical samples.  Lowest in recent samples.  Highest 
concentrations in carp; 2009 carp LOEC HQs 2.0 to 5.0.  Elevated LOEC HQs in 
whitefish and sucker, based on historical samples.  However, zinc is common in 
stormwater runoff, and  its relationship to the Hanford Site is uncertain.  It is not an 
Inclusion List compound. 
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Tissue COPEC Comments 

Kidney 

Copper Only one LOEC exceedance, with an HQ of 1.0 in carp.   

Selenium 

Highest HQs, and all exceedances, were from 2009 samples.  Exceedances produce 
HQs ranging from 1.0 to 2.0, indicating potential risk.  The relationship between 
selenium and Hanford Site operations is uncertain.  It is not an Inclusion List 
compound.   

Zinc 

Highest HQs, and all exceedances, were from 2009 samples.  Maximum LOEC 
HQs in the 100 Area and 300 Area Sub-Areas were 14 and 16, respectively.  
Highest values in carp.  However, as stated above, zinc is common in stormwater 
runoff, and its relationship to the Hanford Site is uncertain.  It is not an Inclusion 
List compound. 

Liver/kidney Selenium 
LOEC exceedances for all species except sturgeon and carp.  Potential risk.  
However, selenium’s relationship to the Hanford Site is uncertain.  It is not a 
Hanford Inclusion List compound. 

Carcass -- No LOEC exceedances. 

 
As shown, the greatest exceedance of fish tissue LOECs generally occurs for cadmium, copper, 
selenium, and zinc.  Cadmium produced LOEC HQs close to or greater than 1.0 in carp liver 
tissue.  Copper produced LOECs close to or greater than 1.0 in kidney and liver tissue.  Selenium 
exceeded LOECs in liver, kidney, and liver/kidney samples.  Zinc exceeded LOECs in liver and 
kidney samples for several species.  No COPEC concentrations approached or exceeded LOECs 
in fillet or carcass. 
 
Because sample types varied between species, no conclusions about accumulation across all 
species and tissue types can be made.  However, based on average data presented in the tables 
discussed previously (which include both historical and recent results), species with the highest 
tissue concentrations are as follows. 
 

Tissue COPEC Species Sampled 
Species with Highest 

Average Concentration

Fillet  --   

Liver  

Cadmium 

Carp and sturgeon, and historical data 
only for bass, sucker, and whitefish 

Carp  

Copper  Carp  

Selenium Whitefish  

Zinc Carp  

Kidney  

Copper 

Carp and sturgeon  

Carp  

Selenium  Carp and sturgeon 

Zinc Carp 

Liver/kidney Selenium Bass, sucker, whitefish, walleye Whitefish 

Carcass --   

NOTE:  -- Indicates that no COPECs exceeded LOECs for that tissue type. 
 

As shown, carp tend to accumulate constituents to highest concentrations in the tissues in which 
it was sampled (liver and kidney).  Accumulation varied across other species by tissue.  A 
literature review of metal bioaccumulation in carp revealed that, generally, concentrations of 
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accumulated heavy metals (such as cadmium, chromium, copper, and zinc) in muscle tissue were 
found to increase in direct proportion to an increase in length and weight of individual fish.  A 
correlation was also found in regards to age; with increased age, metal accumulation was 
increased (“Bio-Accumulation of Lead in the Bodies of Major Carps (Catla catla, Labeo rohita 
and Cirrhina mrigala) During 96-h LC50 Exposures” [Javid et al. 2007]; “Comparison of Total 
Accumulated Mercury in Muscle Tissues of Common Carp and Silver Carp in Sanandaj 
Gheshlagh Reservoir” [Khoshnamvand et al. 2011]; “The Effect of Fish Size and Condition on 
the Contents of Twelve Essential and Non Essential Elements in Aristichthys nobilis” 
[Naeem et al. 2011]). 
 
No consistent trend was apparent across sub-areas.  Average COPEC concentrations did not 
consistently increase by sub-area, nor was the 100 Area or 300 Area Sub-Area consistently 
higher than others.  The maximum concentration varied widely by species and COPEC. 
 
In conclusion, a comparison of fish tissue data to LOEC effects data illustrates that highest 
LOEC exceedances are associated with cadmium, copper, selenium, and zinc.  No consistent 
relationship exists between species or sub-areas, although carp may be at a higher risk than other 
species because of higher accumulation rates in the liver.  None of these metals are known to 
have been used in significant quantities at the Hanford Site; therefore, the association of these 
results to Hanford Site operations is uncertain. 
 
 
9.3 FISH CONDITION ANALYSIS 

As a second line of analysis, fish condition characteristics were reviewed for general 
morphological differences between areas.  Factors considered consisted of weight, length, 
condition factor, and the hepatosomatic index (HSI).  The methodology and results of this 
evaluation are presented below. 
 
9.3.1 Overview of Approach 

Studies of the measurements of condition factor, relating an organism’s weight to length, and 
hepatosomatic indices, relating proportionality of specific organs to weight, are common in 
fishery biology.  These studies, along with general comparisons of length and weight, are used as 
general indicators of organism well-being. 
 
Condition factor (CF) is an organism-level response, where changes in conditions such as 
nutrition and contaminant concentrations may cause variations from normal total body weights.  
This factor is typically calculated as weight/length3 (cubed). 
 
Hepatosomatic index is calculated from body and liver weight in individual fish and is 
considered a general indicator of the overall fish health.  The index aids in the analysis of 
contaminant exposure of fish, as changes in the index may be indicative of contaminant effects.  
This index is a percentage calculated as (organ weight/total body weight) *100.  In “Hepatic 
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Toxicology of Fishes,” Gingerich (1982) summarized extensive literature on the biology of fish 
liver and concluded that about 2% of body weight in a mature teleost fish constitutes the liver. 
 
Typically, a decrease in CF or HSI implies that the organism has depletion in energy reserves.  
Decreased energy reserves potentially leads to health problems for fish.  However, both HSI and 
CF may vary in either direction as the result of exposure to chemicals, and both reflect influences 
other than chemical exposure as well.  Hepatosomatic index may reflect changes in metabolism, 
storage of blood during quiescent periods, and species and allometric differences, as well as 
chemical exposure.  Condition factor varies directly with nutrition and can vary seasonally, 
reflecting differences in nutrition and gonadal status.  It also varies by species and by location for 
the same species (“Ration, Growth, and Measures of Somatic and Organ Condition in Relation to 
Meal Frequency in Winter Flounder” [Tyler and Dunn 1976]; Biomonitoring of Environmental 
Status and Trends [BEST] Program:  Selected Methods for Monitoring Chemical Contaminants 
and their Effects in Aquatic Ecosystems [USGS 2000]).  In addition, both of these measures 
reflect the natural variability among individuals, species, and areas.   
 
This study focuses on comparing the CF and HSI of fish species from upriver areas of the 
Columbia River to those fish species located in the Hanford Reach and Lake Wallula.  It also 
compares average length and weight of sample specimens directly, across the same areas.  
Because all of these factors vary in response to many parameters, the review seeks to identify 
patterns across sub-areas or species as a means of ascertaining potential Hanford Site effects. 
 
This evaluation considered six species of fish (bass, carp, sturgeon, sucker, walleye, and 
whitefish) from the Columbia River Basin within the Hanford Reach and Lake Wallula.  Some of 
the walleye were collected during June 2010, while the other walleye and fish species were 
collected during mid- to late-summer 2009.  Many field data were collected, and those included 
in this study are body length and location.  Laboratory data used consisted of total length, total 
body weight, liver weight, and kidney weight.  The different fish species were evaluated 
individually.   
 
Individual fish data were sorted by sub-area to compare Upriver Sub-Area locations to those 
within the three downriver sub-areas.  After sorting, the HSI was calculated by dividing the liver 
weight by total laboratory body weight and then multiplying this calculation by 100 to find the 
percentage for the index (Table 9-26).  In addition, the CF was calculated using weight/length3 
(cubed).  Because the fish sampling process intentionally targeted fish of specific length ranges, 
fish weight was the primary variable examined by the CF analysis.  The results of this analysis 
are shown in Table 9-25.  Standard deviation was also calculated for fish length and weight.  
This calculation quantifies the amount of variation in the data relative to the average.  A low 
standard deviation indicates that the length or weight tend to be very close to the mean, whereas 
high standard deviation indicates that the data are spread out over a large range of values.  These 
data are shown in Table 9-24 and Tables 9-27 through 9-31. 
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9.3.2 Fish Condition Analysis Results 

The fish collected upriver were collected above Priest Rapids Dam.  The Columbia River below 
Priest Rapids Dam is free-flowing and more open than the river directly above the dam.  While 
no impediments to fish movement are present between Priest Rapids Dam and McNary Dam, 
many individual fish may reside predominantly in one sub-area during much of their lives.  This 
may result in area-specific differences.  This study compares each individual fish within a 
species to the other fish that are within the same river area, as well as those that are in the other 
river areas.  Each fish has a distinct river area with which it is associated. 
 
The six species of fish were collected based on a target size for each species, and collection 
activities were conducted using electrofishing (whitefish, suckers, and carp), hook and line (bass, 
walleye, sturgeon, suckers, and carp), and long-line (sturgeon).  Target fish sizes are summarized 
from WCH-387 in the table below. 
 

 Bass Carp Sturgeon Suckers Walleye Whitefish 

Target size (inches) <14 >18 43 to 54 >12 >11 >10 

Number of individuals 
collected 

100 95 30 100 103 102 

 
Due to fish species size restrictions, CF and HSI could potentially be skewed to higher values.  
This creates an area of uncertainty when reviewing the CF and HSI data in that smaller sized fish 
species that were restricted from collection may have different responses than are indicated in 
this study.   
 
Results of the analysis are presented separately by fish species in the following subsections.  
Average values for most parameters were calculated and compared, as well as 
standard deviation.  As shown in the tables, the standard deviation is highly variable, ranging 
from 2.0 to 11.5 for fish length and from 100.36 to 3606 for fish weight.  The high variability 
shown from the standard deviation calculations in most data results suggests the need for caution 
interpreting the results. 
 
9.3.2.1  Bass Condition Analysis Results.  Data were compiled for 100 individual tissue 
samples of bass throughout the specified area of the Columbia River.  The laboratory data 
including total weight, total length, liver weight, and kidney weight as well as river area are 
detailed in Table 9-24.  Results of each analysis are described below. 
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9.3.2.1.1  Bass Average Total Length and Weight.  Figures 9-1 and 9-2 graphically display the 
relationship between river sub-area (Upriver, 100 Area, 300 Area, and Lake Wallula) and the 
average weight and length of the bass specimens.  As shown, data are highly variable, with 
differences between individuals far exceeding differences between sub-areas.  These figures 
indicate that, while fish tend to be smaller and lighter below the Upriver Sub-Area, these factors 
do not change in a similar manner with distance downstream.  Bass in the 100 Area and 
Lake Wallula Sub-Areas have nearly identical characteristics:  both have an average length 
approximately 2 cm (0.8 in.) shorter and an average weight approximately 70 g (0.2 lb) lighter 
than those bass found upriver.  Bass in the 300 Area are longer and heavier than both 100 Area 
or Lake Wallula Sub-Area fish and have an average length approximately 0.6 cm (0.2 in.) shorter 
and an average weight approximately 20 g (0.04 lb) lighter than those collected upriver. 
 
 

Figure 9-1.  Bass Length. 
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Figure 9-2.  Bass Weight. 
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However, the bass species is in a somewhat unique situation, as bass fishing tournaments are 
common in the Columbia River, within the Hanford Reach, and Lake Wallula.  During these 
fishing tournaments, the largest individuals of the species are selectively caught and removed 
from the environment.  This could affect the number of larger (i.e., longer and heavier) bass 
individuals available within the sub-areas and therefore could affect the size of the fish 
encountered in this study, skewing the results to show shorter and lighter fish in the 
Hanford Reach and Lake Wallula relative to upriver. 
 
9.3.2.1.2  Bass Condition Factor and Hepatosomatic Index.  Condition factors and HIs are 
summarized in Tables 9-25 and 9-26 and Figure 9-3.  The average CF in upriver bass was 0.014.  
As shown in Table 9-25, the average CF across the four sub-areas is nearly identical, at 0.014 or 
0.015. 
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Figure 9-3.  Average Hepatosomatic Index (HSI). 
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Figure 9-3 and Table 9-26 show the HSI for bass upriver to be nearly 0.014; this number declines 
in the 100 Area Sub-Area to 0.10, mirroring the decline in weight and length in this sub-area as 
well.  Length, weight, and HSI increase in the 300 Area Sub-Area.  The HSI then increases in 
Lake Wallula, while average weight and length decrease.  Hepatosomatic index in Lake Wallula 
is approximately 0.013, approximately the same value as the upriver fish.  This similarity may 
reflect the similar habitats in the two reservoirs. 
 
9.3.2.2  Carp Condition Analysis Results.  Ninety-five individual tissue samples of carp 
throughout the specified area of the Columbia River were collected for data analysis.  Laboratory 
data, including total weight, total length, liver weight, and kidney weight as well as river area are 
detailed in Table 9-27.  Results are described below. 
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9.3.2.2.1  Carp Average Total Length and Weight.  Average weight and length of carp was 
calculated for each sub-area.  Figures 9-4 and 9-5 display the relationship found during this 
evaluation.  While results are highly variable, these figures indicate that both average fish weight 
and fish length decline in the 100 Area Sub-Area, then increase with distance downstream 
(length) or remain generally similar (weight).  Average carp length in the 100 Area Sub-Area 
was approximately 5 cm (2 in.) shorter than upriver and increased to approximately 2.5 cm 
(1 in.) shorter than upriver in Lake Wallula.  Weight in these fish ranged from approximately 
1,359 g (3 lb; 300 Area) to 1,612 g (3.6 lb; 100 Area) lighter than upriver fish.  This decrease 
may reflect a habitat less suitable to carp than the quiescent waters in upstream areas. 
 
 

Figure 9-4.  Carp Length. 
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Figure 9-5.  Carp Weight. 
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9.3.2.2.2  Carp Condition Factor and Hepatosomatic Index.  Tables 9-25 and 9-26 and 
Figure 9-3 summarize the CF and HSI for carp.  As these demonstratives show, the average CF 
declines, similar to carp length and weight, as fish move downriver.  Upriver data indicate the 
average CF, as shown in Table 9-25, is 0.017; the average declines to 0.015 in both the 100 Area 
and 300 Area Sub-Areas, and then down to 0.014 in the Lake Wallula Sub-Area. 
 
As Figure 9-3 and Table 9-26 show, the HSI slightly increases from upriver (0.017) through the 
100 Area and 300 Area Sub-Areas to approximately 0.018, to the Lake Wallula Sub-Area, where 
it decreases to approximately 0.016. 
 
9.3.2.3  Sturgeon Condition Analysis Results.  Thirty individual tissue samples of sturgeon 
throughout the specified area of the Columbia River were collected for data analysis.  Laboratory 
data including total weight, total length, liver weight, and kidney weight as well as river area are 
detailed in Table 9-28.  Study results are described below. 
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9.3.2.3.1  Sturgeon Average Total Length and Weight.  Figures 9-6 and 9-7 show the 
relationship between river area and the average weight and length of the sturgeon specimens.  
These figures indicate that sturgeon are on average longer downstream of Priest Rapids Dam 
than they are upstream.  However, average sturgeon weight in the 100 Area Sub-Area is lower 
than the other sub-areas, with both the 300 Area and Lake Wallula Sub-Areas having higher 
average weights than upriver.  Sturgeon in the 100 Area Sub-Area have an average length 
approximately 6 cm (2.4 in.) longer, but an average weight approximately 855 g (1.9 lb) lighter 
than those found upriver.  Sturgeon in the 100 Area Sub-Area are thus longer and leaner than fish 
in other areas.  Sturgeon in the 300 Area Sub-Area have an average length approximately 5.5 cm 
(2.2 in.) longer and an average weight approximately 1,680 g (3.7 lb) heavier.  Lake Wallula 
Sub-Area sturgeon are approximately 10 cm (3.9 in.) longer and 5,065 g (11 lb) heavier than 
those found upriver. 
 
 

Figure 9-6.  Sturgeon Length. 
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Figure 9-7.  Sturgeon Weight. 
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9.3.2.3.2  Sturgeon Condition and Hepatosomatic Index.  The average CF and the HSI for 
sturgeon are also summarized in Tables 9-25 and 9-26 and Figure 9-3.  Table 9-25 shows the 
average CF for sturgeons increases slightly in the 100 Area Sub-Area and continues to stay 
above the upriver average through to the Lake Wallula Sub-Area.  Upriver, the average CF is 
0.005, increasing up to 0.006 in the 100 Area Sub-Area, 0.008 in the 300 Area Sub-Area, and 
then down slightly to 0.006 in the Lake Wallula Sub-Area. 
 
As Figure 9-3 and Table 9-26 show, the HSI decreases, but is generally similar to upriver 
(approximately 0.014), in the downriver sub-areas, and is approximately 0.013 in the 
Lake Wallula Sub-Area.  The general consistency in HSI across sub-areas coupled with the 
increase in both overall length and weight and CF indicates that sturgeon condition in regard to 
these parameters is fairly stable in the study area. 
 
9.3.2.4  Sucker Condition Analysis Results.  Data were compiled for 100 individual tissue 
samples of sucker throughout the specified area of the Columbia River.  Table 9-29 details the 
laboratory data, including total weight, total length, liver weight and kidney weight, and river 
area.  Details of the results are described below. 
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9.3.2.4.1  Sucker Average Total Length and Weight.  Figures 9-8 and 9-9 display the 
relationship between river area and the average weight and length of sucker specimens.  These 
figures indicate that average sucker length and weight are generally higher in the Hanford Reach 
than in Upriver or Lake Wallula Sub-Areas.  Suckers in the 100 Area Sub-Area have an average 
length approximately 2 cm (0.8 in.) longer and an average weight approximately 195 g (0.4 lb) 
heavier than those suckers found upriver.  In the 300 Area Sub-Area, suckers have an average 
length approximately 2 cm (0.8 in.) longer and an average weight approximately 244 g (0.5 lb) 
heavier.  Lake Wallula Sub-Area suckers are approximately 0.4 cm (0.2 in) longer and 
220 g (0.5 lb) heavier than those found upriver. 
 
 

Figure 9-8.  Sucker Length. 

40

45

50

55

60

65

0246 8

Fish ID

L
en

g
th

 (
cm

)

Total Length

Average Length

Lake Wallula300 Area100 AreaUpriver

 
 
 

Exhibit 12a



 DOE/RL-2010-117 

Fish Risk Evaluation Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 1:  Screening-Level Ecological Risk Assessment 
June 2012 9-22 

Figure 9-9.  Sucker Weight. 
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9.3.2.4.2  Sucker Condition Factor and Hepatosomatic Index.  Condition factors and HIs are 
summarized in Tables 9-25 and 9-26 and Figure 9-3.  The average CF in upriver suckers was 
0.010.  As shown in Table 9-25, the average CF within the three downriver sub-areas was 
constant at 0.11. 
 
Figure 9-3 and Table 9-26 show the HSI for suckers upriver was 0.0086.  As shown in 
Figure 9-3, the HSI within the study area increased slightly, with the maximum at approximately 
0.0125 in the 300 Area.  This lack of decline in CF and only slight increase in HSI implies that 
the condition of sucker species within the study area, as reflected by these parameters, is stable. 
 
9.3.2.5  Walleye Condition Analysis Results.  Data were compiled for 103 individual tissue 
samples of walleye throughout the specified area of the Columbia River.  The laboratory data 
including total weight, total length, liver weight, and kidney weight as well as river sub-area are 
detailed in Table 9-30.  Study results are described below. 
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9.3.2.5.1  Walleye Average Total Length and Weight.  Average weight and length of walleye 
was calculated for each sub-area.  Figures 9-10 and 9-11 show the relationship found during 
evaluation.  These figures indicate that both average weight and length increased slightly in the 
100 Area Sub-Area, but then decreased markedly in downriver sub-areas.  Walleye length ranged 
from approximately 0.86 cm (0.3 in.) longer (100 Area Sub-Area) to approximately 20 cm 
(7.9 in.) shorter (Lake Wallula Sub-Area) than those fish collected upriver.  Weight in these fish 
ranged from approximately 290 g (0.6 lb) heavier (100 Area Sub-Area) to approximately 
1,458 g (3.2 lb) lighter (Lake Wallula Sub-Area).  However, the allowable catch size for walleye 
was decreased twice during the sampling program in order to facilitate acquiring the desired 
number of sample fish.  Therefore, the fish caught downriver will be smaller.  This, coupled with 
very high variability in the data, likely overshadows these apparent trends. 
 
 

Figure 9-10.  Walleye Length. 
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Figure 9-11.  Walleye Weight. 
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9.3.2.5.2  Walleye Condition Factor and Hepatosomatic Index.  The average CF and the HSI 
for walleye are summarized in Tables 9-25 and 9-26 and Figure 9-3.  The average CF for walleye 
is generally consistent in the Upriver (0.010), 100 Area, and 300 Area Sub-Areas, dropping 
slightly to 0.009 in the Lake Wallula Sub-Area (see Table 9-25). 
 
Figure 9-3 and Table 9-26 show the HSI decreases slightly in the Study Areas and increases in 
the Lake Wallula Sub-Area.  Upriver, the HSI is approximately 0.012, decreasing to 
approximately 0.009 in both the 100 Area and 300 Area Sub-Areas, and then increasing up to 
approximately 0.013 in the Lake Wallula Sub-Area.  Although the evaluation on average weight 
and length showed that walleye were generally smaller downriver, this may be due in large 
measure to the sampling approach, as described above.  Thus, because the CF and HSI imply a 
fairly stable condition, the overall walleye condition is likely to be more stable than this overall 
analysis indicates. 
 
Additionally, one individual walleye caught in the 100 Area Sub-Area during sampling was 
found to have tumors under its gills.  Because this phenomena was observed in just 1 of more 
than 50 individuals caught, this fish (walleye #6) was considered to be an anomaly.  The CF of 
this specimen was approximately 0.011, nearly identical to the average of all 100 Area Sub-Area 
walleye.  The HSI was approximately 0.004 (0.4%) and was the minimum HSI for all the 
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100 Area Sub-Area walleye caught during sampling, by just a few percent.  This evaluation 
implies that the condition of walleye #6, although physically impaired, is similar to the greater 
sampled population. 
 
9.3.2.6  Whitefish Condition Analysis Results.  Data were compiled for 102 individual tissue 
samples of whitefish throughout the specified area of the Columbia River.  Table 9-31 details the 
laboratory data including total weight, total length, liver weight and kidney weight, and river 
area.  Results are described below. 
 
9.3.2.6.1  Whitefish Average Total Length and Weight.  Figures 9-12 and 9-13 display the 
relationship between river area and the average weight and length of whitefish specimens.  These 
figures indicate that both weight and length increased markedly in the 100 Area Sub-Area from 
upriver, declined slightly in the 300 Area Sub-Area, and increased again in the Lake Wallula 
Sub-Area.  Average upriver whitefish length was approximately 32.6 cm (12.8 in.) and weight 
was approximately 307 g (0.7 lb).  Fish in the 100 Area Sub-Area averaged approximately 9 cm 
(3.5 in.) longer and 380 g (0.8 lb) heavier.  300 Area Sub-Area whitefish averaged approximately 
7.5 cm (3 in.) longer and 313 g (0.7 lb) heavier than upriver whitefish.  Whitefish in the 
Lake Wallula Sub-Area averaged approximately 9.5 cm (3.7 in.) longer 400 g (0.9 lb) heavier 
than those fish upriver. 
 
 

Figure 9-12.  Whitefish Length. 
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Figure 9-13.  Whitefish Weight. 
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9.3.2.6.2  Whitefish Condition Factor and Hepatosomatic Index.  The average CF and HSI 
for whitefish are summarized in Tables 9-25 and 9-26 and Figure 9-3.  Table 9-25 shows the 
average CF increases slightly (by 0.01) and remains at 0.009 through the Hanford Reach and 
Lake Wallula. 
 
As shown in Figure 9-3 and Table 9-26, the HSI upriver is approximately 0.007 and increases 
slightly into the downriver sub-areas.  The maximum HSI in the study area is found in the 
Lake Wallula Sub-Area at 0.01, and the minimum HSI is found in the 300 Area Sub-Area at 
approximately 0.009.  The evaluation of whitefish indicates a stable CF and HSI, with average 
weight and length increasing as the study moved downriver.  This implies that the condition of 
whitefish species within the study area, as reflected by these parameters, is stable. 
 
9.3.3 Summary of Fish Condition Analysis 

This study has evaluated changes in length, weight, CF, and HSI and the condition of six species 
of fish within the study area to gain an understanding of the organisms’ general health and 
condition. 
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No consistent trends were found among the species or parameters evaluated, and high sample 
variability prevents conclusive interpretation of the data.  However, a review of the change in 
data averages across sub-areas illustrates the following changes:   
 
• Average length, weight, CF, and HSI of sucker and whitefish both had an overall increase 

relative to upriver specimens, while only the length, weight, and CF of sturgeon increased 
relative to upriver.  Additionally, the CF of bass was similar to slightly increasing in relation 
to upriver specimens. 

• Average length, weight, CF, and HSI of carp and walleye generally decreased relative to 
upriver specimens, while only the length, weight, and HSI of bass decreased relative to 
upriver.  In addition, the HSI of sturgeon had an overall decreasing trend in relation to 
upriver specimens. 

• These results indicate a possible correlation between length, weight, CF, and HSI in these six 
fish species. 

Fish condition integrates a variety of conditions, including habitat and food supply.  Some 
species, such as bass and carp, may be more suited to the more quiescent conditions behind 
Priest Rapids Dam or Wanapum Dam than they are in the fast-moving water in the Hanford 
Reach. 
 
Three of the six species of fish, sturgeon, sucker, and whitefish have stable to increasing factors, 
as reflected by the CF and the overall evaluation of weight and length.  The evaluation also 
indicated that the remaining three fish species, bass, carp, and walleye, showed a downward 
trend in HSI and overall weight and length. 
 
As noted previously, several environmental factors, such as seasonal variations, specific location, 
nutritional quality, fishing tournaments (as discussed in Section 9.3.2.1), general recreational 
fishing, or human consumption of certain fish species (especially walleye), can affect the CF or 
HSI.  In addition, many changes may result from natural variability within populations.  These 
factors are not taken into consideration in the results of this study, but may be reflected in the 
results above.  This study used the CF and HSI as very general indicators of organism condition 
and overall health. 
 
 
9.4 FISH HISTOLOGY SUMMARY 

Kidney, liver, gill, and gonad tissues from 30 white sturgeon collected from the Columbia River 
(both Upriver and Site Sub-Areas) were submitted to the Bozeman Fish Health Center for 
histological evaluation.  All tissue pieces (two gill arches, two kidney, two to three gonad, and 
three to five liver per fish) were processed.  Full results of the evaluation are contained in the 
histology report provided as Appendix K to the DSR (WCH-398).   
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Histological changes in gill tissue were consistent from fish to fish and severity scores ranged 
from mild to moderate.  Only one fish (sturgeon 29, from Lake Wallula) showed moderately 
severe changes.  The primary gill lesion observed was characterized by widespread infiltration of 
inflammatory cells, primarily lymphocytes, similar to the other tissues examined.  External 
irritants (e.g., bacteria, sediment) typically induce a proliferative response in gill tissue, although 
this response may also be induced by environmental toxicants.  The only proliferative response 
observed was a mild to moderate increase in numbers of mucus cells, mostly at ends of filaments 
(primary lamellae). 
 
Histological changes in kidney and liver tissue were consistent among the 30 fish examined.  The 
most noticeable changes in kidney occurred in interstitial tissue (proliferation of hematopoietic 
tissue and inflammatory cell infiltrate), resulting in replacement of nephrons.  In the liver, all fish 
showed widespread inflammation of blood vessels (vasculitis) throughout liver tissue sections.  
The most intense inflammation was associated with larger blood vessels. 
 
Ovarian tissue showed various stages of developing oocytes, with inflammation ranging from 
minimal to moderately severe.  Five fish with moderately severe inflammation showed oocytes 
replaced by inflammation.  Four females showed isolated oocytes completely surrounded by fat 
cells, possibly precluding development to maturation and/or release.  Often, but not always, 
increased amounts of fat correlated with increased inflammation in the same fish. 
 
In general, the findings among all 30 fish examined, both from upriver and the downriver site 
sub-areas, were remarkably consistent.  Similar to histological changes observed in white 
sturgeon from Lake Roosevelt, these fish showed widespread vasculitis in gill, kidney, liver, and 
gonad tissues.  However, the presence of a mixed population of inflammatory cells indicates that 
this is a normal proliferative response to insult.  Overall, degeneration and necrosis was minimal 
compared to inflammation.  No parasites or bacteria were found in liver, kidney, or gill tissues. 
 
Vasculitis was the predominant lesion observed in all tissues examined.  This type of response is 
not surprising since sturgeon, in contrast to salmonids, appear to have a very developed 
lymphatic system.  Extensive necrosis (associated with acute toxicity) or proliferation (indicating 
chronic toxicity exposure) of filament and lamellar epithelium were not seen in these fish. 
 
Histological changes observed in gill and other tissues were indicative of an internal insult 
(e.g., an ingested toxicant rather than an external toxicant in water).  Widespread vasculitis 
suggests transport of a toxicant or pathogen via blood, subsequent absorption into surrounding 
tissue, and injury to the endothelial lining of blood vessels eliciting a strong immune response.  
Additionally, the blood vessel inflammation, considered a nonspecific response, is indicative of 
chronic insult, and not the result of a transient event (e.g., handling, single acute contaminant 
exposure). 
 
The immune response of the sampled sturgeon is considered to be active and chronic.  The 
integrity of some blood vessel walls was compromised in fish with moderately severe 
widespread vasculitis, which could have a negative impact on vascular function.  In addition, 
high numbers of macrophage aggregates or elanomacrophage centers, which are widely used as a 
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biomarker for exposure to environmental stressors (which can include chemical contaminants), 
were observed in liver tissue sections.  However, the type of environmental stressor is not 
identified by the tissue histology; this characteristic would need to be compared to fish of similar 
ages from an uncontaminated site and related to body burdens of contaminants in order to 
confirm whether contaminant associations, as opposed to other forms of environmental stressors, 
are associated with the observed effect.  No conclusions about potential site effects can made 
without further evaluation of fish from uncontaminated areas.   
 
In addition, no stressor studies were conducted to identify the specific effects that might be 
caused by potential Hanford Site contaminants; rather, the histology of all fish was assessed in 
relation to catch location, and no relationship between observed effects and specific downriver 
sub-areas was identified.   
 
As discussed previously in Section 9.3.2.5, one individual walleye caught in the 100 Area 
Sub-Area during sampling was found to have tumors under its gills.  As just 1 of more than 
50 individuals caught, this walleye was considered to be an anomaly.  However, tissue analysis 
on this specimen (walleye #6) was conducted by Headwaters Fish Pathology, LLC in 
January 2010.  The analysis concluded that the tumor contained fat cells, lymphocytes, and fluid 
and was considered to be a dermal sarcoma, which is a viral disease common in walleye.  This 
type of sarcoma causes dermal tumors in adult walleye, which typically resolve in the months 
after spawning (MacConnell 2010). 
 
 
9.5 CONCLUSION:  FISH RISK EVALUATION 

This section presented data from three different lines of evidence to evaluate potential effects on 
fish from Hanford Site releases.  These lines of evidence are in addition to the evaluation of 
surface water conducted in Section 7.0.  Key observations from these efforts are as follows: 
 
• Chromium, lead, nitrite, and uranium were all found to exceed water quality aquatic life 

criteria or benchmarks in at least one sample in the last 10 years (Sections 7.0 and 8.0). 
 

• Cadmium, copper, selenium, and zinc exceeded LOECs in one or more fish tissues.  
Cadmium exceeded LOECs in carp liver tissue.  Copper exceeded LOECs in kidney and 
liver/kidney tissue.  Selenium exceeded LOECs in all kidney and liver/kidney samples.  Zinc 
exceeded LOECs in liver and liver/kidney samples for several species.  However, none of 
these metals are believed to be specifically associated with the Hanford Site, so the 
relationship to Hanford Site operations is uncertain.  
 

• Tissue LOEC exceedances showed no consistent trend or correlation with sub-area.  The 
location of maximum concentration varied across species and sub-areas. 
 

• For all COPECs evaluated, Study Area data exceedances are generally comparable to the 
Reference data for all tissue types except liver.   
 

Exhibit 12a



 DOE/RL-2010-117 

Fish Risk Evaluation Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 1:  Screening-Level Ecological Risk Assessment 
June 2012 9-30 

• Average length and weight of fish in each sub-area varied widely and showed no consistent 
relationship to species or sub-area.  Changes likely reflect natural responses associated with 
habitat and diet.  
 

• Condition factor and HSI varied on a species and sub-area basis, but showed no consistent 
relationship across species or sub-areas. 
 

• High variability in fish condition data limits the strength of interpretations based on 
aggregate data. 
 

• Fish histological evaluation of sturgeon tissue suggests an exposure to contaminants through 
the diet, not through water exposures.  However, definitive conclusions about immune 
response cannot be made without further investigations of fish from uncontaminated areas.  
No specific stressor-response studies on potential Hanford Site contaminants was conducted 
as part of this study.   

 
Fish sampling is continuing as part of the ongoing environmental monitoring of the Hanford Site.  
Uncertainties associated with the evaluations contained in this and other sections of this SLERA 
are provided in the following section. 
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10.0 UNCERTAINTY ANALYSIS 

10.1 INTRODUCTION  

The science of risk assessment deals with a wide variety of information, assumptions, and 
associated data quality.  These result in a wide variety of uncertainties as the result of both the 
assumptions used to describe site conditions, receptor exposure, and the natural variability in 
receptor behavior and toxicological response.  Ecological risk assessments must estimate or infer 
information about receptors, exposures, and effects to reach a conclusion about potential effects 
at both the individual and population level.  While such assumptions do not negate the 
conclusions of the assessment, they influence how the conclusions are used when making risk 
management decisions based on the limitations imposed by the data and risk assessment 
processes.   
 
This section describes the array of uncertainties that are associated with the assessment of risk in 
this SLERA.  These uncertainties, along with their tendency to cause either an underestimation 
or overestimation of risk, are presented in Table 10-1.  Selected areas of particular uncertainty 
are discussed by report section below, with final conclusions about the overall characteristics of 
the final risk estimate provided in Section 10.3. 
 
 
10.2 OVERVIEW OF POTENTIAL UNCERTAINTY  

This SLERA was conducted in accordance with EPA guidance and standard practice regarding 
the use of exposure and effects data.  However, numerous assumptions underlie data collection, 
data evaluation, risk analysis, and risk characterization.  These are discussed in the following 
sections. 
 
10.2.1 Section 2.0 - Potential Uncertainty:  Risk Assessment Data Collection  

Table 10-1 describes several uncertainties associated with data collection and analysis that 
individually and collectively may affect the accuracy of the site understanding derived from site 
data.  These characteristics fall into the following categories: 
 
• Number and type of samples collected 
• Use of J-qualified data 
• Omission of pre-2000 data 
• Use of composite and nonlipid-normalized fish data 
• Omission of non-RI porewater data. 
 
Of these sources, data collection and analysis is often one of the largest sources of uncertainty in 
field studies, since a limited amount of data is used to infer conditions over a wide area.  While 
more than 2,700 abiotic samples (Table 2-1) were used to assess conditions in the 
Columbia River, the large area of study necessarily resulted in wide separation of samples in 
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some areas, with the effect that some areas of potential COPEC presence may have been missed.  
However, considerable historical knowledge and documentation of the Hanford Site exists, and 
both published reports and consultation with Hanford Site experts were used to focus sampling 
on areas of known release or deposition.  The use of data from contaminated areas lends a 
conservative bias to the SLERA, since it overrepresents the effects of contamination relative to a 
strictly random sampling pattern.  In addition, the presence of depositional areas downriver of 
release areas was identified and mapped prior to finalization of the RI Work Plan 
(DOE/RL-2008-11) to maximize the representation of these areas by the risk assessment data set.  
As a result of these precautions, the potential for underestimating risks by missing accumulation 
areas of site COPECs is relatively low.  
 
Conversely, sampling tends to be congregated in areas of known deposition or discharge, thus 
overrepresenting these conditions in the data set as a whole.  While this characteristic may 
overestimate risk, the approach is appropriate for identifying and quantifying the need for 
remedial action in these areas, which is a goal of the risk assessment.   
 
A second significant point of uncertainty is that porewater data collected from each groundwater 
OU area as part of the RIs of those areas were not included in the risk assessment, which focused 
rather on the targeted data collected as part of the Columbia River RI.  The Columbia River RI 
data were collected by consistent techniques, subject to analysis and quality control by the same 
laboratories, and were comprehensive in both geographic coverage and analytical array.  For 
these reasons, the data obtained from these samples were considered to be sufficiently 
representative, and thus effects from excluding data from multiple separate OU sampling 
programs is considered to be low. 
 
Depending on the medium and receptor, many historical data types were not used in this 
assessment.  For example, some historical juvenile fish species samples were not included in the 
fish data set, which focused on adult fish to maximize consistency within species.  Additionally, 
some historical exceedances were not used in the analyses because they no longer represent 
conditions in the river.  In each of these cases, the analyses may have missed specific 
characteristics that were represented by these samples.  The magnitude of this underestimate is 
expected to be low because of the large sets of current data that were used.  Most historical data 
from 2000 were combined with the current 2008 to 2010 data sets, yielding a robust data set for 
assessment.  In general, both abiotic and fish historical data show higher concentrations of 
COPECs than concentrations representative of current samples.  However, all data were used in 
the calculation of average data values for fish.  The magnitude of this practice depends on the 
overall historical concentration values, but in general leads to an overestimation of current levels 
of risk. 
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10.2.2  Section 3.0 - Potential Uncertainty:  Selection of Contaminants of Potential 
Ecological Concern 

Potential uncertainties arising from the process used to select COPECs is shown in Table 10-1.  
The sources of uncertainty can be summarized as follows: 
 
• Omission of nondetect and Exclusion List constituents and results from general or aggregate 

analytical methods from the COPEC selection process 
 

• Treatment of nondetect data with high reporting limits as true nondetects 
 

• Use of Reference data with anthropogenic contributions to select COPECs 
 

• Designation of constituents as non-COPECs that have individual sample results higher than 
Reference or NOEC values.   

 
The omission of nondetect, Exclusion List, and aggregate data from the risk assessment is 
considered to have little or no effect on the outcome of the risk assessment.  The relative risk 
presented by compounds that are not detected above established reporting limits, as well as 
Exclusion List constituents in general, is expected to be negligible.  Thus, these constituents 
were not designated as COPECs.  The results of aggregate analyses, such as “nitrogen in nitrate 
and nitrite,” is likewise expected to be minimal, since more accurate data produced by other 
methods were available and used in place of these infrequent results.   
 
Likewise, the effects of excluding compounds not detected in environmental media 
(“nondetects”) are also expected to be low.  These COPECs, identified by media in Tables 3-19 
through 3-30, typically consist of VOCs, herbicides and pesticides, PAHs, and other constituents 
not associated with the Hanford Site.  The lack of a detectable concentration for these 
constituents renders conclusions about effects and consequent risk highly uncertain.   
 
Some nondetected constituents with reporting limits higher than the target reporting limit were 
also excluded as COPECs.  These constituents had no quantifiable concentrations above the 
sample reporting limit.  In addition, these constituents had no detected, but unquantifiable, 
concentrations below the reporting limit, a condition typically reflected by a J-qualifier.  
Constituents reported as nondetect without a J-qualifier are likely to be truly absent or present at 
only trace concentrations, where any potential risk is both correspondingly low and virtually 
impossible to assess.  For these reasons, the effect of excluding these COPECs from evaluation 
in the risk assessment is considered to be negligible.  As noted in Section 2.0, COPEC 
concentrations qualified with a “J” qualifier, indicating a detection below the reporting limit, 
were included in the risk assessment at their reported value. 
 
The results obtained by comparing site concentrations to Reference data, which was the primary 
mechanism for COPEC selection, are influenced by the extent to which Reference samples 
contain anthropogenic contributions.  While most Reference samples for surface water and 
sediment came from upriver areas and are therefore representative of the river prior to any 
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Hanford Site influences, a small number of Reference samples for these media were also 
obtained from wasteways and irrigation returns.  Because these waterways drain agricultural 
fields, they have higher concentrations of some constituents than upriver areas or major 
tributaries.  The presence of elevated concentrations from these sources has the potential to 
influence the results of the Site and Reference data comparison process used to select COPECs 
and may cause some constituents to be eliminated as COPECs.  However, most comparisons 
were completed statistically using methods that incorporate both results and variability into the 
analysis of differences between means, a process which diminishes the effect of elevated 
outliers.  In addition, the presence of anthropogenic contributions is a well-documented 
consequence of urban or agricultural land development and is regulated by other programs.   
 
However, to quantitatively evaluate potential effects, an evaluation of surface water and 
sediment COPECs that may have been eliminated as COPECs by the presence of wasteway and 
irrigation return data in the Reference data set was conducted and is included as Appendix I.   
 
In this analysis, the effects of including wasteway and irrigation data in the Reference data set 
were evaluated by first identifying those non-COPEC most likely to have been excluded as 
COPECs by the use of the wasteway and irrigation return data, and then subjecting those 
constituents to the same level of Reference comparison and toxicity evaluation as other SLERA 
COPECs.  Identified non-COPECs were compared statistically to a revised Reference data set 
that contained no wasteway or irrigation return data, and those constituents that were found to 
exist at the Site at concentrations statistically higher than Reference, or which had a FOD too 
low for statistical analysis, were compared to NOECs, consistent with Section 7.0 of the SLERA. 
 
This analysis found that no surface water or sediment non-COPEC constituents would have 
remained in the SLERA after the initial screening against NOECs provided in Section 7.0 of the 
SLERA.  Non-COPECs most likely to have been affected by the presence of wasteway and 
irrigation return data were found to be present at concentrations that were either consistent with a 
revised Reference data set or well below NOECs.  Acetone, detected in 5% of sediment and 
Reference samples, is considered to be an artifact of laboratory analysis.  
 
In summary, this analysis suggests that none of the constituents excluded from the risk 
assessment by the use of wasteway and irrigation return data would affect the findings or 
conclusions of the SLERA, as presented in Section 11.0.    
 
In addition, the practice of eliminating constituents from the risk assessment by any means may 
introduce uncertainty, since the effects of eliminated compounds are not considered.  The 
COPEC selection and review process executed in Sections 3.0 through 7.0 of this SLERA 
followed a process whereby constituents that are present above Reference concentrations are 
identified as COPECs and then compared to representative NOEC values to identify those with 
concentrations that exceed NOECs, and which thus warrant further consideration.  However, 
other constituents that were not selected as COPECs (because their Site concentrations were 
consistent with or lower than Reference areas) may also exceed NOECs in some Site locations.  
The primary instances of this condition are shown in Table 10-2; examples include manganese, 
gamma-BHC (lindane), heptachlor, and heptachlor epoxide in sediment, which exceeded NOECs 
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in some 100 Area Sub-Area sediment samples.  Each of these constituents exceeded NOECs by 
small margins at widely separated locations.  However, NOEC exceedances of this nature are not 
expected to reflect a risk to species or populations, both because of the conservatism of the 
NOEC benchmarks and the fact that most ecological receptors, such as fish, are mobile and thus 
have little long-term exposure to single locations.  In addition, because concentrations are 
consistent with Reference concentrations, similar exceedances may be expected in upriver and 
other Reference areas as well.   
 
Concentrations of many fish tissue constituents, including manganese, selenium, vanadium, 
lithium, strontium, and zinc in fillet, plus several in carcass, exceeded Reference concentrations 
in at least one sample, although analysis of the whole data set, by either statistical or qualitative 
analysis, showed them to be lower than Reference (Table 10-2).  Varying concentrations and 
occasional NOEC exceedances are typical in rivers with urban or agricultural watersheds and 
typically reflect the ubiquitous presence of anthropomorphic constituents within the river.   
 
10.2.3  Section 4.0 - Potential Uncertainty:  Habitat Description 

The flora and fauna of the Columbia River adjacent to the Hanford Site has been well 
documented and is the topic of ongoing monitoring and studies.  These descriptions to date are 
generally sufficient to meet the needs of a general screening-level assessment such as this one.  
Aquatic and semi-aquatic organisms and plants as well as terrestrial and avian fauna have been 
described in numerous studies, which were consulted to develop the array of assessment 
endpoints for this report.  
 
10.2.4 Section 5.0 - Potential Uncertainty:  Problem Formulation  

Problem Formulation sets the process and goals of the risk assessment.  In this SLERA, a wide 
array of receptor groups were considered and included as assessment endpoints.  Potential 
uncertainty is associated with the following:  
 
• Consolidation of assessment endpoints 
• Use of conservative no-effect values 
• Selection of exposure pathways for evaluation. 
 
In this assessment, the ecological receptors identified as assessment endpoints consisted of fish, 
aquatic plants, algae and zooplankton, amphibians, and benthic organisms.  For evaluation 
purposes, these were consolidated and evaluated by a single set of “aquatic biota and amphibian” 
NOECs and LOECs.  While some NOEC values, such as WQC, are based on data from species 
within all of these groups, other toxicity data are based on effects to only one (typically fish or 
invertebrates), and the results were assumed to be protective of all of them.  Because species 
differ in physiology and natural history, NOECs and LOECs protective of one species may be 
higher or lower than corresponding values for other species.  This may lead to an over- or 
underprotection of species.   
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Effects are evaluated by the use of ecological NOEC benchmarks.  No observed effect 
concentration evaluations are typically a first-tier screening approach intended primarily to 
remove COPECs from the study, rather than to advance conclusions about risk.  A low level of 
effect may be associated with some values, such as sediment NOECs that are based on an 
aggregated data set.  However, in general they are considered to overestimate potential risk, 
since they are generic values from other sites. 
 
A variety of exposure pathways were included in the conceptual site model.  Inhalation of dust 
was not considered to be a significant exposure route, and dermal contact with water and 
sediment or soil by mammals was not evaluated.  However, these exposure pathways are likely 
to be minor or negligible compared to the other pathways that were evaluated, and the magnitude 
of this underestimation is not likely to be significant in most cases. 
 
As described in Section 5.0, piscivorous birds such as herons, which are likely to have the 
highest exposure due to their abundance and exclusive use of the river corridor, were not 
included in the CRC SLERA because they were evaluated as part of the RCBRA using 
field-collected prey items from the Columbia River.  In the RCBRA study, the only CRC 
COPECs for which risk was found were antimony, selenium, and vanadium, as the result of 
heron ingestion of fish (94%), aquatic invertebrates, and sediment.  However, neither antimony 
nor vanadium was a COPEC for any CRC fish tissue, because concentrations were consistent 
with Reference concentrations.  Selenium was a CRC COPEC for liver and kidneys in the 
100 Area and 300 Area Sub-Areas only.  None of these constituents were a COPEC in surface 
water in any sub-area.  Selenium is a sediment COPEC in the 300 Area Sub-Area only, but was 
detected in only 9 out of 151 sediment samples from that sub-area, and of these 9, only 2 
contained concentrations higher than the maximum concentration of 1.92 mg/kg detected in 
Reference samples (Appendices E and G).  Antimony and vanadium are sediment COPECs in 
Lake Wallula only.   
 
Thus, because the constituents found to drive a potential risk to the heron in the RCBRA are not 
present above Reference concentrations in fish tissue or in most parts of the CRC study area, the 
effects of not conducting a separate analysis of the heron with CRC data is considered to be low.  
 
10.2.5  Section 6.0 - Potential Uncertainty:  Screening-Level Effects and Exposure 

Evaluation 

The selection and use of NOECs and LOECs represents a significant source of conservative bias 
in the risk assessment.  A detailed list of specific points where uncertainty may be introduced is 
provided in Table 10-1.  In general, uncertainty arises from the following steps: 
 
• Estimation of values from literature studies 
• Development of sediment values by equilibrium partitioning 
• Development of bird and mammal values by food chain modeling 
• Absence of piscivore evaluations. 
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Values developed from literature studies present a major source of study uncertainty.  As 
described in Section 6.0, the lowest value from a credible scientific study was used as the basis 
for the NOEC and LOEC, a practice that targets the most sensitive species among all receptors.  
This imparts a low bias that is intended to address interspecies variation, differences between 
assessment endpoint receptors, and other variances.  Uncertainty factors ranging from 5 to 50 
were applied to study data to obtain NOECs and LOECs, a standard practice that introduces 
significant error into final risk estimates (Chapman et al. 1998).  Many surface water values 
consist of estimates derived by EPA’s Tier II methodology, which incorporates one or more 
uncertainty factors into the calculation methodology.  The consequence of these often 
compounding conservative approaches is generally to produce a no-effect or lowest-effect value 
that is lower than the true level of effect. 
 
Sediment values for some organic constituents were estimated by equilibrium portioning 
(EPA-822-R-02-041, Technical Basis for the Derivation of Equilibrium Partitioning Sediment 
Guidelines [ESGs] for the Protection of Benthic Organisms:  Nonionic Organics [Draft]) using 
surface water NOEC values and average concentrations of TOC in the Columbia River.  Under 
this method, estimated effects levels increase with increasing TOC, which binds organic 
constituents and reduces their bioavailability to biota.  Uncertainties associated with this method, 
which is widely used for sediment benchmark estimation, derive from both the estimation of the 
surface water LOEC as well as the TOC.  Uncertainties associated with the surface water NOEC 
estimate were described above.  The use of the average river TOC for the partitioning 
calculations is likely to somewhat underestimate actual toxicity values, since average river-wide 
TOC is lower than the content typically found in depositional areas where small grain size and 
vegetation favor the accumulation of TOC.   
 
Some bird and mammal NOECs and LOECs (Section 8.0) were calculated by food chain 
modeling, using EPA or Ecology models and exposure assumptions to derive soil values.  These 
assumptions are based on exposure factors and species (the robin and the shrew) that may not be 
representative of the species present at the Hanford Site.  Site-specific species, such as were used 
in the RCBRA studies, were not used to calculate soil NOECs; rather, state and federal models 
were used so that a consistent methodology could be maintained across all COPECs.  However, 
shrews and robins are not dominant Hanford Site species, and exposures to these surrogate 
species may not mirror effects to actual site species.  Likewise, prey concentrations for these 
species reflect bioaccumulation into earthworms, which are not a major member of the soil flora 
at the Hanford Site and likely have a higher level of bioaccumulation than the more common 
darkling beetles, due to the lack of a chitinous shell in the earthworm.  In addition, 100% 
bioavailability of COPECs is assumed, when in fact bioavailability is considerably lower for 
many particulate-bound or complexed constituents.  Soil values derived from food chain 
modeling thus likely overestimate actual exposures, producing a lower soil NOEC or LOEC 
value than actual.   
 
Finally, piscivorous birds, such as egrets and herons, were not evaluated in the SLERA as a 
separate assessment entity, since these were evaluated through food chain modeling in the 
RCBRA.  However, the tissue concentrations used as exposure point concentrations in the 
RCBRA may not be representative of conditions in the CRC portion of the Columbia River, 
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so the extent to which RCBRA studies predict actual CRC risks is uncertain.  However, the 
magnitude of the uncertainty is expected to be low, due to the proximity of exposure areas.   
 
Other points of conservatism associated with the development of NOEC data are shown in 
Table 10-1. 
 
10.2.6 Section 7.0 - Potential Uncertainty:  Screening-Level Risk Calculation  

Uncertainties associated with the screening of data are concerned primarily with the value used 
as the exposure point concentration, the source of the NOEC value, the absence of NOECs, and 
the treatment of porewater.   
 
No observed effect concentration exceedances are based on single maximum values for 
constituents and do not take into consideration the range of other data or specific data 
characteristics.  Because of the variability in study data, concentrations near the maximum 
typically represent only a small fraction of the total data set. 
 
In some cases, reporting limits were higher than NOEC values.  In these cases, the potential 
exists that the COPEC may be present at a concentration higher than the NOEC but undetectable 
by the analytical method.  As described in Section 3.0, J-qualified data, which show 
concentrations below the reporting limit, were included in the risk assessment as a means of 
reducing the uncertainty associated with reporting limits greater than NOECs.  Compounds are 
J-qualified if they are present at a concentration below the reporting limit but higher than the 
instrument detection limit, which is typically in the range of most NOECs.  Compounds with no 
J-qualified data were considered to be truly absent.  For these reasons, the effects of reporting 
limits greater than NOECs (or LOECs; see Section 8.0) is considered to be minor. 
 
Uncertainties associated with the NOEC itself were detailed in Section 10.2.5.  By intent, NOEC 
values significantly overestimate levels of actual risk, so exceedances do not indicate that risk or 
effect is in fact present. 
 
However, NOECs were not available for several COPECs.  The absence of a toxicity benchmark 
for a chemical is sometimes due to a fairly low toxicological concern over that chemical, 
although not in every instance.  No observed effect concentration benchmarks were not available 
for the following COPECs: 
 

Surface 
Water 

Sediment 
Soil  

(Plants) 
Soil 

(Invertebrates)
Soil  

(Bird) 
Soil 

(Mammal)

Shoreline 
Sediments 

(Plant) 

Shoreline 
Sediments 

(Bird) 

Sulfate 
TPH-
motor oil 

Antimony 
Hexavalent 
chromium 
Titanium 
Vanadium 

TPH-diesel 
range 
TPH-motor 
oil 

TPH-motor oil Diethyl-
phthalate 
Lithium 
TPH-
motor oil 

Lithium 
TPH-motor 
oil 

Antimony 
Phosphorus 
Titanium 
TPH-diesel range 
TPH-motor oil 
Vanadium 

Antimony 
Phosphorous 
Titanium 
TPH-motor 
oil 
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The uncertainty resulting from the lack of benchmarks varies by COPEC.  For antimony, 
diethylphthalate, lithium, titanium, vanadium, sulfate, antimony, and phosphorus, the potential 
for underestimating risks is expected to be minor, as described below.   
 
Lithium was present in all site soil samples with a relatively narrow range of concentrations 
(6.33 to 13.3 mg/kg).  Lithium is widely distributed in nature, occurring in many minerals and 
nearly all igneous rocks, so detected concentrations are likely to be natural in origin.  Because of 
the ionic nature of lithium compounds, it is not expected to bioconcentrate (HSDB 2011), and for 
this reason effects to birds and mammals through bioaccumulation in the food chain is expected 
to be low.  Thus, the effects of the lack of a lithium benchmark on the evaluation of birds and 
mammals are likely expected to be low.   
 
Titanium and vanadium were both detected in sediment.  Titanium was a sediment COPEC in the 
300 Area and the Lake Wallula Sub-Areas and was present in all eight sediment samples in 
which it was analyzed.  Concentrations in sediment in Lake Wallula (2,130 to 2,450 mg/kg) were 
approximately twice as high as in the 300 Area Sub-Area (1,030 to 1,290 mg/kg).  Titanium was 
also a COPEC for shoreline sediments in Lake Wallula and lacks a NOEC for plants and birds.  
Titanium was analyzed for in only three shoreline sediment samples in Lake Wallula, but was 
detected in all of them.  
 
Titanium is the ninth most common element in the earth’s crust, existing at an average 
concentration of 4,400 mg/kg.  It typically exists in sediment as insoluble oxides and titanates 
that are unlikely to bioaccumulate.  It is used in alloys, pigments, catalysts, and structural metals, 
which may be released to the environment through waste streams or incineration, where it 
adheres to particulates and is transferred to soils and water bodies by wet deposition 
(HSDB 2011).   
 
Detected concentrations of titanium are likely to reflect both natural and anthropogenic sources.  
The increase in titanium concentration in Lake Wallula suggests contributions from the many 
discharges that occur along this reach.  The maximum concentration detected was at the 
Two Rivers Park Boat Launch in Kennewick.  Detected concentrations are considered to be 
unrelated to Hanford Site operations, and the effect of the lack of a NOEC benchmark for 
sediment biota or terrestrial plant and birds is considered to be small.  
 
Vanadium was a COPEC for Lake Wallula sediments only.  Like other metals, it was detected in 
all of the 110 samples in which it was analyzed, with concentrations ranging from 
110 to 207 mg/kg.  The maximum concentration was detected in the sediments at the 
Cascade Marina in Pasco.  All other sediment concentrations of vanadium are 123 mg/kg or less.   
 
No toxicological NOEC benchmark exists for vanadium in sediment.  However, a sediment 
probable no-effect level of 90 mg/kg has been developed by the Environment Canada 
(Environment Canada 2010) based on the background level of vanadium detected in 40 remote 
lakes in northern Saskatchewan.  All but two samples of vanadium contained concentrations 
close to (97.5 mg/kg) or below this background-based probable no-effect level (see data in 
Appendix E).   
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Vanadium is associated with fossil fuels and is used as a target material for X-rays and in the 
manufacture of alloy steels and vanadium compounds (HSDB 2011).  Vanadium and nickel are 
the two most abundant metals in petroleum (“Role of Nickel and Vanadium in Petroleum 
Classification” [Barwise 1990]), and the elevated presence of this COPEC in marina sediment is 
a typical reflection of the relatively high petroleum use in such areas, and is likely unrelated to 
Hanford Site activities.  For this reason, little or no effect on the evaluation of risk from 
Hanford Site operations is expected from the lack of a NOEC benchmark for vanadium in 
sediment.  
 
Likewise, no NOEC exists for effects on terrestrial plants to vanadium concentrations in soil.  
Vanadium was detected in shoreline sediment at concentrations up to 123 mg/kg, a concentration 
less than the average concentration of 159.7 mg/kg present in Washington State soils, as 
determined by EPA in the development of the vanadium SSLs (OSWER Directive 9285.7-75, 
Ecological Soil Screening Level for Vanadium).  Because concentrations are in the range of state 
background concentrations, no underestimation of risk is expected from the lack of a soil NOEC 
for plants.  
 
Sulfate is a surface water COPEC for all three sub-areas and was detected in all but 1 of the 
422 surface water samples in which it was analyzed.  It is a natural component of surface water, 
binding with a variety of metals to form soluble inorganic salts.  Toxicity normally accrues from 
the inorganic cation, so no toxicologically based sulfate NOEC was identified.  Toxic effects of 
metallic salts are addressed as part of the evaluation of inorganic COPECs, so the absence of a 
separate NOEC benchmark for sulfate is expected to have minimal effect on the final estimation 
of risk.   
 
No NOEC was included in Michelsen (2011) for antimony in sediment.  Antimony was a 
COPEC for Lake Wallula sediments only, and was detected in 35 of 122 sediment samples with 
a maximum concentration of 5.1 mg/kg.  The maximum detected concentration in Reference 
samples was 1.46 mg/kg.  However, Michelsen (2011) recommended against the promulgation 
of an antimony sediment quality standard, due to known issues with the analytical methods, a 
high level of false-positives, and resulting calculated value being below background 
concentrations.  In addition, antimony was found to have no association with toxicity in four of 
the five toxicity tests included in the database used to calculate sediment quality standard values.  
No relationship between antimony concentration and toxicity was found in 10-day tests for either 
growth or mortality using Chironomus species, or in 28-day tests for either growth or mortality 
using Hyalella test organisms.  The mean concentration of antimony in the data set was 
3.1 mg/kg, with a maximum of 310 mg/kg (Michelsen 2011).  A correlation of effects with 
antimony concentrations was only observed with 10-day Hyalella mortality tests, which often 
have less accuracy than other tests.  Although screening values have been developed in the past 
for antimony (see Long and Morgan, 1990, as cited by EPA Region 3; effects-range low value of 
2 mg/kg), these were based on toxicity tests of shorter duration and included marine data.  
Because detected concentrations in Lake Wallula are at the lower end of the range of data for 
which no effects were detected in most toxicity tests, the detected concentrations in 
Lake Wallula are expected to have little potential for effect.  
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Antimony in shoreline sediment also lacked a NOEC for birds and plants.  Antimony was a 
COPEC for shoreline sediments only in Lake Wallula, where it was detected in 4 of 40 samples 
at concentrations ranging from 0.292 to 0.633 mg/kg.  It was detected in 2 of 15 shoreline 
sediment reference samples at concentrations ranging from 0.352 to 0.48 mg/kg, and in 43 of 
98 sediment reference samples at concentrations as high as 1.46 mg/kg.  Because the detected 
concentrations are within the range of reference concentrations, the potential for underestimating 
risks from antimony is considered to be negligible.  
 
Phosphorus also lacked a shoreline sediment NOEC for birds and terrestrial plants.  Phosphorus 
is a COPEC for Lake Wallula, where it was detected in all 40 samples, at concentrations up to 
1,560 mg/kg.  Phosphorus is a natural component of biologically active sediments, and is an 
essential element for both birds and mammals.  Nutritional requirements vary by species, but 
most birds can tolerate up to 1% of their diet in phosphorus, assuming normal levels of calcium 
intake (Mineral Tolerance of Animals, 2nd Edition [NRC 2005]).  It is a nutrient for plants and is 
a component of fertilizers.  The detected levels of phosphorus are thus considered to have a 
minimal potential for risk to avian receptors.   
 
No NOEC for the protection of birds was available for diethylphthalate in soil.  Diethylphthalate 
was detected in 1 of 11 samples in the 100 Area Sub-Area, the only sub-area where this 
constituent is a COPEC.  The single detection was J-qualified, meaning it was detected at a 
concentration below the normal reporting limit for this constituent.  Phthalates are a common 
laboratory contaminant from the use of plastic.  Because of the very low concentration and the 
likelihood that it represents a sampling and analysis artifact, no effect on the risk assessment 
from the lack of a NOEC is expected for this constituent.  
 
The lack of benchmarks for three constituents – TPH (both diesel and motor oil) and hexavalent 
chromium – are expected to result in an underestimation of risk.   
 
Total petroleum hydrocarbons-diesel was missing a soil NOEC for effects on plants.  It was 
detected in 4 of 27 soil samples from 100 and 300 Area Sub-Areas combined, at concentrations 
ranging from 1.36 to 5.63 mg/kg.  Highest concentrations were detected on Gull Island, 
Island 19.  While diesel oil is relatively volatile and will normally biodegrade in most soils over 
time, the lack of a benchmark may result in the underestimation of current risks.  Because 
TPH-diesel was detected in relatively few samples, however, the magnitude of the 
underestimation is not expected to be large.  
 
Total petroleum hydrocarbons-motor oil lacked NOECs for surface water and for all soil 
receptors.  The effects of the lack of surface water NOECs are expected to be small, since motor 
oil constituents are generally insoluble.  Effects in soil are less easily predicted, since motor oil is 
comprised of a mixture of a large number of polyaromatic hydrocarbons, with varying degrees of 
toxicity and bioaccumulation potential.  Many lighter constituents biodegrade over time, while 
heavier ones that remain have reduced levels of bioavailability.  The lack of a NOEC results in 
an underestimation of risk from this COPEC category, but the magnitude of the effect will 
depend on the type of motor oil present and the amount of “weathering” that has occurred.  
However, the relationship of detected TPH-motor oil to Hanford Site operations is uncertain, 
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since this COPEC is ubiquitous in sediments near developed areas and marinas.  The effect of 
missing NOECs on the estimation of Hanford Site-related risk is thus considered to be relatively 
low.  
 
No sediment NOEC was available for hexavalent chromium.  The lack of a hexavalent 
chromium NOEC has the potential to result in a significant underestimation of risk, since this 
constituent is a known site contaminant and is both soluble and more toxic than trivalent 
chromium.  It was detected in 61 samples from the 100, 300, and Lake Wallula Sub-Areas, at 
concentrations up to 17.3 mg/kg.  For these reasons, further evaluation of hexavalent chromium 
is recommended in Sections 8.0 and 11.0.   
 
The evaluation of porewater has the potential to overestimate risk for most benthic invertebrates, 
since no account was taken for the dilution that occurs in the upper zones of sediment as 
porewater mixes with surface water.  Invertebrate species dominant in the Hanford Reach consist 
of midges and caddisflies, which reside on or near the surface of the sediment.  However, the 
redds created by Chinook and other salmon species are typically approximately 30 cm (12 in.) or 
more in depth, at which point the eggs may be exposed to porewater (Pocket Depth and Particle 
Size Composition Within Chinook Salmon Redds in the Trinity River, California [Evenson 
2001]).  Some evidence exists to suggest that salmon avoid groundwater upwelling areas during 
redd selection, due potentially to lower dissolved oxygen levels (“Hyporheic Discharge of 
River Water into Fall Chinook Salmon (Oncorhynchus tshawytscha) Spawning Areas in the 
Hanford Reach, Columbia River” [Geist 2000]).   
 
In addition, porewater data have the potential to be less consistent than other data, so the 
inferences drawn from comparisons to numeric evaluation criteria may not be representative of 
actual exposure conditions.  Porewater composition (which reflects the mixing of groundwater 
and surface water) can vary in response to the hydraulic head produced by river stage, which 
changes hourly following dam releases.  In addition, porewater movement and upwelling is 
affected by sediment grain size and transmissivity, which can vary across both small and large 
scales.  Thus, porewater is likely to be subject to a higher degree of both temporal and areal 
variability than other media, which adds variability and uncertainty to the NOEC and LOEC 
comparisons to porewater data.  
 
In addition, only dissolved concentrations of some porewater metals were included in the 
analysis.  As described in Section 3.0, the dissolved fraction is typically the mobile and 
bioavailable fraction and is the form represented by most WQC.  Some older WQC, such as 
aluminum, are based on total metals, but the dissolved fraction was nonetheless used in the 
comparison since the preponderance of scientific data supports this approach 
(EPA 120/R-07/001, 2007, Framework for Metals Risk Assessment).  This may result in an 
underestimate of effects for aluminum, but will not affect most metals.  
 
In summary, the absence of NOECs for several COPECs is expected to have little or low 
potential for underestimating Hanford Site-related risk.  The exception is hexavalent chromium, 
for which further evaluation is recommended in Sections 8.0 and 11.0.  The treatment of 
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porewater, which does not take into account dilution with groundwater, has the potential to 
overestimate risk for most organisms.  
 
10.2.7 Section 8.0 - Potential Uncertainty:  Refinement of Contaminants of Potential 

Ecological Concern 

Numerous uncertainties are associated with the sample-specific evaluation of NOEC 
exceedances in Section 8.0, and these are listed in Table 10-1.  Most of these apply to the LOEC 
evaluations as well.  As with the NOEC evaluation, the largest source of uncertainty lies in the 
selection and use of a single value, which itself may have been derived using uncertainty factors, 
to estimate lowest levels of potential effect.  Uncertainties are also similar to those described in 
Section 6.0:  use of lowest credible values as the basis of LOECs, application of large uncertainty 
factors to obtain LOECs from acute data, and, for modeled values for terrestrial receptors, the 
assumption of 100% bioavailability of contaminants and use of “generic” species rather than 
resident Hanford Site species in terrestrial soil LOEC estimation models.  These factors, both 
individually and in combination, serve to overestimate risk by producing a lower calculated 
value for the onset of effects than is likely the case in nature.  
 
The RCBRA upland avian PRG of 156 mg/kg was used to estimate risks to birds exposed to lead 
in island soils and shoreline sediments.  This value was generated from upland soil food chain 
models based on concentrations in upland invertebrates.  These concentrations in invertebrate 
prey reflect bioaccumulation rates that are species and soil-specific and which may be greater or 
less than the bioaccumulation occurring in island soil or shoreline sediment invertebrates.  
However, the PRG itself was the lowest calculated PRG value from among four bird species; 
other values ranged from 559 mg/kg (for the California quail) to 2,300 mg/kg (for the red-tailed 
hawk).  Detected values of lead in island soil and shoreline sediment were well below the lowest 
PRG of 156 mg/kg.  In the 100 Area Sub-Area, the maximum concentration detected was 
94.3 mg/kg, but all other samples were 60.1 mg/kg or less.  In the 300 Area Sub-Area, the 
maximum lead concentration was 65 mg/kg, and other samples were similar in concentration or 
lower.  In shoreline sediment, the maximum lead concentration was 111 mg/kg, with other 
concentrations of 62.5 mg/kg or less.  The magnitude of the difference between detected lead 
concentration and the calculated PRG is considered to be sufficient to offset variability in 
bioaccumulation rates between upland and island soil or shoreline sediment invertebrates.  Thus, 
eliminating lead as a COPEC for further investigation from the risk assessment is expected to 
have little effect on the final risk conclusions.   
 
The shoreline sediment LOECs for avian receptors are based on a common resident species 
(killdeer), using bioaccumulation rates specific to aquatic receptors when available.  In most 
cases the 90th percentile of bioaccumulation factors was used, except for two instances.  For lead, 
the median bioaccumulation factor of 0.066 was used rather than the 90th percentile of 0.946, 
because use of the 90th percentile value results in a calculated LOEC approximately equal to or 
below state and regional average soil background concentrations (13.5 and 19.7 mg/kg, 
respectively).  However, use of the median value for lead will underestimate exposure to some 
species, resulting in an underestimation of risk for shorebirds. 
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In addition, a terrestrial bioaccumulation equation was used to estimate exposure of shorebirds to 
selenium in aquatic invertebrates, since no equation for accumulation into aquatic invertebrates 
was available.  The relationship between earthworm and aquatic invertebrate accumulation of 
lead is unknown, so the use of a terrestrial bioaccumulation equation may result in either an 
over- or underestimation of risk.   
 
Samples with few exceedances were not carried forward for evaluation in this assessment.  In 
most cases, COPECs with a low FOD do not carry a high risk because of the small areas these 
few detections represent.  Although this method does create uncertainty, the magnitude of 
underestimation present if these samples are not carried forward is expected to be low.   
 
No sediment LOEC is available for hexavalent chromium.  As noted previously, this is a known 
contaminant in Hanford Site groundwater and was detected in 61 of 302 sediment samples from 
throughout all three sub-areas.  The potential effects of detected concentrations were not 
evaluated in this report.  
 
As described in Section 7.0, only the data for the dissolved form of some metals were used in the 
NOEC evaluation.  These metals include aluminum, arsenic, barium, cadmium, chromium, 
cobalt, copper, lead, nickel, mercury, manganese, selenium, uranium, vanadium, and zinc.  Only 
a small percentage of dissolved data for hexavalent chromium was available, however, so total 
chromium was compared to both total and hexavalent chromium WQC in Section 8.0.  Since the 
true form is unknown for much of the data, some uncertainty attends the interpretation of the 
chromium porewater results. 
 
10.2.8 Section 9.0 - Potential Uncertainty:  Fish Risk Evaluation 

The fish tissue evaluation of Section 9.0 uses three different lines of evidence – tissue 
concentration evaluations, tissue histology, and condition factor – to assess potential exposure 
and effect.  Of these, the evaluation of COPEC concentrations in tissue carries the highest level 
of uncertainty. 
 
Fish tissue LOEC values are available for few of the COPECs detected in tissue, so a minority of 
tissue COPECs were subject to LOEC analysis.  In addition, samples consisted of composite 
samples, so single elevated results may have been obscured by tissue dilution with other samples.  
Liver and kidney tissues were combined for many samples, and the resulting concentration 
compared to the lower of the kidney or liver LOEC values.  This aggregation adds an additional 
level of conservatism and uncertainty to these comparisons, since the concentration in either 
tissue is unknown.  
 
Fish tissue concentrations associated with potential effect were drawn from a database of studies 
that reported both exposure and tissue concentrations.  However, using these data to assess 
effects is subjecting a variety of serious constraints that significantly limit the extent to which 
LOEC exceedances can reliably be associated with environmental exposures.  These include the 
following (“Utility of Tissue Residues for Predicting Effects of Metals on Aquatic Organisms” 
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[Adams et al. 2011], “Application of the Tissue Residue Approach in Ecological Risk 
Assessment,” [Sappington et al. 2011]):   
 
• Tissue concentrations are mediated by varying physiological mechanisms, which vary by 

species 
 

• Tissue concentrations vary with exposure duration and the magnitude of the exposure 
 

• Tissue concentrations are not necessarily associated with observed adverse effects 
 

• Detoxification of metals may occur in the tissues 
 
• Uptake rates vary greatly between species  

 
• Accumulation of metals can vary by mode of exposure. 
 
For these reasons and others, few conclusions can be drawn from a comparison of fish tissue 
concentrations to current tissue residue concentrations in the literature (Adams et al. 2011, 
Sappington et al. 2011).  Many COPECs have no LOEC data, and the reported results for those 
that do are highly uncertain.  
 
Fish histological studies qualitatively identified exposures and potential physiological effects of 
those exposures, but cannot ascribe the source of the exposure, particularly for large species like 
sturgeon that move throughout the three sub-areas.  As noted in Section 9.0, observations about 
potential chronic exposures would need to be confirmed by comparisons to specimens from 
uncontaminated sites prior to reaching final conclusions about potential effects. 
 
Conclusions drawn from fish CF analysis are limited by the wide variability in the data.  Fish 
condition is affected by a number of natural factors in addition to contaminant exposure; these 
include food availability, habitat characteristics, timing of the spawning cycle, fish size, and age, 
among others.  Because of this variability, no significant correlation with the Study Area was 
apparent.   
 
 
10.3 SUMMARY OF POTENTIAL UNCERTAINTY 

Table 10-1 summarizes these various sources of uncertainty in this SLERA, along with a general 
rationale.  As shown by the array of factors in Table 10-1, many of the assumptions either 
overestimate, underestimate, or have little or no effect on the final estimate of risk.  Some points 
of estimation, such as the use of J-values, simply introduce variability into the results, since 
results, and hence risk estimates, can vary in either direction as the result of such estimates. 
 
Based on all of these considerations, the risk values calculated and presented in this assessment 
should be viewed as having a level of uncertainty generally consistent with other site 
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investigations and risks assessments conducted in accordance with EPA protocols.  Because of 
the typically conservative assumptions in many of the estimates and toxicity benchmarks, these 
risk estimates should generally be viewed as overestimating potential risk, and results and 
conclusions interpreted accordingly.  Particularly high uncertainty is associated with the 
evaluation of fish tissue concentrations. 
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11.0  SUMMARY AND RECOMMENDATIONS 
 
 
11.1 SUMMARY OF APPROACH AND FINDINGS 
 
This document presents the methodology and results of a SLERA of the surface water, sediment, 
porewater, island soils, and fish of the Columbia River adjacent to and downriver of the Hanford 
Site in Benton County, Washington.  The study was conducted to obtain information about the 
potential for Hanford Site-related contaminants to affect the fish and wildlife species of the 
Columbia River.  The potential for effects on aquatic and terrestrial receptors was evaluated by a 
systematic process designed to separate constituents likely to present negligible risk from those 
that warrant further investigation in a BERA.  The study consists of the following three 
components: 
 
• A SLERA evaluating surface water, sediment, porewater, island soils, and shoreline 

sediments (Sections 1.0 through 7.0).  These sections provided an initial screening of data 
against conservative benchmarks to identify COPECs for which no risk is likely.  

 
• A “refinement” analysis of the constituents identified by the SLERA (Section 8.0).  This 

section provides a detailed analysis of COPECs remaining after the screening of Section 7.0. 
 
• A fish evaluation, which consists of the evaluation of body characteristics and tissue samples 

from fish collected from the Columbia River (Section 9.0).  
 
Key components and findings of this effort are summarized below.  Conclusions and 
recommendations are presented in Section 11.2, and a comparison to the RCBRA findings is 
presented in Section 11.3.   

 
11.1.1 Area of Study 
 
For purposes of statistical evaluation and assessment, the study area was divided into the 
following sub-areas based on proximity to the Hanford Site source areas: 
 
• Upriver Sub-Area (RM 420 to RM 388) 
• 100 Area Sub-Area (RM 387 to RM 366) 
• 300 Area Sub-Area (RM 365 to RM 340) 
• Lake Wallula Sub-Area (RM 339 to RM 292). 
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For porewater analysis, the porewater data were evaluated relative to CERCLA groundwater 
OUs on the Hanford Site to facilitate the correlation of these data with known groundwater 
plumes in those OU areas.  Porewater data were divided into seven different groups, 
corresponding to the following groundwater OUs: 
 
• 100-B/C-5 (RM 385 to 382) 
• 100-KR-4 (RM 382 to 379.65) 
• 100-NR-2 (RM 379.48 to 378.37) 
• 100-HR-3 (RM 378.10 to 369.86) 
• 100-FR-3 (RM 369.79 to 365) 
• 200-PO-1 (RM 365 to 346) 
• 300-FF-5 (RM 346 to 343). 
 
Within the study area, the lateral area evaluated extends shore to shore (ordinary high water mark 
to ordinary high water mark) except for “near-shore” areas within the Hanford Reach that have 
been previously characterized and assessed by the RCBRA (DOE/RL-2007-21).  The RCBRA 
near-shore study area consisted of the right bank of the river from the land to a water depth of 
2 m (6 ft), as measured at low water.  In the Hanford Reach, the lateral study area for this risk 
assessment begins where the RCBRA investigation stopped, namely at water depth greater than 
2 m (6 ft), measured at low water.  Downstream of the Hanford Site, the lateral study area 
extended from shore to shore. 
 
Prior to the study, these areas were reviewed and documented during a habitat survey that was 
used to confirm sample locations and visually identify the types and locations of habitats within 
each sub-area. 
 
11.1.2 Data Use 
 
Data used for the analysis were obtained primarily from soil, sediment, surface water, and fish 
tissue samples collected during the extensive 2008 to 2010 RI of the Columbia River.  In 
addition, a subset of historical data collected from 2000 to 2007 was also included for all media 
except island soils, for which no suitable historical data were available.  In the SLERA, abiotic 
media (surface water, sediment, porewater, and soil) and fish were evaluated separately. 
 
11.1.3 Contaminant of Potential Ecological Concern Selection 
 
Contaminants of potential ecological concern for each medium (surface water, sediment, 
porewater, island soils, and fish tissue) and sub-area were selected primarily by statistical or 
qualitative analysis to identify constituents that are present at overall higher concentrations in 
downriver sub-areas (100 Area, 300 Area, and Lake Wallula) than in upriver or other Reference 
areas.  Porewater was compared to background groundwater concentrations for this analysis.  
Constituents identified by this process, or which were designated as Inclusion List compounds in 
the RCBRA program, or which were only detected in downriver sub-areas, were identified as 
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COPECs for evaluation in the SLERA.  This process produced separate COPEC lists for each 
media, sub-area, and groundwater OU. 
 
11.1.4 Exposure Pathways and Potential Receptors 
 
Contaminant sources, exposure pathways, media, potential receptors, and measures of effect 
were identified as part of the problem formulation phase of the SLERA.  These characteristics 
were integrated into a conceptual site model.  This model described the pathways and exposure 
points for ecological receptors that result from the historical and current release and 
redistribution of constituents from the Hanford Site.  Based on this model and the known ecology 
of the river, the following receptor groups were specified as the assessment endpoints. 
 
Aquatic Habitat: 
 
1. Survival, growth, and reproduction of fish 
2. Survival, growth, and reproduction of aquatic plants 
3. Survival, growth, and reproduction of algae (phytoplankton and periphyton) and zooplankton 
4. Survival, growth, and reproduction of amphibians 
5. Survival, growth, and reproduction of benthic organisms. 
 
Terrestrial Habitat (Islands): 
 
1. Survival, growth, and reproduction of soil invertebrates 
2. Survival, growth, and reproduction of terrestrial plants 
3. Survival, growth, and reproduction of mammals 
4. Survival, growth, and reproduction of birds 
5. Survival, growth, and reproduction of shorebirds. 
 
11.1.5 Risk Calculation 
 
In accordance with EPA guidance (EPA-540-R-97-006, Ecological Risk Assessment Guidance 
for Superfund:  Process for Designing and Conducting Ecological Risk Assessments) for 
screening-level assessments, effects on these receptors were evaluated by the use of screening 
benchmarks, which are conservative, generic values below which the potential for risk is 
expected to be negligible, although effects may be observed in a low percentage of the 
supporting data used to develop the benchmark.  These benchmarks, which are derived from a 
variety of sources, are referred to collectively in this report as NOECs, and are media- and often 
receptor-specific.  In accordance with EPA’s screening-level approach, the maximum detected 
concentration of each COPEC in each sub-area was compared to the NOEC.  Contaminants of 
potential ecological concern with maximum concentrations less than the NOEC were considered 
to present negligible risk and were eliminated from further consideration.  Contaminants of 
potential ecological concern with maximum concentrations equal to or greater than the NOEC 
were retained for further evaluation. 
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Based on this evaluation, up to nine COPECs per media (surface water, sediment, porewater, and 
soils) and sub-area were identified as having maximum concentrations equal to or greater than 
the NOEC.  Metals, particularly chromium and lead, exceeded NOECs in many areas.  These 
COPECs were retained for further evaluation in the risk assessment. 
 
11.1.6 Contaminant of Potential Ecological Concern Refinement Process 
 
Surface water, sediment, porewater and soils COPECs with maximum concentrations that 
exceeded NOECs were then subject to additional evaluation (Section 8.0).  This additional 
evaluation was conducted as part of a Refinement of COPECs, which is a preliminary stage of 
Step 3 of the Superfund Ecological Risk Assessment process.  In this step, additional factors 
were reviewed to evaluate the potential risk represented by the NOEC exceedances identified 
during the screening stage.  Factors reviewed included the number and magnitude of all NOEC 
exceedances, as well as the date and location of the samples that produced them; the field and 
laboratory notes associated with the data; the magnitude of the concentration relative to LOECs; 
and the concentration of the COPEC in applicable Reference data.  The ratio of COPEC 
concentration to the LOEC, termed the hazard quotient (HQ), was calculated for all samples with 
a NOEC exceedance.  Many LOECs were derived by applying an uncertainty factor to the lowest 
credible value from the scientific literature, an approach that typically produces relatively 
conservative values.  
 
Many COPECs were eliminated in this step.  In some cases, the maximum NOEC or LOEC 
exceedance reflected concentrations in a single sample collected five to eight years ago.  In 
others, the detected concentration, while above the NOEC, was well below the lowest LOEC 
value where effects have been documented.  For these and other reasons, many COPECs were 
not retained for further evaluation, since they are not considered to reflect a current, 
Hanford Site-related ecological risk. 
 
However, two different COPECs in abiotic media (except porewater) were retained from this 
evaluation and are recommended for further evaluation under the existing River Corridor RI/FS 
programs.  Typically these COPECs had LOEC HQs of 1.0 or greater in recent samples and 
could not be attributed to other sources.  These COPECs are identified below. 
 

Medium COPEC Sub-Area Receptor 

Surface water None 

Sediment 

Chromium a 100 Area Sediment biota 

Hexavalent chromium  100 Area Potential sediment biota (no NOEC or LOEC) 

Hexavalent chromium  300 Area Potential sediment biota (no NOEC or LOEC) 

Soil None 

Shoreline sediment None 
a Inclusion List compound with Site concentrations not statistically higher than Reference concentrations. 
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11.1.7 Porewater 
 
Porewater was collected as a screening tool for sample collection in the RI and not for use in risk 
assessment.  These results may be used as a general guide to areas where a potential for 
ecological effects may exist in overlying surface water or sediment.  Dissolved porewater 
concentrations of metals and the dissolved and total concentrations of hexavalent chromium, 
strontium-90, tritium, and anions (nitrate, nitrite, phosphate, sulfate, and chloride) were 
compared to LOECs, and exceedances of LOECs were detected in all groundwater OUs.  
Porewater COPECs that exceeded LOECs in one or more OU consisted of aluminum, chromium, 
hexavalent chromium, lead, manganese, nitrate, nickel, selenium, and uranium.  The highest 
hexavalent chromium HQs were associated with the 100-HR-3 and 100-BC-5 OUs, while the 
highest HQ for other COPECs was at the 300-FF-5 OU (for uranium).  As described below, 
further evaluation of these exceedances will be conducted as part of the ongoing River Corridor 
RI/FSs at each OU.   
 
11.1.8 Fish Risk Evaluation 
 
For the evaluation of fish, three lines of evidence were assessed to estimate fish exposure and 
effect.  These additional lines were as follows: 
 
• Comparison of fish tissue concentrations to literature-derived tissue effect levels (LOECs) 
• Comparison of fish CFs between sub-areas 
• Sturgeon histology. 

These additional studies were included in this screening-level assessment to provide additional 
direct and site-specific information about the condition of fish in the Columbia River. 
 
During the RI, composite samples of bass, sucker, carp, whitefish, and walleye, as well as 
samples from individual sturgeon, were collected from each sub-area to provide a robust data set 
representative of current conditions in the Columbia River.  Samples of fillet, combined liver and 
kidneys (except for carp and sturgeon, for which the livers and kidneys were separate), and 
carcass were analyzed for a wide variety of analytes.  These recent data were combined with 
comparable historical samples from 2000 to 2007 to provide a basis for the evaluation. 
 
Fish tissue concentrations from each of the six species included in the sampling program were 
compared to tissue-specific tissue LOECs from the EPA Toxicity/Residue (ToxRes) database.  
Tissue effect levels were specific to fillet, liver, kidney, and carcass; however, values were not 
available for all COPEC/tissue combinations.  The lower of either liver or kidney literature 
values was used for comparison to combined liver and kidney tissue sample results from the 
RI data.  
 
The tissue data compiled in the ToxRes database show concentrations in fish tissue resulting 
from varying levels of exposure in food and/or water.  However, as described in Section 10.0, the 
relationship between effects and tissue concentrations is inconsistent and generally poorly 
understood for most constituents, due to a variety of factors.  These include differing 
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accumulation rates with time and exposure concentration, varying physiologic responses of 
species to exposure, natural sequestering of metals in nontoxic forms, varying effects and 
accumulation rates by exposure route, and other considerations (“Utility of Tissue Residues for 
Predicting Effects of Metals on Aquatic Organisms” [Adams et al. 2011] “Application of the 
Tissue Residue Approach in Ecological Risk Assessment” [Sappington et al. 2011]).  In addition, 
tissue concentrations may simply vary with chemical exposure without having any causal 
relationship to effects, so do not represent a “critical” body residue directly correlated with 
toxicity (“Association Between Contaminant Tissue Residues and Effects in Aquatic Organisms” 
[Barron et al. 2002]).  For these reasons, inferences about potential risk were avoided to prevent 
over-interpretation of relatively imprecise tissue and LOEC relationships.  The LOEC tissue 
analysis is thus valuable primarily as a comparative tool, showing differences over time and 
between sub-areas and species.  
 
This evaluation showed that the greatest number and magnitude of LOEC exceedances occurred 
for cadmium, copper, selenium, and zinc.  Cadmium produced LOEC HQs close to or greater 
than 1.0 in carp liver tissue.  Copper produced LOECs close to or greater than 1.0 in kidney and 
liver/kidney tissue.  Selenium exceeded LOECs in many kidney and liver/kidney samples.  Zinc 
exceeded LOECs in liver and liver/kidney samples for several species.  No COPEC 
concentrations approached or exceeded LOECs in fillet or carcass.  The relationship of these 
COPECs to Hanford Site operations is uncertain. 
 
As a second line of analysis, fish condition parameters were reviewed for general morphological 
differences between areas.  Factors considered consisted of weight, length, CF, and HSI.  Data 
comparisons (via averages and standard deviation) were made between the Upriver Sub-Area 
and the three downriver sub-areas and were separated by species. 
 
This study found changes, but no consistent trends among the species or parameters evaluated.  
High variability was found for weight and length values within and between species.  No trend in 
any of the parameters was found across sub-areas.  The average HSI of bass, sturgeon, and 
walleye decreased in the 100 Area Sub-Area, relative to Upriver, while average HSIs of carp, 
sucker, and whitefish increased in this location.  In the 300 Area Sub-Area, the average HSI of 
sturgeon, walleye, and whitefish decreased relative to the 100 Area Sub-Area, while the HSI of 
carp, sucker, and bass increased.  Within the Lake Wallula Sub-Area, carp and sucker each had a 
decreasing average HSIs relative to the 100 Area Sub-Area.  Because the parameters evaluated 
are also sensitive to seasonal, habitat-related, and feeding-related environmental effects, as well 
as natural variability, these observed changes may reflect the effect of natural conditions.  The 
relationship of any of these observations to Hanford Site operations is thus uncertain.  
 
As a third line of evidence, kidney, liver, gill, and gonad tissues from 30 white sturgeon collected 
from both Site and Upriver Reference sub-areas of the Columbia River were submitted to the 
Bozeman Fish Health Center for histological evaluation.  This evaluation identifies effects on 
fish, but does not indicate what constituents cause the effects.  Histological changes observed in 
gill and other tissues were indicative of an internal insult (e.g., an ingested toxicant rather than an 
external toxicant in water).  Widespread vasculitis suggests transport of a toxicant or pathogen 
via blood, subsequent absorption into surrounding tissue, and injury to the endothelial lining of 
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blood vessels eliciting a strong immune response.  Additionally, the blood vessel inflammation, 
considered a nonspecific response, is indicative of chronic insult and not the result of a transient 
event (e.g., handling, single acute contaminant exposure).   
 
The immune response of the sampled sturgeon is considered to be active and chronic.  The 
integrity of some blood vessel walls was compromised in fish with moderately severe 
widespread vasculitis, which could have a negative impact on vascular function.  In addition, 
high numbers of macrophage aggregates or elanomacrophage centers, which are widely used as a 
biomarker for exposure to environmental stressors (i.e., chemical contaminants), were observed 
in liver tissue sections.  However, the type of environmental stressor is not provided by the tissue 
histology; this characteristic would need to be compared to fish of similar ages from an 
uncontaminated site and related to body burdens of contaminants in order to confirm whether 
contaminant associations, as opposed to other forms of environmental stressors, are associated 
with the observed effect.  The Upriver Sub-Area, while not influenced by Hanford Site 
contaminants and so suitable as a Reference area for this study, is still subject to inputs from 
many industrial sources on the upper Columbia River and cannot be considered 
“uncontaminated” for histological purposes.  Because upriver fish data histology was similar to 
the histology of fish from downriver sub-areas, no effects from Hanford Site operations could be 
identified from the histological measures evaluated.  In addition, no stressor studies were 
conducted to identify the specific effects that might be caused by potential Hanford Site 
contaminants; rather, the histology of all fish was assessed in relation to catch location, and no 
relationship between observed effects and specific downriver sub-areas was identified.   
 
 
11.2 CONCLUSIONS AND RECOMMENDATIONS  
 
This ecological risk assessment study provided a comprehensive assessment of surface water, 
sediment, porewater, soils, and fish within the Columbia River adjacent to and downriver of the 
Hanford Site.  Based on this effort, nine COPECs in two media were identified for further 
evaluation.  The COPECs identified for further evaluation are as follows:   
 
• 100 Area Sub-Area sediment:  Chromium and hexavalent chromium 

 
• 300 Area Sub-Area sediment:  Hexavalent chromium 

 
• 100 Area porewater (OU-specific):  Aluminum, hexavalent chromium, lead, manganese, 

nitrate, and nickel 
 

• 300 Area porewater (OU-specific):  Aluminum, hexavalent chromium, lead, nitrate, 
selenium, and uranium. 

 
Chromium, which is a natural component of sediment, was detected above the sediment LOECs 
of 88 mg/kg in three sediment samples collected during the groundwater upwelling investigation 
along the right bank of the river.  Sample designation T100D3A from RM 377.72 was collected 
from along the right edge of the river just upriver of the 100-D Reactor Area boundary.  
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This sample contained 122 mg/kg of chromium.  The sample designated as J100H43 was 
collected from in front of the White Bluffs townsite and contained 275 mg/kg of chromium.  
Sample designation J100F11 was collected from the right edge of the river in front of the 
100-F Reactor Area and contained 151 mg/kg of chromium.  Chromium was included in the risk 
assessment because it is an Inclusion List compound; however, concentrations of this COPEC in 
the 100 Area Sub-Area were in fact statistically higher in the Reference Areas than in the 
100 Area Sub-Area, indicating no discernible difference in concentrations from the Hanford Site.   
 
Hexavalent chromium in sediment was designated for further evaluation because it is a known 
site contaminant and has no sediment NOEC or LOEC by which it can be evaluated.  It was 
detected in 31 of 117 sediment samples in the 100 Area Sub-Area, with a maximum 
concentration of 7.38 mg/kg.  The location of the sample with this concentration was on the left 
side of the river opposite Locke Island and the 100-H Area, just past the bend in the river known 
as “The Horn.”  In the 300 Area Sub-Area, hexavalent chromium was present in 38 of 
133 sediment samples, with a maximum of 17.3 mg/kg detected in the slough in back of 
Savage Island at sample designation SI-10SD.   
 
While hexavalent chromium in the Study Area may arise from both the Hanford Site and offsite 
sources, most current Hanford Site-related concentrations of this COPEC derive from the 
discharge of groundwater from one or more OUs at the Hanford Site.  Hexavalent chromium is 
highly soluble, and much of the hexavalent chromium measured in sediment is likely associated 
with interstitial porewater.  Hexavalent chromium exists in groundwater at the 100-K and 
100-D Areas and throughout the Horn Area, as well as at the 100-H Area.  
 
Several COPECs were also identified in porewater because detected concentrations exceeded 
LOECs, which consisted of chronic WQC for most metals.  Details of porewater COPEC 
exceedances, by OU, are as follows:   
 

Operable 
Unit 

Porewater  
COPEC  

Number of 
LOEC 

Exceedances 

Range or 
Magnitude of 

LOEC 
HQs ≥1.0 

Concentration 
Range of LOEC 

Exceedances  
(mg/L)  

100-BC-5 
Aluminum 1 4.8 0.416 
Hexavalent chromium 19 1.0 – 11 0.01 – 0.112 
Lead 1 1.9  0.00465 

100-KR-4 
Hexavalent chromium 14 1.0 – 5.6 0.01 – 0.056 
Manganese 1 1.6 2.13 

100-NR-2 
Hexavalent chromium 1 2.6 0.026 
Nitrate 5 1.0 – 3.6 36.5 - 134 

100-HR-3 

Aluminum 1 5.5 0.477 
Chromium 2 1.1, 8.4 0.0825, 0.62 
Hexavalent chromium 31 1.0 – 64 0.01 – 0.64 
Lead 2 1.0, 2.7 0.00256, 0.00681 
Nickel 1 1.0 0.0518 
Nitrate 1 1.2 44.2 
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Operable 
Unit 

Porewater  
COPEC  

Number of 
LOEC 

Exceedances 

Range or 
Magnitude of 

LOEC 
HQs ≥1.0 

Concentration 
Range of LOEC 

Exceedances  
(mg/L)  

100-FR-3 
Hexavalent chromium 2 2.0, 3.1 0.02, 0.031 
Manganese 1 1.7 2.26 

200-PO-1 
Hexavalent chromium  4 1.3 – 2.1 0.013 – 0.021 
Lead 1 1.7 0.00421 

300-FF-5 

Aluminum 1 1.2 0.107 
Lead 1 1.0 0.00253 
Nitrate 1 3.1 116 
Selenium 1 2.0 0.0102 
Uranium 6 1.4 – 5.7 0.0409 – 0.17 

 
Any further evaluation of COPECs in sediment or porewater will be undertaken as part of the 
ongoing River Corridor RI/FS programs.  The RI/FS for the relevant OU will evaluate the nature 
and extent, conceptual site model, and fate and transport of the SLERA COPECs identified 
above to determine if detected concentrations in the river are potentially from current or 
historical operations from that OU.  Based on this assessment, the need for further study or 
remedial action will be determined.  Therefore, no BERA will be conducted under the CRC 
program.   
 
 
11.3 COMPARISON TO THE RIVER CORRIDOR BASELINE 

RISK ASSESSMENT 
 
As described in previous sections, this report provides a screening-level assessment of ecological 
risk in the main channel and islands of the Columbia River adjacent to and downriver of the 
Hanford Site.  Parallel to this effort was the RCBRA (DOE/RL-2007-21), which is a more 
rigorous site-specific baseline ecological risk assessment of the Hanford Site near-shore, 
riparian, and inland areas.  Both studies evaluated similar receptors and contaminants from many 
of the same source areas.  While the level of uncertainty associated with the conclusions of a 
screening assessment are greater than that of a more empirical baseline assessment, the COPECs 
for further study from the two reports can be compared to obtain an initial appraisal of overall 
trends and impacts.  The following table compares COPECs identified for further study from 
both efforts.  
 
 

CRC Screening-Level Ecological Risk Assessment 
COPECs for Further Study 

River Corridor Baseline Risk Assessment  
COPECs for Further Study 

COPEC 

Sub-Area 
or 

Operable 
Unit 

Receptor Action COPEC Area Receptor Action 

Surface Water 

None No COPECs for further study identified for RCBRA 
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CRC Screening-Level Ecological Risk Assessment 
COPECs for Further Study 

River Corridor Baseline Risk Assessment  
COPECs for Further Study 

COPEC 

Sub-Area 
or 

Operable 
Unit 

Receptor Action COPEC Area Receptor Action 

Porewater 

Aluminum 

100-BC-5 
Aquatic 
biota 

Addressed by 
River RI/FS 

No OU-specific data set 
Hexavalent 
chromium 

Lead 

Hexavalent 
chromium 100-KR-4 

Aquatic 
biota 

Addressed by 
River RI/FS 

Hexavalent 
chromium 

100-K Area Aquatic biota 
Additional 
monitoring 

Manganese 

Hexavalent 
chromium 100-NR-2 

Aquatic 
biota 

Addressed by 
River RI/FS 

No OU-specific data set 
Nitrate 

Aluminum 

100-HR-3 
Aquatic 
biota 

Addressed by 
River RI/FS 

No OU-specific data set 

Chromium 

Hexavalent 
chromium 

Lead 

Nickel 

Nitrate 

Hexavalent 
chromium 100-FR-3 

Aquatic 
biota 

Addressed by 
River RI/FS 

No OU-specific data set 
Manganese 

Hexavalent 
chromium 200-PO-1 

Aquatic 
biota 

Addressed by 
River RI/FS 

No OU-specific dataset 
Lead 

Aluminum 

300-FF-5 
Aquatic 
biota 

Addressed by 
River RI/FS 

Manganese 300 Area 
Aquatic plants 
and fish 

Additional 
monitoring 

Lead 

Uranium 
(inorganic) 

300 Area 
Aquatic plants 
and invertebrates 

Additional 
monitoring 

Nitrate 

Selenium 

Uranium 

Sediment 

Chromium 100 Area 
Sediment 
biota 

Monitoring; 
addressed by 
OUs 

Chromium 
100-B/C and 
100-F Areas 

Sediment biota 
Additional 
monitoring 

Hexavalent 
chromium 

100 Area 
Sediment 
biota 

Addressed by 
River OU 
RI/FSs Hexavalent 

chromium 
100-F Sediment biota 

Additional 
monitoring 

300 Area 
Sediment 
biota 

Addressed by 
River OU 
RI/FSs 
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CRC Screening-Level Ecological Risk Assessment 
COPECs for Further Study 

River Corridor Baseline Risk Assessment  
COPECs for Further Study 

COPEC 

Sub-Area 
or 

Operable 
Unit 

Receptor Action COPEC Area Receptor Action 

Shoreline Sediment 

None  Evaluated as part of riparian soil  

Island and Riparian Soil 

None 

Arsenic 
100-D and 
100-IU-2&6 

Terrestrial 
invertebrates 

Bioassay 
study 

Chromium 
100-N, 
100-D, and 
100-IU-2&6 

Terrestrial plants 
and invertebrates 

Bioassay 
study 

Lead 100-IU-2&6 
Terrestrial 
invertebrates 

Bioassay 
study 

Zinc 
100-D and 
100-IU-2&6 

Terrestrial 
invertebrates 

Bioassay 
study 

TPH-diesel 100-N 
Terrestrial 
invertebrates 

Bioassay 
study 

Upland Soil 

Media not evaluated by CRC 

Antimony 100-IU-2&6 Terrestrial plants 

Background 
and 
bioassay 
studies 

Barium 
100-B/C, 
100-H, and 
100-IU-2&6 

Terrestrial 
invertebrates 

Bioassay 
study 

Boron 100-H 
Terrestrial plants 
and invertebrates 

Background 
and 
bioassay 
studies 

Copper 300 Area 
Terrestrial 
invertebrates and 
wildlife 

Bioassay 
study 

Lead 
100-B/C, 
100-D, and 
100-IU-2&6 

Terrestrial plants 
and wildlife 

Bioassay 
study 

Mercury 
100-B/C, 
100-K, 100-H, 
and 300 Area 

Terrestrial plants 
and invertebrates 

Bioassay 
study 

Dieldrin 
100-B/C and 
100-IU-2&6 

Terrestrial 
invertebrates and 
wildlife 

Bioassay 
study 

 
 
As shown in this table, hexavalent chromium in 100-K Area porewater and chromium and 
hexavalent chromium in 100 Area Sub-Area sediment are retained for further consideration in 
both studies.   
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APPENDIX OVERVIEW 
 
 
Due to the size and content of some of the appendices associated with this document, most of 
them are only contained on the CD attached to the back cover.  For clarity, see the list below for 
an explanation of what can be found as either hard copy or electronic copy. 
 
 
APPENDICES 
 
A ISLAND SOIL, SEDIMENT, SURFACE WATER, AND POREWATER SAMPLE 

LOCATIONS 2008 - 2010  
 
B1 STATISTICAL OUTPUT FOR REFERENCE COMPARISONS (On CD only) 
 
B2 POREWATER STATISTICAL ANALYSIS BY GROUNDWATER OPERABLE UNIT 

(On CD only) 
 
C FISH, POREWATER, SEDIMENT, SOILS, AND SURFACE WATER 

SCATTER PLOTS (On CD only) 
 
D LOEC FOOD CHAIN MODELING EQUATIONS (On CD only) 
 
E SCREENING LEVEL ECOLOGICAL RISK ASSESSMENT DATABASE  

(On CD only) see folder for Excel Users Guide and Access database file 
 
F HABITAT SURVEY (On CD only)  
 
G SUMMARIES OF REFERENCE DATA (On CD only) 
 
H CONCEPTUAL SITE MODEL FIGURES FROM DATA SUMMARY REPORT (On 

CD only) 
 
I WASTEWAY SUPPLEMENTAL ANALYSIS (On CD only) 
 
J SCREENING-LEVEL ASSESSMENT OF LAKE WALLULA DREDGED SEDIMENT 

(On CD only) 
 

Exhibit 12a



DOE/RL-2010-117 

Appendix Overview Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I:  Screening- Level Ecological Risk Assessment 
June 2012 Appendix Overview-2 

 
 

Exhibit 12a



United States 
Department of Energy 

 

 DOE/RL-2010-117 
 Volume I, Part 2 
 Rev. 0 

Columbia River Component 
Risk Assessment 
	
Volume I:   
Screening-Level Ecological Risk 
Assessment 
 
 

 
 
 
 
 
 
 

Exhibit 12b



 

 

TRADEMARK DISCLAIMER  
 

Reference herein to any specific commercial product, process, or 
service by trade name, trademark, manufacturer, or otherwise, 
does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or 
any agency thereof or its contractors or subcontractors. 

This report has been reproduced from the best available copy. 

Printed in the United States of America 

 

 

Exhibit 12b



DOE-RL AND/OR REGULATOR APPROVAL PAGE

DOE/RL-2010-1 17
Volume I, Part 2
Rev. 0

Title:

Approval:

Columbia River Component Risk Assessment, Volume I: Screening-Level
Ecological Risk Assessment

U.S. Department of Energy, Richland Operations Office

Date

Date

‘,-1.

Date

Sigffatre

U.S. Environmental Protection Agency

Signature

Washington State Department of Ecology

Signature -__————--

Exhibit 12b

djbush
Text Box
Laura Buelow

djbush
Text Box
Jon Peschong

djbush
Text Box
Dib Goswami



 

Exhibit 12b



 

United States Department of Energy 

P.O. Box 550, Richland, Washington  99352 

 
 
 
 
 

DOE/RL-2010-117 
Volume I, Part 2 
Rev. 0 

Columbia River Component Risk 
Assessment 

Volume I:   
Screening-Level Ecological Risk 
Assessment 

 

June 2012 

Exhibit 12b



 

 

 

Exhibit 12b



DOE/RL-2010-117 
Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 2:  Screening-Level Ecological Risk Assessment 
June 2012 i 

TABLE OF CONTENTS 
 
 
See Volume I, Part 1 for text and figures. 
 
 
TABLES 
 
2-1. Number of Samples Used in Ecological Risk Assessment. ............................................. 2-1 
2-2. Number of Fish Collected by Sub-Area. .......................................................................... 2-1 
3-1. Columbia River Inclusion and Exclusion List Constituents. ........................................... 3-1 
3-2. 100 Area Sub-Area Surface Water Contaminant of Potential Ecological Concern 

Selection Summary. ......................................................................................................... 3-2 
3-3. 300 Area Sub-Area Surface Water Contaminant of Potential Ecological Concern 

Selection Summary .......................................................................................................... 3-3 
3-4. Lake Wallula Sub-Area Surface Water Contaminant of Potential Ecological Concern 

Selection Summary .......................................................................................................... 3-4 
3-5. 100 Area Sub-Area Sediment Contaminant of Potential Ecological Concern  

Selection Summary .......................................................................................................... 3-5 
3-6. 300 Area Sub-Area Sediment Contaminant of Potential Ecological Concern  

Selection Summary .......................................................................................................... 3-6 
3-7. Lake Wallula Sub-Area Sediment Contaminant of Potential Ecological Concern  

Selection Summary .......................................................................................................... 3-8 
3-8. 100 Area Sub-Area Soil Contaminant of Potential Ecological Concern  

Selection Summary .......................................................................................................... 3-9 
3-9. 300 Area Sub-Area Soil Contaminant of Potential Ecological Concern  

Selection Summary. ....................................................................................................... 3-11 
3-10. 100 Area Sub-Area Fish Carcass Contaminant of Potential Ecological Concern  

Selection Summary. ....................................................................................................... 3-12 
3-11. 300 Area Sub-Area Fish Carcass Contaminant of Potential Ecological Concern  

Selection Summary ........................................................................................................ 3-12 
3-12. Lake Wallula Sub-Area Fish Carcass Contaminant of Potential Ecological Concern 

Selection Summary ........................................................................................................ 3-13 
3-13. 100 Area Sub-Area Fish Fillet Contaminant of Potential Ecological Concern  

Selection Summary ........................................................................................................ 3-14 
3-14. 300 Area Sub-Area Fish Fillet Contaminant of Potential Ecological Concern  

Selection Summary ........................................................................................................ 3-15 
3-15. Lake Wallula Sub-Area Fish Fillet Contaminant of Potential Ecological Concern 

Selection Summary ........................................................................................................ 3-16 
3-16. 100 Area Sub-Area Fish Liver/Kidney Contaminant of Potential Ecological  

Concern Selection Summary .......................................................................................... 3-17 
3-17. 300 Area Sub-Area Fish Liver/Kidney Contaminant of Potential Ecological  

Concern Selection Summary. ......................................................................................... 3-19 
3-18. Lake Wallula Sub-Area Fish Liver/Kidney Contaminant of Potential Ecological  

Concern Selection Summary. ......................................................................................... 3-20 

Exhibit 12b



DOE/RL-2010-117 
Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 2:  Screening-Level Ecological Risk Assessment 
June 2012 ii 

3-19. 100 Area Sub-Area Surface Water Nondetect Analysis ................................................ 3-21 
3-20. 300 Area Sub-Area Surface Water Nondetect Analysis ................................................ 3-25 
3-21. Lake Wallula Sub-Area Surface Water Nondetect Analysis ......................................... 3-29 
3-22. 100 Area Sub-Area Sediment Nondetect Analysis ........................................................ 3-33 
3-23. 300 Area Sub-Area Sediment Nondetect Analysis. ....................................................... 3-37 
3-24. Lake Wallula Sub-Area Sediment Nondetect Analysis ................................................. 3-41 
3-25. Porewater Nondetect Analysis. ...................................................................................... 3-45 
3-26. 100 Area Sub-Area Soil Nondetect Analysis................................................................. 3-46 
3-27. 300 Area Sub-Area Soil Nondetect Analysis................................................................. 3-49 
3-28. Fish Carcass Nondetect Analysis ................................................................................... 3-52 
3-29. Fish Fillet Nondetect Analysis ....................................................................................... 3-55 
3-30. Fish Liver and Kidney Nondetect Analysis ................................................................... 3-58 
4-1. Fish Species in the Hanford Reach of the Columbia River ............................................. 4-1 
4-2. Federal and Washington State Listed Endangered, Threatened, Sensitive, and  

Candidate Species Occurring or Potentially Occurring on the Hanford Site ................... 4-2 
5-1. Screening-Level Ecological Risk Assessment Endpoints and Measures of Effect. ........ 5-1 
6-1. Aquatic Biota No Observed Effect Concentrations for Surface Water and  

Porewater Contaminants of Potential Ecological Concern .............................................. 6-1 
6-2. Sediment Biota No Observed Effect Concentrations for Sediment Contaminants of 

Potential Ecological Concern ........................................................................................... 6-4 
6-3. Plant No Observed Effect Concentrations for Soil Contaminants of Potential  

Ecological Concern. ......................................................................................................... 6-6 
6-4. Soil Invertebrates No Observed Effect Concentrations for Soil Contaminants of  

Potential Ecological Concern ........................................................................................... 6-8 
6-5. Bird No Observed Effect Concentrations for Soil Contaminants of Potential  

Ecological Concern ........................................................................................................ 6-10 
6-6. Mammal No Observed Effect Concentrations for Soil Contaminants of Potential 

Ecological Concern ........................................................................................................ 6-12 
7-1. Surface Water Aquatic Biota Contaminant of Potential Ecological Concern 

Exceedances and No Observed Effect Concentrations .................................................... 7-1 
7-2. Surface Water No-Observed-Effect Concentration Exceedances. ................................... 7-3 
7-3. Sediment Biota Contaminant of Potential Ecological Concern Exceedances and 

No Observed Effect Concentrations ................................................................................ 7-5 
7-4. Sediment No Observed Effect Concentration Exceedances. ........................................... 7-7 
7-5. Porewater Contaminant of Potential Ecological Concern Exceedances and  

No Observed Effect Concentrations ................................................................................ 7-9 
7-6. Porewater No Observed Effect Concentration Exceedances. ........................................ 7-13 
7-7. Soil Plant Contaminant of Potential Ecological Concern Exceedances and  

No Observed Effect Concentrations .............................................................................. 7-15 
7-8. Soil Invertebrate Contaminant of Potential Ecological Concern Exceedances and 

No Observed Effect Concentrations .............................................................................. 7-17 
7-9. Soil Wildlife Bird Contaminant of Potential Ecological Concern Exceedances and 

No Observed Effect Concentrations .............................................................................. 7-19 
7-10. Soil Wildlife Mammal Contaminant of Potential Ecological Concern Exceedances 

and No Observed Effect Concentrations ........................................................................ 7-21 

Exhibit 12b



DOE/RL-2010-117 
Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 2:  Screening-Level Ecological Risk Assessment 
June 2012 iii 

7-11. Soil No Observed Effect Concentration Exceedances. .................................................. 7-23 
7-12. Shoreline Sediment Plant Contaminant of Potential Ecological Concern 

Exceedances and No Observed Effect Concentrations .................................................. 7-25 
7-13. Shoreline Sediment Wildlife Bird Contaminant of Potential Ecological Concern 

Exceedances and No Observed Effect Concentrations .................................................. 7-27 
7-14. Shoreline Sediment No Observed Effect Concentration Exceedances. ......................... 7-29 
7-15. Summary of Screening Level Evaluation:  Contaminants of Potential Ecological 

Concern with Maximum Concentrations Exceeding No Observed Effect 
Concentrations. .............................................................................................................. 7-29 

8-1. Sediment, Soil, and Surface Water Ecological Lowest Observed Effect  
Concentrations ................................................................................................................. 8-1 

8-2. Surface Water Contaminant of Potential Ecological Concern Exceedances and 
Lowest Observed Effect Concentration Hazard Quotients. ............................................. 8-4 

8-3. 100 Area Sub-Area Sediment Contaminant of Potential Ecological Concern 
Exceedances and Lowest Observed Effect Concentration Hazard Quotients. ................ 8-5 

8-4. 300 Area Sub-Area Sediment Contaminant of Potential Ecological Concern 
Exceedances and Lowest Observed Effect Concentration Hazard Quotients. ................ 8-7 

8-5. Lake Wallula Sub-Area Sediment Contaminant of Potential Ecological Concern 
Exceedances and Lowest Observed Effect Concentration Hazard Quotients ................. 8-8 

8-6. Porewater Contaminant of Potential Ecological Concern Exceedances and Lowest 
Observed Effect Concentration Hazard Quotients ......................................................... 8-11 

8-7. Evaluation of Porewater Chromium by Hexavalent Chromium No Observable 
Effect Concentrations..................................................................................................... 8-15 

8-8. Porewater Samples Exceeding Hexavalent Chromium Water Quality Criteria. ........... 8-17 
8-9. Soil Plant Contaminant of Potential Ecological Concern Exceedances  

and Lowest Observed Effect Concentration Hazard Quotients. .................................... 8-18 
8-10. Soil Invertebrate Contaminant of Potential Ecological Concern Exceedances  

and Lowest Observed Effect Concentration Hazard Quotients ..................................... 8-19 
8-11. 100 Area Sub-Area Soil Terrestrial Bird Contaminant of Potential  

Ecological Concern Exceedance and Lowest Observed Effect  
Concentration Hazard Quotients. ................................................................................... 8-20 

8-12. 300 Area Sub-Area Soil Terrestrial Bird Contaminant of Potential  
Ecological Concern Exceedances and Lowest Observed Effect  
Concentration Hazard Quotients .................................................................................... 8-21 

8-13. Soil Terrestrial Mammal Contaminant of Potential Ecological Concern 
Exceedances and Lowest Observed Effect Concentration Hazard Quotients. .............. 8-23 

8-14. Shoreline Sediment Terrestrial Plant Contaminant of Potential  
Ecological Concern Exceedances and Lowest Observed Effect  
Concentration Hazard Quotients. ................................................................................... 8-24 

8-15. 100 Area Sub-Area Shoreline Sediment Bird Contaminant of Potential  
Ecological Concern Exceedances and Lowest Observed Effect  
Concentration Hazard Quotients .................................................................................... 8-25 

8-16. 300 Area Sub-Area Shoreline Sediment Bird Contaminant of Potential  
Ecological Concern Exceedances and Lowest Observed Effect  
Concentration Hazard Quotients .................................................................................... 8-27 

Exhibit 12b



DOE/RL-2010-117 
Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 2:  Screening-Level Ecological Risk Assessment 
June 2012 iv 

8-17. Lake Wallula Shoreline Sediment Bird Contaminant of Potential  
Ecological Concern Exceedances and Lowest Observed Effect  
Concentration Hazard Quotients .................................................................................... 8-29 

8-18. Contaminants of Potential Ecological Concern in 100-Area Sub-Area  
Surface Water, Sediment, and Porewater. ..................................................................... 8-31 

8-19. Contaminants of Potential Ecological Concern in 300-Area Sub-Area  
Surface Water, Sediment, and Porewater. ..................................................................... 8-32 

9-1. Tissue Concentrations Associated with Effects ............................................................... 9-2 
9-2. Summary of Maximum Lowest Observed Effect Concentration Hazard Quotients 

in Fish Tissue ................................................................................................................... 9-3 
9-3. Summary of Contaminants of Potential Ecological Concern with Maximum 

Lowest Observed Effect Concentration Hazard Quotients >1.0. ..................................... 9-5 
9-4. Fish Fillet Data Summary and Maximum Lowest Observed Effect Concentration 

Hazard Quotients ............................................................................................................. 9-7 
9-5. Fish Liver Data Summary and Maximum Lowest Observed Effect Concentration 

Hazard Quotients ............................................................................................................. 9-9 
9-6. 100 Area Sub-Area Fish Liver Sample Lowest Observed Effect Concentration 

Hazard Quotients ........................................................................................................... 9-11 
9-7. 300 Area Sub-Area Fish Liver Sample Lowest Observed Effect Concentration 

Hazard Quotients ........................................................................................................... 9-14 
9-8. Average Fish Liver Cadmium Values Across Sub-Areas. ............................................. 9-16 
9-9. Average Fish Liver Copper Values Across Sub-Areas. ................................................. 9-17 
9-10. Average Fish Liver Selenium Values Across Sub-Areas. ............................................. 9-18 
9-11. Average Fish Liver Zinc Values Across Sub-Areas. ..................................................... 9-19 
9-12. Fish Kidney Data Summary and Maximum Lowest Observed Effect 

Concentration Hazard Quotients .................................................................................... 9-21 
9-13. 100 Area Sub-Area Fish Kidney Sample Lowest Observed Effect Concentration 

Hazard Quotients. .......................................................................................................... 9-23 
9-14. 300 Area Sub-Area Fish Kidney Sample Lowest Observed Effect Concentration 

Hazard Quotients. .......................................................................................................... 9-24 
9-15. Average Fish Kidney Cadmium Values Across Sub-Areas. ......................................... 9-25 
9-16. Average Fish Kidney Copper Values Across Sub-Areas. ............................................. 9-25 
9-17. Average Fish Kidney Selenium Values Across Sub-Areas. .......................................... 9-26 
9-18. Average Fish Kidney Zinc Values Across Sub-Areas. .................................................. 9-26 
9-19. Fish Liver/Kidney Data Summary and Maximum Lowest Observed Effect 

Concentration Hazard Quotients .................................................................................... 9-27 
9-20. 100 Area Sub-Area Combined Liver/Kidney Sample Lowest Observed Effect 

Concentration Hazard Quotients. ................................................................................... 9-29 
9-21. 300 Area Sub-Area Combined Liver/Kidney Sample Lowest Observed Effect 

Concentration Hazard Quotients. ................................................................................... 9-30 
9-22. Average Liver/Kidney Selenium Values Across Sub-Areas. ........................................ 9-31 
9-23. Fish Carcass Data Summary and Maximum Lowest Observed Effect 

Concentration Hazard Quotients .................................................................................... 9-33 
9-24. Bass Laboratory Data ..................................................................................................... 9-35 
9-25. Average Condition Factors ............................................................................................ 9-38 

Exhibit 12b



DOE/RL-2010-117 
Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 2:  Screening-Level Ecological Risk Assessment 
June 2012 v 

9-26. Average Hepatosomatic Indices. ................................................................................... 9-39 
9-27. Carp Laboratory Data .................................................................................................... 9-40 
9-28. Sturgeon Laboratory Data .............................................................................................. 9-42 
9-29. Sucker Laboratory Data ................................................................................................. 9-43 
9-30. Walleye Laboratory Data ............................................................................................... 9-46 
9-31. Whitefish Laboratory Data ............................................................................................ 9-48 
10-1. Summary of Potential Uncertainty ................................................................................. 10-1 
10-2. Evaluation of Representative Constituents Not Selected as Contaminants of  

Potential Ecological Concern ......................................................................................... 10-8 
 

Exhibit 12b



DOE/RL-2010-117 
Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 2:  Screening-Level Ecological Risk Assessment 
June 2012 vi 

 

Exhibit 12b



DOE/RL-2010-117 

Overview of Risk Assessment Data Rev. 0 
 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 2:  Screening-Level Ecological Risk Assessment 
June 2012 2-1 

Table 2-1.  Number of Samples Used in Ecological Risk Assessment. 

Media Reference  
100 Area 300 Area Lake Wallula Site Total Not 

Including 
Reference  2000 - 2007 2008 - 2010 2000 - 2007 2008 - 2010 2000 - 2007 2008 - 2010 

Surface water 427 165 135 1,364 54 16 60 1,794 

Sediment 215 0 251 2 302 88 168 811 

Soil  11 0 31 0 53 0 0 84 

Porewater 86 0 287 0 117 0 0 404 

Fish  224 130 267 105 284 0 239 1,025 

NOTE:  Reference includes samples collected from Upriver, wasteways/irrigation returns, and major tributaries (Snake, Yakima, and 
Walla Walla Rivers). 

For porewater, the 100 Area Sub-Area includes 100-B/C-5, 100-KR-4, 100-NR-2, 100-HR-3, and 100-FR-3 groundwater operable units.  The 
300 Area Sub-Area consists of 200-PO-1 and 300-FF-5 groundwater operable units.  

 
 

Table 2-2.  Number of Fish Collected by Sub-Area. 

 Carp Whitefish Walleye Bass Sucker Sturgeon 

Upriver Sub-Area 
Individuals 21 27 25 25 25 5 

Composites 4 a 5 5 5 5 0 

100 Area Sub-Area 
Individuals 25 25 26 25 25 9 

Composites 5 5 5 a 5 5 0 

300 Area Sub-Area 
Individuals 25 27 25 25 25 10 

Composites 5 5 b 5 5 5 0 

Lake Wallula Sub-Area 
Individuals 25 26 27 25 25 6 

Composites 5 5 a 5 5 5 0 

Total Individuals 534 96 105 103 100 100 30 

Total Composites 99 19 20 20 20 20 0 
a One of five fish not composited. 
b Two of five fish not composited. 
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Table 3-1.  Columbia River Inclusion and Exclusion List Constituents.   

Exclusion Analyte Inclusion Analyte 
Actinium-228 Calculated total uranium a

Alkalinity Carbon-14 
Antimony-125 Cesium-137 
Beryllium-7 Chromium 
Calcium cis-1,2-Dichloroethylene 
Cerium-144 Cobalt-60 
Cesium-134 Europium-152 
Cobalt-58 Europium-154 
Coliform bacteria Hexavalent chromium 
Conductivity Lead 
Cumulative % retained on No. 100 screen Mercury 
Cumulative % retained on No. 16 screen Nitrate 
Cumulative % retained on No. 200 screen Plutonium-239/240 
Cumulative % retained on No. 30 screen Strontium-90 
Cumulative % retained on No. 50 screen Sulfate 
Cumulative % retained on No. 8 screen Technetium-99 
Dissolved oxygen Tetrachloroethene 
Hardness Total petroleum hydrocarbons 
Ignitability Total petroleum hydrocarbons - diesel range 
Iron-59 Total petroleum hydrocarbons - gasoline range 
Lead-212 Total petroleum hydrocarbons - kerosene range 
Lead-214 Total petroleum hydrocarbons - motor oil (high boiling) 
Magnesium Tributyl phosphate 
Manganese-54 Trichloroethene 
Nitrogen, Kjeldahl total Tritium 
Oxidation-reduction potential Uranium 
pH Measurement Uranium-233/234 
Percent moisture Uranium-235 
Potassium Uranium-238 
Potassium-40  
Radium-224  
Radium-226  
Radium-228  
Ruthenium-103  
Ruthenium-106  
Silicon  
Sodium  
Sodium-22  
Sodium dithionite  
Specific conductance  
Temperature  
Thorium-230  
Thorium-232  
Thorium-234  
Tin-113  
Total inorganic carbon  
Total organic carbon  
Total organic halides  
Turbidity  
a Calculated total uranium equals the sum of uranium radionuclides.   
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Table 3-2.  100 Area Sub-Area Surface Water Contaminant of 

Potential Ecological Concern Selection Summary.   

100 Area  
Contaminants of Potential 

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a 

Cesium-137 Inclusion List Aluminum Qualitative analysis 

Chromium Inclusion List Antimony Site = Reference 

Fluoride Site > Reference Arsenic Site = Reference 

Lead Inclusion List Barium Site < Reference 

Mercury Inclusion List Beryllium Qualitative analysis 

Nitrate Inclusion List Bis(2-ethylhexyl) phthalate Qualitative analysis 

Phosphate Qualitative analysis Boron Site = Reference 

Phosphorus Qualitative analysis Cadmium Site = Reference 

Strontium-90 Inclusion List Carbonate ion Qualitative analysis 

Sulfate Inclusion List Chloride Site < Reference 

Technetium-99 Inclusion List Copper Site = Reference 

Total PCBs Qualitative analysis Di-n-butylphthalate Qualitative analysis 

Tritium Inclusion List Gross alpha Specific radionuclide data used 

Uranium-233/234 Inclusion List Gross beta Specific radionuclide data used 

Uranium-238 Inclusion List Iron Site < Reference 

  Lithium Qualitative analysis 

  Manganese Site < Reference 

  Methylene chloride Qualitative analysis 

  Molybdenum Qualitative analysis 

  Nickel Site = Reference 

  Selenium Site = Reference 

  Silver 
Not detected above reporting 
limit in Site 

  Strontium Site < Reference 

  Thallium Site = Reference 

  Tin Qualitative analysis 

  Titanium Site = Reference 

  Uranium-234 Site = Reference 

  Vanadium Site = Reference 

  Zinc Site = Reference 
a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a 

frequency of detection less than 30%.  If these comparisons suggested higher concentrations in the study area, the constituent was retained as 
a contaminant of potential ecological concern.  Site versus Reference comparison reflects results of statistical comparison of Site and 
Reference concentrations.  See Appendix B for more details.  

PCB = polychlorinated biphenyl 
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Table 3-3.  300 Area Sub-Area Surface Water Contaminant of Potential  
Ecological Concern Selection Summary.  (2 Pages) 

300 Area  
Contaminants of Potential 

Ecological Concern 
Reason for Inclusion  Excluded Constituents  Reason for Exclusion a 

1,2-Dichloroethane Detected above reporting limits 
in Site only 

1,1,2-Trichloroethane Not detected above reporting 
limit in Site 

1,4-Dichlorobenzene Detected above reporting limits 
in Site only 

Aluminum Qualitative analysis  

Acetone Qualitative analysis Antimony Qualitative analysis  

Chloroform Qualitative analysis Arsenic  Site < Reference  

Chromium Inclusion List Barium  Site < Reference  

Chrysene Detected above reporting limits 
in Site only 

Benzene Not detected above reporting 
limit in Site 

Lead Inclusion List Benzo(a)anthracene Not detected above reporting 
limit in Site 

Mercury Inclusion List Benzo(b)Fluoranthene Not detected above reporting 
limit in Site 

Nitrate Inclusion List Benzo(k)Fluoranthene Not detected above reporting 
limit in Site 

Nitrite Potentially associated with 
nitrate, an Inclusion List 
compound 

Beryllium Qualitative analysis  

Plutonium-238 Detected above reporting limits 
in Site only 

Bis(2-ethylhexyl) phthalate Qualitative analysis  

Plutonium-239/240 Inclusion List Boron Site < Reference  

Silver detected above reporting limits 
in Site only 

Cadmium Site < Reference  

Strontium-90 Inclusion List Chloride Site < Reference  

Sulfate Inclusion List Copper Site < Reference  

Technetium-99 Inclusion List Di-n-butylphthalate Qualitative analysis  

Total PCBs Qualitative analysis Fluoride Site < Reference  

Trichloroethene Inclusion List Gross alpha  Specific radionuclide data 
used  

Tritium Inclusion List Iron Site < Reference  

Uranium-233/234 Inclusion List Lithium Site = Reference  

Uranium-235 Inclusion List  Manganese Site < Reference  

Uranium-238 Inclusion List Methylene chloride Qualitative analysis  

Xylenes (total) Detected above reporting limits 
in Study Area only 

Molybdenum  Site < Reference  

  Nickel Site < Reference  

  Nitrogen in nitrite and 
nitrate 

Compound-specific data used 

  Phosphorus Qualitative analysis  

  Selenium Site < Reference  
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Table 3-3.  300 Area Sub-Area Surface Water Contaminant of Potential  
Ecological Concern Selection Summary.  (2 Pages) 

300 Area  
Contaminants of Potential 

Ecological Concern 
Reason for Inclusion  Excluded Constituents  Reason for Exclusion a 

  Silica SiO2; sand, a natural mineral 

  Strontium Site = Reference  

  Thallium Qualitative analysis  

  Tin Qualitative analysis  

  Titanium Site < Reference  

  Toluene Qualitative analysis  

  Uranium-234 Site < Reference 

  Vanadium Site < Reference  

  Zinc  Site < Reference  
a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a 

frequency of detection less than 30%.  If these comparisons suggested higher concentrations in the study area, the constituent was retained as 
a contaminant of potential ecological concern.  Site versus Reference comparison reflects results of statistical comparison of Site and 
Reference concentrations.  See Appendix B for more details. 

PCB = polychlorinated biphenyl 

 
 

Table 3-4.  Lake Wallula Sub-Area Surface Water Contaminant of 
Potential Ecological Concern Selection Summary.  (2 Pages) 

Lake Wallula  
Contaminants of Potential 

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a 

Chloride Qualitative analysis Aluminum Site = Reference 

Chromium Inclusion List Antimony Qualitative analysis 

Cobalt-60 Inclusion List Arsenic Qualitative analysis 

Fluoride Qualitative analysis Barium Site < Reference 

Hexavalent chromium Inclusion List Bis(2-ethylhexyl) phthalate Qualitative analysis 

Lead Inclusion List Boron Site < Reference 

Mercury Inclusion List Cadmium Qualitative analysis 

Nitrate Inclusion List Copper Qualitative analysis 

Plutonium-238 Qualitative analysis Iron Site = Reference 

Plutonium-239/240 Inclusion List Lithium Site < Reference 

Strontium-90 Inclusion List Manganese Site = Reference 

Sulfate Inclusion List Methylene chloride Qualitative analysis 

Total PCBs Qualitative analysis Molybdenum Qualitative analysis 

Total petroleum hydrocarbons - 
diesel range 

Inclusion List Nickel Qualitative analysis 

Total petroleum hydrocarbons - 
motor oil (high boiling) 

Inclusion List Phosphorus Site < Reference 

Tritium Inclusion List Selenium Qualitative analysis 
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Table 3-4.  Lake Wallula Sub-Area Surface Water Contaminant of 
Potential Ecological Concern Selection Summary.  (2 Pages) 

Lake Wallula  
Contaminants of Potential 

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a 

Uranium Inclusion List Strontium Site = Reference 

Uranium-233/234 Inclusion List Thallium Qualitative analysis 

Uranium-234 Qualitative analysis Tin Qualitative analysis 

Uranium-235 Inclusion List Titanium Site = Reference 

Uranium-238 Inclusion List Toluene Qualitative analysis 

  Vanadium Site < Reference 

  Zinc Site = Reference 

  Gross alpha Specific radionuclide data 
used 

  Gross beta Specific radionuclide data 
used 

  Nitrogen in nitrite and nitrate Compound-specific data used 
a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a 

frequency of detection less than 30%.  If these comparisons suggested higher concentrations in the study area, the constituent was retained as 
a contaminant of potential ecological concern.  Site versus Reference comparison reflects results of statistical comparison of Site and 
Reference concentrations.  See Appendix B for more details. 

PCB = polychlorinated biphenyl 

 
 

Table 3-5.  100 Area Sub-Area Sediment Contaminant of Potential 
Ecological Concern Selection Summary.  (2 Pages) 

100 Area  
Contaminants of Potential 

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a 

Acetone Qualitative analysis Aldrin Qualitative analysis 

Carbon-14 Inclusion List alpha-BHC Qualitative analysis 

Cesium-137 Inclusion List Aluminum Site < Reference 

Chromium Inclusion List Antimony Site < Reference 

Cobalt-60 Inclusion List Arsenic Site < Reference 

delta-BHC Qualitative analysis Barium Site < Reference 

Endosulfan sulfate Detected above reporting 
limits in Site only  

Beryllium Site < Reference 

Europium-152 Inclusion List Bismuth Qualitative analysis 

Heptachlor epoxide Qualitative analysis Boron Site < Reference 

Hexavalent chromium Inclusion List Cadmium Site < Reference 

Lead Inclusion List Cobalt Site < Reference 

Mercury Inclusion List Copper Site < Reference 

Plutonium-239/240 Inclusion List Dichlorodiphenyldichloroethane Qualitative analysis 

Strontium-90 Inclusion List Dichlorodiphenyldichloroethylene Qualitative analysis 

Technetium-99 Inclusion List Di-n-butylphthalate Qualitative analysis 
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Table 3-5.  100 Area Sub-Area Sediment Contaminant of Potential 
Ecological Concern Selection Summary.  (2 Pages) 

100 Area  
Contaminants of Potential 

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a 

Total petroleum hydrocarbons - 
diesel range  

Inclusion List  Endrin Not detected above 
reporting limit in Site 

Total petroleum hydrocarbons - 
motor oil (high boiling) 

Inclusion List gamma-BHC (lindane) Qualitative analysis  

Uranium Inclusion List gamma-Chlordane Qualitative analysis 

Uranium-233/234 Inclusion List Heptachlor Qualitative analysis 

Uranium-235 Inclusion List Iron Site < Reference 

Uranium-238 Inclusion List Lithium Site < Reference 

  Manganese Site < Reference 

  Methylene chloride Site = Reference 

  Molybdenum Site = Reference 

  Nickel Site < Reference 

  Phosphorus Site < Reference 

  Plutonium-238 Qualitative analysis 

  Selenium Qualitative analysis 

  Strontium Site < Reference 

  Thallium Qualitative analysis 

  Tin Not detected above 
reporting limit in Site 

  Total PCBs Site < Reference 

  Vanadium Site < Reference 

  Zinc Site < Reference 
a Qualitative analysis = results of a comparison of means, maximums, and data ranges that was conducted for constituents with a frequency of 

detection less than 30%.  Site versus Reference comparison reflects results of statistical comparison of Site and Reference concentrations.  If 
these comparisons suggested higher concentrations in the study area, the constituent was retained as a contaminant of potential ecological 
concern.  See Appendix B for more details. 

BHC = benzene hexachloride 
PCB = polychlorinated biphenyl 

 
 

Table 3-6.  300 Area Sub-Area Sediment Contaminant of Potential 
Ecological Concern Selection Summary.  (3 Pages) 

300 Area  
Contaminants of Potential  

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a

Carbon-14 Inclusion List Acetone Qualitative analysis 

Cesium-137 Inclusion List Aldrin Qualitative analysis 

Chromium Inclusion List alpha-BHC Qualitative analysis 

Cobalt-60 Inclusion List Aluminum Site < Reference 
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Table 3-6.  300 Area Sub-Area Sediment Contaminant of Potential 
Ecological Concern Selection Summary.  (3 Pages) 

300 Area  
Contaminants of Potential  

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a

Europium-152 Inclusion List Antimony Qualitative analysis 

Hexavalent chromium Inclusion List Arsenic Site < Reference 

Lead Inclusion List Barium Site < Reference 

Mercury Inclusion List Beryllium Site < Reference 

Plutonium-239/240 Inclusion List beta-1,2,3,4,5,6-
Hexachlorocyclohexane 

Qualitative analysis 

Selenium Qualitative analysis Bis(2-ethylhexyl) phthalate Qualitative analysis 

Strontium-90 Inclusion List Bismuth Qualitative analysis 

Technetium-99 Inclusion List Boron Site < Reference 

Titanium Qualitative analysis Cadmium Site < Reference 

Total petroleum hydrocarbons - 
diesel range  

Inclusion List  Cobalt Site < Reference 

Total petroleum hydrocarbons - 
motor oil (high boiling) 

Inclusion List Copper Site < Reference 

Tritium Inclusion List delta-BHC Qualitative analysis 

Uranium Inclusion List Dichlorodiphenyldichloroethylene Qualitative analysis 

Uranium-233/234 Inclusion List Di-n-butylphthalate Qualitative analysis 

Uranium-234 Qualitative analysis gamma-Chlordane Qualitative analysis 

Uranium-235 Inclusion List Iron Site < Reference 

Uranium-238 Inclusion List Lithium Site < Reference 

  Manganese Site < Reference 

  Methylene chloride Qualitative analysis 

  Molybdenum Site < Reference 

  Nickel Site < Reference 

  Phosphorus Site < Reference 

  Plutonium-238 Qualitative analysis 

  Silver Qualitative analysis 

  Strontium Site < Reference 

  Thallium Qualitative analysis 

  Tin Not detected above 
reporting limit in Site 

  Toluene Not detected above 
reporting limit in Site 

  Total PCBs Qualitative analysis 

  Vanadium Site < Reference 
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Table 3-6.  300 Area Sub-Area Sediment Contaminant of Potential 
Ecological Concern Selection Summary.  (3 Pages) 

300 Area  
Contaminants of Potential  

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a

  Zinc Site < Reference 
a Qualitative analysis = results of a comparison of means, maximums, and data ranges that was conducted for constituents with a frequency 

of detection less than 30%.  If these comparisons suggested higher concentrations in the study area, the constituent was retained as a 
contaminant of potential ecological concern.  Site versus Reference comparison reflects results of statistical comparison of Site and 
Reference concentrations.  See Appendix B for more details. 

BHC = benzene hexachloride 
PCB = polychlorinated biphenyl 

 
 

Table 3-7.  Lake Wallula Sub-Area Sediment Contaminant of Potential 
Ecological Concern Selection Summary.  (2 Pages) 

Lake Wallula  
Contaminants of Potential  

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a 

alpha-BHC Qualitative analysis 1,2,3,4,6,7,8-
Heptachlorodibenzodioxin 

Qualitative analysis 

Antimony Qualitative analysis 2,3,7,8-Dioxin total equivalents Site = Reference 

Cesium-137 Inclusion List Acetone Qualitative analysis 

Chromium Inclusion List Aldrin Qualitative analysis 

Cobalt-57 Qualitative analysis Aluminum Site < Reference 

Cobalt-60 Inclusion List Arsenic Site < Reference 

Dichlorodiphenyldichloroethane Qualitative analysis Barium Site = Reference 

Europium-152 Inclusion List Benzo(b)fluoranthene Not detected above 
reporting limit in Site 

Europium-154 Inclusion List Beryllium Site < Reference 

Hexavalent chromium Inclusion List Bis(2-ethylhexyl) phthalate Qualitative analysis 

Lead Inclusion List Bismuth Qualitative analysis 

Mercury Inclusion List Boron Site < Reference 

Molybdenum Site > Reference Butylbenzylphthalate Not detected above 
reporting limit in Site 

Phosphorus Site > Reference Cadmium Site = Reference 

Plutonium-239/240 Inclusion List Chrysene Not detected above 
reporting limit in Site 

Silver Qualitative analysis Cobalt Site = Reference 

Strontium-90 Inclusion List Copper Site = Reference 

Thallium Qualitative analysis Dichlorodiphenyldichloroethylene Qualitative analysis 

Titanium Qualitative analysis Dichlorodiphenyltrichloroethane Qualitative analysis 

Toluene Qualitative analysis Fluoranthene Not detected above 
reporting limit in Site 

Total PCBs Qualitative analysis Hexachlorobenzene Qualitative analysis 
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Table 3-7.  Lake Wallula Sub-Area Sediment Contaminant of Potential 
Ecological Concern Selection Summary.  (2 Pages) 

Lake Wallula  
Contaminants of Potential  

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a 

Total petroleum hydrocarbons - 
diesel range 

Inclusion List Iron Site = Reference 

Total petroleum hydrocarbons - 
motor oil (high boiling) 

Inclusion List Lithium Site < Reference 

Uranium-233/234 Inclusion List Manganese Site = Reference 

Uranium-234 Site > Reference Methylene chloride Qualitative analysis 

Uranium-235 Inclusion List Nickel Site < Reference 

Uranium-238 Inclusion List o,p'-DDT Not detected above 
reporting limit in Site 

Vanadium Site > Reference Octachlorodibenzo-p-dioxin Site = Reference 

  Phenanthrene Not detected above 
reporting limit in Site 

  Plutonium-238 Qualitative analysis 

  Pyrene Not detected above 
reporting limit in Site 

  Selenium Qualitative analysis 

  Strontium Site < Reference 

  Total DDT Qualitative analysis 

  Total dioxins Site = Reference 

  Total_TCDD_Equiv Site = Reference 

  Zinc Site = Reference 
a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a 

frequency of detection less than 30%.  If these comparisons suggested higher concentrations in the study area, the constituent was retained as 
a contaminant of potential ecological concern.  Site versus Reference comparison reflects results of statistical comparison of Site and 
Reference concentrations.  See Appendix B for more details. 

BHC = benzene hexachloride 
DDT = dichlorodiphenyltrichloroethane 
PAH = polycyclic aromatic hydrocarbons 
PCB = polychlorinated biphenyl 
TCDD = 2,3,7,8-Tetrachlorodibenzo-p-Dioxin 

 
 

Table 3-8.  100 Area Sub-Area Soil Contaminant of Potential 
Ecological Concern Selection Summary.  (2 Pages) 

100 Area  
Contaminants of Potential  

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a 

Arsenic Site > Reference Aluminum Site < Reference 

Carbon-14 Inclusion List Antimony Qualitative analysis 

Cesium-137 Inclusion List Barium Site < Reference 

Chromium Inclusion List Beryllium Site < Reference 
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Table 3-8.  100 Area Sub-Area Soil Contaminant of Potential 
Ecological Concern Selection Summary.  (2 Pages) 

100 Area  
Contaminants of Potential  

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a 

Dichlorodiphenyltrichloroethane Detected above reporting limits 
in Site only  

Bismuth Not detected above 
reporting limit in Site 

Diethylphthalate Detected above reporting limits 
in Site only 

Boron Site < Reference 

Hexavalent chromium Inclusion List Cadmium Site = Reference 

Lead Inclusion List Cobalt Site < Reference 

Lithium Site > Reference Copper Site = Reference 

Mercury Inclusion List Dichlorodiphenyldichloro-
ethylene 

Not detected above 
reporting limit in Site 

Nickel Site > Reference Endosulfan I Not detected above 
reporting limit in Site 

Total PCBs Qualitative analysis Endrin  Not detected above 
reporting limit in Site 

Total petroleum hydrocarbons - 
diesel range 

Inclusion List Fluoranthene  Not detected above 
reporting limit in Site 

Total petroleum hydrocarbons - 
motor oil (high boiling) 

Inclusion List Iron Site < Reference 

Uranium Inclusion List Manganese Site < Reference 

Uranium-233/234 Inclusion List Molybdenum Site = Reference 

Uranium-235 Inclusion List Phosphorus Site < Reference 

Uranium-238 Inclusion List Pyrene Not detected above 
reporting limit in Site 

  Selenium Qualitative analysis 

  Strontium Site < Reference 

  Titanium Site < Reference 

  Vanadium Site < Reference 

  Zinc Site = Reference 
a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a 

frequency of detection less than 30%.  If these comparisons suggested higher concentrations in the study area, the constituent was retained as 
a contaminant of potential ecological concern.  Site versus Reference comparison reflects results of statistical comparison of Site and 
Reference concentrations.  See Appendix B for more details. 

PCB = polychlorinated biphenyl 
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Table 3-9.  300 Area Sub-Area Soil Contaminant of Potential 
Ecological Concern Selection Summary.   

300 Area  
Contaminants of Potential 

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a 

Arsenic Site > Reference Aluminum Site < Reference 

Cesium-137 Inclusion List Antimony Qualitative analysis 

Chromium Inclusion List Barium Site < Reference 

Cobalt-60 Inclusion List Beryllium Site < Reference 

Europium-152 Inclusion List Bis(2-ethylhexyl) phthalate Not detected above 
reporting limit in Site 

Hexavalent chromium Inclusion List Bismuth Not detected above 
reporting limit in Site 

Lead Inclusion List Boron Site < Reference 

Lithium Site > Reference Cadmium Site = Reference 

Mercury Inclusion List Cobalt Site < Reference 

Nickel Site > Reference Copper Site = Reference 

Plutonium-239/240 Inclusion List Dichlorodiphenyldichloroethylene Not detected above 
reporting limit in Site 

Strontium-90 Inclusion List Dichlorodiphenyltrichloroethane Not detected above 
reporting limit in Site 

Total PCBs Qualitative analysis Iron Site < Reference 

Total petroleum hydrocarbons - 
diesel range 

Inclusion List Manganese Site < Reference 

Total petroleum hydrocarbons - 
motor oil (high boiling) 

Inclusion List Molybdenum Site = Reference 

Uranium Inclusion List Phosphorus Site < Reference 

Uranium-233/234 Inclusion List Selenium Qualitative analysis 

Uranium-235 Inclusion List Strontium Site < Reference 

Uranium-238 Inclusion List Thallium Not detected above 
reporting limit in Site 

 Inclusion List Titanium Site < Reference 

  Vanadium Site < Reference 

  Zinc Site = Reference 
a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a 

frequency of detection less than 30%.  If these comparisons suggested higher concentrations in the study area, the constituent was retained as 
a contaminant of potential ecological concern.  Site versus Reference comparison reflects results of statistical comparison of Site and 
Reference concentrations.  See Appendix B for more details. 

PCB = polychlorinated biphenyl 
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Table 3-10.  100 Area Sub-Area Fish Carcass Contaminant of Potential 
Ecological Concern Selection Summary. 

100 Area  
Contaminants of Potential 

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a 

Aluminum Qualitative analysis Aldrin Qualitative analysis 

Arsenic Qualitative analysis alpha-BHC Not detected above 
reporting limit in Site 

Barium Site > Reference alpha-Chlordane Qualitative analysis 

Carbon-14 Inclusion List beta-1,2,3,4,5,6-Hexachlorocyclohexane Qualitative analysis 

Chromium Inclusion List Cadmium Site = Reference 

delta-BHC Qualitative analysis Cobalt Qualitative analysis 

Endrin Qualitative analysis Copper Site = Reference 

gamma-BHC Qualitative analysis Dichlorodiphenyldichloroethane Site = Reference 

Lead Inclusion List Dichlorodiphenyldichloroethylene Site = Reference 

Mercury Inclusion List Dichlorodiphenyltrichloroethane Site = Reference 

Strontium-90 Inclusion List Dieldrin Qualitative analysis 

Total PCB Site > Reference Endrin aldehyde Qualitative analysis 

Uranium Inclusion List Iron Site = Reference 

  Lithium Qualitative analysis 

  Manganese Site = Reference 

  Phosphorus Site = Reference 

  Selenium Site = Reference 

  Strontium Site = Reference 

  Tin Site = Reference 

  Total inorganic arsenic Site = Reference 

  Vanadium Site = Reference 

  Zinc Site = Reference 
a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a frequency 

of detection less than 30%.  If these comparisons suggested higher concentrations in the study area, the constituent was retained as a 
contaminant of potential ecological concern.  Site versus Reference comparison reflects results of statistical comparison of Site and Reference 
concentrations.  See Appendix B for more details. 

BHC = benzene hexachloride 
PCB = polychlorinated biphenyl 

 
 

Table 3-11.  300 Area Sub-Area Fish Carcass Contaminant of Potential 
Ecological Concern Selection Summary.  (2 Pages) 

300 Area  
Contaminants of Potential 

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a 

Aluminum Qualitative analysis alpha-Chlordane Qualitative analysis 

Arsenic Qualitative analysis beta-1,2,3,4,5,6-Hexachlorocyclohexane Qualitative analysis 

Barium Site > Reference Cadmium Site = Reference 

Carbon-14 Inclusion List Cobalt Qualitative analysis 

Chromium Inclusion List Copper Site = Reference 

delta-BHC Qualitative analysis Dichlorodiphenyldichloroethane Site = Reference 
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Table 3-11.  300 Area Sub-Area Fish Carcass Contaminant of Potential 
Ecological Concern Selection Summary.  (2 Pages) 

300 Area  
Contaminants of Potential 

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a 

Lead Inclusion List Dichlorodiphenyldichloroethylene Site = Reference 

Mercury Inclusion List Dichlorodiphenyltrichloroethane Site = Reference 

Methoxychlor Qualitative analysis Dieldrin Qualitative analysis 

Methyl mercury Qualitative analysis Endosulfan I Qualitative analysis 

Plutonium-239/240 Inclusion List Endrin aldehyde Qualitative analysis 

Strontium-90 Inclusion List gamma-BHC Qualitative analysis 

Total PCBs Site > Reference gamma-Chlordane Not detected above 
reporting limit in Site 

Tritium Inclusion List Heptachlor Qualitative analysis 

Uranium Inclusion List Iron Site = Reference 

  Lithium Qualitative analysis 

  Manganese Site = Reference 

  Nickel Qualitative analysis 

  Phosphorus Site = Reference 

  Selenium Site = Reference 

  Strontium Site = Reference 

  Tin Site = Reference 

  Total organic arsenic Qualitative analysis 

  Vanadium Site = Reference 

  Zinc Site = Reference 
a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a frequency 

of detection less than 30%.  If these comparisons suggested higher concentrations in the study area, the constituent was retained as a 
contaminant of potential ecological concern.  Site versus Reference comparison reflects results of statistical comparison of Site and Reference 
concentrations.  See Appendix B for more details. 

BHC = benzene hexachloride 
PCB = polychlorinated biphenyl 

 
 

Table 3-12.  Lake Wallula Sub-Area Fish Carcass Contaminant of Potential 
Ecological Concern Selection Summary.  (2 Pages) 

Lake Wallula  
Contaminants of Potential 

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a

Aluminum Qualitative analysis Aldrin Qualitative analysis 

Arsenic Qualitative analysis alpha-Chlordane Qualitative analysis 

beta-1,2,3,4,5,6-
Hexachlorocyclohexane 

Qualitative analysis Barium Site = Reference 

Carbon-14 Inclusion List Cadmium Site = Reference 

Chromium Inclusion List Cobalt Qualitative analysis 

delta-BHC Qualitative analysis Copper Site = Reference 
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Table 3-12.  Lake Wallula Sub-Area Fish Carcass Contaminant of Potential 
Ecological Concern Selection Summary.  (2 Pages) 

Lake Wallula  
Contaminants of Potential 

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a

gamma-BHC Qualitative analysis Dichlorodiphenyldichloroethane Site < Reference 

Lead Inclusion List Dichlorodiphenyldichloroethylene Site < Reference 

Mercury Inclusion List Dichlorodiphenyltrichloroethane Site = Reference 

Methyl mercury Qualitative analysis Dieldrin Qualitative analysis 

Uranium Inclusion List Endosulfan I Qualitative analysis 

  Endrin alydehyde Qualitative analysis 

  gamma-Chlordane Not detected above 
reporting limit in Site 

  Heptachlor Qualitative analysis 

  Iron Site = Reference 

  Lithium Site = Reference 

  Manganese Site = Reference 

  Nickel Qualitative analysis 

  Phosphorus Site = Reference 

  Selenium Site = Reference 

  Strontium Site = Reference 

  Tin Site = Reference 

  Total inorganic arsenic Site = Reference 

  Total PCBs Site = Reference 

  Vanadium Site = Reference 

  Zinc Site = Reference 
a Qualitative analysis = results of a comparison of means, maximums, and data ranges that was conducted for constituents with a frequency of 

detection less than 30%.  If these comparisons suggested higher concentrations in the study area, the constituent was retained as a 
contaminant of potential ecological concern.  Site versus Reference comparison reflects results of statistical comparison of Site and 
Reference concentrations.  See Appendix B for more details. 

BHC = benzene hexachloride 
PCB = polychlorinated biphenyl 

 
 

Table 3-13.  100 Area Sub-Area Fish Fillet Contaminant of Potential 
Ecological Concern Selection Summary.  (2 Pages) 

100 Area  
Contaminants of Potential 

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a

alpha-BHC Qualitative analysis Aluminum  Qualitative analysis  

alpha-Chlordane 
Detected above reporting limits 
in Study Area only 

Barium Site = Reference 

Arsenic Qualitative analysis beta-1,2,3,4,5,6-
Hexachlorocyclohexane 

Qualitative analysis 

Carbon-14 Inclusion List Cadmium Qualitative analysis 
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Table 3-13.  100 Area Sub-Area Fish Fillet Contaminant of Potential 
Ecological Concern Selection Summary.  (2 Pages) 

100 Area  
Contaminants of Potential 

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a

Cesium-137 Inclusion List Cobalt Qualitative analysis 

Chromium Inclusion List Copper Site = Reference 

Cobalt-60 Inclusion List delta-BHC Qualitative analysis 

Dichlorodiphenyltrichloroethane Qualitative analysis Dichlorodiphenyldichloro-
ethane 

Site = Reference 

Endrin Qualitative analysis Dichlorodiphenyldichloro-
ethylene 

Site = Reference 

Hexavalent chromium Inclusion List Dieldrin Qualitative analysis 

Lead Inclusion List gamma-BHC Qualitative analysis 

Mercury Inclusion List Heptachlor Qualitative analysis 

Methoxychlor Detected above reporting limits 
in Study Area only 

Iron Site = Reference 

Plutonium-239/240 Inclusion List Lithium Qualitative analysis 

Strontium-90 Inclusion List Manganese Site = Reference 

  Phosphorus Site = Reference 

  Selenium Site = Reference 

  Strontium Site = Reference 

  Tin  Site = Reference  

  Total inorganic arsenic Qualitative analysis 

  Total PCBs Site < Reference 

  Vanadium Site = Reference 

  Zinc Site = Reference 
a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a 

frequency of detection less than 30%.  If these comparisons suggested higher concentrations in the study area, the constituent was retained as 
a contaminant of potential ecological concern.  Site versus Reference comparison reflects results of statistical comparison of Site and 
Reference concentrations.  See Appendix B for more details. 

BHC = benzene hexachloride 
PCB = polychlorinated biphenyl 

 
 

Table 3-14.  300 Area Sub-Area Fish Fillet Contaminant of Potential 
Ecological Concern Selection Summary.  (2 Pages) 

300 Area  
Contaminants of Potential 

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a 

Aldrin Detected above reporting 
limits in Study Area only 

Aluminum Qualitative analysis 

alpha-BHC Detected above reporting 
limits in Study Area only 

Barium Site = Reference 

Arsenic Qualitative analysis beta-1,2,3,4,5,6-Hexachlorocyclohexane  Site = Reference  
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Table 3-14.  300 Area Sub-Area Fish Fillet Contaminant of Potential 
Ecological Concern Selection Summary.  (2 Pages) 

300 Area  
Contaminants of Potential 

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a 

Cesium-137 Inclusion List  Cadmium  Qualitative analysis  

Chromium Inclusion List Copper Site = Reference 

Cobalt Qualitative analysis Dichlorodiphenyldichloroethane Site = Reference 

delta-BHC Qualitative analysis Dichlorodiphenyldichloroethylene Site = Reference 

Dieldrin Qualitative analysis Dichlorodiphenyltrichloroethane Qualitative analysis 

Hexavalent chromium Inclusion List Endosulfan I Not detected above 
reporting limit in Site 

Lead Inclusion List gamma-BHC Qualitative analysis 

Mercury Inclusion List Heptachlor Qualitative analysis 

Methyl mercury Qualitative analysis Iron Site = Reference 

Uranium-234 Qualitative analysis Lithium Qualitative analysis 

Uranium-235 Inclusion List Manganese Site = Reference 

Uranium-238 Inclusion List Phosphorus Site = Reference 

  Selenium Site = Reference 

  Strontium Site = Reference 

  Tin Site = Reference 

  Total organic arsenic Qualitative analysis 

  Total PCBs Site = Reference 

  Vanadium Site = Reference 

  Zinc Site < Reference 
a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a frequency 

of detection less than 30%.  If these comparisons suggested higher concentrations in the study area, the constituent was retained as a 
contaminant of potential ecological concern.  Site versus Reference comparison reflects results of statistical comparison of Site and Reference 
concentrations.  See Appendix B for more details. 

BHC = benzene hexachloride 
PCB = polychlorinated biphenyl 

 
 

Table 3-15.  Lake Wallula Sub-Area Fish Fillet Contaminant of Potential 
Ecological Concern Selection Summary.  (2 Pages) 

Lake Wallula 
Contaminants of Potential  

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a

Aldrin Qualitative analysis alpha-Chlordane Not detected above 
reporting limit in Site 

Chromium Inclusion List Aluminum Qualitative analysis 

Dieldrin Qualitative analysis Antimony Not detected above 
reporting limit in Site 

Hexavalent chromium Inclusion List Arsenic Qualitative analysis 

Lead Inclusion List Barium Site = Reference 
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Table 3-15.  Lake Wallula Sub-Area Fish Fillet Contaminant of Potential 
Ecological Concern Selection Summary.  (2 Pages) 

Lake Wallula 
Contaminants of Potential  

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a

Mercury Inclusion List beta-1,2,3,4,5,6-Hexachlorocyclohexane Site = Reference 

Methyl mercury Qualitative analysis Cadmium Qualitative analysis 

Selenium Site > Reference Cobalt Qualitative analysis 

Tritium Inclusion List Copper Site = Reference 

  Dichlorodiphenyldichloroethane Site < Reference 

  Dichlorodiphenyldichloroethylene Site = Reference 

  Dichlorodiphenyltrichloroethane Qualitative analysis 

  Endosulfan II Not detected above 
reporting limit in Site 

  Endrin alydehyde Qualitative analysis 

  gamma-BHC Qualitative analysis 

  Heptachlor Qualitative analysis 

  Iron Site = Reference 

  Lithium Qualitative analysis 

  Manganese Site = Reference 

  Nickel Not detected above 
reporting limit in Site 

  Phosphorus Site = Reference 

  Strontium Site = Reference 

  Tin Site = Reference 

  Total inorganic arsenic Qualitative analysis 

  Total PCBs Site = Reference 

  Vanadium Site = Reference 

  Zinc Site = Reference 
a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a 

frequency of detection less than 30%.  If these comparisons suggested higher concentrations in the study area, the constituent was retained as 
a contaminant of potential ecological concern.  Site versus Reference comparison reflects results of statistical comparison of Site and 
Reference concentrations.  See Appendix B for more details. 

BHC = benzene hexachloride 
PCB = polychlorinated biphenyl 

 
 

Table 3-16.  100 Area Sub-Area Fish Liver/Kidney Contaminant of Potential 
Ecological Concern Selection Summary.  (2 Pages) 

100 Area  
Contaminants of Potential  

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a

alpha-Chlordane Qualitative analysis Aldrin Not detected above 
reporting limit in Site 

Aluminum Qualitative analysis Barium  Site = Reference  
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Table 3-16.  100 Area Sub-Area Fish Liver/Kidney Contaminant of Potential 
Ecological Concern Selection Summary.  (2 Pages) 

100 Area  
Contaminants of Potential  

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a

Antimony Detected above reporting 
limits in Study Area only  

Dichlorodiphenyldichloroethane Site < Reference 

Arsenic Qualitative analysis Dichlorodiphenyltrichloroethane Site < Reference 

Beryllium Detected above reporting 
limits in Study Area only 

Endosulfan II Qualitative analysis 

beta-1,2,3,4,5,6-Hexachlorocyclohexane Site > Reference Endosulfan sulfate  Not detected above 
reporting limit in Site  

Cadmium Site > Reference Molybdenum Qualitative analysis 

Carbon-14 Inclusion List Nickel Qualitative analysis 

Chromium Inclusion List Phosphorus Site = Reference 

Copper Site > Reference Strontium Site = Reference 

Dichlorodiphenyldichloroethylene Site > Reference Tin  Qualitative analysis  

Dieldrin Qualitative analysis Vanadium Site = Reference 

Endosulfan I Qualitative analysis   

Endrin Qualitative analysis   

Endrin aldehyde Qualitative analysis   

Endrin ketone Qualitative analysis   

gamma-BHC Qualitative analysis   

gamma-Chlordane Qualitative analysis   

Heptachlor Qualitative analysis   

Iron Site > Reference   

Lead Inclusion List   

Manganese Site > Reference   

Mercury Inclusion List   

Methoxychlor Detected above reporting 
limits in Study Area only 

  

Selenium Site > Reference   

Silver Qualitative analysis   

Strontium-90 Inclusion List   

Thallium Qualitative analysis   

Thorium Site Data Only   

Total PCBs Qualitative analysis   

Uranium Inclusion List   

Zinc Site > Reference   
a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a frequency 

of detection less than 30%.  If these comparisons suggested higher concentrations in the study area, the constituent was retained as a 
contaminant of potential ecological concern.  Site versus Reference comparison reflects results of statistical comparison of Site and Reference 
concentrations.  See Appendix B for more details. 

BHC = benzene hexachloride 
PCB = polychlorinated biphenyl 
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Table 3-17.  300 Area Sub-Area Fish Liver/Kidney Contaminant of Potential 

Ecological Concern Selection Summary. 

300 Area  
Contaminants of Potential 

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a

alpha-Chlordane Qualitative analysis beta-1,2,3,4,5,6-Hexachlorocyclohexane  Site = Reference  

Aluminum Qualitative analysis Dichlorodiphenyldichloroethane Site = Reference 

Antimony Detected above reporting 
limits in Study Area only  

Dichlorodiphenyldichloroethylene Site = Reference 

Arsenic Qualitative analysis Dichlorodiphenyltrichloroethane Site = Reference 

Barium Site > Reference Endrin aldehyde Qualitative analysis 

Cadmium Site > Reference gamma-BHC Qualitative analysis 

Cesium-137 Inclusion List Iron Site = Reference 

Chromium Inclusion List Molybdenum Qualitative analysis 

Copper Site > Reference Nickel Qualitative analysis 

delta-BHC Qualitative analysis Phosphorus Site = Reference 

Dieldrin Qualitative analysis Strontium Site = Reference 

Endosulfan I Qualitative analysis Thallium Qualitative analysis 

Endosulfan II Qualitative analysis Tin Qualitative analysis 

Endrin Qualitative analysis Vanadium Site = Reference 

Endrin ketone Qualitative analysis   

gamma-Chlordane Qualitative analysis   

Heptachlor epoxide Qualitative analysis   

Lead Inclusion List   

Manganese Site > Reference   

Mercury Inclusion List   

Methoxychlor Qualitative analysis   

Selenium Site > Reference   

Silver Qualitative analysis   

Technetium-99 Inclusion List   

Thorium Site Data Only   

Total PCBs Qualitative analysis   

Tritium Inclusion List   

Uranium Inclusion List   

Zinc Site > Reference   
a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a 

frequency of detection less than 30%.  If these comparisons suggested higher concentrations in the study area, the constituent was retained as 
a contaminant of potential ecological concern.  Site versus Reference comparison reflects results of statistical comparison of Site and 
Reference concentrations.  See Appendix B for more details. 

BHC = benzene hexachloride 
PCB = polychlorinated biphenyl 
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Table 3-18.  Lake Wallula Sub-Area Fish Liver/Kidney Contaminant of Potential 
Ecological Concern Selection Summary. 

Lake Wallula  
Contaminants of Potential 

Ecological Concern 
Reason for Inclusion Excluded Constituents Reason for Exclusion a 

Arsenic Qualitative analysis alpha-Chlordane Qualitative analysis 

Carbon-14 Inclusion List Aluminum Qualitative analysis 

Chromium Inclusion List Barium Site = Reference 

delta-BHC Qualitative analysis beta-1,2,3,4,5,6-Hexachlorocyclohexane Qualitative analysis 

Dieldrin Qualitative analysis Cadmium Site = Reference 

Endosulfan I Qualitative analysis Copper Site = Reference 

Endosulfan II Qualitative analysis Dichlorodiphenyldichloroethane Site = Reference 

Endrin Qualitative analysis Dichlorodiphenyldichloroethylene Site = Reference 

Endrin ketone Qualitative analysis Dichlorodiphenyltrichloroethane Site = Reference 

Heptachlor epoxide Qualitative analysis Iron Site = Reference 

Mercury Inclusion List Lithium Qualitative analysis 

Total PCBs Qualitative analysis Manganese Site = Reference 

  Molybdenum Qualitative analysis 

  Nickel Qualitative analysis 

  Phosphorus Site = Reference 

  Selenium Site = Reference 

  Silver Qualitative analysis 

  Strontium Site = Reference 

  Thallium Qualitative analysis 

  Tin Qualitative analysis 

  Vanadium Site = Reference 

  Zinc Site = Reference 
a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a 

frequency of detection less than 30%.  If these comparisons suggested higher concentrations in the study area, the constituent was retained as 
a contaminant of potential ecological concern.  Site versus Reference comparison reflects results of statistical comparison of Site and 
Reference concentrations.  See Appendix B for more details. 

BHC = benzene hexachloride 
PCB = polychlorinated biphenyl 
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Table 3-19.  100 Area Sub-Area Surface Water Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit

Number 
Results 

To Be Addressed in 
Uncertainty Analysis a 

Not a Contaminant of Potential  
Ecological Concern 

100 Area Bromide No 0.25 0.25 mg/L -- -- 12 Bromide  

100 Area Nitrite No 0.25 0.25 mg/L -- -- 2 Nitrite  

100 Area Bismuth No 0.003 0.1 mg/L -- -- 88 Bismuth  

100 Area Cobalt No 0.0005 0.025 mg/L -- -- 88 Cobalt  

100 Area Hexavalent chromium Yes 0.0037 0.0037 mg/L 0.01 44 44  Hexavalent chromium 

100 Area Uranium Yes 0.01 0.2 mg/L 0.5 88 88  Uranium 

100 Area Total petroleum hydrocarbons - diesel range Yes 0.075 0.075 mg/L 0.5 1 1  
Total petroleum hydrocarbons - diesel 
range 

100 Area 
Total petroleum hydrocarbons - motor oil 
(high boiling) 

Yes 0.3 0.3 mg/L 0.5 1 1  
Total petroleum hydrocarbons - motor 
oil (high boiling) 

100 Area 4,6-Dinitro-2-methylphenol No 0.025 0.025 mg/L -- -- 3 4,6-Dinitro-2-methylphenol  

100 Area Aldrin No 0.00005 0.00005 mg/L -- -- 3 Aldrin  

100 Area alpha-BHC No 0.00005 0.00005 mg/L -- -- 3 alpha-BHC  

100 Area alpha-Chlordane No 0.00005 0.00005 mg/L -- -- 3 alpha-Chlordane  

100 Area beta-1,2,3,4,5,6-Hexachlorocyclohexane No 0.00005 0.00005 mg/L -- -- 3 beta-1,2,3,4,5,6-Hexachlorocyclohexane  

100 Area delta-BHC No 0.00005 0.00005 mg/L -- -- 3 delta-BHC  

100 Area Dichlorodiphenyldichloroethane No 0.00005 0.00005 mg/L -- -- 3 Dichlorodiphenyldichloroethane  

100 Area Dichlorodiphenyldichloroethylene No 0.00005 0.00005 mg/L -- -- 3 Dichlorodiphenyldichloroethylene  

100 Area Dichlorodiphenyltrichloroethane No 0.00005 0.00005 mg/L -- -- 3 Dichlorodiphenyltrichloroethane  

100 Area Dieldrin No 0.00005 0.00005 mg/L -- -- 3 Dieldrin  

100 Area Endosulfan I No 0.00005 0.00005 mg/L -- -- 3 Endosulfan I  

100 Area Endosulfan II No 0.00005 0.00005 mg/L -- -- 3 Endosulfan II  

100 Area Endosulfan sulfate No 0.00005 0.00005 mg/L -- -- 3 Endosulfan sulfate  

100 Area Endrin No 0.00005 0.00005 mg/L -- -- 3 Endrin  

100 Area Endrin aldehyde No 0.00005 0.00005 mg/L -- -- 3 Endrin aldehyde  

100 Area Endrin ketone No 0.00005 0.00005 mg/L -- -- 3 Endrin ketone  

100 Area gamma-BHC (lindane) No 0.00005 0.00005 mg/L -- -- 3 gamma-BHC (lindane)  

100 Area gamma-Chlordane No 0.00005 0.00005 mg/L -- -- 3 gamma-Chlordane  

100 Area Heptachlor No 0.00005 0.00005 mg/L -- -- 3 Heptachlor  

100 Area Heptachlor epoxide No 0.00005 0.00005 mg/L -- -- 3 Heptachlor epoxide  

100 Area Methoxychlor Yes 0.00005 0.00005 mg/L 0.0005 3 3  Methoxychlor 

100 Area Toxaphene No 0.0005 0.0005 mg/L -- -- 3 Toxaphene  

100 Area Americium-241 No 0.0018 103 pCi/L -- -- 45 Americium-241  

100 Area Carbon-14 Yes -18.3 18.6 pCi/L 50 16 16  Carbon-14 

100 Area Cobalt-60 Yes -0.776 21 pCi/L 25 49 49  Cobalt-60 

100 Area Europium-152 No -1.97 54.7 pCi/L -- -- 49 Europium-152  

100 Area Europium-154 No 0.35 63.9 pCi/L -- -- 49 Europium-154  
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Table 3-19.  100 Area Sub-Area Surface Water Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit

Number 
Results 

To Be Addressed in 
Uncertainty Analysis a 

Not a Contaminant of Potential  
Ecological Concern 

100 Area Europium-155 No -4.81 77.4 pCi/L -- -- 49 Europium-155  

100 Area Plutonium-238 No -0.085 0.081 pCi/L -- -- 45 Plutonium-238  

100 Area Plutonium-239/240 No -0.045 0.082 pCi/L -- -- 45 Plutonium-239/240  

100 Area Uranium-235 Yes -0.0008 106 pCi/L 1 73 117 Uranium-235  

100 Area 2,4,5-Trichlorophenol No 0.025 0.025 mg/L -- -- 3 2,4,5-Trichlorophenol  

100 Area 2,4,6-Trichlorophenol No 0.01 0.01 mg/L -- -- 3 2,4,6-Trichlorophenol  

100 Area 2,4-Dichlorophenol No 0.01 0.01 mg/L -- -- 3 2,4-Dichlorophenol  

100 Area 2,4-Dimethylphenol No 0.01 0.01 mg/L -- -- 3 2,4-Dimethylphenol  

100 Area 2,4-Dinitrophenol No 0.025 0.025 mg/L -- -- 3 2,4-Dinitrophenol  

100 Area 2,4-Dinitrotoluene No 0.01 0.01 mg/L -- -- 3 2,4-Dinitrotoluene  

100 Area 2,6-Dinitrotoluene No 0.01 0.01 mg/L -- -- 3 2,6-Dinitrotoluene  

100 Area 2-Chloronaphthalene No 0.01 0.01 mg/L -- -- 3 2-Chloronaphthalene  

100 Area 2-Chlorophenol No 0.01 0.01 mg/L -- -- 3 2-Chlorophenol  

100 Area 2-Methylnaphthalene No 0.01 0.01 mg/L -- -- 3 2-Methylnaphthalene  

100 Area 2-Methylphenol (cresol, o-) No 0.01 0.01 mg/L -- -- 3 2-Methylphenol (cresol, o-)  

100 Area 2-Nitroaniline No 0.025 0.025 mg/L -- -- 3 2-Nitroaniline  

100 Area 2-Nitrophenol No 0.01 0.01 mg/L -- -- 3 2-Nitrophenol  

100 Area 3+4 Methylphenol (cresol, m+p) No 0.01 0.01 mg/L -- -- 3 3+4 Methylphenol (cresol, m+p)  

100 Area 3,3'-Dichlorobenzidine No 0.01 0.01 mg/L -- -- 3 3,3'-Dichlorobenzidine  

100 Area 3-Nitroaniline No 0.025 0.025 mg/L -- -- 3 3-Nitroaniline  

100 Area 4-Bromophenylphenyl ether No 0.01 0.01 mg/L -- -- 3 4-Bromophenylphenyl ether  

100 Area 4-Chloro-3-methylphenol No 0.01 0.01 mg/L -- -- 3 4-Chloro-3-methylphenol  

100 Area 4-Chloroaniline No 0.01 0.01 mg/L -- -- 3 4-Chloroaniline  

100 Area 4-Chlorophenylphenyl ether No 0.01 0.01 mg/L -- -- 3 4-Chlorophenylphenyl ether  

100 Area 4-Nitroaniline No 0.025 0.025 mg/L -- -- 3 4-Nitroaniline  

100 Area 4-Nitrophenol No 0.025 0.025 mg/L -- -- 3 4-Nitrophenol  

100 Area Acenaphthene No 0.01 0.01 mg/L -- -- 3 Acenaphthene  

100 Area Acenaphthylene No 0.01 0.01 mg/L -- -- 3 Acenaphthylene  

100 Area Anthracene No 0.01 0.01 mg/L -- -- 3 Anthracene  

100 Area Benzo(a)anthracene No 0.01 0.01 mg/L -- -- 3 Benzo(a)anthracene  

100 Area Benzo(a)pyrene No 0.01 0.01 mg/L -- -- 3 Benzo(a)pyrene  

100 Area Benzo(b)fluoranthene No 0.01 0.01 mg/L -- -- 3 Benzo(b)fluoranthene  

100 Area Benzo(ghi)perylene No 0.01 0.01 mg/L -- -- 3 Benzo(ghi)perylene  

100 Area Benzo(k)fluoranthene No 0.01 0.01 mg/L -- -- 3 Benzo(k)fluoranthene  

100 Area Bis(2-chloro-1-methylethyl)ether No 0.01 0.01 mg/L -- -- 3 Bis(2-chloro-1-methylethyl)ether  

100 Area Bis(2-Chloroethoxy)methane No 0.01 0.01 mg/L -- -- 3 Bis(2-Chloroethoxy)methane  

100 Area Bis(2-chloroethyl) ether No 0.01 0.01 mg/L -- -- 3 Bis(2-chloroethyl) ether  
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Table 3-19.  100 Area Sub-Area Surface Water Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit

Number 
Results 

To Be Addressed in 
Uncertainty Analysis a 

Not a Contaminant of Potential  
Ecological Concern 

100 Area Butylbenzylphthalate No 0.01 0.01 mg/L -- -- 3 Butylbenzylphthalate  

100 Area Carbazole No 0.01 0.01 mg/L -- -- 3 Carbazole  

100 Area Chrysene No 0.01 0.01 mg/L -- -- 3 Chrysene  

100 Area Di-n-octylphthalate No 0.01 0.01 mg/L -- -- 3 Di-n-octylphthalate  

100 Area Dibenz[a,h]anthracene No 0.01 0.01 mg/L -- -- 3 Dibenz[a,h]anthracene  

100 Area Dibenzofuran No 0.01 0.01 mg/L -- -- 3 Dibenzofuran  

100 Area Diethylphthalate No 0.01 0.01 mg/L -- -- 3 Diethylphthalate  

100 Area Dimethyl phthalate No 0.01 0.01 mg/L -- -- 3 Dimethyl phthalate  

100 Area Fluoranthene No 0.01 0.01 mg/L -- -- 3 Fluoranthene  

100 Area Fluorene No 0.01 0.01 mg/L -- -- 3 Fluorene  

100 Area Hexachlorobenzene No 0.01 0.01 mg/L -- -- 3 Hexachlorobenzene  

100 Area Hexachlorobutadiene No 0.01 0.01 mg/L -- -- 3 Hexachlorobutadiene  

100 Area Hexachlorocyclopentadiene No 0.01 0.01 mg/L -- -- 3 Hexachlorocyclopentadiene  

100 Area Hexachloroethane No 0.01 0.01 mg/L -- -- 3 Hexachloroethane  

100 Area Indeno(1,2,3-cd)pyrene No 0.01 0.01 mg/L -- -- 3 Indeno(1,2,3-cd)pyrene  

100 Area Isophorone No 0.01 0.01 mg/L -- -- 3 Isophorone  

100 Area N-Nitroso-di-n-dipropylamine No 0.01 0.01 mg/L -- -- 3 N-Nitroso-di-n-dipropylamine  

100 Area N-Nitrosodiphenylamine No 0.01 0.01 mg/L -- -- 3 N-Nitrosodiphenylamine  

100 Area Naphthalene No 0.01 0.01 mg/L -- -- 3 Naphthalene  

100 Area Pentachlorophenol No 0.025 0.025 mg/L -- -- 3 Pentachlorophenol  

100 Area Phenanthrene No 0.01 0.01 mg/L -- -- 3 Phenanthrene  

100 Area Phenol No 0.01 0.01 mg/L -- -- 3 Phenol  

100 Area Pyrene No 0.01 0.01 mg/L -- -- 3 Pyrene  

100 Area 1,1,1-Trichloroethane No 0.005 0.005 mg/L -- -- 3 1,1,1-Trichloroethane  

100 Area 1,1,2,2-Tetrachloroethane No 0.005 0.005 mg/L -- -- 3 1,1,2,2-Tetrachloroethane  

100 Area 1,1,2-Trichloroethane No 0.005 0.005 mg/L -- -- 3 1,1,2-Trichloroethane  

100 Area 1,1-Dichloroethane No 0.005 0.005 mg/L -- -- 3 1,1-Dichloroethane  

100 Area 1,1-Dichloroethene No 0.005 0.005 mg/L -- -- 3 1,1-Dichloroethene  

100 Area 1,2,4-Trichlorobenzene No 0.01 0.01 mg/L -- -- 3 1,2,4-Trichlorobenzene  

100 Area 1,2-Dichlorobenzene No 0.01 0.01 mg/L -- -- 3 1,2-Dichlorobenzene  

100 Area 1,2-Dichloroethane No 0.005 0.005 mg/L -- -- 3 1,2-Dichloroethane  

100 Area 1,2-Dichloroethene(total) No 0.005 0.005 mg/L -- -- 3 1,2-Dichloroethene(total)  

100 Area 1,2-Dichloropropane No 0.005 0.005 mg/L -- -- 3 1,2-Dichloropropane  

100 Area 1,3-Dichlorobenzene No 0.01 0.01 mg/L -- -- 3 1,3-Dichlorobenzene  

100 Area 1,4-Dichlorobenzene No 0.01 0.01 mg/L -- -- 3 1,4-Dichlorobenzene  

100 Area 2-Butanone No 0.01 0.01 mg/L -- -- 3 2-Butanone  

100 Area 2-Hexanone No 0.01 0.01 mg/L -- -- 3 2-Hexanone  
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Table 3-19.  100 Area Sub-Area Surface Water Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit

Number 
Results 

To Be Addressed in 
Uncertainty Analysis a 

Not a Contaminant of Potential  
Ecological Concern 

100 Area 4-Methyl-2-Pentanone No 0.01 0.01 mg/L -- -- 3 4-Methyl-2-Pentanone  

100 Area Acetone No 0.01 0.01 mg/L -- -- 3 Acetone  

100 Area Benzene No 0.005 0.005 mg/L -- -- 3 Benzene  

100 Area Bromodichloromethane No 0.005 0.005 mg/L -- -- 3 Bromodichloromethane  

100 Area Bromoform No 0.005 0.005 mg/L -- -- 3 Bromoform  

100 Area Bromomethane No 0.01 0.01 mg/L -- -- 3 Bromomethane  

100 Area Carbon disulfide No 0.005 0.005 mg/L -- -- 3 Carbon disulfide  

100 Area Carbon tetrachloride No 0.005 0.005 mg/L -- -- 3 Carbon tetrachloride  

100 Area Chlorobenzene No 0.005 0.005 mg/L -- -- 3 Chlorobenzene  

100 Area Chloroethane No 0.01 0.01 mg/L -- -- 3 Chloroethane  

100 Area Chloroform No 0.005 0.005 mg/L -- -- 3 Chloroform  

100 Area Chloromethane No 0.01 0.01 mg/L -- -- 3 Chloromethane  

100 Area cis-1,2-Dichloroethylene No 0.005 0.005 mg/L -- -- 3 cis-1,2-Dichloroethylene  

100 Area cis-1,3-Dichloropropene No 0.005 0.005 mg/L -- -- 3 cis-1,3-Dichloropropene  

100 Area Dibromochloromethane No 0.005 0.005 mg/L -- -- 3 Dibromochloromethane  

100 Area Ethylbenzene No 0.005 0.005 mg/L -- -- 3 Ethylbenzene  

100 Area Nitrobenzene No 0.01 0.01 mg/L -- -- 3 Nitrobenzene  

100 Area Styrene No 0.005 0.005 mg/L -- -- 3 Styrene  

100 Area Tetrachloroethene No 0.005 0.005 mg/L -- -- 3 Tetrachloroethene  

100 Area Toluene No 0.005 0.005 mg/L -- -- 3 Toluene  

100 Area trans-1,2-Dichloroethylene No 0.005 0.005 mg/L -- -- 3 trans-1,2-Dichloroethylene  

100 Area trans-1,3-Dichloropropene No 0.005 0.005 mg/L -- -- 3 trans-1,3-Dichloropropene  

100 Area Trichloroethene No 0.005 0.005 mg/L -- -- 3 Trichloroethene  

100 Area Vinyl chloride No 0.01 0.01 mg/L -- -- 3 Vinyl chloride  

100 Area Xylenes (total) No 0.005 0.005 mg/L -- -- 3 Xylenes (total)  
a Nondetect constituents that were not sampling and analysis plan indicator compounds, or which did not meet their required reporting limits, were retained as “Uncertain COPECs” for qualitative evaluation in the Uncertainty Analysis (Section 10.0).   

--  = not applicable 
BHC = benzene hexachloride 
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Table 3-20.  300 Area Sub-Area Surface Water Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit

Number 
Results 

To Be Addressed in 
Uncertainty Analysis a  

Not a Contaminant of Potential  
Ecological Concern 

300 Area Ammonia No 1 1 mg/L -- -- 1 Ammonia  

300 Area Bromide No 0.25 2.5 mg/L -- -- 6 Bromide  

300 Area Cyanide No 0.0016 0.05 mg/L -- -- 11 Cyanide  

300 Area Orthophosphate No 0.1 0.1 mg/L -- -- 1 Orthophosphate  

300 Area Phosphate No 0.25 0.25 mg/L -- -- 1 Phosphate  

300 Area Bismuth No 0.003 0.1 mg/L -- -- 36 Bismuth  

300 Area Cobalt No 0.001 0.02 mg/L -- -- 36 Cobalt  

300 Area Hexavalent chromium Yes 0.0037 0.0037 mg/L 0.01 13 13  Hexavalent chromium 

300 Area Uranium Yes 0.01 0.2 mg/L 0.5 36 36  Uranium 

300 Area 
Total petroleum hydrocarbons - diesel 
range 

Yes 0.074 0.1 mg/L 0.5 5 5  
Total petroleum hydrocarbons - diesel 
range 

300 Area 
Total petroleum hydrocarbons - motor oil 
(high boiling) 

Yes 0.3 0.3 mg/L 0.5 5 5  
Total petroleum hydrocarbons - motor 
oil (high boiling) 

300 Area 4,6-Dinitro-2-methylphenol No 0.025 0.025 mg/L -- -- 5 4,6-Dinitro-2-methylphenol  

300 Area Aldrin No 0.00005 0.00005 mg/L -- -- 5 Aldrin  

300 Area alpha-BHC No 0.00005 0.00005 mg/L -- -- 5 alpha-BHC  

300 Area alpha-Chlordane No 0.00005 0.00005 mg/L -- -- 5 alpha-Chlordane  

300 Area beta-1,2,3,4,5,6-Hexachlorocyclohexane No 0.00005 0.00005 mg/L -- -- 5 beta-1,2,3,4,5,6-Hexachlorocyclohexane  

300 Area delta-BHC No 0.00005 0.00005 mg/L -- -- 5 delta-BHC  

300 Area Dichlorodiphenyldichloroethane No 0.00005 0.00005 mg/L -- -- 5 Dichlorodiphenyldichloroethane  

300 Area Dichlorodiphenyldichloroethylene No 0.00005 0.00005 mg/L -- -- 5 Dichlorodiphenyldichloroethylene  

300 Area Dichlorodiphenyltrichloroethane No 0.00005 0.00005 mg/L -- -- 5 Dichlorodiphenyltrichloroethane  

300 Area Dieldrin No 0.00005 0.00005 mg/L -- -- 5 Dieldrin  

300 Area Endosulfan I No 0.00005 0.00005 mg/L -- -- 5 Endosulfan I  

300 Area Endosulfan II No 0.00005 0.00005 mg/L -- -- 5 Endosulfan II  

300 Area Endosulfan sulfate No 0.00005 0.00005 mg/L -- -- 5 Endosulfan sulfate  

300 Area Endrin No 0.00005 0.00005 mg/L -- -- 5 Endrin  

300 Area Endrin aldehyde No 0.00005 0.00005 mg/L -- -- 5 Endrin aldehyde  

300 Area Endrin ketone No 0.00005 0.00005 mg/L -- -- 5 Endrin ketone  

300 Area gamma-BHC (lindane) No 0.00005 0.00005 mg/L -- -- 5 gamma-BHC (lindane)  

300 Area gamma-Chlordane No 0.00005 0.00005 mg/L -- -- 5 gamma-Chlordane  

300 Area Heptachlor No 0.00005 0.00005 mg/L -- -- 5 Heptachlor  

300 Area Heptachlor epoxide No 0.00005 0.00005 mg/L -- -- 5 Heptachlor epoxide  

300 Area Methoxychlor Yes 0.00005 0.00005 mg/L 0.0005 5 5  Methoxychlor 

300 Area Toxaphene No 0.0005 0.0005 mg/L -- -- 5 Toxaphene  

300 Area Americium-241 No 6.11 82 pCi/L -- -- 18 Americium-241  
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Table 3-20.  300 Area Sub-Area Surface Water Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit

Number 
Results 

To Be Addressed in 
Uncertainty Analysis a  

Not a Contaminant of Potential  
Ecological Concern 

300 Area Carbon-14 Yes -7.56 25.2 pCi/L 50 12 12  Carbon-14 

300 Area Cesium-137 Yes -0.0015 21.6 pCi/L 15 181 183 Cesium-137  

300 Area Cobalt-60 Yes -0.0018 20.7 pCi/L 25 183 183  Cobalt-60 

300 Area Europium-152 No -0.0221 54.8 pCi/L -- -- 111 Europium-152  

300 Area Europium-154 No -0.0084 62.6 pCi/L -- -- 183 Europium-154  

300 Area Europium-155 No -0.0062 56.1 pCi/L -- -- 183 Europium-155  

300 Area Gross beta No -0.767 2.77 pCi/L -- -- 87 Gross beta  

300 Area 2,4,5-Trichlorophenol No 0.025 0.025 mg/L -- -- 5 2,4,5-Trichlorophenol  

300 Area 2,4,6-Trichlorophenol No 0.01 0.01 mg/L -- -- 5 2,4,6-Trichlorophenol  

300 Area 2,4-Dichlorophenol No 0.01 0.01 mg/L -- -- 5 2,4-Dichlorophenol  

300 Area 2,4-Dimethylphenol No 0.01 0.01 mg/L -- -- 5 2,4-Dimethylphenol  

300 Area 2,4-Dinitrophenol No 0.025 0.025 mg/L -- -- 5 2,4-Dinitrophenol  

300 Area 2,4-Dinitrotoluene No 0.01 0.01 mg/L -- -- 5 2,4-Dinitrotoluene  

300 Area 2,6-Dinitrotoluene No 0.01 0.01 mg/L -- -- 5 2,6-Dinitrotoluene  

300 Area 2-Chloronaphthalene No 0.01 0.01 mg/L -- -- 5 2-Chloronaphthalene  

300 Area 2-Chlorophenol No 0.01 0.01 mg/L -- -- 5 2-Chlorophenol  

300 Area 2-Methylnaphthalene No 0.01 0.01 mg/L -- -- 5 2-Methylnaphthalene  

300 Area 2-Methylphenol (cresol, o-) No 0.01 0.01 mg/L -- -- 5 2-Methylphenol (cresol, o-)  

300 Area 2-Nitroaniline No 0.025 0.025 mg/L -- -- 5 2-Nitroaniline  

300 Area 2-Nitrophenol No 0.01 0.01 mg/L -- -- 5 2-Nitrophenol  

300 Area 3+4 Methylphenol (cresol, m+p) No 0.01 0.01 mg/L -- -- 5 3+4 Methylphenol (cresol, m+p)  

300 Area 3,3'-Dichlorobenzidine No 0.01 0.01 mg/L -- -- 5 3,3'-Dichlorobenzidine  

300 Area 3-Nitroaniline No 0.025 0.025 mg/L -- -- 5 3-Nitroaniline  

300 Area 4-Bromophenylphenyl ether No 0.01 0.01 mg/L -- -- 5 4-Bromophenylphenyl ether  

300 Area 4-Chloro-3-methylphenol No 0.01 0.01 mg/L -- -- 5 4-Chloro-3-methylphenol  

300 Area 4-Chloroaniline No 0.01 0.01 mg/L -- -- 5 4-Chloroaniline  

300 Area 4-Chlorophenylphenyl ether No 0.01 0.01 mg/L -- -- 5 4-Chlorophenylphenyl ether  

300 Area 4-Nitroaniline No 0.025 0.025 mg/L -- -- 5 4-Nitroaniline  

300 Area 4-Nitrophenol No 0.025 0.025 mg/L -- -- 5 4-Nitrophenol  

300 Area Acenaphthene No 0.01 0.01 mg/L -- -- 5 Acenaphthene  

300 Area Acenaphthylene No 0.01 0.01 mg/L -- -- 5 Acenaphthylene  

300 Area Anthracene No 0.01 0.01 mg/L -- -- 5 Anthracene  

300 Area Benzo(a)pyrene No 0.01 0.01 mg/L -- -- 5 Benzo(a)pyrene  

300 Area Benzo(ghi)perylene No 0.01 0.01 mg/L -- -- 5 Benzo(ghi)perylene  

300 Area Bis(2-chloro-1-methylethyl)ether No 0.01 0.01 mg/L -- -- 5 Bis(2-chloro-1-methylethyl)ether  

300 Area Bis(2-Chloroethoxy)methane No 0.01 0.01 mg/L -- -- 5 Bis(2-Chloroethoxy)methane  

300 Area Bis(2-chloroethyl) ether No 0.01 0.01 mg/L -- -- 5 Bis(2-chloroethyl) ether  
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Table 3-20.  300 Area Sub-Area Surface Water Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit

Number 
Results 

To Be Addressed in 
Uncertainty Analysis a  

Not a Contaminant of Potential  
Ecological Concern 

300 Area Butylbenzylphthalate No 0.01 0.01 mg/L -- -- 5 Butylbenzylphthalate  

300 Area Carbazole No 0.01 0.01 mg/L -- -- 5 Carbazole  

300 Area Di-n-octylphthalate No 0.01 0.01 mg/L -- -- 5 Di-n-octylphthalate  

300 Area Dibenz[a,h]anthracene No 0.01 0.01 mg/L -- -- 5 Dibenz[a,h]anthracene  

300 Area Dibenzofuran No 0.01 0.01 mg/L -- -- 5 Dibenzofuran  

300 Area Diethylphthalate No 0.01 0.01 mg/L -- -- 5 Diethylphthalate  

300 Area Dimethyl phthalate No 0.01 0.01 mg/L -- -- 5 Dimethyl phthalate  

300 Area Fluoranthene No 0.01 0.01 mg/L -- -- 5 Fluoranthene  

300 Area Fluorene No 0.01 0.01 mg/L -- -- 5 Fluorene  

300 Area Hexachlorobenzene No 0.01 0.01 mg/L -- -- 5 Hexachlorobenzene  

300 Area Hexachlorobutadiene No 0.01 0.01 mg/L -- -- 5 Hexachlorobutadiene  

300 Area Hexachlorocyclopentadiene No 0.01 0.01 mg/L -- -- 5 Hexachlorocyclopentadiene  

300 Area Hexachloroethane No 0.01 0.01 mg/L -- -- 5 Hexachloroethane  

300 Area Indeno(1,2,3-cd)pyrene No 0.01 0.01 mg/L -- -- 5 Indeno(1,2,3-cd)pyrene  

300 Area Isophorone No 0.01 0.01 mg/L -- -- 5 Isophorone  

300 Area N-Nitroso-di-n-dipropylamine No 0.01 0.01 mg/L -- -- 5 N-Nitroso-di-n-dipropylamine  

300 Area N-Nitrosodiphenylamine No 0.01 0.01 mg/L -- -- 5 N-Nitrosodiphenylamine  

300 Area Naphthalene No 0.01 0.01 mg/L -- -- 5 Naphthalene  

300 Area Pentachlorophenol No 0.025 0.025 mg/L -- -- 5 Pentachlorophenol  

300 Area Phenanthrene No 0.01 0.01 mg/L -- -- 5 Phenanthrene  

300 Area Phenol No 0.01 0.01 mg/L -- -- 5 Phenol  

300 Area Pyrene No 0.01 0.01 mg/L -- -- 5 Pyrene  

300 Area 1,1,1-Trichloroethane No 0.0001 0.005 mg/L -- -- 80 1,1,1-Trichloroethane  

300 Area 1,1,2,2-Tetrachloroethane No 0.005 0.005 mg/L -- -- 12 1,1,2,2-Tetrachloroethane  

300 Area 1,1-Dichloroethane No 0.0001 0.005 mg/L -- -- 80 1,1-Dichloroethane  

300 Area 1,1-Dichloroethene No 0 0.005 mg/L -- -- 32 1,1-Dichloroethene  

300 Area 1,2,4-Trichlorobenzene No 0.01 0.01 mg/L -- -- 5 1,2,4-Trichlorobenzene  

300 Area 1,2-Dichlorobenzene No 0.01 0.01 mg/L -- -- 5 1,2-Dichlorobenzene  

300 Area 1,2-Dichloroethene(total) No 0.005 0.005 mg/L -- -- 12 1,2-Dichloroethene(total)  

300 Area 1,2-Dichloropropane No 0.005 0.005 mg/L -- -- 12 1,2-Dichloropropane  

300 Area 1,3-Dichlorobenzene No 0.01 0.01 mg/L -- -- 5 1,3-Dichlorobenzene  

300 Area 1,4-Dioxane No 0.0026 0.012 mg/L -- -- 19 1,4-Dioxane  

300 Area 1-Butanol No 0.0011 0.0049 mg/L -- -- 58 1-Butanol  

300 Area 2-Butanone No 0.0001 0.01 mg/L -- -- 80 2-Butanone  

300 Area 2-Hexanone No 0.01 0.01 mg/L -- -- 12 2-Hexanone  

300 Area 4-Methyl-2-Pentanone No 0.0001 0.01 mg/L -- -- 80 4-Methyl-2-Pentanone  

300 Area Bromodichloromethane No 0.005 0.005 mg/L -- -- 12 Bromodichloromethane  
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Table 3-20.  300 Area Sub-Area Surface Water Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit

Number 
Results 

To Be Addressed in 
Uncertainty Analysis a  

Not a Contaminant of Potential  
Ecological Concern 

300 Area Bromoform No 0.005 0.005 mg/L -- -- 12 Bromoform  

300 Area Bromomethane No 0.01 0.01 mg/L -- -- 12 Bromomethane  

300 Area Carbon disulfide No 0.0001 0.005 mg/L -- -- 80 Carbon disulfide  

300 Area Carbon tetrachloride No 0.0001 0.005 mg/L -- -- 80 Carbon tetrachloride  

300 Area Chlorobenzene No 0.0003 0.005 mg/L -- -- 13 Chlorobenzene  

300 Area Chloroethane No 0.01 0.01 mg/L -- -- 12 Chloroethane  

300 Area Chloromethane No 0.01 0.01 mg/L -- -- 12 Chloromethane  

300 Area cis-1,2-Dichloroethylene No 0.0001 0.005 mg/L -- -- 80 cis-1,2-Dichloroethylene  

300 Area cis-1,3-Dichloropropene No 0.005 0.005 mg/L -- -- 12 cis-1,3-Dichloropropene  

300 Area Dibromochloromethane No 0.005 0.005 mg/L -- -- 12 Dibromochloromethane  

300 Area Ethyl cyanide No 0.0009 0.0026 mg/L -- -- 68 Ethyl cyanide  

300 Area Ethylbenzene No 0.0001 0.005 mg/L -- -- 50 Ethylbenzene  

300 Area Nitrobenzene No 0.01 0.01 mg/L -- -- 5 Nitrobenzene  

300 Area Styrene No 0.005 0.005 mg/L -- -- 12 Styrene  

300 Area Tetrachloroethene No 0.0001 0.005 mg/L -- -- 80 Tetrachloroethene  

300 Area Tetrahydrofuran No 0.0012 0.0029 mg/L -- -- 68 Tetrahydrofuran  

300 Area trans-1,2-Dichloroethylene No 0.0001 0.005 mg/L -- -- 80 trans-1,2-Dichloroethylene  

300 Area trans-1,3-Dichloropropene No 0.005 0.005 mg/L -- -- 12 trans-1,3-Dichloropropene  

300 Area Vinyl chloride No 0.0001 0.01 mg/L -- -- 80 Vinyl chloride  
a Nondetect constituents that were not sampling and analysis plan indicator compounds, or which did not meet their required reporting limits, were retained as “Uncertain COPECs” for qualitative evaluation in the Uncertainty Analysis (Section 10.0).   

--  = not applicable 
BHC = benzene hexachloride 
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Table 3-21.  Lake Wallula Sub-Area Surface Water Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit

Number Results 
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

Lake Wallula Bromide No 0.25 0.25 mg/L -- -- 3 Bromide  

Lake Wallula Nitrite No 0.25 0.25 mg/L -- -- 3 Nitrite  

Lake Wallula Nitrogen in nitrite No 0.011 0.011 mg/L -- -- 3 Nitrogen in nitrite  

Lake Wallula Phosphate No 0.25 0.25 mg/L -- -- 3 Phosphate  

Lake Wallula Beryllium Yes 0.0001 0.002 mg/L 0.002 40 42 Beryllium  

Lake Wallula Bismuth No 0.003 0.1 mg/L -- -- 36 Bismuth  

Lake Wallula Cobalt No 0.0005 0.02 mg/L -- -- 36 Cobalt  

Lake Wallula Silver Yes 0 0.002 mg/L 0.002 36 42 Silver  

Lake Wallula 4,6-Dinitro-2-methylphenol No 0.025 0.025 mg/L -- -- 15 4,6-Dinitro-2-methylphenol  

Lake Wallula Aldrin No 0.00005 0.00005 mg/L -- -- 15 Aldrin  

Lake Wallula alpha-BHC No 0.00005 0.00005 mg/L -- -- 15 alpha-BHC  

Lake Wallula alpha-Chlordane No 0.00005 0.00005 mg/L -- -- 15 alpha-Chlordane  

Lake Wallula beta-1,2,3,4,5,6-Hexachlorocyclohexane No 0.00005 0.00005 mg/L -- -- 15 beta-1,2,3,4,5,6-Hexachlorocyclohexane  

Lake Wallula delta-BHC No 0.00005 0.00005 mg/L -- -- 15 delta-BHC  

Lake Wallula Dichlorodiphenyldichloroethane No 0.00005 0.00005 mg/L -- -- 15 Dichlorodiphenyldichloroethane  

Lake Wallula Dichlorodiphenyldichloroethylene No 0.00005 0.00005 mg/L -- -- 15 Dichlorodiphenyldichloroethylene  

Lake Wallula Dichlorodiphenyltrichloroethane No 0.00005 0.00005 mg/L -- -- 15 Dichlorodiphenyltrichloroethane  

Lake Wallula Dieldrin No 0.00005 0.00005 mg/L -- -- 15 Dieldrin  

Lake Wallula Endosulfan I No 0.00005 0.00005 mg/L -- -- 15 Endosulfan I  

Lake Wallula Endosulfan II No 0.00005 0.00005 mg/L -- -- 15 Endosulfan II  

Lake Wallula Endosulfan sulfate No 0.00005 0.00005 mg/L -- -- 15 Endosulfan sulfate  

Lake Wallula Endrin No 0.00005 0.00005 mg/L -- -- 15 Endrin  

Lake Wallula Endrin aldehyde No 0.00005 0.00005 mg/L -- -- 15 Endrin aldehyde  

Lake Wallula Endrin ketone No 0.00005 0.00005 mg/L -- -- 15 Endrin ketone  

Lake Wallula gamma-BHC (lindane) No 0.00005 0.00005 mg/L -- -- 15 gamma-BHC (lindane)  

Lake Wallula gamma-Chlordane No 0.00005 0.00005 mg/L -- -- 15 gamma-Chlordane  

Lake Wallula Heptachlor No 0.00005 0.00005 mg/L -- -- 15 Heptachlor  

Lake Wallula Heptachlor epoxide No 0.00005 0.00005 mg/L -- -- 15 Heptachlor epoxide  

Lake Wallula Methoxychlor Yes 0.00005 0.00005 mg/L 0.0005 15 15  Methoxychlor 

Lake Wallula Toxaphene No 0.0005 0.0005 mg/L -- -- 15 Toxaphene  

Lake Wallula Americium-241 No 4.52 73.4 pCi/L -- -- 18 Americium-241  

Lake Wallula Carbon-14 Yes -46.2 31.8 pCi/L 50 18 18  Carbon-14 

Lake Wallula Cesium-137 Yes -3.15 16.6 pCi/L 15 24 25 Cesium-137  

Lake Wallula Europium-152 No -4.22 43.8 pCi/L -- -- 22 Europium-152  

Lake Wallula Europium-154 No -1.95 53.4 pCi/L -- -- 22 Europium-154  

Lake Wallula Europium-155 No -6.81 40.3 pCi/L -- -- 22 Europium-155  
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Table 3-21.  Lake Wallula Sub-Area Surface Water Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit

Number Results 
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

Lake Wallula Technetium-99 No -1.52 0.387 pCi/L -- -- 21 Technetium-99  

Lake Wallula 2,4,5-Trichlorophenol No 0.01 0.025 mg/L -- -- 14 2,4,5-Trichlorophenol  

Lake Wallula 2,4,6-Trichlorophenol No 0.01 0.01 mg/L -- -- 14 2,4,6-Trichlorophenol  

Lake Wallula 2,4-Dichlorophenol No 0.01 0.01 mg/L -- -- 14 2,4-Dichlorophenol  

Lake Wallula 2,4-Dimethylphenol No 0.01 0.01 mg/L -- -- 14 2,4-Dimethylphenol  

Lake Wallula 2,4-Dinitrophenol No 0.025 0.05 mg/L -- -- 14 2,4-Dinitrophenol  

Lake Wallula 2,4-Dinitrotoluene No 0.01 0.01 mg/L -- -- 15 2,4-Dinitrotoluene  

Lake Wallula 2,6-Dinitrotoluene No 0.01 0.01 mg/L -- -- 15 2,6-Dinitrotoluene  

Lake Wallula 2-Chloronaphthalene No 0.01 0.01 mg/L -- -- 15 2-Chloronaphthalene  

Lake Wallula 2-Chlorophenol No 0.01 0.01 mg/L -- -- 14 2-Chlorophenol  

Lake Wallula 2-Methylnaphthalene No 0.01 0.01 mg/L -- -- 15 2-Methylnaphthalene  

Lake Wallula 2-Methylphenol (cresol, o-) No 0.01 0.01 mg/L -- -- 14 2-Methylphenol (cresol, o-)  

Lake Wallula 2-Nitroaniline No 0.025 0.025 mg/L -- -- 15 2-Nitroaniline  

Lake Wallula 2-Nitrophenol No 0.01 0.01 mg/L -- -- 14 2-Nitrophenol  

Lake Wallula 3+4 Methylphenol (cresol, m+p) No 0.01 0.01 mg/L -- -- 15 3+4 Methylphenol (cresol, m+p)  

Lake Wallula 3,3'-Dichlorobenzidine No 0.01 0.05 mg/L -- -- 15 3,3'-Dichlorobenzidine  

Lake Wallula 3-Nitroaniline No 0.025 0.025 mg/L -- -- 15 3-Nitroaniline  

Lake Wallula 4-Bromophenylphenyl ether No 0.01 0.01 mg/L -- -- 14 4-Bromophenylphenyl ether  

Lake Wallula 4-Chloro-3-methylphenol No 0.01 0.01 mg/L -- -- 14 4-Chloro-3-methylphenol  

Lake Wallula 4-Chloroaniline No 0.01 0.025 mg/L -- -- 15 4-Chloroaniline  

Lake Wallula 4-Chlorophenylphenyl ether No 0.01 0.01 mg/L -- -- 14 4-Chlorophenylphenyl ether  

Lake Wallula 4-Nitroaniline No 0.025 0.025 mg/L -- -- 15 4-Nitroaniline  

Lake Wallula 4-Nitrophenol No 0.025 0.025 mg/L -- -- 15 4-Nitrophenol  

Lake Wallula Acenaphthene No 0.01 0.01 mg/L -- -- 15 Acenaphthene  

Lake Wallula Acenaphthylene No 0.01 0.01 mg/L -- -- 15 Acenaphthylene  

Lake Wallula Anthracene No 0.01 0.01 mg/L -- -- 15 Anthracene  

Lake Wallula Benzo(a)anthracene No 0.01 0.01 mg/L -- -- 15 Benzo(a)anthracene  

Lake Wallula Benzo(a)pyrene No 0.01 0.01 mg/L -- -- 15 Benzo(a)pyrene  

Lake Wallula Benzo(b)fluoranthene No 0.01 0.01 mg/L -- -- 15 Benzo(b)fluoranthene  

Lake Wallula Benzo(ghi)perylene No 0.01 0.01 mg/L -- -- 15 Benzo(ghi)perylene  

Lake Wallula Benzo(k)fluoranthene No 0.01 0.01 mg/L -- -- 15 Benzo(k)fluoranthene  

Lake Wallula Bis(2-chloro-1-methylethyl)ether No 0.01 0.01 mg/L -- -- 15 Bis(2-chloro-1-methylethyl)ether  

Lake Wallula Bis(2-Chloroethoxy)methane No 0.01 0.01 mg/L -- -- 14 Bis(2-Chloroethoxy)methane  

Lake Wallula Bis(2-chloroethyl) ether No 0.01 0.01 mg/L -- -- 14 Bis(2-chloroethyl) ether  

Lake Wallula Butylbenzylphthalate No 0.01 0.01 mg/L -- -- 14 Butylbenzylphthalate  

Lake Wallula Carbazole No 0.01 0.01 mg/L -- -- 15 Carbazole  

Lake Wallula Chrysene No 0.01 0.01 mg/L -- -- 15 Chrysene  
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Table 3-21.  Lake Wallula Sub-Area Surface Water Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit

Number Results 
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

Lake Wallula Di-n-butylphthalate No 0.01 0.01 mg/L -- -- 14 Di-n-butylphthalate  

Lake Wallula Di-n-octylphthalate No 0.01 0.01 mg/L -- -- 14 Di-n-octylphthalate  

Lake Wallula Dibenz[a,h]anthracene No 0.01 0.01 mg/L -- -- 15 Dibenz[a,h]anthracene  

Lake Wallula Dibenzofuran No 0.01 0.01 mg/L -- -- 14 Dibenzofuran  

Lake Wallula Diethylphthalate No 0.01 0.01 mg/L -- -- 14 Diethylphthalate  

Lake Wallula Dimethyl phthalate No 0.01 0.01 mg/L -- -- 14 Dimethyl phthalate  

Lake Wallula Fluoranthene No 0.01 0.01 mg/L -- -- 15 Fluoranthene  

Lake Wallula Fluorene No 0.01 0.01 mg/L -- -- 15 Fluorene  

Lake Wallula Hexachlorobenzene No 0.01 0.01 mg/L -- -- 15 Hexachlorobenzene  

Lake Wallula Hexachlorobutadiene No 0.01 0.01 mg/L -- -- 15 Hexachlorobutadiene  

Lake Wallula Hexachlorocyclopentadiene No 0.01 0.01 mg/L -- -- 15 Hexachlorocyclopentadiene  

Lake Wallula Hexachloroethane No 0.01 0.01 mg/L -- -- 15 Hexachloroethane  

Lake Wallula Indeno(1,2,3-cd)pyrene No 0.01 0.01 mg/L -- -- 15 Indeno(1,2,3-cd)pyrene  

Lake Wallula Isophorone No 0.01 0.01 mg/L -- -- 14 Isophorone  

Lake Wallula N-Nitroso-di-n-dipropylamine No 0.01 0.01 mg/L -- -- 15 N-Nitroso-di-n-dipropylamine  

Lake Wallula N-Nitrosodiphenylamine No 0.01 0.01 mg/L -- -- 15 N-Nitrosodiphenylamine  

Lake Wallula Naphthalene No 0.01 0.01 mg/L -- -- 15 Naphthalene  

Lake Wallula Pentachlorophenol No 0.025 0.025 mg/L -- -- 14 Pentachlorophenol  

Lake Wallula Phenanthrene No 0.01 0.01 mg/L -- -- 15 Phenanthrene  

Lake Wallula Phenol No 0.01 0.01 mg/L -- -- 14 Phenol  

Lake Wallula Pyrene No 0.01 0.01 mg/L -- -- 15 Pyrene  

Lake Wallula 1,1,1-Trichloroethane No 0.005 0.005 mg/L -- -- 15 1,1,1-Trichloroethane  

Lake Wallula 1,1,2,2-Tetrachloroethane No 0.005 0.005 mg/L -- -- 15 1,1,2,2-Tetrachloroethane  

Lake Wallula 1,1,2-Trichloroethane No 0.005 0.005 mg/L -- -- 15 1,1,2-Trichloroethane  

Lake Wallula 1,1-Dichloroethane No 0.005 0.005 mg/L -- -- 15 1,1-Dichloroethane  

Lake Wallula 1,1-Dichloroethene No 0.005 0.005 mg/L -- -- 15 1,1-Dichloroethene  

Lake Wallula 1,2,4-Trichlorobenzene No 0.01 0.01 mg/L -- -- 15 1,2,4-Trichlorobenzene  

Lake Wallula 1,2-Dichlorobenzene No 0.01 0.01 mg/L -- -- 15 1,2-Dichlorobenzene  

Lake Wallula 1,2-Dichloroethane No 0.005 0.005 mg/L -- -- 15 1,2-Dichloroethane  

Lake Wallula 1,2-Dichloroethene(Total) No 0.005 0.005 mg/L -- -- 15 1,2-Dichloroethene(total)  

Lake Wallula 1,2-Dichloropropane No 0.005 0.005 mg/L -- -- 15 1,2-Dichloropropane  

Lake Wallula 1,3-Dichlorobenzene No 0.01 0.01 mg/L -- -- 15 1,3-Dichlorobenzene  

Lake Wallula 1,4-Dichlorobenzene No 0.01 0.01 mg/L -- -- 15 1,4-Dichlorobenzene  

Lake Wallula 2-Butanone No 0.01 0.01 mg/L -- -- 15 2-Butanone  

Lake Wallula 2-Hexanone No 0.01 0.01 mg/L -- -- 15 2-Hexanone  

Lake Wallula 4-Methyl-2-Pentanone No 0.01 0.01 mg/L -- -- 15 4-Methyl-2-Pentanone  

Lake Wallula Acetone No 0.01 0.01 mg/L -- -- 15 Acetone  
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Table 3-21.  Lake Wallula Sub-Area Surface Water Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit

Number Results 
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

Lake Wallula Benzene No 0.005 0.005 mg/L -- -- 15 Benzene  

Lake Wallula Bromodichloromethane No 0.005 0.005 mg/L -- -- 15 Bromodichloromethane  

Lake Wallula Bromoform No 0.005 0.005 mg/L -- -- 15 Bromoform  

Lake Wallula Bromomethane No 0.01 0.01 mg/L -- -- 15 Bromomethane  

Lake Wallula Carbon disulfide No 0.005 0.005 mg/L -- -- 15 Carbon disulfide  

Lake Wallula Carbon tetrachloride No 0.005 0.005 mg/L -- -- 15 Carbon tetrachloride  

Lake Wallula Chlorobenzene No 0.005 0.005 mg/L -- -- 15 Chlorobenzene  

Lake Wallula Chloroethane No 0.01 0.01 mg/L -- -- 15 Chloroethane  

Lake Wallula Chloroform No 0.005 0.005 mg/L -- -- 15 Chloroform  

Lake Wallula Chloromethane No 0.01 0.01 mg/L -- -- 15 Chloromethane  

Lake Wallula cis-1,2-Dichloroethylene No 0.005 0.005 mg/L -- -- 15 cis-1,2-Dichloroethylene  

Lake Wallula cis-1,3-Dichloropropene No 0.005 0.005 mg/L -- -- 15 cis-1,3-Dichloropropene  

Lake Wallula Dibromochloromethane No 0.005 0.005 mg/L -- -- 15 Dibromochloromethane  

Lake Wallula Ethylbenzene No 0.005 0.005 mg/L -- -- 15 Ethylbenzene  

Lake Wallula Nitrobenzene No 0.01 0.01 mg/L -- -- 15 Nitrobenzene  

Lake Wallula Styrene No 0.005 0.005 mg/L -- -- 15 Styrene  

Lake Wallula Tetrachloroethene No 0.005 0.005 mg/L -- -- 15 Tetrachloroethene  

Lake Wallula trans-1,2-Dichloroethylene No 0.005 0.005 mg/L -- -- 15 trans-1,2-Dichloroethylene  

Lake Wallula trans-1,3-Dichloropropene No 0.005 0.005 mg/L -- -- 15 trans-1,3-Dichloropropene  

Lake Wallula Trichloroethene No 0.005 0.005 mg/L -- -- 15 Trichloroethene  

Lake Wallula Vinyl chloride No 0.01 0.01 mg/L -- -- 15 Vinyl chloride  

Lake Wallula Xylenes (total) No 0.005 0.005 mg/L -- -- 15 Xylenes (total)  
a Nondetect constituents that were not sampling and analysis plan indicator compounds, or which did not meet their required reporting limits, were retained as “Uncertain COPECs” for qualitative evaluation in the Uncertainty Analysis (Section 10.0).   

--  = not applicable 
BHC = benzene hexachloride 

 

Exhibit 12b



Selection of Contaminants of DOE/RL-2010-117 

Potential Ecological Concern Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 2:  Screening-Level Ecological Risk Assessment 
June 2012 

 3-33 

 
Table 3-22.  100 Area Sub-Area Sediment Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number Results 
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

100 Area Silver Yes 0.1428 0.6791 mg/kg 0.2 53 123 Silver  

100 Area 4,6-Dinitro-2-methylphenol No 0.38214 1.61271 mg/kg -- -- 44 4,6-Dinitro-2-methylphenol  

100 Area alpha-Chlordane No 0.001596 0.007113 mg/kg -- -- 45 alpha-Chlordane  

100 Area beta-1,2,3,4,5,6-Hexachlorocyclohexane No 0.001596 0.007113 mg/kg -- -- 45 beta-1,2,3,4,5,6-Hexachlorocyclohexane  

100 Area Dichlorodiphenyltrichloroethane No 0.001596 0.007113 mg/kg -- -- 45 Dichlorodiphenyltrichloroethane  

100 Area Dieldrin No 0.001596 0.007113 mg/kg -- -- 45 Dieldrin  

100 Area Endosulfan I No 0.001596 0.007113 mg/kg -- -- 45 Endosulfan I  

100 Area Endosulfan II No 0.001596 0.007113 mg/kg -- -- 45 Endosulfan II  

100 Area Endrin aldehyde No 0.001596 0.007113 mg/kg -- -- 45 Endrin aldehyde  

100 Area Endrin ketone No 0.001596 0.007113 mg/kg -- -- 45 Endrin ketone  

100 Area Methoxychlor Yes 0.001596 0.007113 mg/kg 0.0165 45 45  Methoxychlor 

100 Area Toxaphene No 0.016185 0.1068 mg/kg -- -- 45 Toxaphene  

100 Area Americium-241 No 0.017 0.6396 pCi/g -- -- 123 Americium-241  

100 Area Europium-154 No 0.022 0.348 pCi/g -- -- 123 Europium-154  

100 Area Europium-155 No 0.0338 0.2951 pCi/g -- -- 123 Europium-155  

100 Area 2,4,5-Trichlorophenol No 0.3821 1.6127 mg/kg -- -- 44 2,4,5-Trichlorophenol  

100 Area 2,4,6-Trichlorophenol No 0.3821 1.6127 mg/kg -- -- 44 2,4,6-Trichlorophenol  

100 Area 2,4-Dichlorophenol No 0.3821 1.6127 mg/kg -- -- 44 2,4-Dichlorophenol  

100 Area 2,4-Dimethylphenol No 0.3821 1.6127 mg/kg -- -- 44 2,4-Dimethylphenol  

100 Area 2,4-Dinitrophenol No 1.9107 8.0636 mg/kg -- -- 44 2,4-Dinitrophenol  

100 Area 2,4-Dinitrotoluene No 0.3821 1.6127 mg/kg -- -- 44 2,4-Dinitrotoluene  

100 Area 2,6-Dinitrotoluene No 0.3821 1.6127 mg/kg -- -- 44 2,6-Dinitrotoluene  

100 Area 2-Chloronaphthalene No 0.3821 1.6127 mg/kg -- -- 44 2-Chloronaphthalene  

100 Area 2-Chlorophenol No 0.3821 1.6127 mg/kg -- -- 44 2-Chlorophenol  

100 Area 2-Methylnaphthalene No 0.3821 1.6127 mg/kg -- -- 44 2-Methylnaphthalene  

100 Area 2-Methylphenol (cresol, o-) No 0.3821 1.6127 mg/kg -- -- 44 2-Methylphenol (cresol, o-)  

100 Area 2-Nitroaniline No 1.9107 8.0636 mg/kg -- -- 44 2-Nitroaniline  

100 Area 2-Nitrophenol No 0.3821 1.6127 mg/kg -- -- 44 2-Nitrophenol  

100 Area 3+4 Methylphenol (cresol, m+p) No 0.3821 1.6127 mg/kg -- -- 44 3+4 Methylphenol (cresol, m+p)  

100 Area 3,3'-Dichlorobenzidine No 0.7643 3.2254 mg/kg -- -- 44 3,3'-Dichlorobenzidine  

100 Area 3-Nitroaniline No 1.9107 8.0636 mg/kg -- -- 44 3-Nitroaniline  

100 Area 4-Bromophenylphenyl ether No 0.3821 1.6127 mg/kg -- -- 44 4-Bromophenylphenyl ether  

100 Area 4-Chloro-3-methylphenol No 0.3821 1.6127 mg/kg -- -- 44 4-Chloro-3-methylphenol  

100 Area 4-Chloroaniline No 0.3821 1.6127 mg/kg -- -- 44 4-Chloroaniline  

100 Area 4-Chlorophenylphenyl ether No 0.3821 1.6127 mg/kg -- -- 44 4-Chlorophenylphenyl ether  

100 Area 4-Nitroaniline No 1.9107 8.0636 mg/kg -- -- 44 4-Nitroaniline  

Exhibit 12b



Selection of Contaminants of DOE/RL-2010-117 

Potential Ecological Concern Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 2:  Screening-Level Ecological Risk Assessment 
June 2012 

 3-34 

Table 3-22.  100 Area Sub-Area Sediment Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number Results 
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

100 Area 4-Nitrophenol No 1.9107 8.0636 mg/kg -- -- 44 4-Nitrophenol  

100 Area Acenaphthene No 0.3821 1.6127 mg/kg -- -- 44 Acenaphthene  

100 Area Acenaphthylene No 0.3821 1.6127 mg/kg -- -- 44 Acenaphthylene  

100 Area Anthracene No 0.3821 1.6127 mg/kg -- -- 44 Anthracene  

100 Area Benzo(a)anthracene No 0.3821 1.6127 mg/kg -- -- 44 Benzo(a)anthracene  

100 Area Benzo(a)pyrene No 0.3821 1.6127 mg/kg -- -- 44 Benzo(a)pyrene  

100 Area Benzo(b)fluoranthene No 0.3821 1.6127 mg/kg -- -- 44 Benzo(b)fluoranthene  

100 Area Benzo(ghi)perylene No 0.3821 1.6127 mg/kg -- -- 44 Benzo(ghi)perylene  

100 Area Benzo(k)fluoranthene No 0.3821 1.6127 mg/kg -- -- 44 Benzo(k)fluoranthene  

100 Area Bis(2-chloro-1-methylethyl)ether No 0.3821 1.6127 mg/kg -- -- 44 Bis(2-chloro-1-methylethyl)ether  

100 Area Bis(2-Chloroethoxy)methane No 0.3821 1.6127 mg/kg -- -- 44 Bis(2-Chloroethoxy)methane  

100 Area Bis(2-chloroethyl) ether No 0.3821 1.6127 mg/kg -- -- 44 Bis(2-chloroethyl) ether  

100 Area Bis(2-ethylhexyl) phthalate No 0.3821 1.6127 mg/kg -- -- 44 Bis(2-ethylhexyl) phthalate  

100 Area Butylbenzylphthalate No 0.3735 1.6127 mg/kg -- -- 44 Butylbenzylphthalate  

100 Area Carbazole No 0.3821 1.6127 mg/kg -- -- 44 Carbazole  

100 Area Chrysene No 0.3821 1.6127 mg/kg -- -- 44 Chrysene  

100 Area Di-n-octylphthalate No 0.3821 1.6127 mg/kg -- -- 44 Di-n-octylphthalate  

100 Area Dibenz[a,h]anthracene No 0.3821 1.6127 mg/kg -- -- 44 Dibenz[a,h]anthracene  

100 Area Dibenzofuran No 0.3821 1.6127 mg/kg -- -- 44 Dibenzofuran  

100 Area Diethylphthalate No 0.3821 1.6127 mg/kg -- -- 44 Diethylphthalate  

100 Area Dimethyl phthalate No 0.3821 1.6127 mg/kg -- -- 44 Dimethyl phthalate  

100 Area Fluoranthene No 0.3821 1.6127 mg/kg -- -- 44 Fluoranthene  

100 Area Fluorene No 0.3821 1.6127 mg/kg -- -- 44 Fluorene  

100 Area Hexachlorobenzene No 0.3821 1.6127 mg/kg -- -- 44 Hexachlorobenzene  

100 Area Hexachlorobutadiene No 0.3821 1.6127 mg/kg -- -- 44 Hexachlorobutadiene  

100 Area Hexachlorocyclopentadiene No 0.3821 1.6127 mg/kg -- -- 44 Hexachlorocyclopentadiene  

100 Area Hexachloroethane No 0.3821 1.6127 mg/kg -- -- 44 Hexachloroethane  

100 Area Indeno(1,2,3-cd)pyrene No 0.3821 1.6127 mg/kg -- -- 44 Indeno(1,2,3-cd)pyrene  

100 Area Isophorone No 0.3821 1.6127 mg/kg -- -- 44 Isophorone  

100 Area N-Nitroso-di-n-dipropylamine No 0.3821 1.6127 mg/kg -- -- 44 N-Nitroso-di-n-dipropylamine  

100 Area N-Nitrosodiphenylamine No 0.3821 1.6127 mg/kg -- -- 44 N-Nitrosodiphenylamine  

100 Area Naphthalene No 0.3821 1.6127 mg/kg -- -- 44 Naphthalene  

100 Area Pentachlorophenol No 1.9107 8.0636 mg/kg -- -- 44 Pentachlorophenol  

100 Area Phenanthrene No 0.3821 1.6127 mg/kg -- -- 44 Phenanthrene  

100 Area Phenol No 0.3821 1.6127 mg/kg -- -- 44 Phenol  

100 Area Pyrene No 0.3821 1.6127 mg/kg -- -- 44 Pyrene  

100 Area 1,1,1-Trichloroethane No 0.005 0.0107 mg/kg -- -- 45 1,1,1-Trichloroethane  
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Table 3-22.  100 Area Sub-Area Sediment Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number Results 
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

100 Area 1,1,2,2-Tetrachloroethane No 0.005 0.0107 mg/kg -- -- 45 1,1,2,2-Tetrachloroethane  

100 Area 1,1,2-Trichloroethane No 0.005 0.0107 mg/kg -- -- 45 1,1,2-Trichloroethane  

100 Area 1,1-Dichloroethane No 0.005 0.0107 mg/kg -- -- 45 1,1-Dichloroethane  

100 Area 1,1-Dichloroethene No 0.005 0.0107 mg/kg -- -- 45 1,1-Dichloroethene  

100 Area 1,2,4-Trichlorobenzene No 0.3821 1.6127 mg/kg -- -- 44 1,2,4-Trichlorobenzene  

100 Area 1,2-Dichlorobenzene No 0.3821 1.6127 mg/kg -- -- 44 1,2-Dichlorobenzene  

100 Area 1,2-Dichloroethane No 0.005 0.0107 mg/kg -- -- 45 1,2-Dichloroethane  

100 Area 1,2-Dichloroethene(total) No 0.005 0.0107 mg/kg -- -- 16 1,2-Dichloroethene(Total)  

100 Area 1,2-Dichloropropane No 0.005 0.0107 mg/kg -- -- 45 1,2-Dichloropropane  

100 Area 1,3-Dichlorobenzene No 0.3821 1.6127 mg/kg -- -- 44 1,3-Dichlorobenzene  

100 Area 1,4-Dichlorobenzene No 0.3821 1.6127 mg/kg -- -- 44 1,4-Dichlorobenzene  

100 Area 2-Butanone No 0.01 0.0204 mg/kg -- -- 45 2-Butanone  

100 Area 2-Hexanone No 0.01 0.0204 mg/kg -- -- 45 2-Hexanone  

100 Area 4-Methyl-2-Pentanone No 0.01 0.0204 mg/kg -- -- 45 4-Methyl-2-Pentanone  

100 Area Benzene No 0.005 0.0107 mg/kg -- -- 45 Benzene  

100 Area Bromodichloromethane No 0.005 0.0107 mg/kg -- -- 45 Bromodichloromethane  

100 Area Bromoform No 0.005 0.0107 mg/kg -- -- 45 Bromoform  

100 Area Bromomethane No 0.01 0.0192 mg/kg -- -- 45 Bromomethane  

100 Area Carbon disulfide No 0.005 0.0107 mg/kg -- -- 45 Carbon disulfide  

100 Area Carbon tetrachloride No 0.005 0.0107 mg/kg -- -- 45 Carbon tetrachloride  

100 Area Chlorobenzene No 0.005 0.0107 mg/kg -- -- 45 Chlorobenzene  

100 Area Chloroethane No 0.01 0.0192 mg/kg -- -- 45 Chloroethane  

100 Area Chloroform No 0.005 0.0107 mg/kg -- -- 45 Chloroform  

100 Area Chloromethane No 0.01 0.0192 mg/kg -- -- 45 Chloromethane  

100 Area cis-1,2-Dichloroethylene No 0.005 0.0107 mg/kg -- -- 45 cis-1,2-Dichloroethylene  

100 Area cis-1,3-Dichloropropene No 0.005 0.0107 mg/kg -- -- 45 cis-1,3-Dichloropropene  

100 Area Dibromochloromethane No 0.005 0.0107 mg/kg -- -- 45 Dibromochloromethane  

100 Area Ethylbenzene No 0.005 0.0107 mg/kg -- -- 45 Ethylbenzene  

100 Area m-Xylene No 0.005 0.0107 mg/kg -- -- 12 m-Xylene  

100 Area Nitrobenzene No 0.3821 1.6127 mg/kg -- -- 44 Nitrobenzene  

100 Area o-Xylene No 0.005 0.0107 mg/kg -- -- 12 o-Xylene  

100 Area Styrene No 0.005 0.0107 mg/kg -- -- 45 Styrene  

100 Area Tetrachloroethene No 0.005 0.0107 mg/kg -- -- 45 Tetrachloroethene  

100 Area Toluene No 0.005 0.0107 mg/kg -- -- 45 Toluene  

100 Area trans-1,2-Dichloroethylene No 0.005 0.0107 mg/kg -- -- 45 trans-1,2-Dichloroethylene  

100 Area trans-1,3-Dichloropropene No 0.005 0.0107 mg/kg -- -- 45 trans-1,3-Dichloropropene  

100 Area Trichloroethene No 0.005 0.0107 mg/kg -- -- 45 Trichloroethene  
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Table 3-22.  100 Area Sub-Area Sediment Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number Results 
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

100 Area Vinyl chloride No 0.01 0.0192 mg/kg -- -- 45 Vinyl chloride  

100 Area Xylenes (total) No 0.005 0.0107 mg/kg -- -- 45 Xylenes (total)  
a Nondetect constituents that were not sampling and analysis plan indicator compounds, or which did not meet their required reporting limits, were retained as “Uncertain COPECs” for qualitative evaluation in the Uncertainty Analysis (Section 10.0).   
-- = not applicable 
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Table 3-23.  300 Area Sub-Area Sediment Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number Results 
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

300 Area 4,6-Dinitro-2-methylphenol No 0.35277 2.46318 mg/kg -- -- 75 4,6-Dinitro-2-methylphenol   

300 Area alpha-Chlordane No 0.001422 0.005754 mg/kg -- -- 75 alpha-Chlordane   

300 Area Dichlorodiphenyldichloroethane No 0.001422 0.005754 mg/kg -- -- 75 Dichlorodiphenyldichloroethane   

300 Area Dichlorodiphenyltrichloroethane No 0.001422 0.005754 mg/kg -- -- 75 Dichlorodiphenyltrichloroethane   

300 Area Dieldrin No 0.001422 0.005754 mg/kg -- -- 75 Dieldrin   

300 Area Endosulfan I No 0.001422 0.005754 mg/kg -- -- 75 Endosulfan I   

300 Area Endosulfan II No 0.001422 0.005754 mg/kg -- -- 75 Endosulfan II   

300 Area Endosulfan sulfate No 0.001422 0.005754 mg/kg -- -- 75 Endosulfan sulfate   

300 Area Endrin No 0.001422 0.005754 mg/kg -- -- 75 Endrin   

300 Area Endrin aldehyde No 0.001422 0.005754 mg/kg -- -- 75 Endrin aldehyde   

300 Area Endrin ketone No 0.001422 0.005754 mg/kg -- -- 75 Endrin ketone   

300 Area gamma-BHC (lindane) No 0.001422 0.005754 mg/kg -- -- 75 gamma-BHC (Lindane)   

300 Area Heptachlor No 0.001422 0.005754 mg/kg -- -- 75 Heptachlor   

300 Area Heptachlor epoxide No 0.001422 0.005754 mg/kg -- -- 75 Heptachlor epoxide   

300 Area Methoxychlor Yes 0.001422 0.005754 mg/kg 0.0165 75 75   Methoxychlor 

300 Area Toxaphene No 0.016822 0.0864 mg/kg -- -- 75 Toxaphene   

300 Area Americium-241 No 0.0142 0.4119 pCi/g -- -- 151 Americium-241   

300 Area Europium-154 No -0.0219 0.7065 pCi/g -- -- 153 Europium-154   

300 Area Europium-155 No 0.0313 0.4296 pCi/g -- -- 153 Europium-155   

300 Area 2,4,5-Trichlorophenol No 0.3528 1.7767 mg/kg -- -- 72 2,4,5-Trichlorophenol   

300 Area 2,4,6-Trichlorophenol No 0.3528 1.7767 mg/kg -- -- 72 2,4,6-Trichlorophenol   

300 Area 2,4-Dichlorophenol No 0.3528 1.7767 mg/kg -- -- 72 2,4-Dichlorophenol   

300 Area 2,4-Dimethylphenol No 0.3528 2.4632 mg/kg -- -- 75 2,4-Dimethylphenol   

300 Area 2,4-Dinitrophenol No 1.7638 12.3024 mg/kg -- -- 75 2,4-Dinitrophenol   

300 Area 2,4-Dinitrotoluene No 0.3528 1.7767 mg/kg -- -- 75 2,4-Dinitrotoluene   

300 Area 2,6-Dinitrotoluene No 0.3528 1.7767 mg/kg -- -- 75 2,6-Dinitrotoluene   

300 Area 2-Chloronaphthalene No 0.3528 1.7767 mg/kg -- -- 75 2-Chloronaphthalene   

300 Area 2-Chlorophenol No 0.3528 1.7767 mg/kg -- -- 75 2-Chlorophenol   

300 Area 2-Methylnaphthalene No 0.3528 1.7767 mg/kg -- -- 75 2-Methylnaphthalene   

300 Area 2-Methylphenol (cresol, o-) No 0.3528 1.7767 mg/kg -- -- 75 2-Methylphenol (cresol, o-)   

300 Area 2-Nitroaniline No 1.7639 8.8836 mg/kg -- -- 75 2-Nitroaniline   

300 Area 2-Nitrophenol No 0.3528 1.7767 mg/kg -- -- 75 2-Nitrophenol   

300 Area 3+4 Methylphenol (cresol, m+p) No 0.3528 1.7767 mg/kg -- -- 75 3+4 Methylphenol (cresol, m+p)   

300 Area 3,3'-Dichlorobenzidine No 0.7055 4.9264 mg/kg -- -- 75 3,3'-Dichlorobenzidine   

300 Area 3-Nitroaniline No 1.7639 12.3024 mg/kg -- -- 75 3-Nitroaniline   

300 Area 4-Bromophenylphenyl ether No 0.3528 1.7767 mg/kg -- -- 72 4-Bromophenylphenyl ether   
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Table 3-23.  300 Area Sub-Area Sediment Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number Results 
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

300 Area 4-Chloro-3-methylphenol No 0.3528 1.7767 mg/kg -- -- 75 4-Chloro-3-methylphenol   

300 Area 4-Chloroaniline No 0.3528 2.4632 mg/kg -- -- 75 4-Chloroaniline   

300 Area 4-Chlorophenylphenyl ether No 0.3528 1.7767 mg/kg -- -- 72 4-Chlorophenylphenyl ether   

300 Area 4-Methylphenol (cresol, p-) No 0.4382 1.0322 mg/kg -- -- 2 4-Methylphenol (cresol, p-)   

300 Area 4-Nitroaniline No 1.7639 12.3024 mg/kg -- -- 75 4-Nitroaniline   

300 Area 4-Nitrophenol No 1.7639 8.8836 mg/kg -- -- 75 4-Nitrophenol   

300 Area Acenaphthene No 0.3528 1.7767 mg/kg -- -- 75 Acenaphthene   

300 Area Acenaphthylene No 0.3528 1.7767 mg/kg -- -- 75 Acenaphthylene   

300 Area Anthracene No 0.3528 1.7767 mg/kg -- -- 75 Anthracene   

300 Area Benzo(a)anthracene No 0.3528 1.7767 mg/kg -- -- 75 Benzo(a)anthracene   

300 Area Benzo(a)pyrene No 0.3528 1.7767 mg/kg -- -- 75 Benzo(a)pyrene   

300 Area Benzo(b)fluoranthene No 0.3528 1.7767 mg/kg -- -- 75 Benzo(b)fluoranthene   

300 Area Benzo(ghi)perylene No 0.3528 1.7767 mg/kg -- -- 75 Benzo(ghi)perylene   

300 Area Benzo(k)fluoranthene No 0.3528 1.7767 mg/kg -- -- 75 Benzo(k)fluoranthene   

300 Area Bis(2-chloro-1-methylethyl)ether No 0.3528 1.7767 mg/kg -- -- 72 Bis(2-chloro-1-methylethyl)ether   

300 Area Bis(2-Chloroethoxy)methane No 0.3528 1.7767 mg/kg -- -- 72 Bis(2-Chloroethoxy)methane   

300 Area Bis(2-chloroethyl) ether No 0.3528 1.7767 mg/kg -- -- 72 Bis(2-chloroethyl) ether   

300 Area Butylbenzylphthalate No 0.3528 1.7767 mg/kg -- -- 75 Butylbenzylphthalate   

300 Area Carbazole No 0.3528 1.7767 mg/kg -- -- 75 Carbazole   

300 Area Chrysene No 0.3528 1.7767 mg/kg -- -- 75 Chrysene   

300 Area Di-n-octylphthalate No 0.3528 1.7767 mg/kg -- -- 75 Di-n-octylphthalate   

300 Area Dibenz[a,h]anthracene No 0.3528 1.7767 mg/kg -- -- 75 Dibenz[a,h]anthracene   

300 Area Dibenzofuran No 0.3528 1.7767 mg/kg -- -- 75 Dibenzofuran   

300 Area Diethylphthalate No 0.3528 1.7767 mg/kg -- -- 75 Diethylphthalate   

300 Area Dimethyl phthalate No 0.3528 1.7767 mg/kg -- -- 75 Dimethyl phthalate   

300 Area Fluoranthene No 0.3528 1.7767 mg/kg -- -- 75 Fluoranthene   

300 Area Fluorene No 0.3528 1.7767 mg/kg -- -- 75 Fluorene   

300 Area Hexachlorobenzene No 0.3528 1.7767 mg/kg -- -- 75 Hexachlorobenzene   

300 Area Hexachlorobutadiene No 0.3528 1.7767 mg/kg -- -- 75 Hexachlorobutadiene   

300 Area Hexachlorocyclopentadiene No 0.3528 2.4632 mg/kg -- -- 75 Hexachlorocyclopentadiene   

300 Area Hexachloroethane No 0.3528 2.4632 mg/kg -- -- 75 Hexachloroethane   

300 Area Indeno(1,2,3-cd)pyrene No 0.3528 1.7767 mg/kg -- -- 75 Indeno(1,2,3-cd)pyrene   

300 Area Isophorone No 0.3528 1.7767 mg/kg -- -- 75 Isophorone   

300 Area N-Nitroso-di-n-dipropylamine No 0.3528 1.7767 mg/kg -- -- 75 N-Nitroso-di-n-dipropylamine   

300 Area N-Nitrosodiphenylamine No 0.3528 1.7767 mg/kg -- -- 75 N-Nitrosodiphenylamine   

300 Area Naphthalene No 0.3528 1.7767 mg/kg -- -- 75 Naphthalene   

300 Area Pentachlorophenol No 1.7638 12.3024 mg/kg -- -- 72 Pentachlorophenol   
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Table 3-23.  300 Area Sub-Area Sediment Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number Results 
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

300 Area Phenanthrene No 0.3528 1.7767 mg/kg -- -- 75 Phenanthrene   

300 Area Phenol No 0.3528 1.7767 mg/kg -- -- 75 Phenol   

300 Area Pyrene No 0.3528 1.7767 mg/kg -- -- 75 Pyrene   

300 Area 1,1,1-Trichloroethane No 0.0046 0.0085 mg/kg -- -- 78 1,1,1-Trichloroethane   

300 Area 1,1,2,2-Tetrachloroethane No 0.0046 0.0085 mg/kg -- -- 78 1,1,2,2-Tetrachloroethane   

300 Area 1,1,2-Trichloroethane No 0.0046 0.0085 mg/kg -- -- 78 1,1,2-Trichloroethane   

300 Area 1,1-Dichloroethane No 0.0046 0.0085 mg/kg -- -- 78 1,1-Dichloroethane   

300 Area 1,1-Dichloroethene No 0.0046 0.0085 mg/kg -- -- 78 1,1-Dichloroethene   

300 Area 1,2,4-Trichlorobenzene No 0.3528 1.7767 mg/kg -- -- 75 1,2,4-Trichlorobenzene   

300 Area 1,2-Dichlorobenzene No 0.3528 1.7767 mg/kg -- -- 75 1,2-Dichlorobenzene   

300 Area 1,2-Dichloroethane No 0.0052 0.0102 mg/kg -- -- 78 1,2-Dichloroethane   

300 Area 1,2-Dichloroethene(total) No 0.0052 0.0085 mg/kg -- -- 28 1,2-Dichloroethene(Total)   

300 Area 1,2-Dichloropropane No 0.0046 0.0085 mg/kg -- -- 78 1,2-Dichloropropane   

300 Area 1,3-Dichlorobenzene No 0.3528 1.7767 mg/kg -- -- 75 1,3-Dichlorobenzene   

300 Area 1,4-Dichlorobenzene No 0.3528 1.7767 mg/kg -- -- 75 1,4-Dichlorobenzene   

300 Area 2-Butanone No 0.0104 0.0203 mg/kg -- -- 78 2-Butanone   

300 Area 2-Hexanone No 0.0104 0.0203 mg/kg -- -- 78 2-Hexanone   

300 Area 4-Methyl-2-Pentanone No 0.0104 0.0203 mg/kg -- -- 78 4-Methyl-2-Pentanone   

300 Area Benzene No 0.0046 0.0085 mg/kg -- -- 78 Benzene   

300 Area Bromodichloromethane No 0.0052 0.0102 mg/kg -- -- 78 Bromodichloromethane   

300 Area Bromoform No 0.0046 0.0085 mg/kg -- -- 78 Bromoform   

300 Area Bromomethane No 0.0092 0.017 mg/kg -- -- 78 Bromomethane   

300 Area Carbon disulfide No 0.0046 0.0085 mg/kg -- -- 78 Carbon disulfide   

300 Area Carbon tetrachloride No 0.0046 0.0085 mg/kg -- -- 78 Carbon tetrachloride   

300 Area Chlorobenzene No 0.0046 0.0085 mg/kg -- -- 78 Chlorobenzene   

300 Area Chloroethane No 0.0092 0.017 mg/kg -- -- 78 Chloroethane   

300 Area Chloroform No 0.0046 0.0085 mg/kg -- -- 78 Chloroform   

300 Area Chloromethane No 0.0092 0.017 mg/kg -- -- 78 Chloromethane   

300 Area cis-1,2-Dichloroethylene No 0.0046 0.0085 mg/kg -- -- 78 cis-1,2-Dichloroethylene   

300 Area cis-1,3-Dichloropropene No 0.0046 0.0085 mg/kg -- -- 78 cis-1,3-Dichloropropene   

300 Area Dibromochloromethane No 0.0046 0.0085 mg/kg -- -- 78 Dibromochloromethane   

300 Area Ethylbenzene No 0.0046 0.0085 mg/kg -- -- 78 Ethylbenzene   

300 Area m-Xylene No 0.0052 0.0072 mg/kg -- -- 22 m-Xylene   

300 Area Nitrobenzene No 0.3528 1.7767 mg/kg -- -- 75 Nitrobenzene   

300 Area o-Xylene No 0.0052 0.0072 mg/kg -- -- 22 o-Xylene   

300 Area Styrene No 0.0046 0.0085 mg/kg -- -- 78 Styrene   

300 Area Tetrachloroethene No 0.0046 0.0085 mg/kg -- -- 78 Tetrachloroethene   
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Table 3-23.  300 Area Sub-Area Sediment Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number Results 
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

300 Area trans-1,2-Dichloroethylene No 0.0046 0.0085 mg/kg -- -- 78 trans-1,2-Dichloroethylene   

300 Area trans-1,3-Dichloropropene No 0.0046 0.0085 mg/kg -- -- 78 trans-1,3-Dichloropropene   

300 Area Trichloroethene No 0.0046 0.0085 mg/kg -- -- 78 Trichloroethene   

300 Area Vinyl chloride No 0.0092 0.017 mg/kg -- -- 78 Vinyl chloride   

300 Area Xylenes (total) No 0.0052 0.0098 mg/kg -- -- 78 Xylenes (total)   
a Nondetect constituents that were not sampling and analysis plan indicator compounds, or which did not meet their required reporting limits, were retained as “Uncertain COPECs” for qualitative evaluation in the Uncertainty Analysis (Section 10.0).   
-- = not applicable 
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Table 3-24.  Lake Wallula Sub-Area Sediment Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number Results 
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

Lake Wallula 1,2,3,4,6,7,8-Heptachlorodibenzofuran No 0.00000487 0.00000504 mg/kg -- -- 16 1,2,3,4,6,7,8-Heptachlorodibenzofuran  

Lake Wallula 1,2,3,4,7,8,9-Heptachlorodibenzofuran No 0.00000487 0.00000504 mg/kg -- -- 16 1,2,3,4,7,8,9-Heptachlorodibenzofuran  

Lake Wallula 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin No 0.00000487 0.00000504 mg/kg -- -- 16 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin  

Lake Wallula 1,2,3,4,7,8-Hexachlorodibenzofuran No 0.00000487 0.00000504 mg/kg -- -- 16 1,2,3,4,7,8-Hexachlorodibenzofuran  

Lake Wallula 1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin No 0.00000487 0.00000504 mg/kg -- -- 16 1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin  

Lake Wallula 1,2,3,6,7,8-Hexachlorodibenzofuran No 0.00000487 0.00000504 mg/kg -- -- 16 1,2,3,6,7,8-Hexachlorodibenzofuran  

Lake Wallula 1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin No 0.00000487 0.00000504 mg/kg -- -- 16 1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin  

Lake Wallula 1,2,3,7,8,9-Hexachlorodibenzofuran No 0.00000487 0.00000504 mg/kg -- -- 16 1,2,3,7,8,9-Hexachlorodibenzofuran  

Lake Wallula 1,2,3,7,8-Pentachlorodibenzo-p-dioxin No 0.00000487 0.00000504 mg/kg -- -- 16 1,2,3,7,8-Pentachlorodibenzo-p-dioxin  

Lake Wallula 1,2,3,7,8-Pentachlorodibenzofuran No 0.00000487 0.00000504 mg/kg -- -- 16 1,2,3,7,8-Pentachlorodibenzofuran  

Lake Wallula 2,3,4,6,7,8-Hexachlorodibenzofuran No 0.00000487 0.00000504 mg/kg -- -- 16 2,3,4,6,7,8-Hexachlorodibenzofuran  

Lake Wallula 2,3,4,7,8-Pentachlorodibenzofuran No 0.00000487 0.00000504 mg/kg -- -- 16 2,3,4,7,8-Pentachlorodibenzofuran  

Lake Wallula 2,3,7,8-Tetachlorodibenzofuran No 0.00000098 0.00000102 mg/kg -- -- 16 2,3,7,8-Tetachlorodibenzofuran  

Lake Wallula 2,3,7,8-Tetrachlorodibenzo-p-dioxin No 0.00000098 0.00000101 mg/kg -- -- 16 2,3,7,8-Tetrachlorodibenzo-p-dioxin  

Lake Wallula Octachlorodibenzofuran No 0.00000975 0.0000122 mg/kg -- -- 16 Octachlorodibenzofuran  

Lake Wallula Tin Yes 0.6172 36.351 mg/kg 10 75 106 Tin  

Lake Wallula Uranium Yes 4.4976 87.7617 mg/kg 5 1 106 Uranium  

Lake Wallula 
2,2,4,5,6,7,8,8-octachloro-2,3,3a,4,7,7a-
hexahydro-4,7-Methano-1H-indene 

No 0.0017 0.0017 mg/kg -- -- 5 
2,2,4,5,6,7,8,8-octachloro-2,3,3a,4,7,7a-
hexahydro-4,7-Methano-1H-indene 

 

Lake Wallula 4,6-Dinitro-2-methylphenol No 0.33495 3.42738 mg/kg -- -- 84 4,6-Dinitro-2-methylphenol  

Lake Wallula alpha-Chlordane No 0.00011 0.017293 mg/kg -- -- 89 alpha-Chlordane  

Lake Wallula Azobenzene No 0.33 0.33 mg/kg -- -- 5 Azobenzene  

Lake Wallula beta-1,2,3,4,5,6-Hexachlorocyclohexane No 0.00011 0.017293 mg/kg -- -- 94 beta-1,2,3,4,5,6-Hexachlorocyclohexane  

Lake Wallula cis-Nonachlor No 0.00011 0.0022 mg/kg -- -- 15 cis-Nonachlor  

Lake Wallula delta-BHC No 0.00011 0.017293 mg/kg -- -- 94 delta-BHC  

Lake Wallula Dieldrin No 0.00053 0.017293 mg/kg -- -- 94 Dieldrin  

Lake Wallula Endosulfan I No 0.00053 0.017293 mg/kg -- -- 94 Endosulfan I  

Lake Wallula Endosulfan II No 0.00053 0.017293 mg/kg -- -- 94 Endosulfan II  

Lake Wallula Endosulfan sulfate No 0.00053 0.017293 mg/kg -- -- 94 Endosulfan sulfate  

Lake Wallula Endrin No 0.00053 0.017293 mg/kg -- -- 94 Endrin  

Lake Wallula Endrin aldehyde No 0.00053 0.017293 mg/kg -- -- 94 Endrin aldehyde  

Lake Wallula Endrin ketone No 0.00053 0.017293 mg/kg -- -- 94 Endrin ketone  

Lake Wallula gamma-BHC (lindane) No 0.00011 0.017293 mg/kg -- -- 89 gamma-BHC (lindane)  

Lake Wallula gamma-Chlordane No 0.00011 0.017293 mg/kg -- -- 89 gamma-Chlordane  

Lake Wallula Heptachlor No 0.00011 0.017293 mg/kg -- -- 89 Heptachlor  

Lake Wallula Heptachlor epoxide No 0.00011 0.017293 mg/kg -- -- 89 Heptachlor epoxide  

Lake Wallula Methoxychlor Yes 0.00135 0.017293 mg/kg 0.0165 92 93 Methoxychlor  
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Table 3-24.  Lake Wallula Sub-Area Sediment Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number Results 
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

Lake Wallula Mirex No 0.00011 0.0022 mg/kg -- -- 15 Mirex  

Lake Wallula o,p'-Dichlorodiphenyldichloroethane No 0.00011 0.0022 mg/kg -- -- 15 o,p'-DDD  

Lake Wallula o,p'-Dichlorodiphenyldichloroethylene No 0.00011 0.0022 mg/kg -- -- 15 o,p'-DDE  

Lake Wallula Oxychlordane No 0.00011 0.0022 mg/kg -- -- 15 Oxychlordane  

Lake Wallula Toxaphene No 0.011 0.25965 mg/kg -- -- 94 Toxaphene  

Lake Wallula trans-Nonachlor No 0.00011 0.0022 mg/kg -- -- 15 trans-Nonachlor  

Lake Wallula Americium-241 No 0.0143 0.5596 pCi/g -- -- 91 Americium-241  

Lake Wallula Carbon-14 Yes -3.8344 6.2835 pCi/g 50 91 91  Carbon-14 

Lake Wallula Europium-155 No -0.03 0.206 pCi/g -- -- 115 Europium-155  

Lake Wallula Technetium-99 No -0.33 0.8189 pCi/g -- -- 91 Technetium-99  

Lake Wallula 2,4,5-Trichlorophenol No 0.335 3.4274 mg/kg -- -- 79 2,4,5-Trichlorophenol  

Lake Wallula 2,4,6-Trichlorophenol No 0.335 3.4274 mg/kg -- -- 79 2,4,6-Trichlorophenol  

Lake Wallula 2,4-Dichlorophenol No 0.33 3.4274 mg/kg -- -- 84 2,4-Dichlorophenol  

Lake Wallula 2,4-Dimethylphenol No 0.33 3.4274 mg/kg -- -- 84 2,4-Dimethylphenol  

Lake Wallula 2,4-Dinitrophenol No 1.6748 17.1369 mg/kg -- -- 84 2,4-Dinitrophenol  

Lake Wallula 2,4-Dinitrotoluene No 0.33 3.4274 mg/kg -- -- 84 2,4-Dinitrotoluene  

Lake Wallula 2,6-Dinitrotoluene No 0.33 3.4274 mg/kg -- -- 84 2,6-Dinitrotoluene  

Lake Wallula 2-Chloronaphthalene No 0.33 3.4274 mg/kg -- -- 84 2-Chloronaphthalene  

Lake Wallula 2-Chlorophenol No 0.33 3.4274 mg/kg -- -- 84 2-Chlorophenol  

Lake Wallula 2-Methylnaphthalene No 0.33 3.4274 mg/kg -- -- 84 2-Methylnaphthalene  

Lake Wallula 2-Methylphenol (cresol, o-) No 0.335 3.4274 mg/kg -- -- 79 2-Methylphenol (cresol, o-)  

Lake Wallula 2-Nitroaniline No 1.6748 17.1369 mg/kg -- -- 84 2-Nitroaniline  

Lake Wallula 2-Nitrophenol No 0.33 3.4274 mg/kg -- -- 84 2-Nitrophenol  

Lake Wallula 3+4 Methylphenol (cresol, m+p) No 0.335 3.4274 mg/kg -- -- 79 3+4 Methylphenol (cresol, m+p)  

Lake Wallula 3,3'-Dichlorobenzidine No 0.6699 6.8548 mg/kg -- -- 79 3,3'-Dichlorobenzidine  

Lake Wallula 3-Nitroaniline No 1.6748 17.1369 mg/kg -- -- 84 3-Nitroaniline  

Lake Wallula 4-Bromophenylphenyl ether No 0.335 3.4274 mg/kg -- -- 79 4-Bromophenylphenyl ether  

Lake Wallula 4-Chloro-3-methylphenol No 0.33 3.4274 mg/kg -- -- 84 4-Chloro-3-methylphenol  

Lake Wallula 4-Chloroaniline No 0.33 3.4274 mg/kg -- -- 84 4-Chloroaniline  

Lake Wallula 4-Chlorophenylphenyl ether No 0.335 3.4274 mg/kg -- -- 79 4-Chlorophenylphenyl ether  

Lake Wallula 4-Nitroaniline No 1.6748 17.1369 mg/kg -- -- 79 4-Nitroaniline  

Lake Wallula 4-Nitrophenol No 1.6748 17.1369 mg/kg -- -- 84 4-Nitrophenol  

Lake Wallula Acenaphthene No 0.33 3.4274 mg/kg -- -- 84 Acenaphthene  

Lake Wallula Acenaphthylene No 0.335 3.4274 mg/kg -- -- 79 Acenaphthylene  

Lake Wallula Aniline No 0.83 0.83 mg/kg -- -- 5 Aniline  

Lake Wallula Anthracene No 0.33 3.4274 mg/kg -- -- 84 Anthracene  

Lake Wallula Benzo(a)anthracene No 0.335 3.4274 mg/kg -- -- 79 Benzo(a)anthracene  

Lake Wallula Benzo(a)pyrene No 0.33 3.4274 mg/kg -- -- 84 Benzo(a)pyrene  
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Table 3-24.  Lake Wallula Sub-Area Sediment Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number Results 
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

Lake Wallula Benzo(ghi)perylene No 0.335 3.4274 mg/kg -- -- 79 Benzo(ghi)perylene  

Lake Wallula Benzo(k)fluoranthene No 0.335 3.4274 mg/kg -- -- 79 Benzo(k)fluoranthene  

Lake Wallula Benzoic acid No 1.7 1.7 mg/kg -- -- 5 Benzoic acid  

Lake Wallula Benzyl alcohol No 0.33 0.33 mg/kg -- -- 5 Benzyl alcohol  

Lake Wallula Bis(2-chloro-1-methylethyl)ether No 0.33 3.4274 mg/kg -- -- 84 Bis(2-chloro-1-methylethyl)ether  

Lake Wallula Bis(2-Chloroethoxy)methane No 0.33 3.4274 mg/kg -- -- 84 Bis(2-Chloroethoxy)methane  

Lake Wallula Bis(2-chloroethyl) ether No 0.335 3.4274 mg/kg -- -- 79 Bis(2-chloroethyl) ether  

Lake Wallula Carbazole No 0.33 3.4274 mg/kg -- -- 84 Carbazole  

Lake Wallula Di-n-butylphthalate No 0.335 3.4274 mg/kg -- -- 79 Di-n-butylphthalate  

Lake Wallula Di-n-octylphthalate No 0.335 3.4274 mg/kg -- -- 79 Di-n-octylphthalate  

Lake Wallula Dibenz[a,h]anthracene No 0.335 3.4274 mg/kg -- -- 79 Dibenz[a,h]anthracene  

Lake Wallula Dibenzofuran No 0.33 3.4274 mg/kg -- -- 84 Dibenzofuran  

Lake Wallula Diethylphthalate No 0.33 3.4274 mg/kg -- -- 84 Diethylphthalate  

Lake Wallula Dimethyl phthalate No 0.335 3.4274 mg/kg -- -- 79 Dimethyl phthalate  

Lake Wallula Fluorene No 0.33 3.4274 mg/kg -- -- 84 Fluorene  

Lake Wallula Hexachlorobutadiene No 0.0001 3.4274 mg/kg -- -- 99 Hexachlorobutadiene  

Lake Wallula Hexachlorocyclopentadiene No 0.33 3.4274 mg/kg -- -- 84 Hexachlorocyclopentadiene  

Lake Wallula Hexachloroethane No 0.33 3.4274 mg/kg -- -- 84 Hexachloroethane  

Lake Wallula Indeno(1,2,3-cd)pyrene No 0.33 3.4274 mg/kg -- -- 84 Indeno(1,2,3-cd)pyrene  

Lake Wallula Isophorone No 0.33 3.4274 mg/kg -- -- 84 Isophorone  

Lake Wallula N-Nitroso-di-n-dipropylamine No 0.335 3.4274 mg/kg -- -- 79 N-Nitroso-di-n-dipropylamine  

Lake Wallula N-Nitrosodiphenylamine No 0.33 3.4274 mg/kg -- -- 84 N-Nitrosodiphenylamine  

Lake Wallula Naphthalene No 0.33 3.4274 mg/kg -- -- 84 Naphthalene  

Lake Wallula Pentachlorophenol No 1.6748 17.1369 mg/kg -- -- 84 Pentachlorophenol  

Lake Wallula Phenol No 0.33 3.4274 mg/kg -- -- 84 Phenol  

Lake Wallula Pyridine No 0.33 0.33 mg/kg -- -- 5 Pyridine  

Lake Wallula 1,1,1-Trichloroethane No 0.0039 0.0786 mg/kg -- -- 75 1,1,1-Trichloroethane  

Lake Wallula 1,1,2,2-Tetrachloroethane No 0.0039 0.0786 mg/kg -- -- 75 1,1,2,2-Tetrachloroethane  

Lake Wallula 1,1,2-Trichloroethane No 0.0039 0.0786 mg/kg -- -- 75 1,1,2-Trichloroethane  

Lake Wallula 1,1-Dichloroethane No 0.0039 0.0786 mg/kg -- -- 75 1,1-Dichloroethane  

Lake Wallula 1,1-Dichloroethene No 0.0039 0.0786 mg/kg -- -- 75 1,1-Dichloroethene  

Lake Wallula 1,2,4-Trichlorobenzene No 0.335 3.4274 mg/kg -- -- 79 1,2,4-Trichlorobenzene  

Lake Wallula 1,2-Dichlorobenzene No 0.33 3.4274 mg/kg -- -- 84 1,2-Dichlorobenzene  

Lake Wallula 1,2-Dichloroethane No 0.0047 0.0786 mg/kg -- -- 75 1,2-Dichloroethane  

Lake Wallula 1,2-Dichloroethene(total) No 0.0087 0.0786 mg/kg -- -- 10 1,2-Dichloroethene(total)  

Lake Wallula 1,2-Dichloropropane No 0.0039 0.0786 mg/kg -- -- 75 1,2-Dichloropropane  

Lake Wallula 1,3-Dichlorobenzene No 0.335 3.4274 mg/kg -- -- 79 1,3-Dichlorobenzene  

Lake Wallula 1,4-Dichlorobenzene No 0.33 3.4274 mg/kg -- -- 84 1,4-Dichlorobenzene  
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Table 3-24.  Lake Wallula Sub-Area Sediment Nondetect Analysis.  (4 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number Results 
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

Lake Wallula 2-Butanone No 0.0094 0.1613 mg/kg -- -- 75 2-Butanone  

Lake Wallula 2-Hexanone No 0.0094 0.1613 mg/kg -- -- 75 2-Hexanone  

Lake Wallula 4-Methyl-2-Pentanone No 0.0094 0.1613 mg/kg -- -- 75 4-Methyl-2-Pentanone  

Lake Wallula Benzene No 0.0039 0.0786 mg/kg -- -- 75 Benzene  

Lake Wallula Bromodichloromethane No 0.0047 0.0786 mg/kg -- -- 75 Bromodichloromethane  

Lake Wallula Bromoform No 0.0039 0.0786 mg/kg -- -- 75 Bromoform  

Lake Wallula Bromomethane No 0.0078 0.1613 mg/kg -- -- 75 Bromomethane  

Lake Wallula Carbon disulfide No 0.0039 0.0786 mg/kg -- -- 75 Carbon disulfide  

Lake Wallula Carbon tetrachloride No 0.0039 0.0786 mg/kg -- -- 75 Carbon tetrachloride  

Lake Wallula Chlorobenzene No 0.0039 0.0786 mg/kg -- -- 75 Chlorobenzene  

Lake Wallula Chloroethane No 0.0078 0.1613 mg/kg -- -- 75 Chloroethane  

Lake Wallula Chloroform No 0.0039 0.0786 mg/kg -- -- 75 Chloroform  

Lake Wallula Chloromethane No 0.0078 0.1613 mg/kg -- -- 75 Chloromethane  

Lake Wallula cis-1,2-Dichloroethylene No 0.0039 0.0786 mg/kg -- -- 75 cis-1,2-Dichloroethylene  

Lake Wallula cis-1,3-Dichloropropene No 0.0039 0.0786 mg/kg -- -- 75 cis-1,3-Dichloropropene  

Lake Wallula Dibromochloromethane No 0.0039 0.0786 mg/kg -- -- 75 Dibromochloromethane  

Lake Wallula Ethylbenzene No 0.0039 0.0786 mg/kg -- -- 75 Ethylbenzene  

Lake Wallula m-Xylene No 0.0087 0.0786 mg/kg -- -- 10 m-Xylene  

Lake Wallula Nitrobenzene No 0.33 3.4274 mg/kg -- -- 84 Nitrobenzene  

Lake Wallula o-Xylene No 0.0087 0.0786 mg/kg -- -- 10 o-Xylene  

Lake Wallula Styrene No 0.0039 0.0786 mg/kg -- -- 75 Styrene  

Lake Wallula Tetrachloroethene No 0.0039 0.0786 mg/kg -- -- 75 Tetrachloroethene  

Lake Wallula trans-1,2-Dichloroethylene No 0.0039 0.0786 mg/kg -- -- 75 trans-1,2-Dichloroethylene  

Lake Wallula trans-1,3-Dichloropropene No 0.0039 0.0786 mg/kg -- -- 75 trans-1,3-Dichloropropene  

Lake Wallula Trichloroethene No 0.0039 0.0786 mg/kg -- -- 75 Trichloroethene  

Lake Wallula Vinyl chloride No 0.0078 0.1613 mg/kg -- -- 75 Vinyl chloride  

Lake Wallula Xylenes (total) No 0.0047 0.0786 mg/kg -- -- 75 Xylenes (total)  
a Nondetect constituents that were not sampling and analysis plan indicator compounds, or which did not meet their required reporting limits, were retained as “Uncertain COPECs” for qualitative evaluation in the Uncertainty Analysis (Section 10.0).   

-- = not applicable 
BHC = benzene hexachloride 
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Table 3-25.  Porewater Nondetect Analysis.   

OU Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

LimitL 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number Results 
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

100-BC-5 Antimony No 0.006 0.006 mg/L -- -- 17 Antimony Uranium 

100-BC-5 Mercury Yes 0.0002 0.001 mg/L 0.0005 16 17 Mercury  

100-BC-5 Silver No 0.002 0.002 mg/L -- -- 17 Silver  

100-BC-5 Uranium Yes 0.1 0.1 mg/L 0.5 17 17   

 

100-KR-4 Antimony No 0.006 0.012 mg/L -- -- 11 Antimony Strontium-90 

100-KR-4 Beryllium No 0.002 0.004 mg/L -- -- 11 Beryllium Uranium 

100-KR-4 Mercury Yes 0.0002 0.002 mg/L 0.0005 10 11 Mercury  

100-KR-4 Silver No 0.002 0.004 mg/L -- -- 11 Silver  

100-KR-4 Strontium-90 Yes -0.561 0.599 pCi/L 1 6 6   

100-KR-4 Uranium Yes 0.1 0.2 mg/L 0.5 11 11   

 

100-NR-2 Antimony No 0.006 0.006 mg/L -- -- 10 Antimony Mercury 

100-NR-2 Beryllium No 0.002 0.002 mg/L -- -- 10 Beryllium Uranium 

100-NR-2 Copper No 0.01 0.01 mg/L -- -- 10 Copper  

100-NR-2 Mercury Yes 8.30E-05 0.0002 mg/L 0.0005 10 10 Silver  

100-NR-2 Silver No 0.002 0.002 mg/L -- -- 10   

100-NR-2 Uranium Yes 0.1 0.1 mg/L 0.5 10 10   

 

100-HR-3 Antimony No 0.0031 0.012 mg/L -- -- 25 Antimony None 

100-HR-3 Silver No 0.00093 0.004 mg/L -- -- 25 Silver   

 

100-FR-3 Antimony No 0.006 0.006 mg/L -- -- 6 Antimony Tritium 

100-FR-3 Beryllium No 0.002 0.002 mg/L -- -- 6 Beryllium Uranium 

100-FR-3 Silver No 0.002 0.002 mg/L -- -- 6 Silver  

100-FR-3 Tritium Yes -8.21 75.9 pCi/L 400 3 3   

100-FR-3 Uranium Yes 0.1 0.1 mg/L 0.5 6 6   

 

200-PO-1 Antimony No 0.006 0.012 mg/L -- -- 10 Antimony Mercury 

200-PO-1 Beryllium No 0.002 0.004 mg/L -- -- 10 Beryllium Uranium 

200-PO-1 Mercury Yes 8.20E-05 0.0004 mg/L 0.0005 10 10 Silver  

200-PO-1 Silver No 0.002 0.004 mg/L -- -- 10   

200-PO-1 Uranium Yes 0.1 0.2 mg/L 0.5 10 10   

 

300-FF-5 Antimony No 0.006 0.012 mg/L -- -- 16 Antimony None 

300-FF-5 Silver No 0.002 0.004 mg/L -- -- 16 Silver  

-- = not applicable; not an Inclusion List constituent 
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Table 3-26.  100 Area Sub-Area Soil Nondetect Analysis.  (3 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number Results
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

100 Area Silver Yes 0.117 0.249 mg/kg 0.2 19 29 Silver  

100 Area Thallium No 0.292 0.623 mg/kg -- -- 29 Thallium  

100 Area Tin Yes 0.373 12.5 mg/kg 10 22 29 Tin  

100 Area 4,6-Dinitro-2-methylphenol No 0.354 0.822 mg/kg -- -- 11 4,6-Dinitro-2-methylphenol  

100 Area Aldrin No 0.00143 0.00166 mg/kg -- -- 11 Aldrin  

100 Area alpha-BHC No 0.00143 0.00166 mg/kg -- -- 11 alpha-BHC  

100 Area alpha-Chlordane No 0.00143 0.00166 mg/kg -- -- 11 alpha-Chlordane  

100 Area beta-1,2,3,4,5,6-Hexachlorocyclohexane No 0.00143 0.00166 mg/kg -- -- 11 
beta-1,2,3,4,5,6-
Hexachlorocyclohexane 

 

100 Area delta-BHC No 0.00143 0.00166 mg/kg -- -- 11 delta-BHC  

100 Area Dichlorodiphenyldichloroethane No 0.00143 0.00166 mg/kg -- -- 11 Dichlorodiphenyldichloroethane  

100 Area Dieldrin No 0.00143 0.00166 mg/kg -- -- 11 Dieldrin  

100 Area Endosulfan II No 0.00143 0.00166 mg/kg -- -- 11 Endosulfan II  

100 Area Endosulfan sulfate No 0.00143 0.00166 mg/kg -- -- 11 Endosulfan sulfate  

100 Area Endrin aldehyde No 0.00143 0.00166 mg/kg -- -- 11 Endrin aldehyde  

100 Area Endrin ketone No 0.00143 0.00166 mg/kg -- -- 11 Endrin ketone  

100 Area gamma-BHC (lindane) No 0.00143 0.00166 mg/kg -- -- 11 gamma-BHC (lindane)  

100 Area gamma-Chlordane No 0.00143 0.00166 mg/kg -- -- 11 gamma-Chlordane  

100 Area Heptachlor No 0.00143 0.00166 mg/kg -- -- 11 Heptachlor  

100 Area Heptachlor epoxide No 0.00143 0.00166 mg/kg -- -- 11 Heptachlor epoxide  

100 Area Methoxychlor Yes 0.00143 0.00166 mg/kg 0.0165 11 11  Methoxychlor 

100 Area Toxaphene No 0.0214 0.0249 mg/kg -- -- 11 Toxaphene  

100 Area Americium-241 No 0.016 0.288 pCi/g -- -- 29 Americium-241  

100 Area Cobalt-60 Yes 0.009 0.044 pCi/g 0.05 29 29  Cobalt-60 

100 Area Europium-152 No 0.026 0.119 pCi/g -- -- 29 Europium-152  

100 Area Europium-154 No 0.031 0.153 pCi/g -- -- 29 Europium-154  

100 Area Europium-155 No 0.043 0.15 pCi/g -- -- 29 Europium-155  

100 Area Plutonium-238 No -0.044 0.109 pCi/g -- -- 29 Plutonium-238  

100 Area Plutonium-239/240 No -0.013 0.043 pCi/g -- -- 29 Plutonium-239/240  

100 Area Strontium-90 Yes -0.092 0.27 pCi/g 1 29 29  Strontium-90 

100 Area Technetium-99 No -0.106 0.139 pCi/g -- -- 29 Technetium-99  

100 Area Tritium Yes -3.65 2.22 pCi/g 400 29 29  Tritium 

100 Area 2,4,5-Trichlorophenol No 0.354 0.822 mg/kg -- -- 11 2,4,5-Trichlorophenol  

100 Area 2,4,6-Trichlorophenol No 0.354 0.822 mg/kg -- -- 11 2,4,6-Trichlorophenol  

100 Area 2,4-Dichlorophenol No 0.354 0.822 mg/kg -- -- 11 2,4-Dichlorophenol  

100 Area 2,4-Dimethylphenol No 0.354 0.822 mg/kg -- -- 11 2,4-Dimethylphenol  

100 Area 2,4-Dinitrophenol No 1.77 4.11 mg/kg -- -- 11 2,4-Dinitrophenol  
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Table 3-26.  100 Area Sub-Area Soil Nondetect Analysis.  (3 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number Results
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

100 Area 2,4-Dinitrotoluene No 0.354 0.822 mg/kg -- -- 11 2,4-Dinitrotoluene  

100 Area 2,6-Dinitrotoluene No 0.354 0.822 mg/kg -- -- 11 2,6-Dinitrotoluene  

100 Area 2-Chloronaphthalene No 0.354 0.822 mg/kg -- -- 11 2-Chloronaphthalene  

100 Area 2-Chlorophenol No 0.354 0.822 mg/kg -- -- 11 2-Chlorophenol  

100 Area 2-Methylnaphthalene No 0.354 0.822 mg/kg -- -- 11 2-Methylnaphthalene  

100 Area 2-Methylphenol (cresol, o-) No 0.354 0.822 mg/kg -- -- 11 2-Methylphenol (cresol, o-)  

100 Area 2-Nitroaniline No 1.77 4.11 mg/kg -- -- 11 2-Nitroaniline  

100 Area 2-Nitrophenol No 0.354 0.822 mg/kg -- -- 11 2-Nitrophenol  

100 Area 3+4 Methylphenol (cresol, m+p) No 0.354 0.822 mg/kg -- -- 11 3+4 Methylphenol (cresol, m+p)  

100 Area 3,3'-Dichlorobenzidine No 0.707 1.64 mg/kg -- -- 11 3,3'-Dichlorobenzidine  

100 Area 3-Nitroaniline No 1.77 4.11 mg/kg -- -- 11 3-Nitroaniline  

100 Area 4-Bromophenylphenyl ether No 0.354 0.822 mg/kg -- -- 11 4-Bromophenylphenyl ether  

100 Area 4-Chloro-3-methylphenol No 0.354 0.822 mg/kg -- -- 11 4-Chloro-3-methylphenol  

100 Area 4-Chloroaniline No 0.354 0.822 mg/kg -- -- 11 4-Chloroaniline  

100 Area 4-Chlorophenylphenyl ether No 0.354 0.822 mg/kg -- -- 11 4-Chlorophenylphenyl ether  

100 Area 4-Nitroaniline No 1.77 4.11 mg/kg -- -- 11 4-Nitroaniline  

100 Area 4-Nitrophenol No 1.77 4.11 mg/kg -- -- 11 4-Nitrophenol  

100 Area Acenaphthene No 0.354 0.822 mg/kg -- -- 11 Acenaphthene  

100 Area Acenaphthylene No 0.354 0.822 mg/kg -- -- 11 Acenaphthylene  

100 Area Anthracene No 0.354 0.822 mg/kg -- -- 11 Anthracene  

100 Area Benzo(a)anthracene No 0.354 0.822 mg/kg -- -- 11 Benzo(a)anthracene  

100 Area Benzo(a)pyrene No 0.354 0.822 mg/kg -- -- 11 Benzo(a)pyrene  

100 Area Benzo(b)fluoranthene No 0.354 0.822 mg/kg -- -- 11 Benzo(b)fluoranthene  

100 Area Benzo(ghi)perylene No 0.354 0.822 mg/kg -- -- 11 Benzo(ghi)perylene  

100 Area Benzo(k)fluoranthene No 0.354 0.822 mg/kg -- -- 11 Benzo(k)fluoranthene  

100 Area Bis(2-chloro-1-methylethyl)ether No 0.354 0.822 mg/kg -- -- 11 Bis(2-chloro-1-methylethyl)ether  

100 Area Bis(2-Chloroethoxy)methane No 0.354 0.822 mg/kg -- -- 11 Bis(2-Chloroethoxy)methane  

100 Area Bis(2-chloroethyl) ether No 0.354 0.822 mg/kg -- -- 11 Bis(2-chloroethyl) ether  

100 Area Bis(2-ethylhexyl) phthalate No 0.354 0.822 mg/kg -- -- 11 Bis(2-ethylhexyl) phthalate  

100 Area Butylbenzylphthalate No 0.354 0.822 mg/kg -- -- 11 Butylbenzylphthalate  

100 Area Carbazole No 0.354 0.822 mg/kg -- -- 11 Carbazole  

100 Area Chrysene No 0.354 0.822 mg/kg -- -- 11 Chrysene  

100 Area Di-n-butylphthalate No 0.354 0.822 mg/kg -- -- 11 Di-n-butylphthalate  

100 Area Di-n-octylphthalate No 0.354 0.822 mg/kg -- -- 11 Di-n-octylphthalate  

100 Area Dibenz[a,h]anthracene No 0.354 0.822 mg/kg -- -- 11 Dibenz[a,h]anthracene  

100 Area Dibenzofuran No 0.354 0.822 mg/kg -- -- 11 Dibenzofuran  

100 Area Dimethyl phthalate No 0.354 0.822 mg/kg -- -- 11 Dimethyl phthalate  
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Table 3-26.  100 Area Sub-Area Soil Nondetect Analysis.  (3 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number Results
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

100 Area Fluorene No 0.354 0.822 mg/kg -- -- 11 Fluorene  

100 Area Hexachlorobenzene No 0.354 0.822 mg/kg -- -- 11 Hexachlorobenzene  

100 Area Hexachlorobutadiene No 0.354 0.822 mg/kg -- -- 11 Hexachlorobutadiene  

100 Area Hexachlorocyclopentadiene No 0.354 0.822 mg/kg -- -- 11 Hexachlorocyclopentadiene  

100 Area Hexachloroethane No 0.354 0.822 mg/kg -- -- 11 Hexachloroethane  

100 Area Indeno(1,2,3-cd)pyrene No 0.354 0.822 mg/kg -- -- 11 Indeno(1,2,3-cd)pyrene  

100 Area Isophorone No 0.354 0.822 mg/kg -- -- 11 Isophorone  

100 Area N-Nitroso-di-n-dipropylamine No 0.354 0.822 mg/kg -- -- 11 N-Nitroso-di-n-dipropylamine  

100 Area N-Nitrosodiphenylamine No 0.354 0.822 mg/kg -- -- 11 N-Nitrosodiphenylamine  

100 Area Naphthalene No 0.354 0.822 mg/kg -- -- 11 Naphthalene  

100 Area Pentachlorophenol No 1.77 4.11 mg/kg -- -- 11 Pentachlorophenol  

100 Area Phenanthrene No 0.354 0.822 mg/kg -- -- 11 Phenanthrene  

100 Area Phenol No 0.354 0.822 mg/kg -- -- 11 Phenol  

100 Area 1,2,4-Trichlorobenzene No 0.354 0.822 mg/kg -- -- 11 1,2,4-Trichlorobenzene  

100 Area 1,2-Dichlorobenzene No 0.354 0.822 mg/kg -- -- 11 1,2-Dichlorobenzene  

100 Area 1,3-Dichlorobenzene No 0.354 0.822 mg/kg -- -- 11 1,3-Dichlorobenzene  

100 Area 1,4-Dichlorobenzene No 0.354 0.822 mg/kg -- -- 11 1,4-Dichlorobenzene  

100 Area Nitrobenzene No 0.354 0.822 mg/kg -- -- 11 Nitrobenzene  
a Nondetect constituents that were not sampling and analysis plan indicator compounds, or which did not meet their required reporting limits, were retained as “Uncertain COPECs” for qualitative evaluation in the Uncertainty Analysis (Section 10.0).   

-- = not applicable 
BHC = benzene hexachloride 
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Table 3-27.  300 Area Sub-Area Soil Nondetect Analysis.  (3 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target Reporting 
Limit 

Number 
Meeting Target 
Reporting Limit 

Number 
Results 

To Be Addressed in 
Uncertainty Analysis a  

Not a Contaminant of Potential 
Ecological Concern 

300 Area Silver Yes 0.119 0.227 mg/kg 0.2 30 48 Silver  

300 Area Tin Yes 0.499 11.3 mg/kg 10 34 48 Tin  

300 Area 4,6-Dinitro-2-methylphenol No 0.346 0.776 mg/kg -- -- 16 4,6-Dinitro-2-methylphenol  

300 Area Aldrin No 0.0014 0.00157 mg/kg -- -- 16 Aldrin  

300 Area alpha-BHC No 0.0014 0.00157 mg/kg -- -- 16 alpha-BHC  

300 Area alpha-Chlordane No 0.0014 0.00157 mg/kg -- -- 16 alpha-Chlordane  

300 Area beta-1,2,3,4,5,6-Hexachlorocyclohexane No 0.0014 0.00157 mg/kg -- -- 16 beta-1,2,3,4,5,6-Hexachlorocyclohexane  

300 Area delta-BHC No 0.0014 0.00157 mg/kg -- -- 16 delta-BHC  

300 Area Dichlorodiphenyldichloroethane No 0.0014 0.00157 mg/kg -- -- 16 Dichlorodiphenyldichloroethane  

300 Area Dieldrin No 0.0014 0.00157 mg/kg -- -- 16 Dieldrin  

300 Area Endosulfan I No 0.0014 0.00157 mg/kg -- -- 16 Endosulfan I  

300 Area Endosulfan II No 0.0014 0.00157 mg/kg -- -- 16 Endosulfan II  

300 Area Endosulfan sulfate No 0.0014 0.00157 mg/kg -- -- 16 Endosulfan sulfate  

300 Area Endrin No 0.0014 0.00157 mg/kg -- -- 16 Endrin  

300 Area Endrin aldehyde No 0.0014 0.00157 mg/kg -- -- 16 Endrin aldehyde  

300 Area Endrin ketone No 0.0014 0.00157 mg/kg -- -- 16 Endrin ketone  

300 Area gamma-BHC (lindane) No 0.0014 0.00157 mg/kg -- -- 16 gamma-BHC (Lindane)  

300 Area gamma-Chlordane No 0.0014 0.00157 mg/kg -- -- 16 gamma-Chlordane  

300 Area Heptachlor No 0.0014 0.00157 mg/kg -- -- 16 Heptachlor  

300 Area Heptachlor epoxide No 0.0014 0.00157 mg/kg -- -- 16 Heptachlor epoxide  

300 Area Methoxychlor Yes 0.0014 0.00157 mg/kg 0.0165 16 16  Methoxychlor 

300 Area Toxaphene No 0.021 0.0235 mg/kg -- -- 16 Toxaphene  

300 Area Americium-241 No 0.016 0.402 pCi/g -- -- 40 Americium-241  

300 Area Carbon-14 No -2.43 2.3 pCi/g -- -- 40 Carbon-14  

300 Area Europium-154 No 0.028 0.216 pCi/g -- -- 40 Europium-154  

300 Area Europium-155 No 0.048 0.164 pCi/g -- -- 40 Europium-155  

300 Area Plutonium-238 No -0.029 0.074 pCi/g -- -- 40 Plutonium-238  

300 Area Technetium-99 No -0.145 0.469 pCi/g -- -- 40 Technetium-99  

300 Area Tritium Yes -4.08 4.07 pCi/g 400 40 40  Tritium 

300 Area 2,4,5-Trichlorophenol No 0.346 0.776 mg/kg -- -- 16 2,4,5-Trichlorophenol  

300 Area 2,4,6-Trichlorophenol No 0.346 0.776 mg/kg -- -- 16 2,4,6-Trichlorophenol  

300 Area 2,4-Dichlorophenol No 0.346 0.776 mg/kg -- -- 16 2,4-Dichlorophenol  

300 Area 2,4-Dimethylphenol No 0.346 0.776 mg/kg -- -- 16 2,4-Dimethylphenol  

300 Area 2,4-Dinitrophenol No 1.73 3.88 mg/kg -- -- 16 2,4-Dinitrophenol  

300 Area 2,4-Dinitrotoluene No 0.346 0.776 mg/kg -- -- 16 2,4-Dinitrotoluene  

300 Area 2,6-Dinitrotoluene No 0.346 0.776 mg/kg -- -- 16 2,6-Dinitrotoluene  
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Table 3-27.  300 Area Sub-Area Soil Nondetect Analysis.  (3 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target Reporting 
Limit 

Number 
Meeting Target 
Reporting Limit 

Number 
Results 

To Be Addressed in 
Uncertainty Analysis a  

Not a Contaminant of Potential 
Ecological Concern 

300 Area 2-Chloronaphthalene No 0.346 0.776 mg/kg -- -- 16 2-Chloronaphthalene  

300 Area 2-Chlorophenol No 0.346 0.776 mg/kg -- -- 16 2-Chlorophenol  

300 Area 2-Methylnaphthalene No 0.346 0.776 mg/kg -- -- 16 2-Methylnaphthalene  

300 Area 2-Methylphenol (cresol, o-) No 0.346 0.776 mg/kg -- -- 16 2-Methylphenol (cresol, o-)  

300 Area 2-Nitroaniline No 1.73 3.88 mg/kg -- -- 16 2-Nitroaniline  

300 Area 2-Nitrophenol No 0.346 0.776 mg/kg -- -- 16 2-Nitrophenol  

300 Area 3+4 Methylphenol (cresol, m+p) No 0.346 0.776 mg/kg -- -- 16 3+4 Methylphenol (cresol, m+p)  

300 Area 3,3'-Dichlorobenzidine No 0.692 1.55 mg/kg -- -- 16 3,3'-Dichlorobenzidine  

300 Area 3-Nitroaniline No 1.73 3.88 mg/kg -- -- 16 3-Nitroaniline  

300 Area 4-Bromophenylphenyl ether No 0.346 0.776 mg/kg -- -- 16 4-Bromophenylphenyl ether  

300 Area 4-Chloro-3-methylphenol No 0.346 0.776 mg/kg -- -- 16 4-Chloro-3-methylphenol  

300 Area 4-Chloroaniline No 0.346 0.776 mg/kg -- -- 16 4-Chloroaniline  

300 Area 4-Chlorophenylphenyl ether No 0.346 0.776 mg/kg -- -- 16 4-Chlorophenylphenyl ether  

300 Area 4-Nitroaniline No 1.73 3.88 mg/kg -- -- 16 4-Nitroaniline  

300 Area 4-Nitrophenol No 1.73 3.88 mg/kg -- -- 16 4-Nitrophenol  

300 Area Acenaphthene No 0.346 0.776 mg/kg -- -- 15 Acenaphthene  

300 Area Acenaphthylene No 0.346 0.776 mg/kg -- -- 15 Acenaphthylene  

300 Area Anthracene No 0.346 0.776 mg/kg -- -- 15 Anthracene  

300 Area Benzo(a)anthracene No 0.346 0.776 mg/kg -- -- 15 Benzo(a)anthracene  

300 Area Benzo(a)pyrene No 0.346 0.776 mg/kg -- -- 15 Benzo(a)pyrene  

300 Area Benzo(b)fluoranthene No 0.346 0.776 mg/kg -- -- 15 Benzo(b)fluoranthene  

300 Area Benzo(ghi)perylene No 0.346 0.776 mg/kg -- -- 15 Benzo(ghi)perylene  

300 Area Benzo(k)fluoranthene No 0.346 0.776 mg/kg -- -- 15 Benzo(k)fluoranthene  

300 Area Bis(2-chloro-1-methylethyl)ether No 0.346 0.776 mg/kg -- -- 16 Bis(2-chloro-1-methylethyl)ether  

300 Area Bis(2-Chloroethoxy)methane No 0.346 0.776 mg/kg -- -- 16 Bis(2-Chloroethoxy)methane  

300 Area Bis(2-chloroethyl) ether No 0.346 0.776 mg/kg -- -- 16 Bis(2-chloroethyl) ether  

300 Area Butylbenzylphthalate No 0.346 0.776 mg/kg -- -- 16 Butylbenzylphthalate  

300 Area Carbazole No 0.346 0.776 mg/kg -- -- 16 Carbazole  

300 Area Chrysene No 0.346 0.776 mg/kg -- -- 15 Chrysene  

300 Area Di-n-butylphthalate No 0.346 0.776 mg/kg -- -- 16 Di-n-butylphthalate  

300 Area Di-n-octylphthalate No 0.346 0.776 mg/kg -- -- 16 Di-n-octylphthalate  

300 Area Dibenz[a,h]anthracene No 0.346 0.776 mg/kg -- -- 16 Dibenz[a,h]anthracene  

300 Area Dibenzofuran No 0.346 0.776 mg/kg -- -- 16 Dibenzofuran  

300 Area Diethylphthalate No 0.346 0.776 mg/kg -- -- 16 Diethylphthalate  

300 Area Dimethyl phthalate No 0.346 0.776 mg/kg -- -- 16 Dimethyl phthalate  

300 Area Fluoranthene No 0.346 0.776 mg/kg -- -- 15 Fluoranthene  

300 Area Fluorene No 0.346 0.776 mg/kg -- -- 15 Fluorene  

Exhibit 12b



Selection of Contaminants of DOE/RL-2010-117 

Potential Ecological Concern Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 2:  Screening-Level Ecological Risk Assessment 
June 2012 

 3-51 

Table 3-27.  300 Area Sub-Area Soil Nondetect Analysis.  (3 Pages) 

Sub-Area Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target Reporting 
Limit 

Number 
Meeting Target 
Reporting Limit 

Number 
Results 

To Be Addressed in 
Uncertainty Analysis a  

Not a Contaminant of Potential 
Ecological Concern 

300 Area Hexachlorobenzene No 0.346 0.776 mg/kg -- -- 16 Hexachlorobenzene  

300 Area Hexachlorobutadiene No 0.346 0.776 mg/kg -- -- 16 Hexachlorobutadiene  

300 Area Hexachlorocyclopentadiene No 0.346 0.776 mg/kg -- -- 16 Hexachlorocyclopentadiene  

300 Area Hexachloroethane No 0.346 0.776 mg/kg -- -- 16 Hexachloroethane  

300 Area Indeno(1,2,3-cd)pyrene No 0.346 0.776 mg/kg -- -- 15 Indeno(1,2,3-cd)pyrene  

300 Area Isophorone No 0.346 0.776 mg/kg -- -- 16 Isophorone  

300 Area N-Nitroso-di-n-dipropylamine No 0.346 0.776 mg/kg -- -- 16 N-Nitroso-di-n-dipropylamine  

300 Area N-Nitrosodiphenylamine No 0.346 0.776 mg/kg -- -- 16 N-Nitrosodiphenylamine  

300 Area Naphthalene No 0.346 0.776 mg/kg -- -- 15 Naphthalene  

300 Area Pentachlorophenol No 1.73 3.88 mg/kg -- -- 16 Pentachlorophenol  

300 Area Phenanthrene No 0.346 0.776 mg/kg -- -- 15 Phenanthrene  

300 Area Phenol No 0.346 0.776 mg/kg -- -- 16 Phenol  

300 Area Pyrene No 0.346 0.776 mg/kg -- -- 15 Pyrene  

300 Area 1,2,4-Trichlorobenzene No 0.346 0.776 mg/kg -- -- 16 1,2,4-Trichlorobenzene  

300 Area 1,2-Dichlorobenzene No 0.346 0.776 mg/kg -- -- 16 1,2-Dichlorobenzene  

300 Area 1,3-Dichlorobenzene No 0.346 0.776 mg/kg -- -- 16 1,3-Dichlorobenzene  

300 Area 1,4-Dichlorobenzene No 0.346 0.776 mg/kg -- -- 16 1,4-Dichlorobenzene  

300 Area Nitrobenzene No 0.346 0.776 mg/kg -- -- 16 Nitrobenzene  
a Nondetect constituents that were not sampling and analysis plan indicator compounds, or which did not meet their required reporting limits, were retained as “Uncertain COPECs” for qualitative evaluation in the Uncertainty Analysis (Section 10.0).   

--  = not applicable 
BHC = benzene hexachloride 
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Table 3-28.  Fish Carcass Nondetect Analysis.  (3 Pages) 

Sub-Area Tissue Type Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number 
Results 

To Be Addressed in 
Uncertainty Analysis a  

Not a Contaminant of Potential 
Ecological Concern 

100 Area Carcass Antimony Yes 0.38 0.926 mg/kg 0.6 29 35 Antimony  

100 Area Carcass Beryllium Yes 0.127 0.2 mg/kg 0.05 0 35 Beryllium  

100 Area Carcass Bismuth No 0.962 10 mg/kg -- -- 35 Bismuth  

100 Area Carcass Boron No 1.27 2 mg/kg -- -- 35 Boron  

100 Area Carcass Hexavalent chromium No 0.127 0.127 mg/kg -- -- 9 Hexavalent chromium  

100 Area Carcass Molybdenum No 0.641 2 mg/kg -- -- 35 Molybdenum  

100 Area Carcass Nickel Yes 1.6 4 mg/kg 40 35 35  Nickel 

100 Area Carcass Silver Yes 0.127 0.926 mg/kg 0.2 29 35 Silver  

100 Area Carcass Thallium No 0.316 0.926 mg/kg -- -- 35 Thallium  

100 Area Carcass Endosulfan I No 0.00515 0.02 mg/kg -- -- 30 Endosulfan I  

100 Area Carcass Endosulfan II No 0.00515 0.02 mg/kg -- -- 30 Endosulfan II  

100 Area Carcass Endosulfan sulfate No 0.00515 0.02 mg/kg -- -- 30 Endosulfan sulfate  

100 Area Carcass Endrin ketone No 0.00515 0.02 mg/kg -- -- 30 Endrin ketone  

100 Area Carcass gamma-Chlordane No 0.00515 0.02 mg/kg -- -- 30 gamma-Chlordane  

100 Area Carcass Heptachlor No 0.00515 0.02 mg/kg -- -- 30 Heptachlor  

100 Area Carcass Heptachlor epoxide No 0.00515 0.02 mg/kg -- -- 30 Heptachlor epoxide  

100 Area Carcass Methoxychlor Yes 0.00515 0.02 mg/kg 0.0165 28 30 Methoxychlor  

100 Area Carcass Toxaphene No 0.0773 0.301 mg/kg -- -- 30 Toxaphene  

100 Area Carcass Americium-241 No 0.026 0.214 pCi/g -- -- 35 Americium-241  

100 Area Carcass Cesium-137 Yes 0.025 0.058 pCi/g 0.1 35 35  Cesium-137 

100 Area Carcass Cobalt-60 Yes 0.023 0.063 pCi/g 0.05 28 35 Cobalt-60  

100 Area Carcass Europium-152 No 0.064 0.156 pCi/g -- -- 35 Europium-152  

100 Area Carcass Europium-154 No 0.068 0.183 pCi/g -- -- 35 Europium-154  

100 Area Carcass Europium-155 No 0.051 0.146 pCi/g -- -- 35 Europium-155  

100 Area Carcass Plutonium-238 No -0.066 0.103 pCi/g -- -- 35 Plutonium-238  

100 Area Carcass Plutonium-239/240 No -0.031 0.059 pCi/g -- -- 35 Plutonium-239/240  

100 Area Carcass Technetium-99 No -0.166 0.242 pCi/g -- -- 35 Technetium-99  

100 Area Carcass Tritium No -5.44 5.61 pCi/g -- -- 35 Tritium  

100 Area Carcass Uranium-233/234 Yes -0.038 0.064 pCi/g 1 35 35  Uranium-233/234 

100 Area Carcass Uranium-235 Yes 0 0.309 pCi/g 1 70 70  Uranium-235 

100 Area Carcass Uranium-238 Yes -0.033 6.71 pCi/g 1 35 70 Uranium-238  

300 Area Carcass Antimony Yes 0.38 0.6 mg/kg 0.6 34 35 Antimony  

300 Area Carcass Beryllium Yes 0.127 0.2 mg/kg 0.05 0 35 Beryllium  

300 Area Carcass Bismuth No 6.33 10 mg/kg -- -- 35 Bismuth  

300 Area Carcass Boron No 1.27 2 mg/kg -- -- 35 Boron  

300 Area Carcass Hexavalent chromium No 0.127 0.127 mg/kg -- -- 10 Hexavalent chromium  
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Table 3-28.  Fish Carcass Nondetect Analysis.  (3 Pages) 

Sub-Area Tissue Type Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number 
Results 

To Be Addressed in 
Uncertainty Analysis a  

Not a Contaminant of Potential 
Ecological Concern 

300 Area Carcass Molybdenum No 1.27 2 mg/kg -- -- 35 Molybdenum  

300 Area Carcass Silver Yes 0.127 0.2 mg/kg 0.2 34 35 Silver  

300 Area Carcass Thallium No 0.316 0.5 mg/kg -- -- 35 Thallium  

300 Area Carcass Aldrin No 0.00482 0.0211 mg/kg -- -- 30 Aldrin  

300 Area Carcass alpha-BHC No 0.00482 0.0211 mg/kg -- -- 30 alpha-BHC  

300 Area Carcass Endosulfan II No 0.00482 0.0211 mg/kg -- -- 30 Endosulfan II  

300 Area Carcass Endosulfan sulfate No 0.00482 0.0211 mg/kg -- -- 30 Endosulfan sulfate  

300 Area Carcass Endrin No 0.00482 0.0211 mg/kg -- -- 30 Endrin  

300 Area Carcass Endrin ketone No 0.00482 0.0211 mg/kg -- -- 30 Endrin ketone  

300 Area Carcass Heptachlor epoxide No 0.00482 0.0211 mg/kg -- -- 30 Heptachlor epoxide  

300 Area Carcass Toxaphene No 0.0724 0.317 mg/kg -- -- 30 Toxaphene  

300 Area Carcass Americium-241 No 0.024 0.184 pCi/g -- -- 35 Americium-241  

300 Area Carcass Cesium-137 Yes 0.025 0.098 pCi/g 0.1 35 35  Cesium-137 

300 Area Carcass Cobalt-60 Yes 0.024 0.054 pCi/g 0.05 31 35 Cobalt-60  

300 Area Carcass Europium-152 No 0.069 0.159 pCi/g -- -- 35 Europium-152  

300 Area Carcass Europium-154 No 0.066 0.168 pCi/g -- -- 35 Europium-154  

300 Area Carcass Europium-155 No 0.05 0.125 pCi/g -- -- 35 Europium-155  

300 Area Carcass Plutonium-238 No -0.109 0.184 pCi/g -- -- 35 Plutonium-238  

300 Area Carcass Technetium-99 No -0.089 0.202 pCi/g -- -- 35 Technetium-99  

300 Area Carcass Uranium-233/234 Yes -0.037 0.113 pCi/g 1 35 35  Uranium-233/234 

300 Area Carcass Uranium-235 Yes -0.015 0.317 pCi/g 1 70 70  Uranium-235 

300 Area Carcass Uranium-238 Yes -0.012 6.51 pCi/g 1 35 70 Uranium-238  

Lake Wallula Carcass Antimony Yes 0.375 0.588 mg/kg 0.6 31 31  Antimony 

Lake Wallula Carcass Beryllium Yes 0.125 0.196 mg/kg 0.05 0 31 Beryllium  

Lake Wallula Carcass Bismuth No 6.25 9.8 mg/kg -- -- 31 Bismuth  

Lake Wallula Carcass Boron No 1.25 1.96 mg/kg -- -- 31 Boron  

Lake Wallula Carcass Hexavalent chromium No 0.127 0.127 mg/kg -- -- 6 Hexavalent chromium  

Lake Wallula Carcass Molybdenum No 1.25 1.96 mg/kg -- -- 31 Molybdenum  

Lake Wallula Carcass Silver Yes 0.125 0.196 mg/kg 0.2 31 31  Silver 

Lake Wallula Carcass Thallium No 0.312 0.49 mg/kg -- -- 31 Thallium  

Lake Wallula Carcass alpha-BHC No 0.0048 0.0178 mg/kg -- -- 31 alpha-BHC  

Lake Wallula Carcass Endosulfan II No 0.0048 0.0178 mg/kg -- -- 31 Endosulfan II  

Lake Wallula Carcass Endosulfan sulfate No 0.0048 0.0178 mg/kg -- -- 31 Endosulfan sulfate  

Lake Wallula Carcass Endrin No 0.0048 0.0178 mg/kg -- -- 31 Endrin  

Lake Wallula Carcass Endrin ketone No 0.0048 0.0178 mg/kg -- -- 31 Endrin ketone  

Lake Wallula Carcass Heptachlor epoxide No 0.0048 0.0178 mg/kg -- -- 31 Heptachlor epoxide  

Lake Wallula Carcass Methoxychlor Yes 0.0048 0.0178 mg/kg 0.0165 23 31 Methoxychlor  
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Table 3-28.  Fish Carcass Nondetect Analysis.  (3 Pages) 

Sub-Area Tissue Type Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number 
Results 

To Be Addressed in 
Uncertainty Analysis a  

Not a Contaminant of Potential 
Ecological Concern 

Lake Wallula Carcass Toxaphene No 0.072 0.268 mg/kg -- -- 31 Toxaphene  

Lake Wallula Carcass Americium-241 No 0.024 0.179 pCi/g -- -- 31 Americium-241  

Lake Wallula Carcass Cesium-137 Yes 0.021 0.098 pCi/g 0.1 31 31  Cesium-137 

Lake Wallula Carcass Cobalt-60 Yes 0.022 0.057 pCi/g 0.05 28 31 Cobalt-60  

Lake Wallula Carcass Europium-152 No 0.053 0.156 pCi/g -- -- 31 Europium-152  

Lake Wallula Carcass Europium-154 No 0.061 0.179 pCi/g -- -- 31 Europium-154  

Lake Wallula Carcass Europium-155 No 0.043 0.128 pCi/g -- -- 31 Europium-155  

Lake Wallula Carcass Plutonium-238 No -0.036 0.146 pCi/g -- -- 31 Plutonium-238  

Lake Wallula Carcass Plutonium-239/240 No -0.033 0.054 pCi/g -- -- 31 Plutonium-239/240  

Lake Wallula Carcass Strontium-90 Yes -0.077 0.066 pCi/g 1 31 31  Strontium-90 

Lake Wallula Carcass Technetium-99 No -0.107 0.218 pCi/g -- -- 31 Technetium-99  

Lake Wallula Carcass Tritium No -9.4 4.61 pCi/g -- -- 31 Tritium  

Lake Wallula Carcass Uranium-233/234 Yes -0.031 0.135 pCi/g 1 31 31  Uranium-233/234 

Lake Wallula Carcass Uranium-235 Yes -0.013 0.302 pCi/g 1 62 62  Uranium-235 

Lake Wallula Carcass Uranium-238 Yes -0.024 6.46 pCi/g 1 31 62 Uranium-238  
a Nondetect constituents that were not sampling and analysis plan indicator compounds, or which did not meet their required reporting limits, were retained as “Uncertain COPECs” for qualitative evaluation in the Uncertainty Analysis (Section 10.0).   

--  = not applicable 
BHC = benzene hexachloride 
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Table 3-29.  Fish Fillet Nondetect Analysis.  (3 Pages) 

Sub-Area Tissue Type Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number Results 
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

100 Area Fillet Antimony Yes 0.39 0.943 mg/kg 0.6 28 35 Antimony  

100 Area Fillet Beryllium Yes 0.125 0.2 mg/kg 0.05 0 35 Beryllium  

100 Area Fillet Bismuth No 0.938 10 mg/kg -- -- 35 Bismuth  

100 Area Fillet Boron No 1.25 2 mg/kg -- -- 35 Boron  

100 Area Fillet Molybdenum No 0.625 2 mg/kg -- -- 35 Molybdenum  

100 Area Fillet Nickel Yes 1.56 4 mg/kg 40 35 35  Nickel 

100 Area Fillet Silver Yes 0.13 0.943 mg/kg 0.2 28 35 Silver  

100 Area Fillet Thallium No 0.325 0.943 mg/kg -- -- 35 Thallium  

100 Area Fillet Uranium Yes 6.25 20 mg/kg 5 0 35 Uranium  

100 Area Fillet Aldrin No 0.00506 0.0175 mg/kg -- -- 30 Aldrin  

100 Area Fillet Endosulfan I No 0.00506 0.0175 mg/kg -- -- 30 Endosulfan I  

100 Area Fillet Endosulfan II No 0.00506 0.0175 mg/kg -- -- 30 Endosulfan II  

100 Area Fillet Endosulfan sulfate No 0.00506 0.0175 mg/kg -- -- 30 Endosulfan sulfate  

100 Area Fillet Endrin aldehyde No 0.00506 0.0175 mg/kg -- -- 30 Endrin aldehyde  

100 Area Fillet Endrin ketone No 0.00506 0.0175 mg/kg -- -- 30 Endrin ketone  

100 Area Fillet gamma-Chlordane No 0.00506 0.0175 mg/kg -- -- 30 gamma-Chlordane  

100 Area Fillet Heptachlor epoxide No 0.00506 0.0175 mg/kg -- -- 30 Heptachlor epoxide  

100 Area Fillet Toxaphene No 0.0759 0.262 mg/kg -- -- 30 Toxaphene  

100 Area Fillet Americium-241 No 0.024 0.201 pCi/g -- -- 35 Americium-241  

100 Area Fillet Europium-152 No -0.041 0.223 pCi/g -- -- 55 Europium-152  

100 Area Fillet Europium-154 No -0.0793 0.262 pCi/g -- -- 70 Europium-154  

100 Area Fillet Europium-155 No -0.0296 0.192 pCi/g -- -- 70 Europium-155  

100 Area Fillet Plutonium-238 No -0.046 0.111 pCi/g -- -- 35 Plutonium-238  

100 Area Fillet Technetium-99 No -0.192 0.341 pCi/g -- -- 35 Technetium-99  

100 Area Fillet Tritium No -5.37 3.34 pCi/g -- -- 35 Tritium  

100 Area Fillet Uranium-233/234 Yes -0.037 0.108 pCi/g 1 35 35  Uranium-233/234 

100 Area Fillet Uranium-235 Yes 0 0.474 pCi/g 1 70 70  Uranium-235 

100 Area Fillet Uranium-238 Yes -0.034 10.6 pCi/g 1 35 70 Uranium-238  

300 Area Fillet Antimony Yes 0.38 0.6 mg/kg 0.6 33 35 Antimony  

300 Area Fillet Beryllium Yes 0.127 0.2 mg/kg 0.05 0 35 Beryllium  

300 Area Fillet Bismuth No 6.33 10 mg/kg -- -- 35 Bismuth  

300 Area Fillet Boron No 1.27 2 mg/kg -- -- 35 Boron  

300 Area Fillet Molybdenum No 1.27 2 mg/kg -- -- 35 Molybdenum  

300 Area Fillet Nickel Yes 2.53 4 mg/kg 40 35 35  Nickel 

300 Area Fillet Silver Yes 0.127 0.2 mg/kg 0.2 33 35 Silver  

300 Area Fillet Thallium No 0.316 0.5 mg/kg -- -- 35 Thallium  
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Table 3-29.  Fish Fillet Nondetect Analysis.  (3 Pages) 

Sub-Area Tissue Type Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number Results 
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

300 Area Fillet Uranium Yes 12.7 20 mg/kg 5 0 35 Uranium  

300 Area Fillet alpha-Chlordane No 0.00546 0.0212 mg/kg -- -- 30 alpha-Chlordane  

300 Area Fillet Endosulfan II No 0.00546 0.0212 mg/kg -- -- 30 Endosulfan II  

300 Area Fillet Endosulfan sulfate No 0.00546 0.0212 mg/kg -- -- 30 Endosulfan sulfate  

300 Area Fillet Endrin No 0.00546 0.0212 mg/kg -- -- 30 Endrin  

300 Area Fillet Endrin aldehyde No 0.00546 0.0212 mg/kg -- -- 30 Endrin aldehyde  

300 Area Fillet Endrin ketone No 0.00546 0.0212 mg/kg -- -- 30 Endrin ketone  

300 Area Fillet gamma-Chlordane No 0.00546 0.0212 mg/kg -- -- 30 gamma-Chlordane  

300 Area Fillet Heptachlor epoxide No 0.00546 0.0212 mg/kg -- -- 30 Heptachlor epoxide  

300 Area Fillet Methoxychlor Yes 0.00546 0.0212 mg/kg 0.0165 23 30 Methoxychlor  

300 Area Fillet Toxaphene No 0.082 0.318 mg/kg -- -- 30 Toxaphene  

300 Area Fillet Americium-241 No 0.025 0.198 pCi/g -- -- 35 Americium-241  

300 Area Fillet Barium-140 No 0.0006 0.878 pCi/g -- -- 9 Barium-140  

300 Area Fillet Carbon-14 Yes -2.92 3.02 pCi/g 50 35 35  Carbon-14 

300 Area Fillet Cerium-141 No 0.0001 0.1261 pCi/g -- -- 9 Cerium-141  

300 Area Fillet Cobalt-57 No 0 0.0356 pCi/g -- -- 9 Cobalt-57  

300 Area Fillet Cobalt-60 Yes -0.0089 0.083 pCi/g 0.05 63 69 Cobalt-60  

300 Area Fillet Europium-152 No -0.0389 0.22 pCi/g -- -- 56 Europium-152  

300 Area Fillet Europium-154 No -0.0334 0.272 pCi/g -- -- 58 Europium-154  

300 Area Fillet Europium-155 No -0.0301 0.178 pCi/g -- -- 58 Europium-155  

300 Area Fillet Iodine-131 No 0.0005 0.8386 pCi/g -- -- 9 Iodine-131  

300 Area Fillet Lanthanum-140 No 0.0002 0.2925 pCi/g -- -- 9 Lanthanum-140  

300 Area Fillet Niobium-95 No 0.0001 0.0579 pCi/g -- -- 9 Niobium-95  

300 Area Fillet Plutonium-238 No -0.119 0.11 pCi/g -- -- 35 Plutonium-238  

300 Area Fillet Plutonium-239/240 No -0.042 0.137 pCi/g -- -- 35 Plutonium-239/240  

300 Area Fillet Strontium-90 Yes -0.175 0.091 pCi/g 1 35 35  Strontium-90 

300 Area Fillet Technetium-99 No -0.133 0.253 pCi/g -- -- 35 Technetium-99  

300 Area Fillet Tritium No -7.18 5.25 pCi/g -- -- 35 Tritium  

300 Area Fillet Uranium-233/234 Yes -0.033 0.122 pCi/g 1 35 35  Uranium-233/234 

300 Area Fillet Zinc-65 No 0.0001 0.1014 pCi/g -- -- 9 Zinc-65  

300 Area Fillet Zirconium-95 No 0.0001 0.0852 pCi/g -- -- 9 Zirconium-95  

Lake Wallula Fillet Beryllium Yes 0.127 0.185 mg/kg 0.05 0 31 Beryllium  

Lake Wallula Fillet Bismuth No 6.33 9.26 mg/kg -- -- 31 Bismuth  

Lake Wallula Fillet Boron No 1.27 1.85 mg/kg -- -- 31 Boron  

Lake Wallula Fillet Molybdenum No 1.27 1.85 mg/kg -- -- 31 Molybdenum  

Lake Wallula Fillet Silver Yes 0.127 0.185 mg/kg 0.2 31 31  Silver 

Lake Wallula Fillet Thallium No 0.316 0.463 mg/kg -- -- 31 Thallium  
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Table 3-29.  Fish Fillet Nondetect Analysis.  (3 Pages) 

Sub-Area Tissue Type Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number Results 
To Be Addressed in 

Uncertainty Analysis a  
Not a Contaminant of Potential 

Ecological Concern 

Lake Wallula Fillet Uranium Yes 12.7 18.5 mg/kg 5 0 31 Uranium  

Lake Wallula Fillet alpha-BHC No 0.00492 0.021 mg/kg -- -- 31 alpha-BHC  

Lake Wallula Fillet delta-BHC No 0.00492 0.021 mg/kg -- -- 31 delta-BHC  

Lake Wallula Fillet Endosulfan I No 0.00492 0.021 mg/kg -- -- 31 Endosulfan I  

Lake Wallula Fillet Endosulfan sulfate No 0.00492 0.021 mg/kg -- -- 31 Endosulfan sulfate  

Lake Wallula Fillet Endrin No 0.00492 0.021 mg/kg -- -- 31 Endrin  

Lake Wallula Fillet Endrin ketone No 0.00492 0.021 mg/kg -- -- 31 Endrin ketone  

Lake Wallula Fillet gamma-Chlordane No 0.00492 0.021 mg/kg -- -- 31 gamma-Chlordane  

Lake Wallula Fillet Heptachlor epoxide No 0.00492 0.021 mg/kg -- -- 31 Heptachlor epoxide  

Lake Wallula Fillet Methoxychlor Yes 0.00492 0.021 mg/kg 0.0165 27 31 Methoxychlor  

Lake Wallula Fillet Toxaphene No 0.0739 0.315 mg/kg -- -- 31 Toxaphene  

Lake Wallula Fillet Americium-241 No 0.026 0.181 pCi/g -- -- 31 Americium-241  

Lake Wallula Fillet Carbon-14 Yes -1.57 4.98 pCi/g 50 31 31  Carbon-14 

Lake Wallula Fillet Cesium-137 Yes 0.02 0.103 pCi/g 0.1 30 31 Cesium-137  

Lake Wallula Fillet Cobalt-60 Yes 0.02 0.088 pCi/g 0.05 24 31 Cobalt-60  

Lake Wallula Fillet Europium-152 No 0.054 0.227 pCi/g -- -- 31 Europium-152  

Lake Wallula Fillet Europium-154 No 0.064 0.256 pCi/g -- -- 31 Europium-154  

Lake Wallula Fillet Europium-155 No 0.045 0.193 pCi/g -- -- 31 Europium-155  

Lake Wallula Fillet Plutonium-238 No -0.069 0.137 pCi/g -- -- 31 Plutonium-238  

Lake Wallula Fillet Plutonium-239/240 No -0.034 0.1 pCi/g -- -- 31 Plutonium-239/240  

Lake Wallula Fillet Strontium-90 Yes -0.093 0.051 pCi/g 1 31 31  Strontium-90 

Lake Wallula Fillet Technetium-99 No -0.207 0.393 pCi/g -- -- 31 Technetium-99  

Lake Wallula Fillet Uranium-233/234 Yes 0 0.117 pCi/g 1 31 31  Uranium-233/234 

Lake Wallula Fillet Uranium-235 Yes -0.023 0.438 pCi/g 1 62 62  Uranium-235 

Lake Wallula Fillet Uranium-238 Yes -0.028 10.3 pCi/g 1 31 62 Uranium-238  
a Nondetect constituents that were not sampling and analysis plan indicator compounds, or which did not meet their required reporting limits, were retained as “Uncertain COPECs” for qualitative evaluation in the Uncertainty Analysis (Section 10.0).   

--  = not applicable 
BHC = benzene hexachloride 
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Table 3-30.  Fish Liver and Kidney Nondetect Analysis.  (2 Pages) 

Sub-Area Tissue Type Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number 
Results 

To Be Addressed in 
Uncertainty Analysis a  

Not a Contaminant of Potential 
Ecological Concern 

100 Area Liver/Kidney Bismuth No 0.949 9.8 mg/kg -- -- 49 Bismuth  

100 Area Liver/Kidney Boron No 1.25 1.96 mg/kg -- -- 49 Boron  

100 Area Liver/Kidney Cobalt No 1.25 2.73 mg/kg -- -- 49 Cobalt  

100 Area Liver/Kidney Lithium No 1.27 2.45 mg/kg -- -- 49 Lithium  

100 Area Liver/Kidney alpha-BHC No 0.00546 0.0106 mg/kg -- -- 10 alpha-BHC  

100 Area Liver/Kidney delta-BHC No 0.00546 0.0106 mg/kg -- -- 10 delta-BHC  

100 Area Liver/Kidney Heptachlor epoxide No 0.00546 0.0106 mg/kg -- -- 10 Heptachlor epoxide  

100 Area Liver/Kidney Toxaphene No 0.082 0.159 mg/kg -- -- 10 Toxaphene  

100 Area Liver/Kidney Americium-241 No 0.027 0.752 pCi/g -- -- 49 Americium-241  

100 Area Liver/Kidney Cesium-137 Yes 0.029 0.361 pCi/g 0.1 37 49 Cesium-137  

100 Area Liver/Kidney Cobalt-60 Yes 0.027 0.294 pCi/g 0.05 18 49 Cobalt-60  

100 Area Liver/Kidney Europium-152 No 0.076 0.504 pCi/g -- -- 49 Europium-152  

100 Area Liver/Kidney Europium-154 No 0.074 0.687 pCi/g -- -- 49 Europium-154  

100 Area Liver/Kidney Europium-155 No 0.054 0.462 pCi/g -- -- 49 Europium-155  

100 Area Liver/Kidney Plutonium-238 No -0.094 0.087 pCi/g -- -- 49 Plutonium-238  

100 Area Liver/Kidney Plutonium-239/240 No -0.027 0.046 pCi/g -- -- 49 Plutonium-239/240  

100 Area Liver/Kidney Technetium-99 No -0.153 0.26 pCi/g -- -- 49 Technetium-99  

100 Area Liver/Kidney Tritium No -5.53 6.59 pCi/g -- -- 49 Tritium  

100 Area Liver/Kidney Uranium-233/234 Yes -0.034 0.225 pCi/g 1 49 49  Uranium-233/234 

100 Area Liver/Kidney Uranium-235 Yes -0.006 1.04 pCi/g 1 97 98 Uranium-235  

100 Area Liver/Kidney Uranium-238 Yes -0.026 28.9 pCi/g 1 49 98 Uranium-238  

300 Area Liver/Kidney Beryllium Yes 0.008 0.2 mg/kg 0.05 12 69 Beryllium  

300 Area Liver/Kidney Bismuth No 0.974 10 mg/kg -- -- 50 Bismuth  

300 Area Liver/Kidney Boron No 1.25 2 mg/kg -- -- 50 Boron  

300 Area Liver/Kidney Cobalt No 1.25 2.78 mg/kg -- -- 50 Cobalt  

300 Area Liver/Kidney Lithium No 0.637 2.5 mg/kg -- -- 50 Lithium  

300 Area Liver/Kidney Aldrin No 0.00561 0.0192 mg/kg -- -- 9 Aldrin  

300 Area Liver/Kidney alpha-BHC No 0.00561 0.0192 mg/kg -- -- 9 alpha-BHC  

300 Area Liver/Kidney Endosulfan sulfate No 0.00561 0.0192 mg/kg -- -- 9 Endosulfan sulfate  

300 Area Liver/Kidney Heptachlor No 0.00561 0.0192 mg/kg -- -- 9 Heptachlor  

300 Area Liver/Kidney Toxaphene No 0.0843 0.289 mg/kg -- -- 9 Toxaphene  

300 Area Liver/Kidney Americium-241 No 0.03 0.633 pCi/g -- -- 50 Americium-241  

300 Area Liver/Kidney Carbon-14 Yes -3.44 5.62 pCi/g 50 50 50  Carbon-14 

300 Area Liver/Kidney Cobalt-60 Yes 0.021 0.297 pCi/g 0.05 20 50 Cobalt-60  

300 Area Liver/Kidney Europium-152 No 0.063 0.648 pCi/g -- -- 50 Europium-152  

300 Area Liver/Kidney Europium-154 No 0.058 0.75 pCi/g -- -- 50 Europium-154  
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Table 3-30.  Fish Liver and Kidney Nondetect Analysis.  (2 Pages) 

Sub-Area Tissue Type Analyte 
Indicator 

Compound? 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 
Units 

Target 
Reporting 

Limit 

Number 
Meeting Target 
Reporting Limit 

Number 
Results 

To Be Addressed in 
Uncertainty Analysis a  

Not a Contaminant of Potential 
Ecological Concern 

300 Area Liver/Kidney Europium-155 No 0.048 0.509 pCi/g -- -- 50 Europium-155  

300 Area Liver/Kidney Plutonium-238 No -0.101 0.12 pCi/g -- -- 50 Plutonium-238  

300 Area Liver/Kidney Plutonium-239/240 No -0.035 0.082 pCi/g -- -- 50 Plutonium-239/240  

300 Area Liver/Kidney Strontium-90 Yes -0.15 0.075 pCi/g 1 50 50  Strontium-90 

300 Area Liver/Kidney Uranium-233/234 Yes -0.035 0.107 pCi/g 1 50 50  Uranium-233/234 

300 Area Liver/Kidney Uranium-235 Yes -0.012 1.17 pCi/g 1 99 100 Uranium-235  

300 Area Liver/Kidney Uranium-238 Yes -0.011 32.2 pCi/g 1 50 100 Uranium-238  

Lake Wallula Liver/Kidney Antimony Yes 0.375 0.806 mg/kg 0.6 37 42 Antimony  

Lake Wallula Liver/Kidney Beryllium Yes 0.125 0.189 mg/kg 0.05 0 42 Beryllium  

Lake Wallula Liver/Kidney Bismuth No 0.949 9.43 mg/kg -- -- 42 Bismuth  

Lake Wallula Liver/Kidney Boron No 1.25 1.89 mg/kg -- -- 42 Boron  

Lake Wallula Liver/Kidney Cobalt No 1.25 2.42 mg/kg -- -- 42 Cobalt  

Lake Wallula Liver/Kidney Lead Yes 0.312 0.806 mg/kg 0.5 37 42 Lead  

Lake Wallula Liver/Kidney Uranium Yes 2.1 18.9 mg/kg 5 1 42 Uranium  

Lake Wallula Liver/Kidney Americium-241 No 0.023 0.64 pCi/g -- -- 42 Americium-241  

Lake Wallula Liver/Kidney Cesium-137 Yes 0.026 0.235 pCi/g 0.1 33 42 Cesium-137  

Lake Wallula Liver/Kidney Cobalt-60 Yes 0.028 0.292 pCi/g 0.05 12 42 Cobalt-60  

Lake Wallula Liver/Kidney Europium-152 No 0.067 0.546 pCi/g -- -- 42 Europium-152  

Lake Wallula Liver/Kidney Europium-154 No 0.085 0.702 pCi/g -- -- 42 Europium-154  

Lake Wallula Liver/Kidney Europium-155 No 0.05 0.375 pCi/g -- -- 42 Europium-155  

Lake Wallula Liver/Kidney Plutonium-238 No -0.078 0.103 pCi/g -- -- 42 Plutonium-238  

Lake Wallula Liver/Kidney Plutonium-239/240 No -0.032 0.068 pCi/g -- -- 42 Plutonium-239/240  

Lake Wallula Liver/Kidney Strontium-90 Yes -0.155 0.206 pCi/g 1 42 42  Strontium-90 

Lake Wallula Liver/Kidney Technetium-99 No -0.084 0.262 pCi/g -- -- 42 Technetium-99  

Lake Wallula Liver/Kidney Tritium No -8.09 6.57 pCi/g -- -- 42 Tritium  

Lake Wallula Liver/Kidney Uranium-233/234 Yes -0.028 0.082 pCi/g 1 42 42  Uranium-233/234 

Lake Wallula Liver/Kidney Uranium-235 Yes 0 0.959 pCi/g 1 84 84  Uranium-235 

Lake Wallula Liver/Kidney Uranium-238 Yes -0.004 31.7 pCi/g 1 42 84 Uranium-238  
a Nondetect constituents that were not sampling and analysis plan indicator compounds, or which did not meet their required reporting limits, were retained as “Uncertain COPECs” for qualitative evaluation in the Uncertainty Analysis (Section 10.0).   

--  = not applicable 
BHC = benzene hexachloride 
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Table 4-1.  Fish Species in the Hanford Reach of  
the Columbia River. a  

Common Name  Scientific Name 
American shad  Alosa sapidissima 
Black bullhead Ameiurus melas 
Black crappie Pomoxis nigromaculatus 
Blue catfish  Ictalurus furcatus 
Bluegill  Lepomis macrochirus 
Bridgelip sucker  Catostomus columbianus 
Brown bullhead  Ictalurus nebulosus 
Burbot  Lota lota 
Carp  Cyprinus carpio 
Channel catfish  Ictalurus punctatus 
Chinook salmon  Oncorhynchus tshawytscha 
Chiselmouth  Acrocheilus alutaceus 
Coho salmon  Oncorhynchus kisutch 
Cutthroat trout  Oncorhynchus clarki 
Dolly Varden  Salvelinus malma 
Lake whitefish  Coregonus clupeaformis 
Largemouth bass  Micropterus salmoides 
Largescale sucker  Catostomus macrocheilus 
Leopard dace  Rhinichthys falcatus 
Longnose dace  Rhinichthys cataractae 
Mottled sculpin  Cottus bairdi 
Mountain sucker  Catostomus platyrhynchus 
Mountain whitefish  Prosopium williamsoni 
Northern pikeminnow  Ptychocheilus oregonensis 
Pacific lamprey  Entosphenus tridentatus 
Peamouth  Mylocheilus caurinus 
Paiute sculpin  Cottus beldingi 
Prickly sculpin  Cottus asper 
Pumpkinseed  Lepomis gibbosus 
Rainbow trout (steelhead)  Oncorhynchus mykiss 
Redside shiner  Richardsonius balteatus 
Reticulate sculpin  Cottus perplexus 
River lamprey  Lampetra ayresi 
Sandroller  Percopsis transmontana 
Smallmouth bass  Micropterus dolomieui 
Sockeye salmon  Oncorhynchus nerka 
Speckled dace  Rhinichthys osculus 
Tench  Tinca tinca 
Threespine stickleback  Gasterosteus aculeatus 
Torrent sculpin  Cottus rotheus 
Walleye  Stizostedion vitreum 
White crappie  Pomoxis annularis 
White sturgeon  Acipenser transmontanus 
Yellow perch  Perca flavescens 
Yellow bullhead  Ameiuruss natalis 
a U.S. Fish and Wildlife Service, 2008, Hanford Reach National Monument Final 

Comprehensive Conservation Plan & Environmental Impact Statement, Appendix J.  
Available at http://www.fws.gov/hanfordreach/documents/finalccp/appendix-j.pdf.   
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Table 4-2.  Federal and Washington State Listed Endangered, Threatened,  
Sensitive, and Candidate Species Occurring or Potentially Occurring 

on the Hanford Site. a  (3 Pages) 

Common Name Scientific Name Federal Status b State Status b 

Plants 

Awned halfchaff sedge Lipocarpha (= Hemicarpha) aristulata -- Threatened 

Beaked spike-rush Eleocharis rostellata -- Sensitive 

Canadian St. John's wort Hypericum majus -- Sensitive 

Chaffweed Anagallis (= Centunculus)minimus -- Threatened 

Columbia milkvetch Astragalus columbianus Species of concern Sensitive 

Columbia yellowcress Rorippa columbiae Species of concern Endangered 

Coyote tobacco Nicotiana attenuata -- Sensitive 

Desert dodder Cuscuta denticulata -- Threatened 

Desert evening-primrose Oenothera caespitosa -- Sensitive 

Dwarf evening primrose Camissonia (= Oenothera) pygmaea -- Sensitive 

Fuzzytongue penstemon Penstemon eriantherus whitedii -- Sensitive 

Geyer's milkvetch Astragalus geyeri -- Threatened 

Grand redstem Ammannia robusta -- Threatened 

Gray cryptantha Cryptantha leucophaea Species of concern Sensitive 

Great Basin gilia Aliciella (= Gilia) leptomeria -- Threatened 

Hoover's desert parsley Lomatium tuberosum Species of concern Sensitive 

Loeflingia Loeflingia squarrosa var. squarrosa -- Threatened 

Lowland toothcup Rotala ramosior -- Threatened 

Desert cryptantha Cryptantha scoparia -- Sensitive 

Piper's daisy Erigeron piperianus -- Sensitive 

Rosy pussypaws Cistanthe (= Calyptridium) roseum -- Threatened 

Small-flowered evening-primrose Camissonia (= Oenothera) minor -- Sensitive 

Snake River cryptantha Cryptantha spiculifera (= C. interrupta) -- Sensitive 

Suksdorf's monkey flower Mimulus suksdorfi -- Sensitive 

Umtanum desert buckwheat Eriogonum codium Candidate Endangered 

White Bluffs bladderpod 
Physaria (= Lesquerella) douglasii 
ssp.tuplashensis 

Candidate Threatened 

White eatonella Eatonella nivea -- Threatened 

Mollusks 

California floater Anodonta californiensis Species of concern Candidate 

Great Columbia River spire snail Fluminicola columbiana Species of concern Candidate 

Shortfaced lanx Fisherola nuttalli -- Candidate 

Insects 

Columbia River tiger beetle c Cicindela columbica -- Candidate 

Silver-bordered fritillary Boloria selene atrocostalis -- Candidate 
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Table 4-2.  Federal and Washington State Listed Endangered, Threatened,  
Sensitive, and Candidate Species Occurring or Potentially Occurring 

on the Hanford Site. a  (3 Pages) 

Common Name Scientific Name Federal Status b State Status b 

Fish 

Bull trout d Salvelinus confluentus Threatened Candidate 

Leopard dace d Rhinichthys flacatus -- Candidate 

Mountain sucker d Catastomus platyrhynchus -- Candidate 

River lamprey d Lampetra ayresi Species of concern Candidate 

Spring-run Chinook salmon Oncorhynchus tshawytscha Endangered Candidate 

Steelhead Oncorhynchus mykiss Threatened Candidate 

Amphibians and Reptiles 

Sagebrush lizard Sceloporus graciosus Species of concern Candidate 

Striped whipsnake Masticophis taeniatus -- Candidate 

Western toad Bufo boreas -- Candidate 

Birds 

American white pelican Pelecanus erythrorhynchos -- Endangered 

Bald eagle Haliaeetus leucocephalus Species of concern Sensitive e 

Burrowing owl Athene cunicularia Species of concern Candidate 

Common loon Gavia immer -- Sensitive 

Ferruginous hawk Buteo regalis Species of concern Threatened 

Flamulated owl d Otus flammeolus -- Candidate 

Golden eagle Aquila chrysaetos -- Candidate 

Greater sage grouse Centrocercus urophasianus Candidate Threatened 

Lewis's woodpecker d Melanerpes lewis -- Candidate 

Loggerhead shrike Lanius ludovicianus Species of concern Candidate 

Merlin Falco columbarius -- Candidate 

Northern goshawk d Accipter gentilis Species of concern Candidate 

Olive-sided flycatcher Contopus cooperi Species of concern  

Peregrine falcon Falco peregrinus Species of concern Sensitive 

Sage sparrow Amphispiza belli -- Candidate 

Sage thrasher Oreoscoptes montanus -- Candidate 

Sandhill crane Grus canadensis -- Endangered 

Western grebe Aechmophorus occidentalis -- Candidate 

Mammals 

Black-tailed jackrabbit Lepus californicus -- Candidate 

Merriam's shrew Sorex merriami -- Candidate 
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Table 4-2.  Federal and Washington State Listed Endangered, Threatened,  
Sensitive, and Candidate Species Occurring or Potentially Occurring 

on the Hanford Site. a  (3 Pages) 

Common Name Scientific Name Federal Status b State Status b 

Townsend's ground squirrel Spermophilus townsendii Species of concern Candidate 

Washington ground squirrel d Spermophilus washingtoni Candidate Candidate 

White-tailed jackrabbit Lepus townsendii -- Candidate 
a PNNL-18427, 2009, Hanford Site Environmental Surveillance Data Report for Calendar Year 2008, Pacific Northwest National 

Laboratory, Richland, Washington.  Available at http://www.pnl.gov/main/publications/external/technical_reports/PNNL-
18427app1.pdf.   

b Endangered = species in danger of extinction within all or a significant portion of its range. 
Threatened = species likely to become endangered in the foreseeable future. 
Candidate = species that are believed to qualify for threatened or endangered species status, but for which listing proposals have not 
been prepared. 
Sensitive = taxa that are vulnerable or declining and could become endangered or threatened without active management or removal of 
threats. 
Species of concern = species that are not currently listed or candidates under the Endangered Species Act, but are of conservation 
concern within specific U.S. Fish and Wildlife Service regions. 

c Probable, but not observed, on the Hanford Site. 
d Reported, but seldom observed, on the Hanford Site. 
e Reclassified in January 2008. 

-- Not applicable; not a federally listed species. 
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Table 5-1.  Screening-Level Ecological Risk Assessment Endpoints  
and Measures of Effect. 

Habitat Type Assessment Endpoint Measure of Effect 

Aquatic habitat Survival, growth, and reproduction of fish  Aquatic life water quality criteria and literature 
NOECs 
Tissue residue effects concentrations 
Fish condition factor analysis 
Fish tissue histology  

Survival, growth, and reproduction of aquatic 
plants  

Aquatic life water quality criteria and literature 
NOECs 

Survival, growth, and reproduction of algae 
(phytoplankton and periphyton) and 
zooplankton  

Aquatic life water quality criteria and literature 
NOECs 

Survival, growth, and reproduction of 
amphibians 

Aquatic life water quality criteria and literature 
NOECs 

Survival, growth, and reproduction of benthic 
organisms 

Sediment NOECs  

Terrestrial habitat Survival, growth, and reproduction of soil 
invertebrates 

Invertebrate-based soil NOECs 

Survival, growth, and reproduction of 
terrestrial plants 

Plant-based soil NOECs 

Survival, growth, and reproduction of 
mammals 

Mammal-based soil NOECs  

Survival, growth, and reproduction of birds Avian-based soil NOECs 

NOEC = no observed effect concentration 
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Table 6-1.  Aquatic Biota No Observed Effect Concentrations for Surface Water and  
Porewater Contaminants of Potential Ecological Concern.  (3 Pages) 

Constituent Name 
Constituent 

Identification 
NOEC Source NOEC Units Notes 

1,2-Dichloroethane 107-06-2 ES/ER/TM-96/R2 0.91 mg/L Tier II SCV 
1,4-Dichlorobenzene 106-46-7 ES/ER/TM-96/R2 0.015 mg/L Tier II SCV 
Acetone 67-64-1 ES/ER/TM-96/R2 1.5 mg/L Tier II SCV 
Aluminum 7429-90-5 EPA 2009 0.087 mg/L WQC CCC 
Arsenic  7440-38-2 EPA 2009 0.15 mg/L WQC CCC 
Barium 7440-39-3 MDEQ 2008 0.364 mg/L Michigan hardness-based value at hardness of 84 mg/L 
Cadmium 7440-43-9 EPA 2009 0.00022 mg/L WQC CCC.  Hardness adjusted to 84 mg/L, average for 

Columbia River 
Cesium-137 10045-97-3 DOE 2009 42.6 pCi/L Riparian animal BCG 
Chloride 16887-00-6 EPA 2009 230 mg/L -- 
Chloroform 67-66-3 ES/ER/TM-96/R2 0.028 mg/L Tier II SCV 
Chromium 7440-47-3 EPA 2009 0.064 mg/L WQC CCC.  Hardness adjusted to 84 mg/L, average for 

Columbia River 
Chrysene 218-01-9 EPA 440/5-86-001 0.03 mg/L 10% of marine AWQC CMC 
Cobalt  7440-48-4 ES/ER/TM-96/R2 0.023 mg/L Tier II SCV 
Cobalt-60 10198-40-0 DOE 2009 3,760 pCi/L Aquatic animal BCG 
Copper 7440-50-8 EPA 2006 0.01 mg/L WQC CCC.  Hardness adjusted to 84 mg/L, average for 

Columbia River 
Fluoride 16984-48-8 BCMOE 1990 0.3 mg/L Tentative criterion 
Hexavalent chromium 18540-29-9 WAC 173-201A 0.01 mg/L WQC CCC 
Lead 7439-92-1 EPA 2009 0.0021 mg/L WQC CCC.  Hardness adjusted to 84 mg/L, average for 

Columbia River 
Manganese 7439-96-5 ES/ER/TM-96/R2 0.12 mg/L Tier II SCV 
Mercury 7439-97-6 WAC 173-201A 0.000012 mg/L WQC - inorganic mercury CCC.  Based on fish tissue effects 

on human health 
Nickel 7440-02-0 EPA 2009 0.045 mg/L WQC CCC.  Hardness adjusted to 84 mg/L, average for 

Columbia River 
Nitrate 14797-55-8 McGurk et al. 2006 7.1 mg/L Chronic NOEC for fish.  Camargo et al. 2005 suggests that 

8.86 mg/L is protective of most aquatic species 
Nitrite 14797-65-0 Neuman et al. 2001 0.098 mg/L UF of 5 applied to study LOEC of 0.49 mg/L for significant 

reduction in chironomid development 
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Table 6-1.  Aquatic Biota No Observed Effect Concentrations for Surface Water and  
Porewater Contaminants of Potential Ecological Concern.  (3 Pages) 

Constituent Name 
Constituent 

Identification 
NOEC Source NOEC Units Notes 

Phosphorus 7723-14-0 Blindow 1988 1 mg/L Plant value; no effect on growth 
Phosphate  14265-44-2 Blindow 1988 1 mg/L  No value available; phosphorus used as a surrogate 
Plutonium-238 13981-16-3 DOE 2009 176 pCi/L Aquatic animal BCG 
Plutonium-239/240 PU-239/240 DOE 2009 187 pCi/L Aquatic animal BCG.  Value for Pu-239  
Selenium 7782-49-2 WAC 173-201A 0.005 mg/L WQC CCC 
Silver 7440-22-4 ES/ER/TM-96/R2 0.00036 mg/L Tier II SCV 
Strontium-90 10098-97-2 DOE 2009 287 pCi/L Riparian animal BCG 
Technetium-99 14133-76-7 DOE 2009 667,000 pCi/L Riparian animal BCG 
Total PCBs  Total_PCB ES/ER/TM-96/R2 0.00014 mg/L Tier II SCV 
Total petroleum hydrocarbons - 
diesel range 

TPHDIESEL CRWQCB 2003 0.5 mg/L TPH value  

Trichloroethene 79-01-6 ES/ER/TM-96/R2 0.047 mg/L Tier II SCV 
Tritium 10028-17-8 DOE 2009 265,000,000 pCi/L Riparian animal BCG 
Uranium 7440-61-1 Sheppard et al. 2005 0.005 mg/L Summary paper reflecting data from many sources.  Effect 

levels span nearly three orders of magnitude (3 µg/L to 
900 µg/L), reflecting considerable uncertainty in selection of a 
no-effect concentration.  The value selected is a probable no-
effect concentration and is the 5th percentile of the toxicity 
data set 

Uranium-233/234 U-233/234 DOE 2009 202 pCi/L Value for U-234; same CAS no.  Aquatic animal BCG 
Uranium-234 13966-29-5 DOE 2009 202 pCi/L Aquatic animal BCG 
Uranium-235 15117-96-1 DOE 2009 217 pCi/L Aquatic animal BCG 
Uranium-238 U-238 DOE 2009 223 pCi/L Aquatic animal BCG 
Vanadium 7440-62-2 Stendahl and Sprague 1982 0.04 mg/L UF of 50 applied to study LC50 of 2 mg/L for effects on trout 
Xylenes (total) 1330-20-7 ES/ER/TM-96/R2 0.013 mg/L Tier II SCV 
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Table 6-1.  Aquatic Biota No Observed Effect Concentrations for Surface Water and  
Porewater Contaminants of Potential Ecological Concern.  (3 Pages) 

Constituent Name 
Constituent 

Identification 
NOEC Source NOEC Units Notes 

Zinc 7440-66-6 WAC 173-201A 0.09 mg/L Washington chronic WQS.  Hardness adjusted to 84 mg/L, 
average for Columbia River 

-- = not applicable 
AWQC = ambient water quality criteria 
BCG = biota concentration guideline 
CAS = Chemical Abstract Services 
CCC = criterion continuous concentration 
CMC = criterion maximum concentration 
LC = lethal concentration 
LOEC = lowest observed effect concentration 

NOEC = no observed effect concentration 
PCB = polychlorinated biphenyl 
SCV = secondary chronic value 
TPH = total petroleum hydrocarbons 
UF = uncertainty factor 
WQC = water quality criteria  
WQS = water quality standard 

Blindow, I., 1988, “Phosphorous toxicity in Chara,” Aquat. Bot. 32:393-395. 

BCMOE, 1990, Ambient Water Quality Criteria for Fluoride, British Columbia Ministry of the Environment. 

California Regional Water Quality Control Board (CRWQCB), 2003. 

Camargo, J. A., A. Alonso, and A. Salamanca, 2005, “Nitrate Toxicity to Aquatic Animals:  A Review With New Data for Freshwater Invertebrates,” Chemosphere 58:1255-1267. 

DOE, 2009, ResRad Biota, Version 1.5, Biota Concentration Guidelines.  Available at http://web.ead.anl.gov/resrad/home2/index.cfm. 

EPA, 2006, National Recommended Water Quality Criteria, Office of Water, Washington, D.C.  Value for copper only.  

EPA, 2009, National Recommended Water Quality Criteria, U.S. Environmental Protection Agency, Washington, D.C.   

EPA 440/5-86-001, 1986, Quality Criteria for Water (the Gold Book), U.S. Environmental Protection Agency, Washington, D.C. 

ES/ER/TM-96/R2, 1996, Toxicological Benchmarks for Screening Potential Contaminants of Concern for Effects on Aquatic Biota:  1996 Revision, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee.  

McGurk, M. D., F. Landry, A. Tang, and C. C. Hanks, 2006, “Acute and Chronic Toxicity of Nitrate to Early Life Stages of Lake Trout (Salvelinus namaycush) and Lake Whitefish 
(coregonus clupeanformis),” Env. Sci. Tox. 25(8):2187-2196.  

MDEQ, 2008, Rule 57 Water Quality Values, Michigan Department of Environmental Quality, Lansing, Michigan.  Available at  
http://michigan.gov/deq/0,1607,7-135-3313_3686_3728-11383--,00.html. 

Neumann, D., M. Kramer, I. Raschke, and G. Graefe, 2001, “Detrimental Effects of Nitrite on the Development of Benthic Chironomus Larvae, in Relation to their Settlement in Muddy 
Sediments,” Archiv. Hydrobiol. 153(1):103-128.   

Sheppard, S. C., M. I. Sheppard, M. O. Gallerand, and B. Sanipelli, 2005, “Derivation of Ecotoxicity Thresholds for Uranium,” J. Environ. Radioactivity. 79(1):55-83. 

Stendahl, D. and J. Sprague, 1982, “Effects of Water Hardness and pH on Vanadium Lethality to Rainbow Trout,” Water Research 16:1479–1488. 

WAC 173-201A, 2006, “Water Quality Standards for Surface Waters of the State of Washington,” Washington Administrative Code.   
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Table 6-2.  Sediment Biota No Observed Effect Concentrations for Sediment  

Contaminants of Potential Ecological Concern.  (2 Pages) 

Constituent Name 
Constituent 

Identification 
NOEC Source NOEC Units Notes 

Acetone 67-64-1 ES/ER/TM-95/R4 0.0087 mg/kg EqP at 1% TOC 
alpha-BHC 319-84-6 OMOE 1993 0.006 mg/kg Lowest effect level 
Carbon-14 14762-75-5 DOE 2009 59,000 pCi/g -- 
Cesium-137 10045-97-3 DOE 2009 3,120 pCi/g -- 
Chromium 7440-47-3 Michelsen 2011 72 mg/kg Table ES-1 in source.  Sediment quality standard 
Cobalt-57 13981-50-5 DOE 2009 1,460 pCi/g No BCG available; value for Co-60 used.  Riparian 

animal sediment 
Cobalt-60 10198-40-0 DOE 2009 1,460 pCi/g Riparian animal sediment 
delta-BHC 319-86-8 ES/ER/TM-95/R4 0.12 mg/kg EqP at 1% TOC 
Dichlorodiphenyldichloroethane 72-54-8 Michelsen 2011 0.310 mg/kg Table ES-1 in source.  Sediment quality standard 
Endosulfan sulfate 1031-07-8 EPA Region 5 0.034 mg/kg Based on equilibrium partitioning 
Europium-152 14683-23-9 DOE 2009 3,040 pCi/g -- 
Europium-154 15585-10-1 DOE 2009 2,570 pCi/g -- 
Heptachlor epoxide 1024-57-3 MacDonald et al. 2000 0.0025 mg/kg Threshold effect level 
Lead 7439-92-1 Michelsen 2011 360 mg/kg Table ES-1 in source.  Sediment quality standard  
Mercury 7439-97-6 Michelsen 2011 0.66 mg/kg Table ES-1 in source.  Sediment quality standard 
Molybdenum 7439-98-7 Crommentuijn et al. 

2000 
250 mg/kg Maximum permissible concentration  

Phosphorus 7723-14-0 OMOE 1993 600 mg/kg Lowest effect level 
Plutonium-239/240 PU-239/240 DOE 2009 5,860 pCi/g Value for Pu-239 
Selenium 7782-49-2 Michelsen 2011 11 mg/kg Table 5-1 in source.  Sediment quality value 
Silver 7440-22-4 Michelsen 2011 0.57 mg/kg Table 5-1 in source.  Sediment quality value 
Strontium-90 10098-97-2 DOE 2009 582 pCi/g -- 
Technetium-99 14133-76-7 DOE 2009 42,200 pCi/g -- 
Thallium 7440-28-0 Crommentuijn et al. 

2000 
2.6 mg/kg Maximum permissible concentration 

Toluene 108-88-3 ORNL 1997 0.05 mg/kg EqP at 1% TOC 
Total PCBs Total_PCB Michelsen 2011 0.11 mg/kg Table ES-1 in source.  Sediment quality standard 
Total petroleum hydrocarbons - 
diesel range 

TPHDIESEL Michelsen 2011 340 mg/kg Table ES-1 in source.  Sediment quality standard  

Total petroleum hydrocarbons - 
motor oil (high boiling) 

TPH/OILH Michelsen 2011 3,600 mg/kg Table ES-1 in source.  Sediment quality standard 

Tritium 10028-17-8 DOE 2009 374,000 pCi/g -- 
Uranium 7440-61-1 Sheppard et al. 2005 100 mg/kg Aggregate value 
Uranium-233/234 U-233/234 DOE 2009 5,270 pCi/g Value is for U-234; lower of U-233 and U-234 
Uranium-234 13966-29-5 DOE 2009 5,270 pCi/g Riparian animal sediment 
Uranium-235 15117-96-1 DOE 2009 3,730 pCi/g Riparian animal sediment 
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Table 6-2.  Sediment Biota No Observed Effect Concentrations for Sediment  
Contaminants of Potential Ecological Concern.  (2 Pages) 

Constituent Name 
Constituent 

Identification 
NOEC Source NOEC Units Notes 

Uranium-238 U-238 DOE 2009 2,490 pCi/g Riparian animal sediment 
-- = not applicable 
BCG = biota concentration guideline 
BHC = benzene hexachloride 
EqP = equilibrium partitioning  

NOEC = no observed effect concentration 
PCB = polychlorinated biphenyl 
TOC = total organic carbon 

Crommentuijn, D, D. Sijm, J. de Bruijn, M. van den Hoop, K. van Leeuwen, and E. van de Plassche, 2000, “Maximum Permissible and Negligible Concentration for Metals and 
Metalloids in the Netherlands, Taking into Account Background Concentrations,” J. Environ. Manage. 60(2):121-143. 

DOE, 2009, ResRad Biota, Version 1.5, Biota Concentration Guidelines.  Available at http://web.ead.anl.gov/resrad/home2/index.cfm. 

EPA, Region 5, 2003, Ecological Screening Levels, Most Sediment Values Based on Equilibrium Partitioning.  Website version:  www.epa.gov/reg5rcra/ca/edql.htm. 

ES/ER/TM-95/R4, 1997, Toxicological Benchmarks for Screening Contaminants of Potential Concern for Effects on Sediment–Associated Biota:  1997 Revision, Oak Ridge National 
Laboratory, Oak Ridge, Tennessee. 

MacDonald, D. D., C. G. Ingersoll, and T. A. Berger, 2000, “Development and Evaluation of Consensus-Based Sediment Quality Guidelines for Freshwater Ecosystems,” Arch. Environ. 
Con. Tox. 39:20-31. 

Michelsen, T., 2011, Development of Benthic SQVs for Freshwater Sediments in Washington, Oregon, and Idaho, Publication No. 11-09-05, Prepared for the Washington Department of 
Ecology, Toxics Cleanup Program, Sediment Management Unit by Avocet Consulting, Olympia, Washington.  

OMOE, 1993, Guidelines for the Protection and Management of Aquatic Sediment Quality in Ontario, Ontario Ministry of the Environment, Queen's Printer of Ontario, Ontario, Canada. 

Sheppard, S. C., M. I. Sheppard, M. O. Gallerand, and B. Sanipelli, 2005, “Derivation of Ecotoxicity Thresholds for Uranium,” J. Environ. Radioactivity. 79(1):55-83. 

Van Derveer, W. D. and S. P. Canton, 1997, Selenium Sediment Toxicity Thresholds and Derivation of Water Quality Criteria for Freshwater Biota of Western Streams, 
Env. Tox & Chem. 16(6): 1260 – 1268. 
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Table 6-3.  Plant No Observed Effect Concentrations for Soil Contaminants  

of Potential Ecological Concern.  (2 Pages) 

Constituent Name 
Constituent 

Identification
NOEC Source NOEC Units Notes 

alpha-BHC 319-84-6 WAC 173-340-900, Table 749-3 10 mg/kg -- 
Arsenic 7440-38-2 WAC 173-340-900, Table 749-3 10 mg/kg -- 
Carbon-14 14762-75-5 DOE 2009 60,700 pCi/g Terrestrial plant BCG  
Cesium-137 10045-97-3 DOE 2009 2,210 pCi/g Terrestrial plant BCG  
Chromium 7440-47-3 WAC 173-340-900, Table 749-3 42 mg/kg -- 
Cobalt-60 10198-40-0 DOE 2009 6,130 pCi/g Terrestrial plant BCG  
Dichlorodiphenyldichloroethane 72-54-8 OSWER Directive 9285.7-57 7.1 mg/kg EPA SSL  
Dichlorodiphenyltrichloroethane 50-29-3 OSWER Directive 9285.7-57 7.1 mg/kg No SSL; value is lowest value from SSL plant data 

set 
Diethylphthalate 84-66-2 WAC 173-340-900, Table 749-3 100 mg/kg -- 
Europium-152 14683-23-9 DOE 2009 14,700 pCi/g Terrestrial plant BCG  
Heptachlor epoxide 1024-57-3 LA-UR-08-6673 0.4 mg/kg -- 
Hexavalent chromium 18540-29-9 LA-UR-08-6673 0.35 mg/kg -- 
Lead 7439-92-1 WAC 173-340-900, Table 749-3 50 mg/kg -- 
Lithium 7439-93-2 WAC 173-340-900, Table 749-3 35 mg/kg WAC value is Washington State.  Background 
Mercury 7439-97-6 WAC 173-340-900, Table 749-3. 0.3 mg/kg LANL NOEC is 34 mg/kg 
Molybdenum 7439-98-7 WAC 173-340-900, Table 749-3 2 mg/kg -- 
Nickel 7440-02-0 OSWER Directive 9285.7-76 38 mg/kg EPA plant SSL 
Total PCBs Total_PCB WAC 173-340-900, Table 749-3 40 mg/kg Value is from ORNL and has low confidence 
Plutonium-239/240 PU-239/240 DOE 2009 12,700 pCi/g Terrestrial plant BCG for Pu-239 
Selenium 7782-49-2 OSWER Directive 9285.7-72 0.52 mg/kg EPA SSL  
Silver 7440-22-4 OSWER Directive 9285.7-77 560 mg/kg EPA SSL  
Strontium-90 10098-97-2 DOE 2009 3,580 pCi/g Terrestrial plant BCG 
Technetium-99 14133-76-7 DOE 2009 21,900 pCi/g -- 
Thallium 7440-28-0 LA-UR-08-6673 0.1 mg/kg -- 
Toluene 108-88-3 ES/ER/TM-85/R3 200 mg/kg -- 
Tritium 10028-17-8 DOE 2009 1,680,000 pCi/g -- 
Uranium 7440-61-1 Sheppard et al. 2005 250 mg/kg -- 
Uranium-233/234 U-233/234 DOE 2009 51,600 pCi/g Value for U-234.  Terrestrial plant BCG 
Uranium-234 13966-29-5 DOE 2009 51,600 pCi/g -- 
Uranium-235 15117-96-1 DOE 2009 27,400 pCi/g Terrestrial plant BCG 
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Table 6-3.  Plant No Observed Effect Concentrations for Soil Contaminants  
of Potential Ecological Concern.  (2 Pages) 

Constituent Name 
Constituent 

Identification
NOEC Source NOEC Units Notes 

Uranium-238 U-238 DOE 2009 15,700 pCi/g Terrestrial plant BCG 
--  = not applicable 
BCG = biota concentration guideline 
BHC = benzene hexachloride 
EPA = U.S. Environmental Protection Agency 
LANL = Los Alamos National Laboratory 

NOEC = no observed effect concentration  
ORNL = Oak Ridge National Laboratory 
PCB = polychlorinated biphenyl 
SSL = soil screening level 
WAC = Washington Administrative Code 

DOE, 2009, ResRad Biota, Version 1.5, Biota Concentration Guidelines.  Available at http://web.ead.anl.gov/resrad/home2/index.cfm. 

ES/ER/TM-85/R3, 1997, Toxicological Benchmarks for Screening Contaminants of Potential Concern for Effects on Terrestrial Plants:  1997 Revision, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee. 

LA-UR-08-6673, 2008, Ecorisk Database, Release 2.3, Los Alamos National Laboratory, Los Alamos, New Mexico. 

OSWER Directive 9285.7-57, 2007, Ecological Soil Screening Level for DDT & Metabolites, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, 
Washington, D.C.   

OSWER Directive 9285.7-72, 2007, Ecological Soil Screening Level for Selenium, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, Washington, D.C.   

OSWER Directive 285.7-76, 2005, Ecological Soil Screening Levels for Nickel:  Interim Final, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, 
Washington, D.C.   

OSWER Directive 9285.7-77, 2006, Ecological Soil Screening Level for Silver, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, Washington, D.C.  

Sheppard, S. C., M. I. Sheppard, M. O. Gallerand, and B. Sanipelli, 2005, “Derivation of Ecotoxicity Thresholds for Uranium,” J. Environ. Radioactivity. 79(1):55-83. 

WAC 173-340-900, "Tables," Washington Administrative Code, as amended, Washington State Department of Ecology, Olympia, Washington.  
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Table 6-4.  Soil Invertebrates No Observed Effect Concentrations for  

Soil Contaminants of Potential Ecological Concern.  (2 Pages) 

Constituent Name 
Constituent 

Identification 
NOEC Source NOEC Units Notes 

Arsenic 7440-38-2 WAC 173-340-900, Table 749-3 60 mg/kg Value is a low-confidence value from ORNL 
Carbon-14 14762-75-5 DOE 2009 4,760 pCi/g Terrestrial animal BCG 
Cesium-137 10045-97-3 DOE 2009 20.8 pCi/g Terrestrial animal value BCG 
Chromium 7440-47-3 Van Gestel et al. 1992 57 mg/kg MATC for reproduction; study met EPA's SSL data 

criteria.  LANL value of 2.3 not chosen because well 
below background 

Cobalt-60 10198-40-0 DOE 2009 692 pCi/g Terrestrial animal BCG 
Dichlorodiphenyltrichloroethane 50-29-3 OSWER Directive 9285.7-57 0.118 mg/kg No SSL; geomean of LC50s from acceptable studies 

divided by UF of 50 for LC50 - NOEC use. 
Diethylphthalate 84-66-2 WAC 173-340-900, Table 749-3 200 mg/kg Dimethylphthalate used as a surrogate 
Europium-152 14683-23-9 DOE 2009 1,520 pCi/g Terrestrial animal BCG 
Lead 7439-92-1 OSWER Directive 9285.7-70 1,700 mg/kg EPA invertebrate SSL 
Lithium 7439-93-2 Fischer and Molnar 1997 34.7 mg/kg 90% survival in 5 millimole LiCl soil 
Mercury 7439-97-6 WAC 173-340-900, Table 749-3 0.1 mg/kg Value is a low-confidence value from ORNL 
Nickel 7440-02-0 OSWER Directive 9285.7-76 280 mg/kg EPA invertebrate SSL.  WAC value is a low-confidence 

value from ORNL 
Total PCBs Total_PCB Paine et al. 1993 24 mg/kg UF of 50 applied to study LC50 of 1,200 mg/kg for 

effects on crickets, similar life history to darkling beetles 
Plutonium-239/240 PU-239/240 DOE 2009 6,110 pCi/g Terrestrial animal BCG for Pu-239 
Strontium-90 10098-97-2 DOE 2009 22.5 pCi/g Terrestrial animal BCG 
Total petroleum hydrocarbons - 
diesel range 

TPHDIESEL WAC 173-340-900, Table 749-3 200 mg/kg -- 

Uranium 7440-61-1 Sheppard et al. 2005 100 mg/kg Probable no-effect concentration 
Uranium-233/234 U-233/234 DOE 2009 4,830 pCi/g Value for U-233.  Terrestrial animal BCG 
Uranium-235 15117-96-1 DOE 2009 2,770 pCi/g Terrestrial animal BCG 
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Table 6-4.  Soil Invertebrates No Observed Effect Concentrations for  
Soil Contaminants of Potential Ecological Concern.  (2 Pages) 

Constituent Name 
Constituent 

Identification 
NOEC Source NOEC Units Notes 

Uranium-238 U-238 DOE 2009 1,580 pCi/g Terrestrial animal BCG 
--  = not applicable 
BCG = biota concentration guideline 
EPA = U.S. Environmental Protection Agency 
LANL = Los Alamos National Laboratory 
MATC = maximum acceptable toxicant concentration 

NOEC = no observed effect concentration 
ORNL = Oak Ridge National Laboratory 
PCB = polychlorinated biphenyl 
SSL = soil screening level 
UF = uncertainty factor 

DOE, 2009, ResRad Biota, Version 1.5, Biota Concentration Guidelines.  Available at http://web.ead.anl.gov/resrad/home2/index.cfm. 

Fischer, E. and L. Molnar, 1997, “Growth and Reproduction of Eisenia foetida in Semi-Natural Soil Containing Various Metal Chlorides,” Soil. Biol. Biochem. 3(4):667-678. 

OSWER Directive 9285.7-57, 2007, Ecological Soil Screening Level for DDT & Metabolites. U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, 
Washington, D.C.   

OSWER Directive 9285.7-70, 2003, Ecological Soil Screening Level for Lead, Interim Final, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, 
Washington, D.C.   

OSWER Directive 9285.7-76, 2005, Ecological Soil Screening Levels for Nickel:  Interim Final, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, 
Washington, D.C.   

Paine, J. M., M. J. McKee, and M. E. Ryan, 1993, “Toxicity and Bioaccumulation of Soil PCBs in Crickets: Comparison of Laboratory and Field Studies,” Environ. Toxicol. Chem. 12:2097-2103.  

Sheppard, S. C., M. I. Sheppard, M. O. Gallerand, and B. Sanipelli, 2005, “Derivation of Ecotoxicity Thresholds for Uranium,” J. Environ. Radioactivity. 79(1):55-83. 

Van Gestel, C. A. M, E. M. Dirven-Van Breemen, R. Baerselman, H. J. B. Emans, J. A. M. Janssen, R. Postuma, and P. J. M. Van Vliet, 1992, “Comparison of Sublethal and Lethal Criteria for 
Nine Different Chemicals in Standardized Toxicity Tests Using the Earthworm Eisenia andrei,” Ecotox. Environ. Safe. 23:206-220. 

WAC 173-340-900, “Tables,” Table 749-3, Washington Administrative Code, as amended, Washington State Department of Ecology, Olympia, Washington.  
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Table 6-5.  Bird No Observed Effect Concentrations for Soil  

Contaminants of Potential Ecological Concern.  (2 Pages) 

Constituent Name 
Constituent 

Identification 
NOEC Source NOEC Units Notes 

Arsenic 7440-38-2 OSWER Directive 9285.7-62 43 mg/kg EPA bird SSL 
Carbon-14 14762-75-5 DOE 2009 4,760 pCi/g Terrestrial animal BCG 
Cesium-137 10045-97-3 DOE 2009 20.8 pCi/g Terrestrial animal BCG 
Chromium 7440-47-3 OSWER Directive 9285.7-66 26 mg/kg EPA bird SSL 
Cobalt-60 10198-40-0 DOE 2009 692 pCi/g Terrestrial animal BCG 
Dichlorodiphenyldichloroethane 72-54-8 EPA 2007 0.093 mg/kg EPA SSL 
Dichlorodiphenyltrichloroethane 50-29-3 EPA 2007 0.093 mg/kg EPA SSL  
Endosulfan sulfate 1031-07-8 Calculated per WAC 173-340-7493 19.4 mg/kg Calculated per WAC 173-340-7493; see 

Appendix D 
Europium-152 14683-23-9 DOE 2009 1,520 pCi/g Terrestrial animal BCG 
Hexavalent chromium 18540-29-9 LA-UR-08-6673 190 mg/kg -- 
Lead 7439-92-1 OSWER Directive 9285.7-70 11 mg/kg EPA bird SSL 
Mercury 7439-97-6 LA-UR-08-6673 0.013 mg/kg -- 
Molybdenum 7439-98-7 Calculated per WAC 173-340-7493 96.6 mg/kg  Calculated per WAC 173-340-7493; 

UF of 5 applied to TRV of 35.3 for 
LOEL-NOEL use.  See Appendix D 

Nickel 7440-02-0 OSWER Directive 9285.7-76 210 mg/kg EPA bird SSL  
Total PCBs Total_PCB LA-UR-08-6673 0.041 mg/kg Lowest value among all Aroclors 
Plutonium-239/240 PU-239/240 DOE 2009 6,110 pCi/g Terrestrial animal BCG for Pu-239 
Strontium-90 10098-97-2 DOE 2009 22.5 pCi/g Terrestrial animal BCG 
Selenium 7782-49-2 OSWER Directive 9285.7-72 1.2 mg/kg EPA SSL  
Silver 7440-22-4 OSWER Directive 9285.7-77 4.2 mg/kg EPA SSL  
Strontium-90 10098-97-2 DOE 2009 22.5 pCi/g Terrestrial animal BCG 
Thallium 7440-28-0 LA-UR-08-6673 2008 0.9 mg/kg -- 
Total petroleum hydrocarbons - 
diesel range 

TPHDIESEL WAC 173-340-900, Table 749-3, 
wildlife value 

6,000 mg/kg Wildlife value; bird or mammal not 
indicated 

Tritium 10028-17-8 LA-UR-08-6673 2008 300,000 pCi/g -- 
Uranium 7440-61-1 WAC 173-340-900  31 mg/kg Calculated with RCBRA EcoPRG 

NOAEL TRV of 16 mg/kg/day and 
WAC 173-340-900 Table 749-4 robin 
model 

Uranium-233/234 U-233/234 DOE 2009 5,130 pCi/g Terrestrial animal BCG for U-234 
Uranium-235 15117-96-1 DOE 2009 2,770 pCi/g Terrestrial animal BCG 
Uranium-238 U-238 DOE 2009 1,580 pCi/g Terrestrial animal BCG 
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Table 6-5.  Bird No Observed Effect Concentrations for Soil  
Contaminants of Potential Ecological Concern.  (2 Pages) 

Constituent Name 
Constituent 

Identification 
NOEC Source NOEC Units Notes 

Vanadium 7440-62-2 OSWER Directive 9285.7-75 7.8 mg/kg EPA SSL  
--  = not applicable 
BCG = biota concentration guideline 
EPA = U.S. Environmental Protection Agency 
LOEL = lowest observable effect level 
NOAEL = no observable adverse effect level 
NOEL = no observable effect level 

PCB = polychlorinated biphenyl 
PRG = preliminary remediation goal 
SSL = soil screening level 
TRV = toxicity reference value 
UF = uncertainty factor 
WAC = Washington Administrative Code

DOE, 2009, ResRad Biota, Version 1.5, Biota Concentration Guidelines.  Available at http://web.ead.anl.gov/resrad/home2/index.cfm. 

LA-UR-08-6673, 2008, Ecorisk Database, Release 2.3, Los Alamos National Laboratory, Los Alamos, New Mexico. 

OSWER Directive 9285.7-62, 2005, Ecological Soil Screening Level for Arsenic, Interim Final, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency 
Response, Washington, D.C. 

OSWER Directive 9285.7-66, 2005, Ecological Soil Screening Levels for Chromium:  Interim Final, revised 2008, U.S. Environmental Protection Agency, Office of Solid Waste and 
Emergency Response, Washington, D.C.   

OSWER Directive 9285.7-70, 2003, Ecological Soil Screening Level for Lead, Interim Final, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, 
Washington, D.C.   

OSWER Directive 9285.7-57, 2007, Ecological Soil Screening Level for DDT & Metabolites, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, 
Washington, D.C.   

OSWER Directive 9285.7-72, 2007, Ecological Soil Screening Level for Selenium, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, 
Washington, D.C.   

OSWER Directive 9285.7-77, 2006, Ecological Soil Screening Level for Silver, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, 
Washington, D.C.   

OSWER Directive 9285.7-75, 2005, Ecological Soil Screening Levels for Vanadium: Interim Final, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency 
Response, Washington, D.C. 

OSWER Directive 9285.7-76, 2007, Ecological Soil Screening Levels for Nickel: Interim Final, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency 
Response, Washington, D.C. 

WAC 173-340-900, “Tables,” Washington Administrative Code, as amended, Washington State Department of Ecology, Olympia, Washington.  
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Table 6-6.  Mammal No Observed Effect Concentrations for Soil  

Contaminants of Potential Ecological Concern.  (2 Pages) 

Constituent Name 
Constituent 

Identification 
NOEC Source NOEC Units Notes 

Arsenic 7440-38-2 OSWER Directive 9285.7-62 46 mg/kg EPA mammalian SSL 
Carbon-14 14762-75-5 DOE 2009 4,760 pCi/g Terrestrial animal BCG 
Cesium-137 10045-97-3 DOE 2009 20.8 pCi/g Terrestrial Animal BCG 
Chromium 7440-47-3 OSWER Directive 9285.7-66 34 mg/kg EPA mammalian SSL 
Cobalt-60 10198-40-0 DOE 2009 692 pCi/g Terrestrial Animal BCG 
Dichlorodiphenyltrichloroethane 50-29-3 OSWER Directive 9285.7-57 0.021 mg/kg EPA SSL 
Diethylphthalate 84-66-2 EPA Region 5 24.8 mg/kg Based on exposure to a shrew 
Europium-152 14683-23-9 DOE 2009 1,520 pCi/g Terrestrial animal BCG 
Hexavalent chromium 18540-29-9 OSWER Directive 9285.7-66 130 mg/kg EPA mammalian SSL 
Lead 7439-92-1 OSWER Directive 9285.7-70 56 mg/kg EPA mammalian SSL 
Mercury 7439-97-6 LA-UR-08-6673 1.7 mg/kg -- 
Nickel 7440-02-0 OSWER Directive 9285.7-76 130 mg/kg EPA mammalian SSL 
Total PCBs Total_PCB WAC 173-340-900, Table 749-3 0.65 mg/kg Value for wildlife receptors; bird or mammal 

not indicated 
Plutonium-239/240 PU-239/240 DOE 2009 6,110 pCi/g Terrestrial animal BCG for Pu-239 
Strontium 7440-24-6 LA-UR-08-6673 96 mg/kg -- 
Strontium-90 10098-97-2 DOE 2009 22.5 pCi/g Terrestrial animal BCG 
Total petroleum hydrocarbons - 
diesel range 

TPHDIESEL WAC 173-340-900, Table 749-3, 
wildlife value 

6,000 mg/kg Wildlife value; bird or mammal not indicated 

Uranium 7440-61-1 WAC 173-340-900 3 mg/kg Calculated with CHPRC EcoPRG NOAEL and 
WAC 173-340-900 Table 749-4 shrew model.  
RCBRA value 

Uranium-233/234 U-233/234 DOE 2009 5,130 pCi/g Terrestrial animal BCG for U-234 
Uranium-235 15117-96-1 DOE 2009 2,770 pCi/g Terrestrial animal BCG 
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Table 6-6.  Mammal No Observed Effect Concentrations for Soil  
Contaminants of Potential Ecological Concern.  (2 Pages) 

Constituent Name 
Constituent 

Identification 
NOEC Source NOEC Units Notes 

Uranium-238 U-238 DOE 2009 1,580 pCi/g Terrestrial animal BCG 
-- = not applicable 
BCG = biota concentration guideline 
CHPRC = CH2M HILL Plateau Remediation Company 
EPA = U.S. Environmental Protection Agency 
NOAEL = no observable adverse effect level 
NOEC = no observed effect concentration 

PCB = polychlorinated biphenyl 
RCBRA = River Corridor Baseline Risk Assessment 
SSL = soil screening level 
TPH = total petroleum hydrocarbons 
WAC = Washington Administrative Code 

DOE, 2009, ResRad Biota, Version 1.5, Biota Concentration Guidelines.  Available at http://web.ead.anl.gov/resrad/home2/index.cfm. 

LA-UR-08-6673, 2008, Ecorisk Database, Release 2.3, Los Alamos National Laboratory, Los Alamos, New Mexico. 

EPA, Region 5, 2003, Ecological Screening Levels, Website version:  www.epa.gov/reg5rcra/ca/edql.htm. 

OSWER Directive 9285.7-57, 2007, Ecological Soil Screening Level for DDT & Metabolites, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, 
Washington, D.C.   

OSWER Directive 9285.7-62, 2005, Ecological Soil Screening Level for Arsenic, Interim Final, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, 
Washington, D.C. 

OSWER Directive9285.7-66, 2005, Ecological Soil Screening Levels for Chromium:  Interim Final, revised 2008, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency 
Response, Washington, D.C.   

OSWER Directive9285.7-70, 2003, Ecological Soil Screening Level for Lead, Interim Final, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, 
Washington, D.C.   

OSWER Directive9285.7-76, 2007, Ecological Soil Screening Levels for Nickel: Interim Final, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, 
Washington, D.C. 

WAC 173-340-900, “Tables,” Washington Administrative Code, as amended, Washington State Department of Ecology, Olympia, Washington.  
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Screening-Level Risk Calculation Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 2:  Screening-Level Ecological Risk Assessment 
June 2012 7-1 

Table 7-1.  Surface Water Aquatic Biota Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations.  (2 Pages) 

Sub-Area COPEC Units 
Number 

of 
Samples 

Number 
of 

Detections 

FOD 
(%) 

Minimum 
Detect 

Maximum 
Detect 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Designation of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
NOEC 

Number of 
Exceedances 

(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
≥ NOEC? 

Inclusion 
List 

100 Area Chromium a mg/L 142 50 35.21 0.000041 0.0973 B1KHR6 379.11 HL 1296 0.0000392 0.005 0.064 1 0 Yes Yes 

100 Area Fluoride mg/L 90 83 92.22 0.014 0.14 B12VP3 380.15 HL 816 0.0051 0.25 0.3 0 0 No No 

100 Area Lead a mg/L 142 57 40.14 0.0000246 0.00432 J19HR7 380.01 J100K24 0.0012 0.005 0.0021 1 70 Yes Yes 

100 Area Mercury mg/L 105 18 17.14 0.0000004 0.000081 J19HR8 381.81 KWIN Test 1 0.00006 0.0002 0.000012 1 87 Yes Yes 

100 Area Nitrate a mg/L 90 90 100 0.217 3.37 J19H22 384.10 T100BC1J1 -- -- 7.1 0 -- No Yes 

100 Area Phosphate mg/L 3 1 33.33 0.01 0.01 B1BC58 379.17 HL 1617 0.25 0.25 1 0 0 No No 

100 Area Phosphorus mg/L 88 14 15.91 0.01 0.0591 J19J80 377.96 T100D1A 0.00556 0.05 1 0 0 No No 

100 Area Sulfate a mg/L 90 90 100 7.58 11.4 J19H22 384.10 T100BC1J1 -- -- NA -- -- NA Yes 

100 Area Sulfate a mg/L 90 90 100 7.58 11.4 J19K13 368.73 T100F2A -- -- NA -- -- NA Yes 

100 Area Total PCBs mg/L 1 1 100 0.000000446 0.000000446 J17RY8 366.20 IS8-5SW -- -- 0.00014 0 -- No No 

100 Area Cesium-137 pCi/L 44 2 4.55 4 8.54 J013X9 383.69 HL 1430 -2.92 20.6 42.6 0 0 No Yes 

100 Area Strontium-90 a  pCi/L 72 28 38.89 0.0428 1.34 B1KHR7 378.94 HL 1417 -0.239 0.288 287 0 0 No Yes 

100 Area Technetium-99 pCi/L 9 1 11.11 0.697 0.697 J013Y0 383.69 HL 1430 -1.32 0.728 667,000 0 0 No Yes 

100 Area Tritium pCi/L 28 21 75 21.5 176 B1DM37 369.49 HL 545 21 134 265,000,000 0 0 No Yes 

100 Area Uranium-233/234 a pCi/L 39 22 56.41 0.123 0.402 J19JT6 379.16 T100N2A 0 0.435 202 0 0 No Yes 

100 Area Uranium-238 a pCi/L 68 45 66.18 0.138 0.321 J19F52 383.27 J100BC47 0 0.225 223 0 0 No Yes 

100 Area Radionuclide Sum of Fractions ≥ 1.0? No  

 

300 Area 1,2-Dichloroethane mg/L 80 6 7.5 0.00012 0.0011 B15988 343.00 HL 2171 0.00008 0.005 0.91 0 0 No No 

300 Area 1,4-Dichlorobenzene mg/L 73 1 1.37 0.00022 0.00022 B106M9 340.89 HL 1140 0.00009 0.01 0.015 0 0 No No 

300 Area Acetone mg/L 80 38 47.5 0.00025 0.0182 J19HW7 344.07 J30019 0.00021 0.01 1.5 0 0 No No 

300 Area Chloroform mg/L 80 5 6.25 0.0037 0.0055 B15988 343.00 HL 2171 0.00007 0.005 0.028 0 0 No No 

300 Area Chromium mg/L 469 372 79.32 0.0000211 0.00644 J19K51 349.58 JHTS40 0.0000165 0.1 0.064 0 1 No Yes 

300 Area Chrysene mg/L 5 1 20 0.0007 0.0007 J17TJ4 339.92 LG-1SW 0.01 0.01 0.03 0 0 No No 

300 Area Lead a mg/L 468 424 90.6 0.00000111 0.00556 B1DM03 343.01 HL 2118 0.0000049 0.005 0.0021 2 26 Yes Yes 

300 Area Mercury mg/L 175 138 78.86 0.000000225 0.00000629 B1DM03 343.01 HL 2118 0.00006 0.0005 0.000012 0 37 No Yes 

300 Area Nitrate a mg/L 318 316 99.37 0.137 8.41 B1D7L8 343.41 HL 707 0.0487 0.5 7.1 1 0 Yes Yes 

300 Area Nitrite mg/L 314 10 3.18 0.069 0.329 B1KFW5 359.74 HL 573 0.00657 0.25 0.098 8 2 Yes No 

300 Area Silver mg/L 468 170 36.32 0.000000948 0.0000177 B1DM03 343.01 HL 2118 0.0000012 0.01 0.00036 0 37 No No 

300 Area Sulfate a mg/L 318 317 99.69 1.3 19.2 B146X3 340.89 HL 1140 0.11 0.11 NA -- 0 NA Yes 

300 Area Total PCBs mg/L 1 1 100 0.000000866 0.000000866 J17T01 355.81 RG-3SW -- -- 0.00014 0 -- No No 

300 Area Trichloroethene mg/L 80 8 10 0.00017 0.00021 B1DMR6 340.44 HL 1210 0.00009 0.005 0.047 0 0 No Yes 

300 Area Xylenes (total) mg/L 80 14 17.5 0.0004 0.0012 B106N5 343.00 HL 2171 0.00013 0.005 0.013 0 0 No No 

300 Area Xylenes (total) mg/L 80 14 17.5 0.0004 0.0012 B106M9 340.89 HL 1140 0.00013 0.005 0.013 0 0 No No 

300 Area Xylenes (total) mg/L 80 14 17.5 0.0004 0.0012 B106N0 340.89 HL 1140 0.00013 0.005 0.013 0 0 No No 

300 Area Plutonium-238 pCi/L 68 2 2.94 0.0000204 0.0000405 B14X10 340.89 HL 1140 -0.069 0.068 176 0 0 No No 

300 Area Plutonium-239/240 pCi/L 68 12 17.65 0.00000843 0.00015 B12862 340.89 HL 1140 -0.023 0.076 187 0 0 No Yes 

300 Area Strontium-90 pCi/L 400 297 74.25 0.0332 0.26 B1D502 340.46 HL 1016 -0.12 0.5 287 0 0 No Yes 

300 Area Technetium-99 pCi/L 94 4 4.26 0.299 1.15 B16PJ9 340.89 HL 1140 -0.81 0.839 667,000 0 0 No Yes 

300 Area Tritium pCi/L 357 331 92.72 15.4 989 J19K50 359.90 JHTS9 -48 106 265,000,000 0 0 No Yes 

300 Area Uranium-233/234 a  pCi/L 17 14 82.35 0.203 1.8 J19F86 344.60 T3003A 0.103 0.171 202 0 0 No Yes 
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Table 7-1.  Surface Water Aquatic Biota Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations.  (2 Pages) 

Sub-Area COPEC Units 
Number 

of 
Samples 

Number 
of 

Detections 

FOD 
(%) 

Minimum 
Detect 

Maximum 
Detect 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Designation of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
NOEC 

Number of 
Exceedances 

(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
≥ NOEC? 

Inclusion 
List 

300 Area Uranium-235 pCi/L 408 36 8.82 0.00959 0.05 26205 340.38 HL 1039 -0.03 0.159 217 0 0 No Yes 

300 Area Uranium-238 a  pCi/L 408 399 97.79 0.1 1.62 J19F86 344.60 T3003A 0.01 0.17 223 0 0 No Yes 

300 Area Radionuclide Sum of Fractions ≥ 1.0? No  

 

Lake Wallula Chloride mg/L 6 6 100 1.23 4.98 J18P47 298.07 HRB-1SW -- -- 230 0 -- No No 

Lake Wallula Chromium mg/L 42 7 16.67 0.000117 0.00101 J18P93 298.54 HRM-1SW 0.00059 0.0208 0.064 0 0 No Yes 

Lake Wallula Fluoride mg/L 6 3 50 0.11 0.11 B170P9 292.38 HL 320 0.25 0.25 0.3 0 0 No No 

Lake Wallula Fluoride mg/L 6 3 50 0.11 0.11 B170R0 292.26 HL 1414 0.25 0.25 0.3 0 0 No No 

Lake Wallula Fluoride mg/L 6 3 50 0.11 0.11 B170R1 292.46 HL 931 0.25 0.25 0.3 0 0 No No 

Lake Wallula Hexavalent chromium mg/L 18 1 5.56 0.004 0.004 J17TV5 292.68 MDBR-1SW 0.0037 0.0037 0.01 0 0 No Yes 

Lake Wallula Lead mg/L 42 7 16.67 0.0000111 0.0018 J17TL5 333.81 BL-1SW 0.0012 0.005 0.0021 0 9 No Yes 

Lake Wallula Mercury mg/L 42 7 16.67 0.000000583 0.000062 J17V41 292.75 MD-3SW 0.00006 0.0002 0.000012 1 35 Yes Yes 

Lake Wallula Nitrate a mg/L 6 6 100 0.36 4.79 J18P47 298.07 HRB-1SW -- -- 7.1 0 -- No Yes 

Lake Wallula Sulfate a mg/L 6 6 100 5.92 10.7 J18P47 298.07 HRB-1SW -- -- NA -- -- NA Yes 

Lake Wallula Total PCBs mg/L 2 2 100 0.000000859 0.000000961 J18NK7 298.54 HRM-1SW -- -- 0.00014 0 -- No No 

Lake Wallula TPH-diesel range mg/L 15 2 13.33 0.064 0.087 J17TK8 292.68 MDBR-1SW 0.03 0.1 0.5 0 0 No Yes 

Lake Wallula TPH-motor oil mg/L 15 1 6.67 0.11 0.11 J17TK6 311.82 PK-1SW 0.3 0.3 NA -- 0 NA Yes 

Lake Wallula Uranium mg/L 42 7 16.67 0.000691 0.0125 J17TL8 330.28 CP-1SW-F 0.01 0.2 0.005 1 35 Yes Yes 

Lake Wallula Cobalt-60 pCi/L 25 1 4 0.6 0.6 30879 333.60 HL 169 -0.822 18.9 3760 0 0 No Yes 

Lake Wallula Plutonium-238 pCi/L 19 1 5.26 1.1 1.1 J17V40 308.48 LW-2SW -0.092 0.059 176 0 0 No No 

Lake Wallula Plutonium-239/240 pCi/L 19 1 5.26 1.19 1.19 J17V40 308.48 LW-2SW -0.014 0.033 187 0 0 No Yes 

Lake Wallula Strontium-90 pCi/L 24 4 16.67 0.0837 0.115 B17BH9 295.53 HL 779 -0.228 0.373 287 0 0 No Yes 

Lake Wallula Tritium pCi/L 24 3 12.5 31.9 35.2 B16WL6 292.26 HL 1414 -189 122 265,000,000 0 0 No Yes 

Lake Wallula Uranium-233/234 a  pCi/L 18 13 72.22 0.149 1.12 J17TK5 325.04 SP-1SW 0.135 0.305 202 0 0 No Yes 

Lake Wallula Uranium-234 pCi/L 4 4 100 0.2 0.27 30879 333.60 HL 169 -- -- 202 0 -- No No 

Lake Wallula Uranium-235 pCi/L 19 1 5.26 0.065 0.065 J17TK5 325.04 SP-1SW 0 0.066 217 0 0 No Yes 

Lake Wallula Uranium-238 a  pCi/L 19 14 73.68 0.118 0.719 J17TK5 325.04 SP-1SW 0 0.174 223 0 0 No Yes 

Lake Wallula Radionuclide Sum of Fractions ≥ 1.0? No  

NOTE:  COPECs listed more than once indicate that the same maximum concentration was present in more than one sample.   Each sample is listed individually.  
a Inclusion List analyte consistent with or lower than Reference concentrations, as determined by statistical or qualitative evaluation. 

-- = not applicable; all samples were detections; no reporting limit recorded 
COPEC = contaminant of potential ecological concern 
FOD = frequency of detection 
NA = not available  

NOEC = no observed effect concentration 
PCB = polychlorinated biphenyl 
RM = River Mile 
TPH = total petroleum hydrocarbons 
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Table 7-2.  Surface Water No-Observed-Effect  
Concentration Exceedances.  

100 Area  
Aquatic Biota 

300 Area  
Aquatic Biota 

Lake Wallula  
Aquatic Biota 

Chromium 
Lead 
Mercury 

Lead 
Nitrate 
Nitrite 

Mercury 
Uranium 
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Table 7-3.  Sediment Biota Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations.  (2 Pages) 

Sub-Area COPEC Units 
Number 

of 
Samples 

Number 
of 

Detections 

FOD 
(%) 

Minimum 
Detect 

(dry wt.) 

Maximum 
Detect 

(dry wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Designation of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
NOEC 

Number of 
Exceedances 
(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
≥ NOEC? 

Inclusion 
List 

100 Area Acetone mg/kg 45 3 6.67 0.0229 0.0579 J18M19 384.11 RBC-1SD 0.00996 0.0204 0.0087 3 42 Yes No 

100 Area Chromium a mg/kg 123 123 100 5.93 275 J19JK6 369.74 J100H43 -- -- 72 3 -- Yes Yes 

100 Area delta-BHC mg/kg 45 2 4.44 0.00125 0.0189 J17WH9 372.74 LI-1SD 0.0016 0.00576 0.12 0 0 No No 

100 Area Endosulfan sulfate mg/kg 45 2 4.44 0.000534 0.00144 J17Y97 369.87 HT-4SD 0.0016 0.00711 0.034 0 0 No No 

100 Area Heptachlor epoxide mg/kg 45 1 2.22 0.0318 0.0318 J17WH9 372.74 LI-1SD 0.0016 0.00576 0.0025 1 24 Yes No 

100 Area Hexavalent chromium mg/kg 117 31 26.5 0.26 7.38 J17WJ9 372.74 LI-1SD 0.167 0.377 NA -- 0 NA Yes 

100 Area Lead a mg/kg 123 119 96.75 3.61 59.3 J17Y97 369.87 HT-4SD 5.95 21.7 360 0 0 No Yes 

100 Area Mercury a mg/kg 123 62 50.41 0.0117 0.133 J187P7 367.61 RFD-2SSD 0.0271 0.0952 0.66 0 0 No Yes 

100 Area TPH-diesel range mg/kg 30 6 20 8.19 30.9 J17Y96 369.83 HT-6SD 4.02 7.11 340 0 0 No Yes 

100 Area TPH-motor oil mg/kg 30 11 36.67 11.1 64.5 J17Y96 369.83 HT-6SD 12.2 91.8 3,600 0 0 No Yes 

100 Area Uranium mg/kg 120 6 5 1.85 9.44 J17WJ0 370.86 LI-7SD 14.3 67.9 100 0 0 No Yes 

100 Area Carbon-14 pCi/g 96 2 2.08 3.02 3.16 J17WD4 376.66 RDD-1SD -3.31 4.97 59,000 0 0 No Yes 

100 Area Cesium-137 a pCi/g 123 78 63.41 0.0117 0.449 J19JW6 379.40 N Outfall 0.00846 0.122 3,120 0 0 No Yes 

100 Area Cobalt-60 pCi/g 123 7 5.69 0.0246 0.101 J19JW2 378.85 T100N5Ring 0.0074 0.125 1,460 0 0 No Yes 

100 Area Europium-152 pCi/g 123 7 5.69 0.0602 0.257 J187P7 367.61 RFD-2SSD 0.0231 0.296 3,040 0 0 No Yes 

100 Area Plutonium-239/240 pCi/g 123 1 0.81 1.38 1.38 J17WH7 371.47 LI-5SD -0.0595 0.122 5,860 0 0 No Yes 

100 Area Strontium-90 pCi/g 123 3 2.44 0.442 1.36 J19JW2 378.85 T100N5Ring -0.398 0.254 582 0 0 No Yes 

100 Area Technetium-99 pCi/g 91 1 1.1 0.586 0.586 J18MH2 381.82 RKC1-1SD -0.194 0.27 42,200 0 0 No Yes 

100 Area Uranium-233/234 a pCi/g 123 117 95.12 0.28 3.81 J18702 381.33 RKLS-14SSD 0.186 0.418 5,270 0 0 No Yes 

100 Area Uranium-235 pCi/g 123 3 2.44 0.0495 0.112 J18KH8 379.21 RNLS-2SSD -0.029 0.336 3,730 0 0 No Yes 

100 Area Uranium-238 a pCi/g 123 116 94.31 0.289 3.39 J18702 381.33 RKLS-14SSD 0.112 0.581 2,490 0 0 No Yes 

100 Area Radionuclide Sum of Fractions ≥ 1.0? No  

 

300 Area Chromium a mg/kg 151 151 100 7.65 30.1 J18030 350.29 WI-5SD -- -- 72 0 -- No Yes 

300 Area Hexavalent chromium mg/kg 133 28 21.05 0.228 17.3 J17XM7 356.63 SI-10SD 0.164 0.399 NA -- 0 NA Yes 

300 Area Lead a mg/kg 151 133 88.08 2.66 111 J187P2 362.74 HT-8SSD 3.58 18.3 360 0 0 No Yes 

300 Area Mercury mg/kg 151 40 26.49 0.0102 0.0542 J17XM1 358.09 SI-8SD 0.0161 0.0749 0.66 0 0 No Yes 

300 Area Selenium mg/kg 151 9 5.96 0.429 8.46 J18098 345.61 JSI-4SD 0.499 2.53 11 0 0 No No 

300 Area Titanium mg/kg 5 5 100 1,030 1,290 J18J33 339.64 LG-5SSD -- -- NA -- -- NA No 

300 Area TPH-diesel range mg/kg 69 15 21.74 1.36 20 J18030 350.29 WI-5SD 3.53 6.92 340 0 0 No Yes 

300 Area TPH-motor oil mg/kg 69 33 47.83 3.41 136 J18865 353.86 IS12-4SSD 7.96 73.1 3,600 0 0 No Yes 

300 Area Uranium mg/kg 149 2 1.34 4.6 7.7 J19KY6 344.44 J30013 9.97 50.7 100 0 0 No Yes 

300 Area Carbon-14 pCi/g 138 4 2.9 4.21 5.61 J188B8 346.03 300ISL-3SSD -3.42 3.67 59,000 0 0 No Yes 

300 Area Cesium-137 a pCi/g 153 100 65.36 0.0168 0.472 J17XM1 358.09 SI-8SD 0.0104 0.24 3,120 0 0 No Yes 

300 Area Cobalt-60 pCi/g 153 2 1.31 0.0322 0.0589 J18KY3 343.00 300DC4-1SD -0.00314 0.249 1,460 0 0 No Yes 

300 Area Europium-152 pCi/g 152 7 4.61 0.115 0.377 J18031 350.50 WI-3SD 0.0206 0.609 3,040 0 0 No Yes 

300 Area Plutonium-239/240 pCi/g 152 6 3.95 0.00768 0.216 J188B9 345.72 300ISL-5SSD -0.0452 0.134 5,860 0 0 No Yes 

300 Area Strontium-90 pCi/g 141 4 2.84 0.0559 5.98 J188B9 345.72 300ISL-5SSD -0.323 0.359 582 0 0 No Yes 

300 Area Technetium-99 pCi/g 142 2 1.41 6.78 6.84 J19KM5 357.85 JHTS33 -0.22 0.422 42,200 0 0 No Yes 

300 Area Tritium pCi/g 5 1 20 15.2 15.2 J19K71 357.85 JHTS33 0.126 5.29 374,000 0 0 No Yes 

300 Area Uranium-233/234 a  pCi/g 151 147 97.35 0.321 6.94 J19F99 344.60 T3003A 0.307 0.383 5,270 0 0 No Yes 

300 Area Uranium-234 pCi/g 2 2 100 0.269 0.278 B11JD1 354.67 HL 813 -- -- 5,270 0 -- No No 

300 Area Uranium-235 pCi/g 153 19 12.42 0.00873 0.38 J19F99 344.60 T3003A -0.0465 0.368 3,730 0 0 No Yes 
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Table 7-3.  Sediment Biota Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations.  (2 Pages) 

Sub-Area COPEC Units 
Number 

of 
Samples 

Number 
of 

Detections 

FOD 
(%) 

Minimum 
Detect 

(dry wt.) 

Maximum 
Detect 

(dry wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Designation of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
NOEC 

Number of 
Exceedances 
(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
≥ NOEC? 

Inclusion 
List 

300 Area Uranium-238 a pCi/g 153 148 96.73 0.236 6.21 J19KY6 344.44 J30013 0.124 0.454 2,490 0 0 No Yes 

300 Area Radionuclide Sum of Fractions ≥ 1.0? No  

 

Lake Wallula alpha-BHC mg/kg 94 7 7.45 0.00218 0.0352 J180P1 336.46 CPM-5SD 0.00011 0.0173 0.006 4 17 Yes No 

Lake Wallula Antimony mg/kg 122 35 28.69 0.292 5.1 B17B60 293.89 HL 1932 0.362 2.64 NA 0 0 NA No 

Lake Wallula Chromium a mg/kg 144 144 100 3.7 80.5 J180T5 327.72 CM-4SD -- -- 72 4 -- Yes Yes 

Lake Wallula Dichlorodiphenyldichloroethane mg/kg 89 9 10.11 0.00013 0.0333 J18KM9 339.00 300DC5-1SD 0.00135 0.0173 0.310 0 11 No No 

Lake Wallula Hexavalent chromium mg/kg 52 2 3.85 0.51 1.73 J189C7 334.00 BL-9SSD 0.165 0.641 NA -- 0 NA Yes 

Lake Wallula Lead a mg/kg 144 122 84.72 2.1 119 J180R3 331.32 CP-1SD 2.42 15.3 360 0 0 No Yes 

Lake Wallula Mercury a mg/kg 143 84 58.74 0.0168 0.379 J181B0 291.95 MDBR-5SD 0.0241 0.0677 0.66 0 0 No Yes 

Lake Wallula Molybdenum mg/kg 122 50 40.98 0.0951 1.99 J189J7 317.80 BI-1SSD 0.278 8.78 250 0 0 No No 

Lake Wallula Phosphorus mg/kg 106 106 100 377 2,990 J180T5 327.72 CM-4SD -- -- 600 95 -- Yes No 

Lake Wallula Silver mg/kg 128 23 17.97 0.0854 2.5 B17B60 293.89 HL 1932 0.115 0.878 0.57 4 2 Yes No 

Lake Wallula Thallium mg/kg 128 38 29.69 0.267 3.12 J180T5 327.72 CM-4SD 0.287 2.2 2.6 1 0 Yes No 

Lake Wallula Titanium mg/kg 3 3 100 2,130 2,450 J18J35 325.22 TR-2SSD -- -- NA -- -- NA No 

Lake Wallula Toluene mg/kg 75 1 1.33 0.185 0.185 J180H6 339.37 300D-4SD 0.00391 0.0786 0.05 1 2 Yes No 

Lake Wallula Total PCBs  mg/kg 27 8 29.63 0.000336 0.00953 J18089 327.85 CM-2SD 0.0104 0.133 0.11 0 5 No No 

Lake Wallula TPH-diesel range mg/kg 69 17 24.64 1.93 340 J180P3 336.52 CPM-2SD 3.35 109 340 1 0 Yes Yes 

Lake Wallula TPH-motor oil mg/kg 69 25 36.23 4.24 691 J180P0 336.49 CPM-4SD 6.23 329 3,600 0 0 No Yes 

Lake Wallula Vanadium mg/kg 110 110 100 18.1 207 J180T5 327.72 CM-4SD -- -- NA -- -- NA No 

Lake Wallula Cesium-137 a pCi/g 132 115 87.12 0.01 1.26 J18L51 292.77 MDC-1SD -0.001 0.0406 3,120 0 0 No Yes 

Lake Wallula Cobalt-57 pCi/g 1 1 100 0.063 0.063 30871 293.02 HL 505 -- -- 1,460 0 -- No No 

Lake Wallula Cobalt-60 pCi/g 131 19 14.5 0.005 0.0861 J18L51 292.77 MDC-1SD -0.0113 0.124 1,460 0 0 No Yes 

Lake Wallula Europium-152 pCi/g 118 21 17.8 0.033 1.33 J18L51 292.77 MDC-1SD -0.00583 0.286 3,040 0 0 No Yes 

Lake Wallula Europium-154 pCi/g 116 1 0.86 0.12 0.12 26248 293.02 HL 505 -0.0623 0.264 2,570 0 0 No Yes 

Lake Wallula Plutonium-239/240 pCi/g 135 42 31.11 0.0017 1.18 J180K2 328.39 CI-7SD -0.0937 0.28 5,860 0 0 No Yes 

Lake Wallula Strontium-90 pCi/g 135 18 13.33 0.002 1.3 J189P6 298.09 HR-5SSD -0.374 0.404 582 0 0 No Yes 

Lake Wallula Uranium-233/234 a pCi/g 91 90 98.9 0.255 2.69 J18KM9 339.00 300DC5-1SD 0.195 0.195 5,270 0 0 No Yes 

Lake Wallula Uranium-234 pCi/g 41 41 100 0.119 1.6 31810 293.29 HL 836 -- -- 5,270 0 -- No No 

Lake Wallula Uranium-234 pCi/g 41 41 100 0.119 1.6 B17BP1 293.55 HL 1263 -- -- 5,270 0 -- No No 

Lake Wallula Uranium-234 pCi/g 41 41 100 0.119 1.6 B17BP2 293.90 HL 491 -- -- 5,270 0 -- No No 

Lake Wallula Uranium-235 a pCi/g 129 41 31.78 0.0061 0.254 J189B9 334.24 BL-7SSD -0.00818 0.209 3,730 0 0 No Yes 

Lake Wallula Uranium-238 a pCi/g 129 124 96.12 0.127 2.01 J18KM9 339.00 300DC5-1SD 0.214 0.473 2,490 0 0 No Yes 

Lake Wallula Radionuclide Sum of Fractions ≥ 1.0? No  
a Inclusion List analyte consistent with or lower than Reference concentrations, as determined by statistical or qualitative evaluation.   
-- = not applicable; all samples were detections; no reporting limit recorded 
BHC = benzene hexachloride 
COPEC = contaminant of potential ecological concern 
FOD = frequency of detection 
NA = not available 

NOEC = no observed effect concentration 
PCB = polychlorinated biphenyl 
RM = River Mile 
TPH = total petroleum hydrocarbons 
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Table 7-4.  Sediment No Observed Effect Concentration Exceedances.   

100 Area  
Sediment Biota 

300 Area  
Sediment Biota 

Lake Wallula  
Sediment Biota 

Acetone 
Chromium 
Heptachlor epoxide 
 

None alpha-BHC 
Chromium 
Phosphorus 
Silver 
Thallium 
Toluene 
TPH-diesel range 

BHC = benzene hexachloride 
TPH = total petroleum hydrocarbons 
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Table 7-5.  Porewater Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations.  (3 Pages)  

Operable 
Unit 

COPEC Units 
Number 

of 
Samples a 

Number 
of 

Detections 

FOD 
(%) 

Minimum 
Detect 

(wet wt.) 

Maximum 
Detect 

(wet wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Designation of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
NOEC 

Number of 
Exceedances 
(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
≥ NOEC? 

Inclusion 
List 

100-BC-5 Aluminum mg/L 8 1 12.5 0.416 0.416 J19F46 383.94 T100BC3C 0.022 0.05 0.087 1 0 Yes No 

100-BC-5 Arsenic mg/L 8 2 25 0.00326 0.00503 J19F47 384.11 T100BC1J5 0.01 0.01 0.15 0 0 No No 

100-BC-5 Cadmium mg/L 8 1 12.5 0.000214 0.000214 J19H10 384.10 T100BC1J1 0.001 0.001 0.00025 0 7 No No 

100-BC-5 Chromium mg/L 8 7 87.5 0.00129 0.0236 J19F46 383.94 T100BC3C 0.002 0.002 0.074 0 0 No Yes 

100-BC-5 Cobalt mg/L 8 1 12.5 0.00191 0.00191 J19F47 384.11 T100BC1J5 0.002 0.002 0.023 0 0 No No 

100-BC-5 Hexavalent chromium mg/L 38 23 60.53 0.005 0.112 J19515 383.94 T100BC3C 0.0037 0.0074 0.01 19 0 Yes Yes 

100-BC-5 Lead mg/L 8 3 37.5 0.00204 0.00465 J19H10 384.10 T100BC1J1 0.005 0.005 0.0025 1 5 Yes Yes 

100-BC-5 Nitrate mg/L 7 7 100 2.32 24.4 J19H09 383.72 T100BC4A -- -- 7.1 3 -- Yes Yes 

100-BC-5 Selenium mg/L 8 4 50 0.00315 0.00407 J19F47 384.11 T100BC1J5 0.01 0.01 0.005 0 4 No No 

100-BC-5 Sulfate mg/L  8 8 100 19.4 40.7 J19H09 383.72 T100BC4A -- -- NA -- -- NA Yes 

100-BC-5 Vanadium mg/L 8 8 100 0.00352 0.0126 J19KB0 384.20 2A-A -- -- 0.04 0 -- No No 

100-BC-5 Zinc mg/L 8 7 87.5 0.00482 0.0228 J19F47 384.11 T100BC1J5 0.01 0.01 0.105 0 0 No No 

100-BC-5 Strontium-90 pCi/L 8 1 12.5 6.12 6.12 J19H13 383.72 T100BC4A -0.395 1.31 287 0 0 No Yes 

100-BC-5 Tritium pCi/L 8 8 100 1,400 12,100 J19H13 383.72 T100BC4A -- -- 265,000,000 0 -- No Yes 

100-BC-5 Radionuclide Sum of Fractions ≥ 1.0? No  

 

100-KR-4 Aluminum mg/L 5 1 20 0.0195 0.0195 J19KF1 381.44 K Intake Test 3A 0.0123 0.0233 0.087 0 0 No No 

100-KR-4 Chromium mg/L 5 4 80 0.0164 0.0595 J19HP0 380.01 J100K24 0.002 0.002 0.074 0 0 No Yes 

100-KR-4 Hexavalent chromium mg/L 38 17 44.74 0.004 0.056 J19HJ8 381.04 T100K3A 0.0037 0.0074 0.01 14 0 Yes Yes 

100-KR-4 Lead mg/L 5 1 20 0.00204 0.00204 J19HJ7 381.81 KWIN Test 1 0.005 0.005 0.0025 0 4 No Yes 

100-KR-4 Manganese mg/L 5 3 60 0.00118 2.13 J19KF1 381.44 K Intake Test 3A 0.000855 0.00177 0.12 1 0 Yes No 

100-KR-4 Nitrate mg/L 4 4 100 7.44 17.3 J19HJ5 381.81 KWIN Test 1 -- -- 7.1 4 -- Yes Yes 

100-KR-4 Phosphate mg/L  3 1 33.33 0.5 0.5 J19KF0 381.44 K Intake Test 3A 0.25 0.25 1 0 0 No No 

100-KR-4 Sulfate b mg/L  5 5 100 8.27 67.1 J19HN9 380.01 J100K24 -- -- NA -- -- NA Yes 

100-KR-4 Vanadium mg/L 5 5 100 0.00499 0.0135 J19HJ7 381.81 KWIN Test 1 -- -- 0.04 0 -- No No 

100-KR-4 Tritium pCi/L 6 4 66.67 658 6,500 J19HJ8 381.04 T100K3A 82.4 232 265,000,000 0 0 No Yes 

100-KR-4 Radionuclide Sum of Fractions ≥ 1.0? No  

 

100-NR-2 Aluminum mg/L 5 0 0 -- -- -- -- -- 0.0169 0.0247 0.087 -- 0 NA No 

100-NR-2 Chloride mg/L 5 5 100 11.3 113 J19JP6 379.32 JT100N3A -- -- 230 0 -- No No 

100-NR-2 Chromium mg/L 5 5 100 0.00163 0.00389 J19JR3 379.40 N Outfall -- -- 0.074 0 -- No Yes 

100-NR-2 Hexavalent chromium mg/L 5 1 20 0.026 0.026 J19JR6 379.18 T100N1A 0.0074 0.0074 0.01 1 0 Yes Yes 

100-NR-2 Lead mg/L 5 0 0 -- -- -- -- -- 0.005 0.005 0.0025 -- 5 NA Yes 

100-NR-2 Nickel mg/L 5 1 20 0.000715 0.000715 J19JR0 379.18 T100N1A 0.005 0.005 0.052 0 0 No No 

100-NR-2 Nitrate mg/L 5 5 100 36.5 134 J19JP6 379.32 JT100N3A -- -- 7.1 5 -- Yes Yes 

100-NR-2 Phosphate mg/L  2 1 50 9.05 9.05 J19JP5 379.16 T100N2A 0.25 0.25 1 1 0 Yes No 

100-NR-2 Sulfate mg/L  5 5 100 52.2 180 J19JP5 379.16 T100N2A -- -- NA -- -- NA Yes 

100-NR-2 TPH-diesel range mg/L 15 1 6.67 0.0509 0.0509 J19JP6 379.32 JT100N3A 0.1 1.11 0.5 0 1 No Yes 

100-NR-2 TPH-motor oil mg/L 15 1 6.67 0.136 0.136 J19JP6 379.32 JT100N3A 0.3 3.33 NA -- 0 NA Yes 

100-NR-2 Vanadium mg/L 5 5 100 0.00309 0.00642 J19JR0 379.18 T100N1A -- -- 0.04 0 -- No No 

100-NR-2 Strontium-90 b pCi/L 36 9 25 8.46 72.3 J19584 378.85 T100N5RING -1.15 2.6 287 0 0 No Yes 
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Table 7-5.  Porewater Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations.  (3 Pages)  

Operable 
Unit 

COPEC Units 
Number 

of 
Samples a 

Number 
of 

Detections 

FOD 
(%) 

Minimum 
Detect 

(wet wt.) 

Maximum 
Detect 

(wet wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Designation of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
NOEC 

Number of 
Exceedances 
(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
≥ NOEC? 

Inclusion 
List 

100-NR-2 Tritium pCi/L 5 5 100 1,100 12,000 J19JR5 378.85 T100N5RING -- -- 265,000,000 0 -- No Yes 

100-NR-2 Radionuclide Sum of Fractions ≥ 1.0? No  

 

100-HR-3 Aluminum mg/L 11 3 27.27 0.0202 0.477 J19J70 377.72 T100D3A 0.02 0.05 0.087 1 0 Yes No 

100-HR-3 Arsenic mg/L 11 2 18.18 0.00202 0.00333 J19J70 377.72 T100D3A 0.01 0.02 0.15 0 0 No No 

100-HR-3 Chromium mg/L 11 9 81.82 0.00296 0.62 J19J70 377.72 T100D3A 0.002 0.002 0.074 2 0 Yes Yes 

100-HR-3 Cobalt mg/L 11 2 18.18 0.000858 0.00214 J19J68 377.96 T100D1A 0.002 0.004 0.023 0 0 No No 

100-HR-3 Copper mg/L 11 3 27.27 0.00214 0.00864 J19JF4 370.38 T100H6A 0.01 0.02 0.011 0 2 No No 

100-HR-3 Hexavalent chromium b mg/L 72 39 54.17 0.005 0.64 J19J74 377.72 T100D3A 0.0037 0.0074 0.01 31 0 Yes Yes 

100-HR-3 Lead mg/L 11 4 36.36 0.00204 0.00681 J19J70 377.72 T100D3A 0.005 0.01 0.0025 2 7 Yes Yes 

100-HR-3 Manganese mg/L 11 11 100 0.000501 0.792 J19FF9 373.42 T100H1E -- -- 0.12 2 -- Yes No 

100-HR-3 Mercury mg/L 11 0 0 -- -- -- -- -- 0.000082 0.002 0.000012 -- 11 NA Yes 

100-HR-3 Nickel mg/L 11 11 100 0.000561 0.0518 J19J68 377.96 T100D1A -- -- 0.052 1 -- Yes No 

100-HR-3 Nitrate mg/L 14 13 92.86 0.55 44.2 J19J66 377.72 T100D3A 0.186 0.186 7.1 9 0 Yes Yes 

100-HR-3 Sulfate b mg/L  14 14 100 0.51 152 J19J64 377.96 T100D1A -- -- NA -- -- NA Yes 

100-HR-3 Uranium mg/L 11 0 0 -- -- -- -- -- 0.1 0.2 0.005 -- 11 NA Yes 

100-HR-3 Vanadium mg/L 11 11 100 0.00222 0.0122 J19J68 377.96 T100D1A -- -- 0.04 0 -- No No 

100-HR-3 Strontium-90 b pCi/L 12 3 25 1.54 6.78 J195K2 372.27 J100H44 -0.0414 1.18 287 0 0 No Yes 

100-HR-3 Tritium pCi/L 11 7 63.64 353 14,100 J19J72 377.96 T100D1A 9.36 243 265,000,000 0 0 No Yes 

100-HR-3 Radionuclide Sum of Fractions ≥ 1.0? No  

 

100-FR-3 Aluminum mg/L 3 1 33.33 0.053 0.053 J19K03 368.73 T100F2A 0.05 0.0502 0.087 0 0 No No 

100-FR-3 Chromium mg/L 3 2 66.67 0.00401 0.00481 J19K02 368.63 J100F11 0.002 0.002 0.074 0 0 No Yes 

100-FR-3 Cobalt mg/L 3 1 33.33 0.000681 0.000681 J19JF3 369.74 J100H43 0.002 0.002 0.023 0 0 No No 

100-FR-3 Hexavalent chromium mg/L 24 3 12.5 0.008 0.031 J193B3 369.74 J100H43 0.0037 0.0074 0.01 2 0 Yes Yes 

100-FR-3 Lead mg/L 3 0 0 -- -- -- -- -- 0.005 0.005 0.0025 -- 3 NA Yes 

100-FR-3 Manganese mg/L 3 3 100 0.00416 2.26 J19JF3 369.74 J100H43 -- -- 0.12 1 -- Yes No 

100-FR-3 Mercury mg/L 3 1 33.33 0.000099 0.000099 J19JF3 369.74 J100H43 0.0002 0.0002 0.000012 1 2 Yes Yes 

100-FR-3 Nickel mg/L 3 2 66.67 0.00051 0.00165 J19JF3 369.74 J100H43 0.005 0.005 0.052 0 0 No No 

100-FR-3 Nitrate b mg/L 2 2 100 3.11 8.02 J19K00 368.63 J100F11 -- -- 7.1 1 -- Yes Yes 

100-FR-3 Sulfate b mg/L  3 3 100 10 20.2 J19K00 368.63 J100F11 -- -- NA -- -- NA Yes 

100-FR-3 Strontium-90 b pCi/L 3 2 66.67 1.49 2.33 J19K04 368.63 J100F11 0.118 0.118 287 0 0 No Yes 

100-FR-3 Radionuclide Sum of Fractions ≥ 1.0? No  

 

200-PO-1 Aluminum mg/L 5 2 40 0.015 0.0377 J19K39 349.58 JHTS40 0.028 0.0492 0.087 0 0 No No 

200-PO-1 Arsenic mg/L 5 3 60 0.00208 0.00739 J19K37 357.85 JHTS33 0.01 0.02 0.15 0 0 No No 

200-PO-1 Chromium mg/L 5 4 80 0.000568 0.00301 J19K42 357.38 JHTS19 0.004 0.004 0.074 0 0 No Yes 

200-PO-1 Hexavalent chromium b mg/L 5 4 80 0.013 0.021 J19K43 357.85 JHTS33 0.0074 0.0074 0.01 4 0 Yes Yes 

200-PO-1 Lead mg/L 5 1 20 0.00421 0.00421 J19K37 357.85 JHTS33 0.005 0.01 0.0025 1 4 Yes Yes 

200-PO-1 Nickel mg/L 5 3 60 0.00065 0.00107 J19K41 357.54 JHTS18 0.005 0.005 0.052 0 0 No No 

200-PO-1 Nitrate mg/L 5 5 100 1.03 35.7 J19K31 357.85 JHTS33 -- -- 7.1 4 -- Yes Yes 

200-PO-1 Nitrite mg/L 1 1 100 0.27 0.27 J19K32 359.90 JHTS9 -- -- 0.098 1 -- Yes No 

200-PO-1 Selenium mg/L 5 1 20 0.00302 0.00302 J19K39 349.58 JHTS40 0.01 0.02 0.005 0 4 No No 

200-PO-1 Sulfate b mg/L  5 5 100 17.5 41.6 J19K31 357.85 JHTS33 -- -- NA -- -- NA Yes 
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Table 7-5.  Porewater Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations.  (3 Pages)  

Operable 
Unit 

COPEC Units 
Number 

of 
Samples a 

Number 
of 

Detections 

FOD 
(%) 

Minimum 
Detect 

(wet wt.) 

Maximum 
Detect 

(wet wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Designation of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
NOEC 

Number of 
Exceedances 
(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
≥ NOEC? 

Inclusion 
List 

200-PO-1 Vanadium mg/L 5 5 100 0.00773 0.017 J19K37 357.85 JHTS33 -- -- 0.04 0 -- No No 

200-PO-1 Technetium-99 pCi/L 3 3 100 32.5 130 J19KM3 357.85 JHTS33 -- -- 667,000 0 -- No Yes 

200-PO-1 Tritium pCi/L 34 12 35.29 408 65,200 J19K43 357.85 JHTS33 -68 301 265,000,000 0 0 No Yes 

200-PO-1 Radionuclide Sum of Fractions ≥ 1.0? No  

 

300-FF-5 Acetone mg/L 0 0 -- -- -- -- -- -- -- -- 1.5 -- -- NA No 

300-FF-5 Aluminum mg/L 8 2 25 0.02 0.107 J19F80 344.60 T3003A 0.0148 0.0535 0.087 1 0 Yes No 

300-FF-5 Arsenic mg/L 8 2 25 0.003 0.00586 J19KX1 344.44 J30013 0.01 0.01 0.15 0 0 No No 

300-FF-5 Barium mg/L 8 8 100 0.048 0.15 J19H04 343.03 T3005J5 -- -- 0.437 0 -- No No 

300-FF-5 Cadmium mg/L 8 1 12.5 0.000216 0.000216 J19H04 343.03 T3005J5 0.001 0.002 0.00025 0 7 No No 

300-FF-5 Chloride mg/L 8 8 100 8.86 53.5 J19H02 343.03 T3005J5 -- -- 230 0 -- No No 

300-FF-5 Chromium mg/L 8 4 50 0.001 0.00276 J19HW4 344.07 J30019 0.002 0.004 0.074 0 0 No Yes 

300-FF-5 Cobalt mg/L 8 0 0 -- -- -- -- -- 0.002 0.004 0.023 -- 0 NA No 

300-FF-5 Copper mg/L 8 0 0 -- -- -- -- -- 0.01 0.02 0.011 -- 1 NA No 

300-FF-5 Hexavalent chromium b mg/L 8 2 25 0.004 0.006 J19F83 344.21 J30016 0.0037 0.0148 0.01 0 1 No Yes 

300-FF-5 Lead mg/L 8 2 25 0.00214 0.00253 J19F78 345.00 T3001J3 0.005 0.01 0.0025 1 6 Yes Yes 

300-FF-5 Manganese mg/L 8 6 75 0.00312 0.117 J19F78 345.00 T3001J3 0.00259 0.00448 0.12 0 0 No No 

300-FF-5 Mercury mg/L 8 0 0 -- -- -- -- -- 0.0002 0.0006 0.000012 -- 8 NA Yes 

300-FF-5 Nickel mg/L 8 7 87.5 0.000553 0.0031 J19F77 344.51 J3008 0.005 0.005 0.052 0 0 No No 

300-FF-5 Nitrate mg/L 8 8 100 0.61 116 J19H02 343.03 T3005J5 -- -- 7.1 6 -- Yes Yes 

300-FF-5 Selenium mg/L 8 3 37.5 0.00327 0.0102 J19H04 343.03 T3005J5 0.01 0.02 0.005 1 5 Yes No 

300-FF-5 Sulfate mg/L  8 8 100 28.8 155 J19H02 343.03 T3005J5 -- -- NA -- -- NA Yes 

300-FF-5 Trichloroethene b mg/L 20 1 5 0.00376 0.00376 J19F73 344.51 J3008 0.005 0.005 0.047 0 0 No Yes 

300-FF-5 Uranium mg/L 8 7 87.5 0.022 0.17 J19KX0 345.07 J3002 0.1 0.1 0.005 7 1 Yes Yes 

300-FF-5 Vanadium mg/L 8 8 100 0.00226 0.0163 J19H04 343.03 T3005J5 -- -- 0.04 0 -- No No 

300-FF-5 Zinc mg/L 8 8 100 0.00509 0.0184 J19F80 344.60 T3003A -- -- 0.105 0 -- No No 

300-FF-5 Tritium pCi/L 8 6 75 1,760 6,720 J19F82 345.00 T3001J3 -191 176 265,000,000 0 0 No Yes 

300-FF-5 Radionuclide Sum of Fractions ≥ 1.0? No  
a Zeros equal no filtered samples for that COPEC. 

b Inclusion List analyte consistent with or lower than Reference concentrations, as determined by statistical or qualitative evaluation. 
-- = not applicable 
COPEC = contaminant of potential ecological concern 
FOD = frequency of detection 
NA = not available  

NOEC = no observed effect concentration 
RM = River Mile 
TPH = total petroleum hydrocarbons 
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Table 7-6.  Porewater No Observed Effect Concentration Exceedances.   

100-BC-5 
Aquatic Biota 

100-KR-4 
Aquatic Biota 

100-NR-2 
Aquatic Biota 

100-HR-3 
Aquatic Biota 

100-FR-3 
Aquatic Biota 

200-PO-1 
Aquatic Biota 

300-FF-5 
Aquatic Biota 

Aluminum 
Hexavalent 
chromium 
Lead 
Nitrate 

Hexavalent 
chromium 
Manganese 
Nitrate 

Hexavalent 
chromium 
Nitrate 
Phosphate 

Aluminum 
Chromium 
Hexavalent 
chromium 
Lead 
Manganese 
Nickel 
Nitrate 

Hexavalent 
chromium 
Manganese 
Mercury 
Nitrate 

Hexavalent 
chromium 
Lead 
Nitrate 
Nitrite 

Aluminum 
Lead 
Nitrate 
Selenium 
Uranium 
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Table 7-7.  Soil Plant Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations.  (2 Pages) 

Sub-Area COPEC Units 
Number 

of 
Samples 

Number 
of 

Detections 

FOD 
(%) 

Minimum 
Detect 

(dry wt.) 

Maximum 
Detect 

(dry wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Designation 
of 

Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
NOEC 

Number of 
Exceedances 

(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
≥ NOEC? 

Inclusion 
List 

100 Area Arsenic mg/kg 29 29 100 2.91 8.99 J18B06 372.21 LI-10S -- -- 10 0 -- No No 

100 Area Chromium mg/kg 29 29 100 14 20.8 J18B04 371.83 LI-7S -- -- 42 0 -- No Yes 

100 Area Dichlorodiphenyltrichloroethane mg/kg 11 1 9.09 0.00174 0.00174 J18B00 371.45 LI-3S 0.00143 0.00155 7.1 0 0 No No 

100 Area Diethylphthalate mg/kg 11 1 9.09 0.0635 0.0635 J18B12 370.68 WB-7S 0.356 0.822 100 0 0 No No 

100 Area Hexavalent chromium mg/kg 23 2 8.7 0.07 0.13 J18B16 371.20 WB-4S 0.21 1.04 0.35 0 6 No Yes 

100 Area Lead mg/kg 29 29 100 3.62 94.3 J189Y1 374.58 I3-2S -- -- 50 3 -- Yes Yes 

100 Area Lithium mg/kg 29 29 100 7.42 13.3 J18B04 371.83 LI-7S -- -- 35 0 -- No No 

100 Area Lithium mg/kg 29 29 100 7.42 13.3 J18B09 371.18 LI-2S -- -- 35 0 -- No No 

100 Area Mercury a mg/kg 29 20 68.97 0.013 0.052 J18B00 371.45 LI-3S 0.025 0.032 0.3 0 0 No Yes 

100 Area Nickel mg/kg 29 29 100 12.3 18.4 J18B09 371.18 LI-2S -- -- 38 0 -- No No 

100 Area Total PCBs mg/kg 2 2 100 0.000376 0.000376 J18HW9 371.94 LI-8S -- -- 40 0 -- No No 

100 Area Total PCBs mg/kg 2 2 100 0.000376 0.000376 J18HW7 370.90 WB-6S -- -- 40 0 -- No No 

100 Area TPH-diesel range mg/kg 11 1 9.09 2.68 2.68 J189Y0 374.64 I3-1S 3.54 4.11 NA -- 0 NA Yes 

100 Area TPH-motor oil mg/kg 11 6 54.55 4.44 179 J18B00 371.45 LI-3S 10.7 25.7 NA -- 0 NA Yes 

100 Area Uranium mg/kg 29 1 3.45 1.47 1.47 J189Y6 374.34 I3-8S 11.7 24.9 250 0 0 No Yes 

100 Area Carbon-14 pCi/g 29 1 3.45 65.5 65.5 J18B05 372.05 LI-9S -1.91 1.26 60,700 0 0 No Yes 

100 Area Cesium-137 a pCi/g 29 27 93.1 0.015 0.454 J18B19 371.42 WB-1S 0.037 0.064 2,210 0 0 No Yes 

100 Area Uranium-233/234 a pCi/g 29 29 100 0.344 1 J18B19 371.42 WB-1S -- -- 51,600 0 -- No Yes 

100 Area Uranium-235 pCi/g 29 3 10.34 0.072 0.096 J18B13 370.01 WB-9S -0.017 0.088 27,400 0 0 No Yes 

100 Area Uranium-238 a pCi/g 29 29 100 0.296 0.997 J18B05 372.05 LI-9S -- -- 15,700 0 -- No Yes 

100 Area Radionuclide Sum of Fractions ≥ 1.0? No  

 

300 Area Arsenic mg/kg 48 48 100 2.95 9.37 J18B63 341.88 GI-8S -- -- 10 0 -- No No 

300 Area Chromium mg/kg 48 48 100 10.4 21.8 J18B54 345.48 JI-6S -- -- 42 0 -- No Yes 

300 Area Hexavalent chromium mg/kg 21 4 19.05 0.06 0.17 J18B53 345.45 JI-8S 0.2 0.23 0.35 0 0 No Yes 

300 Area Lead mg/kg 48 48 100 4.94 65 J18B53 345.45 JI-8S -- -- 50 7 -- Yes Yes 

300 Area Lithium mg/kg 48 48 100 6.33 12.2 J18B37 348.94 WI-8S -- -- 35 0 -- No No 

300 Area Mercury a mg/kg 48 27 56.25 0.01 0.11 J18B61 341.95 GI-7S 0.024 0.033 0.3 0 0 No Yes 

300 Area Nickel mg/kg 48 48 100 9.91 18.4 J18B37 348.94 WI-8S -- -- 38 0 -- No No 

300 Area Total PCBs mg/kg 5 5 100 0.000346 0.00215 J189W2 341.95 GI-6S -- -- 40 0 -- No No 

300 Area TPH-diesel range mg/kg 16 3 18.75 1.36 5.63 J18B59 342.07 GI-2S 3.46 3.88 NA -- 0 NA Yes 

300 Area TPH-motor oil mg/kg 16 11 68.75 5.72 30.1 J18B32 349.25 WI-2S 10.5 13.5 NA -- 0 NA Yes 

300 Area Uranium mg/kg 48 1 2.08 2.12 2.12 J18B39 348.89 WI-9S 11.9 22.7 250 0 0 No Yes 

300 Area Cesium-137 a pCi/g 40 37 92.5 0.039 0.569 J18B51 345.45 JI-7S 0.019 0.04 2,210 0 0 No Yes 

300 Area Cobalt-60 pCi/g 40 1 2.5 0.016 0.016 J18B48 345.60 JI-3S 0.008 0.043 6,130 0 0 No Yes 

300 Area Europium-152 pCi/g 40 7 17.5 0.053 0.342 J18B51 345.45 JI-7S 0.024 0.111 14,700 0 0 No Yes 

300 Area Plutonium-239/240 pCi/g 40 1 2.5 0.034 0.034 J18B52 345.55 JI-5S -0.023 0.035 12,700 0 0 No Yes 

300 Area Strontium-90 pCi/g 40 2 5 0.784 1.81 J18B26 352.20 HI-9S -0.066 0.125 3,580 0 0 No Yes 

300 Area Uranium-233/234 a pCi/g 40 40 100 0.385 1.78 J18B54 345.48 JI-6S -- -- 51,600 0 -- No Yes 

300 Area Uranium-235 pCi/g 40 8 20 0.041 0.068 J18B52 345.55 JI-5S -0.013 0.237 27,400 0 0 No Yes 
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Columbia River Component Risk Assessment 
Volume I, Part 2:  Screening-Level Ecological Risk Assessment 
June 2012 7-16 

Table 7-7.  Soil Plant Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations.  (2 Pages) 

Sub-Area COPEC Units 
Number 

of 
Samples 

Number 
of 

Detections 

FOD 
(%) 

Minimum 
Detect 

(dry wt.) 

Maximum 
Detect 

(dry wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Designation 
of 

Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
NOEC 

Number of 
Exceedances 

(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
≥ NOEC? 

Inclusion 
List 

300 Area Uranium-238 pCi/g 40 40 100 0.291 1.38 J18B54 345.48 JI-6S -- -- 15,700 0 -- No Yes 

300 Area Radionuclide Sum of Fractions ≥ 1.0? No  
a Inclusion List analyte consistent with or lower than Reference concentrations, as determined by statistical or qualitative evaluation. 
-- = not applicable; all samples were detections; no reporting limit recorded 
COPEC = contaminant of potential ecological concern 
FOD = frequency of detection 
NA = not available  

NOEC = no observed effect concentration 
PCB = polychlorinated biphenyl 
RM = River Mile 
TPH = total petroleum hydrocarbons 
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Columbia River Component Risk Assessment 
Volume I, Part 2:  Screening-Level Ecological Risk Assessment 
June 2012 7-17 

Table 7-8.  Soil Invertebrate Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations.  (2 Pages) 

Sub-Area COPEC Units 
Number 

of 
Samples 

Number 
of 

Detections 

FOD 
(%) 

Minimum 
Detect 

(dry wt.) 

Maximum 
Detect 

(dry wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Designation 
of 

Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
NOEC 

Number of 
Exceedances 

(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
≥ NOEC? 

Inclusion 
List 

100 Area Arsenic mg/kg 29 29 100 2.91 8.99 J18B06 372.21 LI-10S -- -- 60 0 -- No No 

100 Area Chromium mg/kg 29 29 100 14 20.8 J18B04 371.83 LI-7S -- -- 57 0 -- No Yes 

100 Area Dichlorodiphenyltrichloroethane mg/kg 11 1 9.09 0.00174 0.00174 J18B00 371.45 LI-3S 0.00143 0.00155 0.118 0 0 No No 

100 Area Diethylphthalate mg/kg 11 1 9.09 0.0635 0.0635 J18B12 370.68 WB-7S 0.356 0.822 200 0 0 No No 

100 Area Hexavalent chromium mg/kg 23 2 8.7 0.07 0.13 J18B16 371.20 WB-4S 0.21 1.04 NA -- 0 NA Yes 

100 Area Lead mg/kg 29 29 100 3.62 94.3 J189Y1 374.58 I3-2S -- -- 1,700 0 -- No Yes 

100 Area Lithium mg/kg 29 29 100 7.42 13.3 J18B04 371.83 LI-7S -- -- 34.7 0 -- No No 

100 Area Lithium mg/kg 29 29 100 7.42 13.3 J18B09 371.18 LI-2S -- -- 34.7 0 -- No No 

100 Area Mercury a mg/kg 29 20 68.97 0.013 0.052 J18B00 371.45 LI-3S 0.025 0.032 0.1 0 0 No Yes 

100 Area Nickel mg/kg 29 29 100 12.3 18.4 J18B09 371.18 LI-2S -- -- 280 0 -- No No 

100 Area Total PCBs mg/kg 2 2 100 0.000376 0.000376 J18HW9 371.94 LI-8S -- -- 24 0 -- No No 

100 Area Total PCBs mg/kg 2 2 100 0.000376 0.000376 J18HW7 370.90 WB-6S -- -- 24 0 -- No No 

100 Area TPH-diesel range mg/kg 11 1 9.09 2.68 2.68 J189Y0 374.64 I3-1S 3.54 4.11 200 0 0 No Yes 

100 Area TPH-motor oil mg/kg 11 6 54.55 4.44 179 J18B00 371.45 LI-3S 10.7 25.7 NA -- 0 NA Yes 

100 Area Uranium mg/kg 29 1 3.45 1.47 1.47 J189Y6 374.34 I3-8S 11.7 24.9 100 0 0 No Yes 

100 Area Carbon-14 pCi/g 29 1 3.45 65.5 65.5 J18B05 372.05 LI-9S -1.91 1.26 4,760 0 0 No Yes 

100 Area Cesium-137 a pCi/g 29 27 93.1 0.015 0.454 J18B19 371.42 WB-1S 0.037 0.064 20.8 0 0 No Yes 

100 Area Uranium-233/234 a pCi/g 29 29 100 0.344 1 J18B19 371.42 WB-1S -- -- 4,830 0 -- No Yes 

100 Area Uranium-235 pCi/g 29 3 10.34 0.072 0.096 J18B13 370.01 WB-9S -0.017 0.088 2,770 0 0 No Yes 

100 Area Uranium-238 a pCi/g 29 29 100 0.296 0.997 J18B05 372.05 LI-9S -- -- 1,580 0 -- No Yes 

100 Area Radionuclide Sum of Fractions ≥ 1.0? No  

 

300 Area Arsenic mg/kg 48 48 100 2.95 9.37 J18B63 341.88 GI-8S -- -- 60 0 -- No No 

300 Area Chromium mg/kg 48 48 100 10.4 21.8 J18B54 345.48 JI-6S -- -- 57 0 -- No Yes 

300 Area Hexavalent chromium mg/kg 21 4 19.05 0.06 0.17 J18B53 345.45 JI-8S 0.2 0.23 NA -- 0 NA Yes 

300 Area Lead mg/kg 48 48 100 4.94 65 J18B53 345.45 JI-8S -- -- 1,700 0 -- No Yes 

300 Area Lithium mg/kg 48 48 100 6.33 12.2 J18B37 348.94 WI-8S -- -- 34.7 0 -- No No 

300 Area Mercury mg/kg 48 27 56.25 0.01 0.11 J18B61 341.95 GI-7S 0.024 0.033 0.1 1 0 Yes Yes 

300 Area Nickel mg/kg 48 48 100 9.91 18.4 J18B37 348.94 WI-8S -- -- 280 0 -- No No 

300 Area Total PCBs mg/kg 5 5 100 0.000346 0.00215 J189W2 341.95 GI-6S -- -- 24 0 -- No No 

300 Area TPH-diesel range mg/kg 16 3 18.75 1.36 5.63 J18B59 342.07 GI-2S 3.46 3.88 200 0 0 No Yes 

300 Area TPH-motor oil mg/kg 16 11 68.75 5.72 30.1 J18B32 349.25 WI-2S 10.5 13.5 NA -- 0 NA Yes 

300 Area Uranium mg/kg 48 1 2.08 2.12 2.12 J18B39 348.89 WI-9S 11.9 22.7 100 0 0 No Yes 

300 Area Cesium-137 a pCi/g 40 37 92.5 0.039 0.569 J18B51 345.45 JI-7S 0.019 0.04 20.8 0 0 No Yes 

300 Area Cobalt-60 pCi/g 40 1 2.5 0.016 0.016 J18B48 345.60 JI-3S 0.008 0.043 692 0 0 No Yes 

300 Area Europium-152 pCi/g 40 7 17.5 0.053 0.342 J18B51 345.45 JI-7S 0.024 0.111 1,520 0 0 No Yes 

300 Area Plutonium-239/240 pCi/g 40 1 2.5 0.034 0.034 J18B52 345.55 JI-5S -0.023 0.035 6,110 0 0 No Yes 

300 Area Strontium-90 pCi/g 40 2 5 0.784 1.81 J18B26 352.20 HI-9S -0.066 0.125 22.5 0 0 No Yes 

300 Area Uranium-233/234 a pCi/g 40 40 100 0.385 1.78 J18B54 345.48 JI-6S -- -- 4,830 0 -- No Yes 

300 Area Uranium-235 pCi/g 40 8 20 0.041 0.068 J18B52 345.55 JI-5S -0.013 0.237 2,770 0 0 No Yes 
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Columbia River Component Risk Assessment 
Volume I, Part 2:  Screening-Level Ecological Risk Assessment 
June 2012 7-18 

Table 7-8.  Soil Invertebrate Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations.  (2 Pages) 

Sub-Area COPEC Units 
Number 

of 
Samples 

Number 
of 

Detections 

FOD 
(%) 

Minimum 
Detect 

(dry wt.) 

Maximum 
Detect 

(dry wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Designation 
of 

Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
NOEC 

Number of 
Exceedances 

(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
≥ NOEC? 

Inclusion 
List 

300 Area Uranium-238 pCi/g 40 40 100 0.291 1.38 J18B54 345.48 JI-6S -- -- 1,580 0 -- No Yes 

300 Area Radionuclide Sum of Fractions ≥ 1.0? No  
a Inclusion List analyte consistent with or lower than Reference concentrations, as determined by statistical or qualitative evaluation. 
-- = not applicable; all samples were detections; no reporting limit recorded 
COPEC = contaminant of potential ecological concern 
FOD = frequency of detection 
NA = not available  

NOEC = no observed effect concentration 
PCB = polychlorinated biphenyl 
RM = River Mile 
TPH = total petroleum hydrocarbons 
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Table 7-9.  Soil Wildlife Bird Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations.  (2 Pages) 

Sub-Area COPEC Units 
Number 

of 
Samples 

Number 
of 

Detections 

FOD 
(%) 

Minimum 
Detect 

(dry wt.) 

Maximum 
Detect 

(dry wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Designation 
of 

Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
NOEC 

Number of 
Exceedances 

(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
≥ NOEC? 

Inclusion 
List 

100 Area Arsenic mg/kg 29 29 100 2.91 8.99 J18B06 372.21 LI-10S -- -- 43 0 -- No No 

100 Area Chromium mg/kg 29 29 100 14 20.8 J18B04 371.83 LI-7S -- -- 26 0 -- No Yes 

100 Area Dichlorodiphenyltrichloroethane mg/kg 11 1 9.09 0.00174 0.00174 J18B00 371.45 LI-3S 0.00143 0.00155 0.093 0 0 No No 

100 Area Diethylphthalate mg/kg 11 1 9.09 0.0635 0.0635 J18B12 370.68 WB-7S 0.356 0.822 NA -- 0 NA No 

100 Area Hexavalent chromium mg/kg 23 2 8.7 0.07 0.13 J18B16 371.20 WB-4S 0.21 1.04 190 0 0 No Yes 

100 Area Lead mg/kg 29 29 100 3.62 94.3 J189Y1 374.58 I3-2S -- -- 11 17 -- Yes Yes 

100 Area Lithium mg/kg 29 29 100 7.42 13.3 J18B04 371.83 LI-7S -- -- NA -- -- NA No 

100 Area Lithium mg/kg 29 29 100 7.42 13.3 J18B09 371.18 LI-2S -- -- NA -- -- NA No 

100 Area Mercury a mg/kg 29 20 68.97 0.013 0.052 J18B00 371.45 LI-3S 0.025 0.032 0.013 20 9 Yes Yes 

100 Area Nickel mg/kg 29 29 100 12.3 18.4 J18B09 371.18 LI-2S -- -- 210 0 -- No No 

100 Area Total PCBs mg/kg 2 2 100 0.000376 0.000376 J18HW9 371.94 LI-8S -- -- 0.041 0 -- No No 

100 Area Total PCBs mg/kg 2 2 100 0.000376 0.000376 J18HW7 370.90 WB-6S -- -- 0.041 0 -- No No 

100 Area TPH-diesel range mg/kg 11 1 9.09 2.68 2.68 J189Y0 374.64 I3-1S 3.54 4.11 6,000 0 0 No Yes 

100 Area TPH-motor oil mg/kg 11 6 54.55 4.44 179 J18B00 371.45 LI-3S 10.7 25.7 NA -- 0 NA Yes 

100 Area Uranium mg/kg 29 1 3.45 1.47 1.47 J189Y6 374.34 I3-8S 11.7 24.9 31 0 0 No Yes 

100 Area Carbon-14 pCi/g 29 1 3.45 65.5 65.5 J18B05 372.05 LI-9S -1.91 1.26 4,760 0 0 No Yes 

100 Area Cesium-137 a pCi/g 29 27 93.1 0.015 0.454 J18B19 371.42 WB-1S 0.037 0.064 20.8 0 0 No Yes 

100 Area Uranium-233/234 a pCi/g 29 29 100 0.344 1 J18B19 371.42 WB-1S -- -- 5,130 0 -- No Yes 

100 Area Uranium-235 pCi/g 29 3 10.34 0.072 0.096 J18B13 370.01 WB-9S -0.017 0.088 2,770 0 0 No Yes 

100 Area Uranium-238 a pCi/g 29 29 100 0.296 0.997 J18B05 372.05 LI-9S -- -- 1,580 0 -- No Yes 

100 Area Radionuclide Sum of Fractions ≥ 1.0? No  

 

300 Area Arsenic mg/kg 48 48 100 2.95 9.37 J18B63 341.88 GI-8S -- -- 43 0 -- No No 

300 Area Chromium mg/kg 48 48 100 10.4 21.8 J18B54 345.48 JI-6S -- -- 26 0 -- No Yes 

300 Area Hexavalent chromium mg/kg 21 4 19.05 0.06 0.17 J18B53 345.45 JI-8S 0.2 0.23 190 0 0 No Yes 

300 Area Lead mg/kg 48 48 100 4.94 65 J18B53 345.45 JI-8S -- -- 11 33 -- Yes Yes 

300 Area Lithium mg/kg 48 48 100 6.33 12.2 J18B37 348.94 WI-8S -- -- NA -- -- NA No 

300 Area Mercury mg/kg 48 27 56.25 0.01 0.11 J18B61 341.95 GI-7S 0.024 0.033 0.013 23 21 Yes Yes 

300 Area Nickel mg/kg 48 48 100 9.91 18.4 J18B37 348.94 WI-8S -- -- 210 0 -- No No 

300 Area Total PCBs mg/kg 5 5 100 0.000346 0.00215 J189W2 341.95 GI-6S -- -- 0.041 0 -- No No 

300 Area TPH-diesel range mg/kg 16 3 18.75 1.36 5.63 J18B59 342.07 GI-2S 3.46 3.88 6,000 0 0 No Yes 

300 Area TPH-motor oil mg/kg 16 11 68.75 5.72 30.1 J18B32 349.25 WI-2S 10.5 13.5 NA -- 0 NA Yes 

300 Area Uranium mg/kg 48 1 2.08 2.12 2.12 J18B39 348.89 WI-9S 11.9 22.7 31 0 0 No Yes 

300 Area Cesium-137 a pCi/g 40 37 92.5 0.039 0.569 J18B51 345.45 JI-7S 0.019 0.04 20.8 0 0 No Yes 

300 Area Cobalt-60 pCi/g 40 1 2.5 0.016 0.016 J18B48 345.60 JI-3S 0.008 0.043 692 0 0 No Yes 

300 Area Europium-152 pCi/g 40 7 17.5 0.053 0.342 J18B51 345.45 JI-7S 0.024 0.111 1,520 0 0 No Yes 

300 Area Plutonium-239/240 pCi/g 40 1 2.5 0.034 0.034 J18B52 345.55 JI-5S -0.023 0.035 6,110 0 0 No Yes 

300 Area Strontium-90 pCi/g 40 2 5 0.784 1.81 J18B26 352.20 HI-9S -0.066 0.125 22.5 0 0 No Yes 

300 Area Uranium-233/234 a pCi/g 40 40 100 0.385 1.78 J18B54 345.48 JI-6S -- -- 5,130 0 -- No Yes 

300 Area Uranium-235 pCi/g 40 8 20 0.041 0.068 J18B52 345.55 JI-5S -0.013 0.237 2,770 0 0 No Yes 
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Table 7-9.  Soil Wildlife Bird Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations.  (2 Pages) 

Sub-Area COPEC Units 
Number 

of 
Samples 

Number 
of 

Detections 

FOD 
(%) 

Minimum 
Detect 

(dry wt.) 

Maximum 
Detect 

(dry wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Designation 
of 

Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
NOEC 

Number of 
Exceedances 

(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
≥ NOEC? 

Inclusion 
List 

300 Area Uranium-238 pCi/g 40 40 100 0.291 1.38 J18B54 345.48 JI-6S -- -- 1,580 0 -- No Yes 

300 Area Radionuclide Sum of Fractions ≥ 1.0? No  
a Inclusion List analyte consistent with or lower than Reference concentrations, as determined by statistical or qualitative evaluation. 
-- = not applicable; all samples were detections; no reporting limit recorded 
COPEC = contaminant of potential ecological concern 
FOD = frequency of detection 
NA = not available  

NOEC = no observed effect concentration 
PCB = polychlorinated biphenyl 
RM = River Mile 
TPH = total petroleum hydrocarbons 

 

 

Exhibit 12b



 DOE/RL-2010-117 

Screening-Level Risk Calculation Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 2:  Screening-Level Ecological Risk Assessment 
June 2012 7-21 

Table 7-10.  Soil Wildlife Mammal Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations.  (2 Pages) 

Sub-Area COPEC Units 
Number 

of 
Samples 

Number 
of 

Detections 

FOD 
(%) 

Minimum 
Detect 

(dry wt.) 

Maximum 
Detect 

(dry wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Designation of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
NOEC 

Number of 
Exceedances 
(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
≥ NOEC? 

Inclusion 
List 

100 Area Arsenic mg/kg 29 29 100 2.91 8.99 J18B06 372.21 LI-10S -- -- 46 0 -- No No 

100 Area Chromium mg/kg 29 29 100 14 20.8 J18B04 371.83 LI-7S -- -- 34 0 -- No Yes 

100 Area Dichlorodiphenyltrichloroethane mg/kg 11 1 9.09 0.00174 0.00174 J18B00 371.45 LI-3S 0.00143 0.00155 0.021 0 0 No No 

100 Area Diethylphthalate mg/kg 11 1 9.09 0.0635 0.0635 J18B12 370.68 WB-7S 0.356 0.822 24.8 0 0 No No 

100 Area Hexavalent chromium mg/kg 23 2 8.7 0.07 0.13 J18B16 371.20 WB-4S 0.21 1.04 130 0 0 No Yes 

100 Area Lead mg/kg 29 29 100 3.62 94.3 J189Y1 374.58 I3-2S -- -- 56 2 -- Yes Yes 

100 Area Lithium mg/kg 29 29 100 7.42 13.3 J18B04 371.83 LI-7S -- -- NA -- -- NA No 

100 Area Lithium mg/kg 29 29 100 7.42 13.3 J18B09 371.18 LI-2S -- -- NA -- -- NA No 

100 Area Mercury a mg/kg 29 20 68.97 0.013 0.052 J18B00 371.45 LI-3S 0.025 0.032 1.7 0 0 No Yes 

100 Area Nickel mg/kg 29 29 100 12.3 18.4 J18B09 371.18 LI-2S -- -- 130 0 -- No No 

100 Area Total PCBs mg/kg 2 2 100 0.000376 0.000376 J18HW9 371.94 LI-8S -- -- 0.65 0 -- No No 

100 Area Total PCBs mg/kg 2 2 100 0.000376 0.000376 J18HW7 370.90 WB-6S -- -- 0.65 0 -- No No 

100 Area TPH-diesel range mg/kg 11 1 9.09 2.68 2.68 J189Y0 374.64 I3-1S 3.54 4.11 6,000 0 0 No Yes 

100 Area TPH-motor oil mg/kg 11 6 54.55 4.44 179 J18B00 371.45 LI-3S 10.7 25.7 NA -- 0 NA Yes 

100 Area Uranium mg/kg 29 1 3.45 1.47 1.47 J189Y6 374.34 I3-8S 11.7 24.9 3 0 28 No Yes 

100 Area Carbon-14 pCi/g 29 1 3.45 65.5 65.5 J18B05 372.05 LI-9S -1.91 1.26 4,760 0 0 No Yes 

100 Area Cesium-137 a  pCi/g 29 27 93.1 0.015 0.454 J18B19 371.42 WB-1S 0.037 0.064 20.8 0 0 No Yes 

100 Area Uranium-233/234 a pCi/g 29 29 100 0.344 1 J18B19 371.42 WB-1S -- -- 5,130 0 -- No Yes 

100 Area Uranium-235 pCi/g 29 3 10.34 0.072 0.096 J18B13 370.01 WB-9S -0.017 0.088 2,770 0 0 No Yes 

100 Area Uranium-238 a pCi/g 29 29 100 0.296 0.997 J18B05 372.05 LI-9S -- -- 1,580 0 -- No Yes 

100 Area Radionuclide Sum of Fractions ≥ 1.0? No  

 

300 Area Arsenic mg/kg 48 48 100 2.95 9.37 J18B63 341.88 GI-8S -- -- 46 0 -- No No 

300 Area Chromium mg/kg 48 48 100 10.4 21.8 J18B54 345.48 JI-6S -- -- 34 0 -- No Yes 

300 Area Hexavalent chromium mg/kg 21 4 19.05 0.06 0.17 J18B53 345.45 JI-8S 0.2 0.23 130 0 0 No Yes 

300 Area Lead mg/kg 48 48 100 4.94 65 J18B53 345.45 JI-8S -- -- 56 5 -- Yes Yes 

300 Area Lithium mg/kg 48 48 100 6.33 12.2 J18B37 348.94 WI-8S -- -- NA -- -- NA No 

300 Area Mercury mg/kg 48 27 56.25 0.01 0.11 J18B61 341.95 GI-7S 0.024 0.033 1.7 0 0 No Yes 

300 Area Nickel mg/kg 48 48 100 9.91 18.4 J18B37 348.94 WI-8S -- -- 130 0 -- No No 

300 Area Total PCBs mg/kg 5 5 100 0.000346 0.00215 J189W2 341.95 GI-6S -- -- 0.65 0 -- No No 

300 Area TPH-diesel range mg/kg 16 3 18.75 1.36 5.63 J18B59 342.07 GI-2S 3.46 3.88 6,000 0 0 No Yes 

300 Area TPH-motor oil mg/kg 16 11 68.75 5.72 30.1 J18B32 349.25 WI-2S 10.5 13.5 NA -- 0 NA Yes 

300 Area Uranium mg/kg 48 1 2.08 2.12 2.12 J18B39 348.89 WI-9S 11.9 22.7 3 0 47 No Yes 

300 Area Cesium-137 a pCi/g 40 37 92.5 0.039 0.569 J18B51 345.45 JI-7S 0.019 0.04 20.8 0 0 No Yes 

300 Area Cobalt-60 pCi/g 40 1 2.5 0.016 0.016 J18B48 345.60 JI-3S 0.008 0.043 692 0 0 No Yes 

300 Area Europium-152 pCi/g 40 7 17.5 0.053 0.342 J18B51 345.45 JI-7S 0.024 0.111 1,520 0 0 No Yes 

300 Area Plutonium-239/240 pCi/g 40 1 2.5 0.034 0.034 J18B52 345.55 JI-5S -0.023 0.035 6,110 0 0 No Yes 

300 Area Strontium-90 pCi/g 40 2 5 0.784 1.81 J18B26 352.20 HI-9S -0.066 0.125 22.5 0 0 No Yes 

300 Area Uranium-233/234 a pCi/g 40 40 100 0.385 1.78 J18B54 345.48 JI-6S -- -- 5,130 0 -- No Yes 

300 Area Uranium-235 pCi/g 40 8 20 0.041 0.068 J18B52 345.55 JI-5S -0.013 0.237 2,770 0 0 No Yes 
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Table 7-10.  Soil Wildlife Mammal Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations.  (2 Pages) 

Sub-Area COPEC Units 
Number 

of 
Samples 

Number 
of 

Detections 

FOD 
(%) 

Minimum 
Detect 

(dry wt.) 

Maximum 
Detect 

(dry wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Designation of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
NOEC 

Number of 
Exceedances 
(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
≥ NOEC? 

Inclusion 
List 

300 Area Uranium-238 pCi/g 40 40 100 0.291 1.38 J18B54 345.48 JI-6S -- -- 1,580 0 -- No Yes 

300 Area Radionuclide Sum of Fractions ≥ 1.0? No  
a Inclusion List analyte consistent with or lower than Reference concentrations, as determined by statistical or qualitative evaluation. 
-- = not applicable; all samples were detections; no reporting limit recorded 
COPEC = contaminant of potential ecological concern 
FOD = frequency of detection 
NA = not available  

NOEC = no observed effect concentration 
PCB = polychlorinated biphenyl 
RM = River Mile 
TPH = total petroleum hydrocarbons 
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Table 7-11.  Soil No Observed Effect Concentration Exceedances.  

100 Area 300 Area 

Plant 
Soil 

Invertebrate 
Wildlife 

Bird 
Wildlife 
Mammal 

Plant 
Soil 

Invertebrate 
Wildlife 

Bird 
Wildlife 
Mammal 

Lead None Lead 
Mercury 

Lead Lead Mercury Lead 
Mercury 

Lead 
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Table 7-12.  Shoreline Sediment Plant Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations.  (2 Pages) 

Sub-Area COPEC Units 
Number 

of 
Samples 

Number 
of 

Detections 

FOD 
(%) 

Minimum 
Detect 

(dry wt.) 

Maximum 
Detect 

(dry wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Designation of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
NOEC 

Number of 
Exceedances 
(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
≥ NOEC? 

Inclusion 
List 

100 Area Acetone mg/kg 24 0 0 -- -- -- -- -- 0.0122 0.0204 NA -- 0 NA No 

100 Area Chromium mg/kg 52 52 100 12.2 35.8 J18702 381.33 RKLS-14SSD -- -- 42 0 -- No Yes 

100 Area delta-BHC mg/kg 25 0 0 -- -- -- -- -- 0.00164 0.00576 10 -- 0 NA No 

100 Area Endosulfan sulfate mg/kg 25 0 0 -- -- -- -- -- 0.00164 0.00576 19.4 -- 0 NA No 

100 Area Heptachlor epoxide mg/kg 25 0 0 -- -- -- -- -- 0.00164 0.00576 0.4 -- 0 NA No 

100 Area Hexavalent chromium mg/kg 48 2 4.17 0.412 0.618 J187L3 367.62 RFLS-5SSD 0.179 0.259 0.35 2 0 Yes Yes 

100 Area Lead mg/kg 52 49 94.23 3.61 46.6 J187Y2 365.86 HT-1SSD 15.8 21.7 50 0 0 No Yes 

100 Area Mercury mg/kg 52 28 53.85 0.0129 0.133 J187P7 367.61 RFD-2SSD 0.0297 0.0412 0.3 0 0 No Yes 

100 Area TPH-diesel range mg/kg 16 0 0 -- -- -- -- -- 4.08 5.38 NA -- 0 NA Yes 

100 Area TPH-motor oil mg/kg 16 4 25 18.7 43.5 J187P6 367.32 RFD-4SSD 42 91.8 NA -- 0 NA Yes 

100 Area Uranium mg/kg 52 2 3.85 1.85 6.9 J186X2 381.82 RKLS-12SSD 14.3 33.4 250 0 0 No Yes 

100 Area Carbon-14 pCi/g 52 0 0 -- -- -- -- -- -3.31 2.55 60,700 -- 0 NA Yes 

100 Area Cesium-137 pCi/g 52 44 84.62 0.0117 0.4 J187P7 367.61 RFD-2SSD 0.0116 0.0513 2,210 0 0 No Yes 

100 Area Cobalt-60 pCi/g 52 4 7.69 0.0373 0.0875 J187W8 366.26 IS9-3SSD 0.0074 0.0635 6,130 0 0 No Yes 

100 Area Europium-152 pCi/g 52 4 7.69 0.116 0.257 J187P7 367.61 RFD-2SSD 0.0234 0.168 14,700 0 0 No Yes 

100 Area Plutonium-239/240 pCi/g 52 0 0 -- -- -- -- -- -0.0405 0.0822 12,700 -- 0 NA Yes 

100 Area Strontium-90 pCi/g 52 0 0 -- -- -- -- -- -0.161 0.254 3,580 -- 0 NA Yes 

100 Area Technetium-99 pCi/g 52 0 0 -- -- -- -- -- -0.194 0.236 21,900 -- 0 NA Yes 

100 Area Uranium-233/234 pCi/g 52 52 100 0.326 3.81 J18702 381.33 RKLS-14SSD -- -- 51,600 0 -- No Yes 

100 Area Uranium-235 pCi/g 52 2 3.85 0.0959 0.112 J18KH8 379.21 RNLS-2SSD 0 0.254 27,400 0 0 No Yes 

100 Area Uranium-238 pCi/g 52 52 100 0.369 3.39 J18702 381.33 RKLS-14SSD -- -- 15,700 0 -- No Yes 

100 Area Radionuclide Sum of Fractions ≥ 1.0? No  

 

300 Area Chromium mg/kg 91 91 100 9.25 29.5 J189D6 341.36 300D-2SSD -- -- 42 0 -- No Yes 

300 Area Hexavalent chromium mg/kg 76 11 14.47 0.26 0.998 J18943 343.27 300LS-8SSD 0.164 0.399 0.35 10 1 Yes Yes 

300 Area Lead mg/kg 91 73 80.22 6.05 111 J187P2 362.74 HT-8SSD 3.58 18.3 50 5 0 Yes Yes 

300 Area Mercury mg/kg 91 24 26.37 0.0102 0.045 J187Y4 362.92 HT-6SSD 0.0275 0.0521 0.3 0 0 No Yes 

300 Area Selenium mg/kg 91 4 4.4 0.429 1.01 J18933 343.27 300LS-8SSD 0.499 2.05 0.52 3 86 Yes No 

300 Area Titanium mg/kg 5 5 100 1030 1290 J18J33 339.64 LG-5SSD -- -- NA -- -- NA No 

300 Area TPH-diesel range mg/kg 46 5 10.87 3.58 14.4 J18J30 339.64 LG-2SSD 3.53 5.1 NA -- 0 NA Yes 

300 Area TPH-motor oil mg/kg 46 20 43.48 3.41 136 J18865 353.86 IS12-4SSD 13 73.1 NA -- 0 NA Yes 

300 Area Uranium mg/kg 91 0 0 -- -- -- -- -- 9.97 41 250 -- 0 NA Yes 

300 Area Carbon-14 pCi/g 91 4 4.4 4.21 5.61 J188B8 346.03 300ISL-3SSD -3.42 3.67 60,700 0 0 No Yes 

300 Area Cesium-137 pCi/g 91 62 68.13 0.0197 0.405 J187Y4 362.92 HT-6SSD 0.0106 0.0916 2,210 0 0 No Yes 

300 Area Cobalt-60 pCi/g 91 0 0 -- -- -- -- -- 0.00896 0.0581 6,130 -- 0 NA Yes 

300 Area Europium-152 pCi/g 91 3 3.3 0.115 0.257 J187Y4 362.92 HT-6SSD 0.0209 0.144 14,700 0 0 No Yes 

300 Area Plutonium-239/240 pCi/g 91 5 5.49 0.0605 0.216 J188B9 345.72 300ISL-5SSD -0.0422 0.134 12,700 0 0 No Yes 

300 Area Strontium-90 pCi/g 91 3 3.3 0.422 5.98 J188B9 345.72 300ISL-5SSD -0.19 0.267 3,580 0 0 No Yes 

300 Area Technetium-99 pCi/g 91 0 0 -- -- -- -- -- -0.0603 0.351 21,900 -- 0 NA Yes 

300 Area Tritium pCi/g 0 0 -- -- -- -- -- -- -- -- 1,680,000 -- -- NA Yes 

300 Area Uranium-233/234 pCi/g 91 91 100 0.365 2.18 J18907 350.56 WI-2SSD -- -- 51,600 0 -- No Yes 

300 Area Uranium-234 pCi/g 0 0 -- -- -- -- -- -- -- -- 51,600 -- -- NA No 

300 Area Uranium-235 pCi/g 91 14 15.38 0.0466 0.135 J18907 350.56 WI-2SSD -0.0465 0.283 27,400 0 0 No Yes 

300 Area Uranium-238 pCi/g 91 91 100 0.342 2.25 J18907 350.56 WI-2SSD -- -- 15,700 0 -- No Yes 
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Table 7-12.  Shoreline Sediment Plant Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations.  (2 Pages) 

Sub-Area COPEC Units 
Number 

of 
Samples 

Number 
of 

Detections 

FOD 
(%) 

Minimum 
Detect 

(dry wt.) 

Maximum 
Detect 

(dry wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Designation of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
NOEC 

Number of 
Exceedances 
(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
≥ NOEC? 

Inclusion 
List 

300 Area Radionuclide Sum of Fractions ≥ 1.0? No  

 

Lake Wallula alpha-BHC mg/kg 33 0 0 -- -- -- -- -- 0.00135 0.00554 10 -- 0 NA No 

Lake Wallula Antimony mg/kg 40 4 10 0.292 0.633 J189B9 334.24 BL-7SSD 0.362 1.3 NA -- 0 NA No 

Lake Wallula Chromium mg/kg 40 40 100 5.18 27.9 J189B8 334.16 BL-8SSD -- -- 42 0 -- No Yes 

Lake Wallula Dichlorodiphenyldichloroethane mg/kg 33 0 0 -- -- -- -- -- 0.00135 0.00554 7.1 -- 0 NA No 

Lake Wallula Hexavalent chromium mg/kg 20 2 10 0.51 1.73 J189C7 334.00 BL-9SSD 0.165 0.278 0.35 2 0 Yes Yes 

Lake Wallula Lead mg/kg 40 19 47.5 3.77 34.4 J189B9 334.24 BL-7SSD 2.42 15.3 50 0 0 No Yes 

Lake Wallula Mercury mg/kg 40 2 5 0.0233 0.0369 J189B9 334.24 BL-7SSD 0.0241 0.0677 0.3 0 0 No Yes 

Lake Wallula Molybdenum mg/kg 40 40 100 0.0951 1.99 J189J7 317.80 BI-1SSD -- -- 2 0 -- No No 

Lake Wallula Phosphorus mg/kg 40 40 100 379 1540 J189K4 325.06 SP-9SSD -- -- NA -- -- NA No 

Lake Wallula Silver mg/kg 40 0 0 -- -- -- -- -- 0.115 0.431 560 -- 0 NA No 

Lake Wallula Thallium mg/kg 40 0 0 -- -- -- -- -- 0.287 1.08 0.1 -- 40 NA No 

Lake Wallula Titanium mg/kg 3 3 100 2130 2450 J18J35 325.22 TR-2SSD -- -- NA -- -- NA No 

Lake Wallula Toluene mg/kg 31 0 0 -- -- -- -- -- 0.00391 0.00767 200 -- 0 NA No 

Lake Wallula Total PCBs mg/kg 3 3 100 0.000336 0.0064 J18694 337.51 HA-6SSD -- -- 40 0 -- No No 

Lake Wallula TPH-diesel range mg/kg 33 4 12.12 1.93 14.9 J18J34 325.22 TR-1SSD 3.35 5.49 NA -- 0 NA Yes 

Lake Wallula TPH-motor oil mg/kg 33 3 9.09 4.24 8.33 J18J35 325.22 TR-2SSD 6.23 138 NA -- 0 NA Yes 

Lake Wallula Vanadium mg/kg 40 40 100 28.4 123 J189J7 317.80 BI-1SSD -- -- NA -- -- NA No 

Lake Wallula Cesium-137 pCi/g 40 27 67.5 0.0251 0.262 J189B9 334.24 BL-7SSD 0.0201 0.0371 2,210 0 0 No Yes 

Lake Wallula Cobalt-57 pCi/g 0 0 -- -- -- -- -- -- -- -- NA -- -- NA No 

Lake Wallula Cobalt-60 pCi/g 40 1 2.5 0.0224 0.0224 J189B9 334.24 BL-7SSD 0.00714 0.0533 6,130 0 0 No Yes 

Lake Wallula Europium-152 pCi/g 40 1 2.5 0.239 0.239 J189B9 334.24 BL-7SSD 0.0204 0.128 14,700 0 0 No Yes 

Lake Wallula Europium-154 pCi/g 40 0 0 -- -- -- -- -- 0.0214 0.17 12,500 -- 0 NA Yes 

Lake Wallula Plutonium-239/240 pCi/g 40 0 0 -- -- -- -- -- -0.0253 0.0237 12,700 -- 0 NA Yes 

Lake Wallula Strontium-90 pCi/g 40 1 2.5 1.3 1.3 J189P6 298.09 HR-5SSD -0.25 0.201 3,580 0 0 No Yes 

Lake Wallula Uranium-233/234 pCi/g 40 40 100 0.255 1.42 J189J2 320.42 PHMU-1SSD -- -- 51,600 0 -- No Yes 

Lake Wallula Uranium-234 pCi/g 0 0 -- -- -- -- -- -- -- -- 51,600 -- -- NA No 

Lake Wallula Uranium-235 pCi/g 40 5 12.5 0.0346 0.254 J189B9 334.24 BL-7SSD -0.00818 0.124 27,400 0 0 No Yes 

Lake Wallula Uranium-238 pCi/g 40 38 95 0.245 1.12 J189C4 334.56 BL-4SSD 0.214 0.471 15,700 0 0 No Yes 

Lake Wallula Radionuclide Sum of Fractions ≥ 1.0? No  

-- = not applicable 
BHC = benzene hexachloride 
COPEC = contaminant of potential ecological concern 
FOD = frequency of detection 
NA = not available  

NOEC = no observed effect concentration 
PCB = polychlorinated biphenyl 
RM = River Mile 
TPH = total petroleum hydrocarbons 
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Table 7-13.  Shoreline Sediment Wildlife Bird Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations.  (2 Pages) 

Sub-Area COPEC Units 
Number 

of 
Samples 

Number 
of 

Detections 

FOD 
(%) 

Minimum 
Detect 

(dry wt.) 

Maximum 
Detect 

(dry wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Designation of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
NOEC 

Number of 
Exceedances 
(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
≥ NOEC? 

Inclusion 
List 

100 Area Acetone mg/kg 24 0 0 -- -- -- -- -- 0.0122 0.0204 NA -- 0 NA No 

100 Area Chromium mg/kg 52 52 100 12.2 35.8 J18702 381.33 RKLS-14SSD -- -- 26 5 -- Yes Yes 

100 Area delta-BHC mg/kg 25 0 0 -- -- -- -- -- 0.00164 0.00576 NA -- 0 NA No 

100 Area Endosulfan sulfate mg/kg 25 0 0 -- -- -- -- -- 0.00164 0.00576 19.4 -- 0 NA No 

100 Area Heptachlor epoxide mg/kg 25 0 0 -- -- -- -- -- 0.00164 0.00576 NA -- 0 NA No 

100 Area Hexavalent chromium mg/kg 48 2 4.17 0.412 0.618 J187L3 367.62 RFLS-5SSD 0.179 0.259 190 0 0 No Yes 

100 Area Lead mg/kg 52 49 94.23 3.61 46.6 J187Y2 365.86 HT-1SSD 15.8 21.7 11 42 3 Yes Yes 

100 Area Mercury mg/kg 52 28 53.85 0.0129 0.133 J187P7 367.61 RFD-2SSD 0.0297 0.0412 0.013 27 24 Yes Yes 

100 Area TPH-diesel range mg/kg 16 0 0 -- -- -- -- -- 4.08 5.38 6,000 -- 0 NA Yes 

100 Area TPH-motor oil mg/kg 16 4 25 18.7 43.5 J187P6 367.32 RFD-4SSD 42 91.8 NA -- 0 NA Yes 

100 Area Uranium mg/kg 52 2 3.85 1.85 6.9 J186X2 381.82 RKLS-12SSD 14.3 33.4 31 0 1 No Yes 

100 Area Carbon-14 pCi/g 52 0 0 -- -- -- -- -- -3.31 2.55 4,760 -- 0 NA Yes 

100 Area Cesium-137 pCi/g 52 44 84.62 0.0117 0.4 J187P7 367.61 RFD-2SSD 0.0116 0.0513 20.8 0 0 No Yes 

100 Area Cobalt-60 pCi/g 52 4 7.69 0.0373 0.0875 J187W8 366.26 IS9-3SSD 0.0074 0.0635 692 0 0 No Yes 

100 Area Europium-152 pCi/g 52 4 7.69 0.116 0.257 J187P7 367.61 RFD-2SSD 0.0234 0.168 1,520 0 0 No Yes 

100 Area Plutonium-239/240 pCi/g 52 0 0 -- -- -- -- -- -0.0405 0.0822 6,110 -- 0 NA Yes 

100 Area Strontium-90 pCi/g 52 0 0 -- -- -- -- -- -0.161 0.254 22.5 -- 0 NA Yes 

100 Area Technetium-99 pCi/g 52 0 0 -- -- -- -- -- -0.194 0.236 NA -- 0 NA Yes 

100 Area Uranium-233/234 pCi/g 52 52 100 0.326 3.81 J18702 381.33 RKLS-14SSD -- -- 5,130 0 -- No Yes 

100 Area Uranium-235 pCi/g 52 2 3.85 0.0959 0.112 J18KH8 379.21 RNLS-2SSD 0 0.254 2,770 0 0 No Yes 

100 Area Uranium-238 pCi/g 52 52 100 0.369 3.39 J18702 381.33 RKLS-14SSD -- -- 1,580 0 -- No Yes 

100 Area Radionuclide Sum of Fractions ≥ 1.0? No  

 

300 Area Chromium mg/kg 91 91 100 9.25 29.5 J189D6 341.36 300D-2SSD -- -- 26 3 -- Yes Yes 

300 Area Hexavalent chromium mg/kg 76 11 14.47 0.26 0.998 J18943 343.27 300LS-8SSD 0.164 0.399 190 0 0 No Yes 

300 Area Lead mg/kg 91 73 80.22 6.05 111 J187P2 362.74 HT-8SSD 3.58 18.3 11 32 6 Yes Yes 

300 Area Mercury mg/kg 91 24 26.37 0.0102 0.045 J187Y4 362.92 HT-6SSD 0.0275 0.0521 0.013 19 67 Yes Yes 

300 Area Selenium mg/kg 91 4 4.4 0.429 1.01 J18933 343.27 300LS-8SSD 0.499 2.05 1.2 0 13 No No 

300 Area Titanium mg/kg 5 5 100 1030 1290 J18J33 339.64 LG-5SSD -- -- NA -- -- NA No 

300 Area TPH-diesel range mg/kg 46 5 10.87 3.58 14.4 J18J30 339.64 LG-2SSD 3.53 5.1 6,000 0 0 No Yes 

300 Area TPH-motor oil mg/kg 46 20 43.48 3.41 136 J18865 353.86 IS12-4SSD 13 73.1 NA -- 0 NA Yes 

300 Area Uranium mg/kg 91 0 0 -- -- -- -- -- 9.97 41 31 -- 2 NA Yes 

300 Area Carbon-14 pCi/g 91 4 4.4 4.21 5.61 J188B8 346.03 300ISL-3SSD -3.42 3.67 4,760 0 0 No Yes 

300 Area Cesium-137 pCi/g 91 62 68.13 0.0197 0.405 J187Y4 362.92 HT-6SSD 0.0106 0.0916 20.8 0 0 No Yes 

300 Area Cobalt-60 pCi/g 91 0 0 -- -- -- -- -- 0.00896 0.0581 692 -- 0 NA Yes 

300 Area Europium-152 pCi/g 91 3 3.3 0.115 0.257 J187Y4 362.92 HT-6SSD 0.0209 0.144 1,520 0 0 No Yes 

300 Area Plutonium-239/240 pCi/g 91 5 5.49 0.0605 0.216 J188B9 345.72 300ISL-5SSD -0.0422 0.134 6,110 0 0 No Yes 

300 Area Strontium-90 pCi/g 91 3 3.3 0.422 5.98 J188B9 345.72 300ISL-5SSD -0.19 0.267 22.5 0 0 No Yes 

300 Area Technetium-99 pCi/g 91 0 0 -- -- -- -- -- -0.0603 0.351 NA -- 0 NA Yes 

300 Area Tritium pCi/g 0 0 -- -- -- -- -- -- -- -- 300,000 -- -- NA Yes 

300 Area Uranium-233/234 pCi/g 91 91 100 0.365 2.18 J18907 350.56 WI-2SSD -- -- 5,130 0 -- No Yes 

300 Area Uranium-234 pCi/g 0 0 -- -- -- -- -- -- -- -- 14,000 -- -- NA No 

300 Area Uranium-235 pCi/g 91 14 15.38 0.0466 0.135 J18907 350.56 WI-2SSD -0.0465 0.283 2,770 0 0 No Yes 
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Table 7-13.  Shoreline Sediment Wildlife Bird Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations.  (2 Pages) 

Sub-Area COPEC Units 
Number 

of 
Samples 

Number 
of 

Detections 

FOD 
(%) 

Minimum 
Detect 

(dry wt.) 

Maximum 
Detect 

(dry wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Designation of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
NOEC 

Number of 
Exceedances 
(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
≥ NOEC? 

Inclusion 
List 

300 Area Uranium-238 pCi/g 91 91 100 0.342 2.25 J18907 350.56 WI-2SSD -- -- 1,580 0 -- No Yes 

300 Area Radionuclide Sum of Fractions ≥ 1.0? No  

 

Lake Wallula alpha-BHC mg/kg 33 0 0 -- -- -- -- -- 0.00135 0.00554 NA -- 0 NA No 

Lake Wallula Antimony mg/kg 40 4 10 0.292 0.633 J189B9 334.24 BL-7SSD 0.362 1.3 NA -- 0 NA No 

Lake Wallula Chromium mg/kg 40 40 100 5.18 27.9 J189B8 334.16 BL-8SSD -- -- 26 2 -- Yes Yes 

Lake Wallula Dichlorodiphenyldichloroethane mg/kg 33 0 0 -- -- -- -- -- 0.00135 0.00554 0.093 -- 0 NA No 

Lake Wallula Hexavalent chromium mg/kg 20 2 10 0.51 1.73 J189C7 334.00 BL-9SSD 0.165 0.278 190 0 0 No Yes 

Lake Wallula Lead mg/kg 40 19 47.5 3.77 34.4 J189B9 334.24 BL-7SSD 2.42 15.3 11 3 1 Yes Yes 

Lake Wallula Mercury mg/kg 40 2 5 0.0233 0.0369 J189B9 334.24 BL-7SSD 0.0241 0.0677 0.013 2 38 Yes Yes 

Lake Wallula Molybdenum mg/kg 40 40 100 0.0951 1.99 J189J7 317.80 BI-1SSD -- -- 96.6 0 -- No No 

Lake Wallula Phosphorus mg/kg 40 40 100 379 1540 J189K4 325.06 SP-9SSD -- -- NA -- -- NA No 

Lake Wallula Silver mg/kg 40 0 0 -- -- -- -- -- 0.115 0.431 4.2 -- 0 NA No 

Lake Wallula Thallium mg/kg 40 0 0 -- -- -- -- -- 0.287 1.08 0.9 -- 1 NA No 

Lake Wallula Titanium mg/kg 3 3 100 2130 2450 J18J35 325.22 TR-2SSD -- -- NA -- -- NA No 

Lake Wallula Toluene mg/kg 31 0 0 -- -- -- -- -- 0.00391 0.00767 NA -- 0 NA No 

Lake Wallula Total PCBs mg/kg 3 3 100 0.000336 0.0064 J18694 337.51 HA-6SSD -- -- 0.041 0 -- No No 

Lake Wallula TPH-diesel range mg/kg 33 4 12.12 1.93 14.9 J18J34 325.22 TR-1SSD 3.35 5.49 6,000 0 0 No Yes 

Lake Wallula TPH-motor oil mg/kg 33 3 9.09 4.24 8.33 J18J35 325.22 TR-2SSD 6.23 138 NA -- 0 NA Yes 

Lake Wallula Vanadium mg/kg 40 40 100 28.4 123 J189J7 317.80 BI-1SSD -- -- 7.8 40 -- Yes No 

Lake Wallula Cesium-137 pCi/g 40 27 67.5 0.0251 0.262 J189B9 334.24 BL-7SSD 0.0201 0.0371 20.8 0 0 No Yes 

Lake Wallula Cobalt-57 pCi/g 0 0 -- -- -- -- -- -- -- -- NA -- -- NA No 

Lake Wallula Cobalt-60 pCi/g 40 1 2.5 0.0224 0.0224 J189B9 334.24 BL-7SSD 0.00714 0.0533 692 0 0 No Yes 

Lake Wallula Europium-152 pCi/g 40 1 2.5 0.239 0.239 J189B9 334.24 BL-7SSD 0.0204 0.128 1,520 0 0 No Yes 

Lake Wallula Europium-154 pCi/g 40 0 0 -- -- -- -- -- 0.0214 0.17 NA -- 0 NA Yes 

Lake Wallula Plutonium-239/240 pCi/g 40 0 0 -- -- -- -- -- -0.0253 0.0237 6,110 -- 0 NA Yes 

Lake Wallula Strontium-90 pCi/g 40 1 2.5 1.3 1.3 J189P6 298.09 HR-5SSD -0.25 0.201 22.5 0 0 No Yes 

Lake Wallula Uranium-233/234 pCi/g 40 40 100 0.255 1.42 J189J2 320.42 PHMU-1SSD -- -- 5,130 0 -- No Yes 

Lake Wallula Uranium-234 pCi/g 0 0 -- -- -- -- -- -- -- -- 14,000 -- -- NA No 

Lake Wallula Uranium-235 pCi/g 40 5 12.5 0.0346 0.254 J189B9 334.24 BL-7SSD -0.00818 0.124 2,770 0 0 No Yes 

Lake Wallula Uranium-238 pCi/g 40 38 95 0.245 1.12 J189C4 334.56 BL-4SSD 0.214 0.471 1,580 0 0 No Yes 

Lake Wallula Radionuclide Sum of Fractions ≥ 1.0? No  

-- = not applicable 
BHC = benzene hexachloride 
COPEC = contaminant of potential ecological concern 
FOD = frequency of detection 
NA = not available  

NOEC = no observed effect concentration 
PCB = polychlorinated biphenyl 
RM = River Mile 
TPH = total petroleum hydrocarbons 
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Table 7-14.  Shoreline Sediment No Observed Effect Concentration Exceedances.   

100 Area 300 Area Lake Wallula 

Plant Wildlife Bird Plant Wildlife Bird Plant Wildlife Bird 
Hexavalent chromium Chromium 

Lead 
Mercury 

Hexavalent chromium 
Lead 
Selenium 

Chromium 
Lead 
Mercury 

Hexavalent chromium Chromium 
Lead 
Mercury 
Vanadium 

 
 

Table 7-15.  Summary of Screening Level Evaluation:  Contaminants of Potential 
Ecological Concern with Maximum Concentrations Exceeding  

No Observed Effect Concentrations.   

 100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area 
Surface Water 

Aquatic biota Chromium 
Lead 
Mercury 

Lead 
Nitrate 
Nitrite 

Mercury 
Uranium 

Sediment 
Sediment biota Acetone 

Chromium 
Heptachlor epoxide 

None alpha-BHC 
Chromium 
Phosphorus 
Silver 
Thallium 
Toluene 
TPH-diesel range 

Soil 
Invertebrates None Mercury -- 
Plant Lead Lead -- 
Bird Lead 

Mercury 
Lead 
Mercury 

-- 

Mammal Lead Lead -- 
Shoreline Sediment 

Plant Hexavalent chromium Hexavalent chromium 
Lead 
Selenium 

Hexavalent chromium 

Bird Chromium 
Lead 
Mercury 

Chromium 
Lead 
Mercury 

Chromium 
Lead 
Mercury 
Vanadium 

Porewater 
 100-BC-5 100-KR-4 100-NR-2 100-HR-3 100-FR-3 200-P-1 300-FF-5 
Aquatic biota Aluminum 

Hexavalent 
chromium 
Lead 
Nitrate 

Hexavalent 
chromium 
Manganese 
Nitrate 

Hexavalent 
chromium 
Nitrate 
Phosphate 

Aluminum 
Chromium 
Hexavalent 
chromium 
Lead 
Manganese 
Nickel 
Nitrate 

Hexavalent 
chromium 
Manganese 
Mercury 
Nitrate 

Hexavalent 
chromium 
Lead 
Nitrate 
Nitrite 

Aluminum 
Lead 
Nitrate 
Selenium 
Uranium 

-- = not applicable; no island soil samples were collected from Lake Wallula  
BHC = benzene hexachloride 
TPH = total petroleum hydrocarbons 
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Table 8-1.  Sediment, Soil, and Surface Water Ecological Lowest Observed Effect Concentrations.  (3 Pages) 

Media Receptor Constituent LOEC Source  
LOEC 
Value  

LOEC 
Units 

LOEC Notes 

Sediment  Sediment biota Acetone  Calculated by EqP 0.141 mg/kg EpP w foc = 0.007, Koc = 1.981, LOEC of 10 mg/L from Ewell 
et al. 1986; 96-hr LC50 of 100 mg/L for Daphnia magna; UF of 10 
applied for LC50 - LOEC conversion. 

Sediment Sediment biota alpha-BHC Calculated by EqP 0.24 mg/kg EpP w foc = 0.007, Koc = 3,380, LOEC from Canton et al. 1975, 
EC50 for reproduction of 0.100 mg/L for Daphnia, test duration 
25 days.  UF of 10 applied for EC50 - LOEC use.  Likely 
conservative value; other values in Ecotox higher. 

Sediment Sediment biota Chromium Michelsen 2011  88 mg/kg Cleanup screening level. 

Sediment  Sediment biota Dichlorodiphenyldi-
chloroethane 

Michelsen 2011 0.86 mg/kg Cleanup screening level. 

Sediment Sediment biota Heptachlor epoxide MacDonald et al. 
2000 

0.016 mg/kg Consensus-based probable effect concentration. 

Sediment  Sediment biota Phosphorus OMOE 1993 2000 mg/kg Severe effects level. 

Sediment Sediment biota Silver Michelsen 2011 1.7 mg/kg Cleanup screening level. 

Sediment Sediment biota Toluene Calculated by EqP  5.22 mg/kg EpP w foc = 0.007, Koc = 268, LOEC of 2.74 mg/L from 
Moles et al. 1981.  Statistically significant reduction in growth in 
coho salmon fry after 40-day exposure. 

Sediment Sediment biota Total petroleum 
hydrocarbons – diesel 
range 

Michelsen 2011 510 mg/kg Cleanup screening level value. 

Soil Soil invertebrate Mercury ES/ER/TM-95/R4 0.5 mg/kg LOEC from study used by ES/ER/TM-95-R4 to generate NOEC 
benchmarks. 

Soil Plant  Hexavalent chromium LA-UR-08-6673 
2008 

1.8 mg/kg Tier 4 data set only EC50. 

Soil Plant  Lead OSWER Directive 
9285.7-70 

144 mg/kg Lowest acceptable SSL study value higher than CRC NOEC. 

Soil Plant  Selenium WAC 173-340-900, 
Table 749-3 

1 mg/kg LOEC-based WAC value. 

Soil  Wildlife bird  Chromium Calculated; OSWER 
Directive 9285.7-66 

155 mg/kg Calculated from EPA SSL 2008 equations using LOEC of 
15.63 mg/kg/day, = geomean of LOECs for repro and growth in 
EPA SSL data set.  EPA SSL based on geomean of NOECs for 
repro and growth.  RCBRA used 2.78 = lowest bounded 
reproductive LOEC above the geometric mean NOEC, but this 
produces a LOEC SSL of 28 mg/kg, same as NOEC SSL 
26 mg/kg. 
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Table 8-1.  Sediment, Soil, and Surface Water Ecological Lowest Observed Effect Concentrations.  (3 Pages) 

Media Receptor Constituent LOEC Source  
LOEC 
Value  

LOEC 
Units 

LOEC Notes 

Soil  Wildlife bird  Lead Calculated; OSWER 
Directive 9285.7-70 

25 mg/kg Calculated from EPA SSL equations using RCBRA LOEC TRV of 
3.26 mg/kg/day.  LOEC is from bounded study used by EPA for 
NOEL. 

Soil  Wildlife bird  Mercury RCBRA Tier II PRG 2 mg/kg RCBRA Tier 2 PRG.  Value less than calculated LOEC-based 
WAC value for inorganic mercury (5.5 mg/kg). 

Soil  Wildlife bird  Vanadium Calculated; OSWER 
Directive 9285.7-75 

16 mg/kg Calculated from EPA SSL equations using LOEC TRV of 
0.688 mg/kg/day.  LOEC is from bounded study used by EPA for 
NOEL. 

Soil  Wildlife mammal Lead Calculated; OSWER 
Directive 9285.7-70 

122 mg/kg Calculated from EPA SSL equations using LOEC of 
8.9 mg/kg/day.  LOEC from bounded study used by EPA for 
NOEL.  

Water  Aquatic biota Aluminum  EPA 2009 0.087 mg/L WQC CCC. 

Water Aquatic biota Chromium EPA 2009 0.064 mg/L  WQC CCC.  Hardness adjusted to 84 mg/L. 

Water Aquatic biota Hexavalent chromium WAC 173-201A 0.01 mg/L WQC CC. 

Water Aquatic biota Lead EPA 2009 0.0021 mg/L WQC CCC.  Hardness adjusted to 84 mg/L. 

Water Aquatic biota Manganese Reimer 1999 1.31 mg/L  UF of 10 applied to study 96-hr LC50 of 13.1 mg/L for salmon.  

Water Aquatic biota Mercury WAC 173-201A 0.000012 mg/L WQC CCC.  Based on fish tissue effects on human health. 

Water Aquatic biota Nickel EPA 2009 0.045 mg/L WQC CCC.  Hardness adjusted to 84 mg/L. 

Water Aquatic biota Nitrate Camargo et al. 2005 37.64 mg/L  120-hr LC10 of 8.5 mg/L NO3-N.  Converted to NO3 conc. 

Water Aquatic biota Nitrite Neuman et al. 2001 0.493 mg/L  Chronic LOEC for Chironomid development. 

Water Aquatic biota Selenium WAC 173-201A 0.005 mg/L WQC CCC. 

Water Aquatic biota Uranium Sheppard et al. 2005 0.03 mg/L  Aggregate data.  25th percentile of invertebrate toxicity data. 

BHC = benzene hexachloride 
CCC = criterion continuous concentration 
CRC = Columbia River Component 
EPA = U.S. Environmental Protection Agency 
LOEC = lowest observed effect concentration 
NOAEL = no observable adverse effect level 
NOEC = no observed effect concentration 
NOEL = no observable effect level 

PRG = preliminary remediation goal 
RCBRA = River Corridor Baseline Risk Assessment 
SSL = soil screening level 
TRV = toxicity reference value 
UF = uncertainty factor 
WAC = Washington Administrative Code 
WQC = water quality criteria 

Camargo, J. A., A. Alonso, and A. Salamanca, 2005, “Nitrate Toxicity to Aquatic Animals:  A Review With New Data for Freshwater Invertebrates,” Chemosphere 58:1255-1267. 

Canton, J. H., P. A. Greve, W. Slooff, and G. J. Van Esch, 1975, “Toxicity, Accumulation, and Elimination Studies of alpha-hexachlorocyclohexane (alpha-HCH) with Freshwater Organisms of 
Different Trophic Levels,” Water Res. 9:1163-1169. 

DOE, 2009, ResRad Biota, Version 1.5, Biota Concentration Guidelines.  Available at http://web.ead.anl.gov/resrad/home2/index.cfm. 

EPA, 2009, National Recommended Water Quality Criteria, U.S. Environmental Protection Agency, Washington, D.C.   

ES/ER/TM-95/R4, 1997, Toxicological Benchmarks for Screening Contaminants of Potential Concern for Effects on Sediment –Associated Biota:  1997 Revision, Oak Ridge National 
Laboratory, Oak Ridge, Tennessee. 

Ewell W. S., J. W. Gorsuch, R. O. Kringle, K. A. Robilliard, and R. C. Spiegel, 1986, “Simultaneous Evaluation of the Acute Effects of Chemicals on Seven Aquatic Species,” Environ. Toxicol. 
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Table 8-1.  Sediment, Soil, and Surface Water Ecological Lowest Observed Effect Concentrations.  (3 Pages) 

Media Receptor Constituent LOEC Source  
LOEC 
Value  

LOEC 
Units 

LOEC Notes 

Chem. 5(9):631-840. 

LA-UR-08-6673, 2008, Ecorisk Database, Release 2.3, Los Alamos National Laboratory, Los Alamos, New Mexico. 

MacDonald, D. D., C. G. Ingersoll, and T. A. Berger, 2000, “Development and Evaluation of Consensus-Based Sediment Quality Guidelines for Freshwater Ecosystems,” Arch. Environ. Con. 
Tox. 39:20-31. 

Michelsen, T., 2011, Development of Benthic SQVs for Freshwater Sediments in Washington, Oregon, and Idaho, Publication No. 11-09-05, Prepared for the Washington State Department of 
Ecology, Toxics Cleanup Program, Sediment Management Unit, by Avocet Consulting, Olympia, Washington.   

Moles, A., S. Bates, S. D. Rice, and S. Korn, 1981, “Reduced Growth of Coho Salmon Fry Exposed to Two Petroleum Components, Toluene and Naphthalene, in Fresh Water,” T. Am. Fish. 
Soc. 110:430-436. 

Neumann, D., M. Kramer, I Raschke, and G. Graefe, 2001, “Detrimental Effects of Nitrite on the Development of Benthic Chironomus Larvae, in Relation to their Settlement in Muddy 
Sediments,” Archiv. Hydrobiol, 153(1):103-128.   

OMOE, 1993, Guidelines for the Protection and Management of Aquatic Sediment Quality in Ontario, Ontario Ministry of the Environment, Queen’s Printer of Ontario, Ontario, Canada. 

OSWER Directive 9285.7-66, 2005, Ecological Soil Screening Levels for Chromium, Interim Final, U.S. Environmental Protection Agency, Washington, D.C. 

OSWER Directive 9285.7-70, 2005, Ecological Soil Screening Levels for Lead, Interim Final, U.S. Environmental Protection Agency, Washington, D.C. 

OSWER Directive 9285.7-75, 2005 Ecological Soil Screening Levels for Vanadium, Interim Final, U.S. Environmental Protection Agency, Washington, D.C. 

Reimer, P. S., 1999, “Environmental Effects of Manganese and Proposed Freshwater Guidelines to Protect Aquatic Life in British Columbia,” MS thesis, University of British Columbia, 
Vancouver, B.C. 

Sheppard, S. C., M. I. Sheppard, M. O. Gallerand, and B. Sanipelli, 2005, “Derivation of Ecotoxicity Thresholds for Uranium,” J. Environ. Radioactivity. 79(1):55-83. 

WAC 173-201A, 2006, “Water Quality Standards for Surface Waters of the State of Washington,” Washington Administrative Code.   

WAC 173-340-900, “Model Toxics Control Act – Cleanup,” Table 749-3, Washington Administrative Code. 
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Table 8-2.  Surface Water Contaminant of Potential Ecological Concern Exceedances and  

Lowest Observed Effect Concentration Hazard Quotients. 

Sub-Area COPEC Units 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result 
Total or 

Dissolved 
LOEC 

LOEC 
HQ 

100 Area Chromium mg/L B1KHR6 HL 1296 9/12/2006 Right 379.11 0.0973 D 0.064 1.5 
100 Area Lead mg/L J19HR7 J100K24 1/31/2010 Right 380.01 0.00432 D 0.0021 2.1 
100 Area Mercury mg/L J19HR8 KWIN Test 1 1/22/2010 Right 381.81 0.000081 D 0.000012 6.7 

 
300 Area Lead mg/L B1DM03 HL 2118 9/14/2005 Right 343.01 0.00556 T 0.0021 2.6 
300 Area Lead mg/L B13LD5 HL 1140 12/4/2001 Right 340.89 0.00347 T 0.0021 1.7 
300 Area Nitrate mg/L B1D7L8 HL 707 6/7/2005 Right 343.41 8.41 T 37.64 0.2 
300 Area Nitrite mg/L B1KFW5 HL 573 9/11/2006 Right 359.74 0.329 T 0.493 0.7 
300 Area Nitrite mg/L B1KFV8 HL 1587 9/11/2006 Right 359.02 0.243 T 0.493 0.5 
300 Area Nitrite mg/L B1KFY3 HL 1614 9/13/2006 Right 345.56 0.164 T 0.493 0.3 
300 Area Nitrite mg/L B1KFY2 HL 90 9/13/2006 Left 343.57 0.217 T 0.493 0.4 
300 Area Nitrite mg/L B1KFX4 HL 1444 9/13/2006 Right 343.13 0.128 T 0.493 0.3 
300 Area Nitrite mg/L B1KFW7 HL 583 9/13/2006 Right 340.46 0.171 T 0.493 0.3 
300 Area Nitrite mg/L B1KFW9 HL 858 9/13/2006 Right 340.39 0.161 T 0.493 0.3 
300 Area Nitrite mg/L B1KFX2 HL 497 9/13/2006 Left 340.39 0.289 T 0.493 0.6 

 
Lake Wallula Mercury mg/L J17V41 MD-3SW 11/11/2008 Dam 292.75 0.000062 T 0.000012 5.2 
Lake Wallula Uranium mg/L J17TL8 CP-1SW-F 11/4/2008 Right 330.28 0.0125 D 0.03 0.4 
COPEC = contaminant of potential ecological concern 
D = dissolved 
HQ = hazard quotient 
LOEC = lowest observed effect concentration  
T = total 
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Table 8-3.  100 Area Sub-Area Sediment Contaminant of Potential Ecological Concern Exceedances and  

Lowest Observed Effect Concentration Hazard Quotients.  (2 Pages) 

Sub-Area COPEC Units 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result 
(dry wt.) 

LOEC 
LOEC 

HQ 
100 Area Acetone mg/kg J18M19 RBC-1SD 3/26/2009 Right 384.11 0.0579 0.141 0.4 
100 Area Acetone mg/kg J18MJ5 RKC2-1SD 3/27/2009 Right 381.44 0.0229 0.141 0.2 
100 Area Acetone mg/kg J18MR6 RNC-1SD 4/2/2009 Right 379.46 0.0361 0.141 0.3 
100 Area Chromium mg/kg J19J90 T100D3A 2/5/2010 Right 377.72 122 88 1.4 
100 Area Chromium mg/kg J19JK6 J100H43 1/30/2010 Right 369.74 275 88 3.1 
100 Area Chromium mg/kg J19K18 J100F11 2/12/2010 Right 368.63 151 88 1.7 
100 Area Heptachlor epoxide mg/kg J17WH9 LI-1SD 12/3/2008 Left 372.74 0.0318 0.016 2.0 
100 Area Hexavalent chromium mg/kg J19KD3 2A-A 2/20/2010 Right 384.20 1.42 NA NA 
100 Area Hexavalent chromium mg/kg J18M30 RBC-1SD 3/26/2009 Right 384.11 0.787 NA NA 
100 Area Hexavalent chromium mg/kg J19H38 T100BC1J1 2/19/2010 Right 384.10 0.888 NA NA 
100 Area Hexavalent chromium mg/kg J19KD4 T100BC6J10 2/19/2010 Right 383.62 0.999 NA NA 
100 Area Hexavalent chromium mg/kg J18MH3 RKC1-1SD 3/27/2009 Right 381.82 0.407 NA NA 
100 Area Hexavalent chromium mg/kg J19HV5 KWIN Test 1 1/22/2010 Right 381.81 1.18 NA NA 
100 Area Hexavalent chromium mg/kg J18MJ6 RKC2-1SD 3/27/2009 Right 381.44 1.4 NA NA 
100 Area Hexavalent chromium mg/kg J19J96 T100D1A 2/13/2010 Right 377.96 0.286 NA NA 
100 Area Hexavalent chromium mg/kg J19J98 T100D3A 2/5/2010 Right 377.72 5.94 NA NA 
100 Area Hexavalent chromium mg/kg J18MV0 RDC-1SD 4/2/2009 Right 377.72 0.998 NA NA 
100 Area Hexavalent chromium mg/kg J19JN8 J100D39 2/14/2010 Right 376.99 1.33 NA NA 
100 Area Hexavalent chromium mg/kg J19JN9 J100D9 2/14/2010 Right 376.91 1.18 NA NA 
100 Area Hexavalent chromium mg/kg J17WC0 RDD-5SD 12/3/2008 Left 374.97 0.701 NA NA 
100 Area Hexavalent chromium mg/kg J17WB8 RDD-6SD 12/3/2008 Left 374.69 0.684 NA NA 
100 Area Hexavalent chromium mg/kg J17WH1 RDD-7SD 12/3/2008 Left 374.51 0.684 NA NA 
100 Area Hexavalent chromium mg/kg J17WC7 RDD-11SD 12/3/2008 Left 374.01 0.468 NA NA 
100 Area Hexavalent chromium mg/kg J17WC5 RDD-12SD 12/3/2008 Left 373.99 0.892 NA NA 
100 Area Hexavalent chromium mg/kg J17WC4 RDD-13SD 12/3/2008 Left 373.96 0.539 NA NA 
100 Area Hexavalent chromium mg/kg J17WC2 RDD-14SD 12/3/2008 Left 373.77 0.756 NA NA 
100 Area Hexavalent chromium mg/kg J19FJ4 T100H1E 1/24/2010 Left 373.42 0.26 NA NA 
100 Area Hexavalent chromium mg/kg J17WJ9 LI-1SD 12/3/2008 Left 372.74 7.38 NA NA 
100 Area Hexavalent chromium mg/kg J17WK3 LI-2SD 12/3/2008 Left 372.52 0.79 NA NA 
100 Area Hexavalent chromium mg/kg J17WJ6 LI-3SD 12/3/2008 Left 372.08 0.403 NA NA 
100 Area Hexavalent chromium mg/kg J17WK0 LI-7SD 12/3/2008 Left 370.86 0.692 NA NA 
100 Area Hexavalent chromium mg/kg J17WK1 LI-9SD 12/4/2008 Left 370.59 1.73 NA NA 
100 Area Hexavalent chromium mg/kg J17YC8 HT-9SD 12/4/2008 Island 369.91 0.435 NA NA 
100 Area Hexavalent chromium mg/kg J187L1 RFLS-2SSD 2/12/2009 Left 368.26 0.412 NA NA 
100 Area Hexavalent chromium mg/kg J17X17 RFLS-1SD 12/4/2008 Left 367.66 0.733 NA NA 
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Table 8-3.  100 Area Sub-Area Sediment Contaminant of Potential Ecological Concern Exceedances and  
Lowest Observed Effect Concentration Hazard Quotients.  (2 Pages) 

Sub-Area COPEC Units 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result 
(dry wt.) 

LOEC 
LOEC 

HQ 
100 Area Hexavalent chromium mg/kg J187L3 RFLS-5SSD 2/12/2009 Left 367.62 0.618 NA NA 
100 Area Hexavalent chromium mg/kg J17X21 RFLS-2SD 12/4/2008 Left 367.61 1.4 NA NA 
100 Area Hexavalent chromium mg/kg J17X19 RFLS-5SD 12/4/2008 Left 367.27 0.949 NA NA 
COPEC = contaminant of potential ecological concern 
HQ = hazard quotient 
LOEC = lowest observed effect concentration  
NA = not available; no LOEC available for hexavalent chromium; data shown for discussion purposes 
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Table 8-4.  300 Area Sub-Area Sediment Contaminant of Potential Ecological Concern Exceedances and  
Lowest Observed Effect Concentration Hazard Quotients.   

Sub-Area COPEC Units 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result 
(dry wt.) 

LOEC 
LOEC 

HQ 
300 Area Hexavalent chromium mg/kg J17XJ5 HT-11SD 12/5/2008 Left 363.00 0.285 NA NA 
300 Area Hexavalent chromium mg/kg J17XJ7 HT-13SD 12/5/2008 Left 362.98 1.47 NA NA 
300 Area Hexavalent chromium mg/kg J17XL2 SI-1SD 12/5/2008 Left 359.40 0.923 NA NA 
300 Area Hexavalent chromium mg/kg J17YF5 SI-11SD 12/5/2008 Right 358.89 0.608 NA NA 
300 Area Hexavalent chromium mg/kg J17YF7 SI-12SD 12/5/2008 Right 358.82 0.363 NA NA 
300 Area Hexavalent chromium mg/kg J17XM6 SI-8SD 3/5/2009 Slough 358.09 1.76 NA NA 
300 Area Hexavalent chromium mg/kg J19K87 JHTS18 2/15/2010 Right 357.54 0.228 NA NA 
300 Area Hexavalent chromium mg/kg J19K88 JHTS19 2/15/2010 Right 357.38 0.346 NA NA 
300 Area Hexavalent chromium mg/kg J18832 SI-2SSD 2/17/2009 Left 357.03 0.865 NA NA 
300 Area Hexavalent chromium mg/kg J18830 SI-3SSD 2/17/2009 Left 356.66 0.484 NA NA 
300 Area Hexavalent chromium mg/kg J17XM7 SI-10SD 3/5/2009 Slough 356.63 17.3 NA NA 
300 Area Hexavalent chromium mg/kg J17XL4 SI-4SD 12/8/2008 Left 356.43 0.307 NA NA 
300 Area Hexavalent chromium mg/kg J18820 IS11-3SSD 2/17/2009 Island 355.56 0.59 NA NA 
300 Area Hexavalent chromium mg/kg J18862 RG-10SSD 2/17/2009 Left 354.67 0.725 NA NA 
300 Area Hexavalent chromium mg/kg J18874 IS12-2SSD 2/17/2009 Island 354.27 0.437 NA NA 
300 Area Hexavalent chromium mg/kg J18877 IS12-10SSD 2/17/2009 Island 353.00 0.407 NA NA 
300 Area Hexavalent chromium mg/kg J18897 HMSTD-3SSD 2/18/2009 Island 352.65 0.699 NA NA 
300 Area Hexavalent chromium mg/kg J17YV0 HMSTD-1SD 12/8/2008 Island 352.26 0.305 NA NA 
300 Area Hexavalent chromium mg/kg J17YV1 HMSTD-5SD 2/18/2009 Island 352.18 0.711 NA NA 
300 Area Hexavalent chromium mg/kg J17YW5 IS13-1SD 12/8/2008 Island 351.93 2.04 NA NA 
300 Area Hexavalent chromium mg/kg J17YW3 IS13-3SD 12/8/2008 Island 351.76 0.501 NA NA 
300 Area Hexavalent chromium mg/kg J18040 WI-3SD 12/9/2008 Island 350.50 0.669 NA NA 
300 Area Hexavalent chromium mg/kg J188C9 300ISL-5SSD 2/18/2009 Island 345.72 0.26 NA NA 
300 Area Hexavalent chromium mg/kg J180B4 JSI-10SD 12/9/2008 Left 345.21 0.327 NA NA 
300 Area Hexavalent chromium mg/kg J19FB3 T3003A 1/11/2010 Right 344.60 0.326 NA NA 
300 Area Hexavalent chromium mg/kg J18943 300LS-8SSD 2/6/2009 Island 343.27 0.998 NA NA 
300 Area Hexavalent chromium mg/kg J189F2 300D-1SSD 2/18/2009 Island 341.67 0.518 NA NA 
300 Area Hexavalent chromium mg/kg J189F1 300D-2SSD 2/18/2009 Island 341.36 0.547 NA NA 
COPEC = contaminant of potential ecological concern 
HQ = hazard quotient 
LOEC = lowest observed effect concentration  
NA = not available; no LOEC available for hexavalent chromium; data shown for discussion purposes 
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Table 8-5.  Lake Wallula Sub-Area Sediment Contaminant of Potential Ecological Concern Exceedances and  
Lowest Observed Effect Concentration Hazard Quotients.  (3 Pages) 

Sub-Area COPEC Units 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result 
(dry wt.) 

LOEC 
LOEC 

HQ 
Lake Wallula alpha-BHC mg/kg J180P3 CPM-2SD 12/10/2008 Right 336.52 0.0233 0.24 0.1 
Lake Wallula alpha-BHC mg/kg J180P4 CPM-1SD 12/10/2008 Right 336.49 0.0348 0.24 0.1 
Lake Wallula alpha-BHC mg/kg J180P0 CPM-4SD 12/10/2008 Right 336.49 0.011 0.24 0.05 
Lake Wallula alpha-BHC mg/kg J180P1 CPM-5SD 12/10/2008 Right 336.46 0.0352 0.24 0.1 
Lake Wallula Chromium mg/kg J180T5 CM-4SD 12/11/2008 Right 327.72 80.5 88 0.9 
Lake Wallula Chromium mg/kg B17BJ3 HL 1879 7/14/2003 Dam 293.99 73.2 88 0.8 
Lake Wallula Chromium mg/kg B12CK7 HL 1843 7/20/2001 Dam 293.17 72.8 88 0.8 
Lake Wallula Chromium mg/kg B17712 HL 1361 7/16/2003 Dam 292.68 73.8 88 0.8 
Lake Wallula Hexavalent chromium mg/kg J189C7 BL-9SSD 2/19/2009 Right 334.00 1.73 NA NA 
Lake Wallula Hexavalent chromium mg/kg J189T1 HR-8SSD 2/20/2009 Tributary 298.00 0.51 NA NA 
Lake Wallula Phosphorus mg/kg J180H5 300D-3SD 12/10/2008 Left 339.42 776 2000 0.4 
Lake Wallula Phosphorus mg/kg J180H6 300D-4SD 12/10/2008 Left 339.37 682 2000 0.3 
Lake Wallula Phosphorus mg/kg J180H7 300D-5SD 12/10/2008 Left 339.35 717 2000 0.4 
Lake Wallula Phosphorus mg/kg J18KP4 300DC6-1SD 3/25/2009 Left 339.05 620 2000 0.3 
Lake Wallula Phosphorus mg/kg J18KM9 300DC5-1SD 3/25/2009 Right 339.00 638 2000 0.3 
Lake Wallula Phosphorus mg/kg J18991 HA-1SSD 2/19/2009 Right 337.63 800 2000 0.4 
Lake Wallula Phosphorus mg/kg J18985 HA-2SSD 2/19/2009 Right 337.60 733 2000 0.4 
Lake Wallula Phosphorus mg/kg J18990 HA-3SSD 2/19/2009 Right 337.56 628 2000 0.3 
Lake Wallula Phosphorus mg/kg J18986 HA-4SSD 2/19/2009 Right 337.52 639 2000 0.3 
Lake Wallula Phosphorus mg/kg J18987 HA-6SSD 2/19/2009 Right 337.51 996 2000 0.5 
Lake Wallula Phosphorus mg/kg J18988 HA-8SSD 2/19/2009 Right 337.45 685 2000 0.3 
Lake Wallula Phosphorus mg/kg J180P3 CPM-2SD 12/10/2008 Right 336.52 723 2000 0.4 
Lake Wallula Phosphorus mg/kg J180P4 CPM-1SD 12/10/2008 Right 336.49 734 2000 0.4 
Lake Wallula Phosphorus mg/kg J180P0 CPM-4SD 12/10/2008 Right 336.49 865 2000 0.4 
Lake Wallula Phosphorus mg/kg J180P1 CPM-5SD 12/10/2008 Right 336.46 898 2000 0.4 
Lake Wallula Phosphorus mg/kg J189C0 BL-2SSD 2/19/2009 Island 334.87 642 2000 0.3 
Lake Wallula Phosphorus mg/kg J189B5 BL-3SSD 2/19/2009 Island 334.72 705 2000 0.4 
Lake Wallula Phosphorus mg/kg J189C4 BL-4SSD 2/19/2009 Island 334.56 888 2000 0.4 
Lake Wallula Phosphorus mg/kg J189B6 BL-5SSD 2/19/2009 Island 334.40 691 2000 0.3 
Lake Wallula Phosphorus mg/kg J189C3 BL-6SSD 2/19/2009 Island 334.36 856 2000 0.4 
Lake Wallula Phosphorus mg/kg J189B9 BL-7SSD 2/19/2009 Island 334.24 720 2000 0.4 
Lake Wallula Phosphorus mg/kg J189B8 BL-8SSD 2/19/2009 Island 334.16 691 2000 0.3 
Lake Wallula Phosphorus mg/kg J189B7 BL-9SSD 2/19/2009 Right 334.00 1470 2000 0.7 
Lake Wallula Phosphorus mg/kg J180R3 CP-1SD 12/10/2008 Right 331.32 717 2000 0.4 
Lake Wallula Phosphorus mg/kg J180R0 CP-2SD 12/10/2008 Right 331.10 784 2000 0.4 
Lake Wallula Phosphorus mg/kg J180R4 CP-3SD 12/10/2008 Right 330.91 735 2000 0.4 
Lake Wallula Phosphorus mg/kg J180K6 CI-1SD 12/11/2008 Right 328.92 841 2000 0.4 
Lake Wallula Phosphorus mg/kg J18X23 CI-1SD-RES 6/10/2009 Right 328.92 802 2000 0.4 
Lake Wallula Phosphorus mg/kg J18X24 CI-2SD-RES 6/10/2009 Right 328.89 823 2000 0.4 
Lake Wallula Phosphorus mg/kg J180K0 CI-2SD 12/11/2008 Right 328.89 840 2000 0.4 
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Table 8-5.  Lake Wallula Sub-Area Sediment Contaminant of Potential Ecological Concern Exceedances and  

Lowest Observed Effect Concentration Hazard Quotients.  (3 Pages) 

Sub-Area COPEC Units 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result 
(dry wt.) 

LOEC 
LOEC 

HQ 
Lake Wallula Phosphorus mg/kg J180K9 CI-3SD 12/11/2008 Right 328.88 845 2000 0.4 
Lake Wallula Phosphorus mg/kg J18X25 CI-3SD-RES 6/10/2009 Right 328.87 796 2000 0.4 
Lake Wallula Phosphorus mg/kg J18X26 CI-4SD-RES 6/10/2009 Right 328.71 784 2000 0.4 
Lake Wallula Phosphorus mg/kg J180K5 CI-4SD 12/11/2008 Right 328.71 994 2000 0.5 
Lake Wallula Phosphorus mg/kg J180K4 CI-5SD 12/11/2008 Right 328.67 1200 2000 0.6 
Lake Wallula Phosphorus mg/kg J18X27 CI-5SD-RES 6/10/2009 Right 328.67 1120 2000 0.6 
Lake Wallula Phosphorus mg/kg J18X28 CI-6SD-RES 6/9/2009 Right 328.57 678 2000 0.3 
Lake Wallula Phosphorus mg/kg J180K7 CI-6SD 12/11/2008 Right 328.57 775 2000 0.4 
Lake Wallula Phosphorus mg/kg J180K1 CI-8SD 12/11/2008 Right 328.40 915 2000 0.5 
Lake Wallula Phosphorus mg/kg J18X30 CI-8SD-RES 6/9/2009 Right 328.40 1180 2000 0.6 
Lake Wallula Phosphorus mg/kg J180K2 CI-7SD 12/11/2008 Right 328.39 954 2000 0.5 
Lake Wallula Phosphorus mg/kg J18X29 CI-7SD-RES 6/9/2009 Right 328.37 870 2000 0.4 
Lake Wallula Phosphorus mg/kg J180K8 CI-9SD 12/11/2008 Right 328.22 845 2000 0.4 
Lake Wallula Phosphorus mg/kg J180K3 CI-10SD 12/11/2008 Right 328.21 787 2000 0.4 
Lake Wallula Phosphorus mg/kg J18X32 CI-10SD-RES 6/9/2009 Right 328.21 702 2000 0.4 
Lake Wallula Phosphorus mg/kg J18X31 CI-9SD-RES 6/9/2009 Right 328.21 722 2000 0.4 
Lake Wallula Phosphorus mg/kg J18X46 CM-1SD-RES 6/9/2009 Left 327.88 972 2000 0.5 
Lake Wallula Phosphorus mg/kg J180T9 CM-1SD 12/11/2008 Left 327.88 1160 2000 0.6 
Lake Wallula Phosphorus mg/kg J18X47 CM-2SD-RES 6/9/2009 Left 327.85 842 2000 0.4 
Lake Wallula Phosphorus mg/kg J18X48 CM-3SD-RES 6/9/2009 Left 327.77 1210 2000 0.6 
Lake Wallula Phosphorus mg/kg J180T8 CM-3SD 12/11/2008 Left 327.77 1380 2000 0.7 
Lake Wallula Phosphorus mg/kg J180T5 CM-4SD 12/11/2008 Left 327.72 2990 2000 1.5 
Lake Wallula Phosphorus mg/kg J18X49 CM-4SD-RES 6/9/2009 Left 327.72 2200 2000 1.1 
Lake Wallula Phosphorus mg/kg J189K5 SP-3SSD 2/19/2009 Left 325.38 746 2000 0.4 
Lake Wallula Phosphorus mg/kg J18J35 TR-2SSD 3/11/2009 Slough 325.22 997 2000 0.5 
Lake Wallula Phosphorus mg/kg J18J34 TR-1SSD 3/12/2009 Slough 325.22 1000 2000 0.5 
Lake Wallula Phosphorus mg/kg J18J36 TR-3SSD 3/13/2009 Slough 325.22 973 2000 0.5 
Lake Wallula Phosphorus mg/kg J189K4 SP-9SSD 2/19/2009 Left 325.06 1540 2000 0.8 
Lake Wallula Phosphorus mg/kg J189J4 THMU-1SSD 2/23/2009 Right 320.70 1170 2000 0.6 
Lake Wallula Phosphorus mg/kg J189J2 PHMU-1SSD 2/23/2009 Slough 320.42 667 2000 0.3 
Lake Wallula Phosphorus mg/kg J189J1 PHMU-2SSD 2/23/2009 Slough 319.90 1030 2000 0.5 
Lake Wallula Phosphorus mg/kg J189J5 THMU-2SSD 2/23/2009 Right 319.78 1200 2000 0.6 
Lake Wallula Phosphorus mg/kg J189J3 PHMU-3SSD 2/23/2009 Slough 319.62 706 2000 0.4 
Lake Wallula Phosphorus mg/kg J189J7 BI-1SSD 2/23/2009 Island 317.80 1190 2000 0.6 
Lake Wallula Phosphorus mg/kg J180W8-A PM-1SD 2/2/2009 Left 316.24 682 2000 0.3 
Lake Wallula Phosphorus mg/kg J18158-A WB-1SD 2/2/2009 Left 316.00 651 2000 0.3 
Lake Wallula Phosphorus mg/kg J18157-A WB-2SD 2/2/2009 Left 315.82 680 2000 0.3 
Lake Wallula Phosphorus mg/kg J18159-A WB-3SD 2/2/2009 Left 315.40 801 2000 0.4 
Lake Wallula Phosphorus mg/kg J18160-A WB-4SD 2/2/2009 Left 315.33 743 2000 0.4 
Lake Wallula Phosphorus mg/kg J18L19 LWC1-1SD 4/6/2009 Left 312.40 668 2000 0.3 
Lake Wallula Phosphorus mg/kg J189M8 PK-10SSD 3/4/2009 Left 311.90 1020 2000 0.5 
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Table 8-5.  Lake Wallula Sub-Area Sediment Contaminant of Potential Ecological Concern Exceedances and  
Lowest Observed Effect Concentration Hazard Quotients.  (3 Pages) 

Sub-Area COPEC Units 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result 
(dry wt.) 

LOEC 
LOEC 

HQ 
Lake Wallula Phosphorus mg/kg J17XR5 LW-1SD 2/2/2009 Right 309.71 641 2000 0.3 
Lake Wallula Phosphorus mg/kg J18L31 LWC2-1SD 4/8/2009 Left 305.41 646 2000 0.3 
Lake Wallula Phosphorus mg/kg J17XR8 LW-4SD 2/2/2009 Left 301.01 828 2000 0.4 
Lake Wallula Phosphorus mg/kg J189P6 HR-5SSD 2/20/2009 Tributary 298.09 987 2000 0.5 
Lake Wallula Phosphorus mg/kg J189R0 HR-6SSD 2/20/2009 Tributary 298.05 846 2000 0.4 
Lake Wallula Phosphorus mg/kg J189R1 HR-8SSD 2/20/2009 Tributary 298.00 729 2000 0.4 
Lake Wallula Phosphorus mg/kg J189P5 HR-7SSD 2/20/2009 Tributary 298.00 1100 2000 0.6 
Lake Wallula Phosphorus mg/kg J17XR9 LW-5SD 2/2/2009 Left 297.78 844 2000 0.4 
Lake Wallula Phosphorus mg/kg J189T6 MBRA-4SSD 2/20/2009 Dam 293.32 1280 2000 0.6 
Lake Wallula Phosphorus mg/kg J189T5 MBRA-5SSD 2/20/2009 Dam 293.32 973 2000 0.5 
Lake Wallula Phosphorus mg/kg J18177 MBRA-4SD 2/3/2009 Dam 293.31 739 2000 0.4 
Lake Wallula Phosphorus mg/kg J18172 MBRA-3SD 2/2/2009 Dam 293.26 731 2000 0.4 
Lake Wallula Phosphorus mg/kg J189T4 MBRA-3SSD 2/20/2009 Dam 293.26 1020 2000 0.5 
Lake Wallula Phosphorus mg/kg J189T8 MBRA-2SSD 2/20/2009 Dam 293.23 1220 2000 0.6 
Lake Wallula Phosphorus mg/kg J18176 MBRA-2SD 2/2/2009 Dam 293.22 758 2000 0.4 
Lake Wallula Phosphorus mg/kg J189T7 MBRA-1SSD 2/20/2009 Dam 293.20 1130 2000 0.6 
Lake Wallula Phosphorus mg/kg J18173 MBRA-1SD 2/2/2009 Dam 293.19 843 2000 0.4 
Lake Wallula Phosphorus mg/kg J18L51 MDC-1SD 4/7/2009 Dam 292.77 783 2000 0.4 
Lake Wallula Phosphorus mg/kg J181B1 MDBR-1SD 2/3/2009 Dam 292.13 862 2000 0.4 
Lake Wallula Phosphorus mg/kg J181B3 MDBR-3SD 2/3/2009 Dam 292.11 935 2000 0.5 
Lake Wallula Phosphorus mg/kg J181B2 MDBR-2SD 2/3/2009 Dam 292.11 872 2000 0.4 
Lake Wallula Phosphorus mg/kg J18198 MDBR-6SD 2/3/2009 Dam 292.03 742 2000 0.4 
Lake Wallula Phosphorus mg/kg J18199 MDBR-4SD 2/3/2009 Dam 291.95 908 2000 0.5 
Lake Wallula Phosphorus mg/kg J181B0 MDBR-5SD 2/3/2009 Dam 291.95 758 2000 0.4 
Lake Wallula Silver mg/kg B17B65 HL 1879 8/8/2003 Dam 293.99 1.9 1.7 1.1 
Lake Wallula Silver mg/kg B17B67 HL 1529 8/8/2003 Dam 293.98 1.2 1.7 0.7 
Lake Wallula Silver mg/kg B17B57 HL 1932 8/8/2003 Dam 293.89 1.2 1.7 0.7 
Lake Wallula Silver mg/kg B17B60 HL 1932 8/8/2003 Dam 293.89 2.5 1.7 1.5 
Lake Wallula Thallium mg/kg J180T5 CM-4SD 12/11/2008 Left 327.72 3.12 2.6 1.2 
Lake Wallula Toluene mg/kg J180H6 300D-4SD 12/10/2008 Left 339.37 0.185 5.22 0.04 
Lake Wallula TPH-diesel mg/kg J180P3 CPM-2SD 12/10/2008 Right 336.52 340 510 0.7 
BHC = benzene hexachloride 
COPEC = contaminant of potential ecological concern 
HQ = hazard quotient 
LOEC = lowest observed effect concentration  
NA = not available; no LOEC available for hexavalent chromium; data shown for discussion purposes 
TPH = total petroleum hydrocarbons 
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Table 8-6.  Porewater Contaminant of Potential Ecological Concern Exceedances and  
Lowest Observed Effect Concentration Hazard Quotients.  (4 Pages) 

Operable 
Unit 

COPEC Units 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result 
Total or 

Dissolved 
LOEC 

LOEC 
HQ 

100-BC-5 Aluminum mg/L J19F46 T100BC3C 1/17/2010 Right 383.94 0.416 D 0.087 4.8 
100-BC-5 Hexavalent chromium mg/L J19519 J100BC2 8/31/2009 Right 384.24 0.016 T 0.01 1.6 
100-BC-5 Hexavalent chromium mg/L J19356 2A-A 9/15/2009 Right 384.20 0.024 T 0.01 2.4 
100-BC-5 Hexavalent chromium mg/L J19KB4 2A-A 2/20/2010 Right 384.20 0.01 T 0.01 1 
100-BC-5 Hexavalent chromium mg/L J19355 J100BC9 9/15/2009 Right 384.10 0.015 T 0.01 1.5 
100-BC-5 Hexavalent chromium mg/L J19364 T100BC1J5 9/13/2009 Right 384.10 0.023 T 0.01 2.3 
100-BC-5 Hexavalent chromium mg/L J19520 T100BC1J1 8/31/2009 Right 384.10 0.018 T 0.01 1.8 
100-BC-5 Hexavalent chromium mg/L J19359 T100BC2B 9/16/2009 Right 384.03 0.027 T 0.01 2.7 
100-BC-5 Hexavalent chromium mg/L J19515 T100BC3C 9/13/2009 Right 383.94 0.112 T 0.01 11.0 
100-BC-5 Hexavalent chromium mg/L J19F42 T100BC3C 1/17/2010 Right 383.94 0.022 D 0.01 2.2 
100-BC-5 Hexavalent chromium mg/L J19512 J100BC19 8/30/2009 Right 383.83 0.015 T 0.01 1.5 
100-BC-5 Hexavalent chromium mg/L J19366 J100BC21 9/16/2009 Right 383.81 0.073 T 0.01 7.3 
100-BC-5 Hexavalent chromium mg/L J19H13 T100BC4A 1/18/2010 Right 383.72 0.046 T 0.01 4.6 
100-BC-5 Hexavalent chromium mg/L J19516 T100BC4A 8/24/2009 Right 383.71 0.08 T 0.01 8.0 
100-BC-5 Hexavalent chromium mg/L J19353 T100BC5C 9/14/2009 Right 383.65 0.057 T 0.01 5.7 
100-BC-5 Hexavalent chromium mg/L J19518 T100BC6J10 8/30/2009 Right 383.62 0.026 T 0.01 2.6 
100-BC-5 Hexavalent chromium mg/L J19KB5 T100BC6J10 2/19/2010 Right 383.62 0.01 T 0.01 1 
100-BC-5 Hexavalent chromium mg/L J19354 J100BC23 9/14/2009 Right 383.59 0.091 T 0.01 9.1 
100-BC-5 Hexavalent chromium mg/L J19F41 J100BC47 1/17/2010 Right 383.27 0.013 D 0.01 1.3 
100-BC-5 Hexavalent chromium mg/L J19514 J100BC47 8/30/2009 Right 383.25 0.028 T 0.01 2.8 
100-BC-5 Lead mg/L J19H10 T100BC1J1 2/19/2010 Right 384.10 0.00465 D 0.0025 1.9 
100-BC-5 Nitrate mg/L J19H09 T100BC4A 1/18/2010 Right 383.72 24.4 T 37.64 0.6 
100-BC-5 Nitrate mg/L J19K97 T100BC6J10 2/19/2010 Right 383.62 10.8 T 37.64 0.3 
100-BC-5 Nitrate mg/L J19F37 J100BC47 1/17/2010 Right 383.27 12.4 T 37.64 0.3 

 
100-KR-4 Hexavalent chromium mg/L J19HJ9 KWIN Test 1 1/22/2010 Right 381.81 0.018 T 0.01 1.8 
100-KR-4 Hexavalent chromium mg/L J19558 KWIN Test 1 10/1/2009 Right 381.81 0.023 T 0.01 2.3 
100-KR-4 Hexavalent chromium mg/L J19561 J100K33 10/6/2009 Right 381.81 0.02 D 0.01 2.0 
100-KR-4 Hexavalent chromium mg/L J19570 KWIN Test 3 10/20/2009 Right 381.80 0.013 T 0.01 1.3 
100-KR-4 Hexavalent chromium mg/L J193C1 T100K1C 10/27/2009 Right 381.75 0.044 D 0.01 4.4 
100-KR-4 Hexavalent chromium mg/L J19JC9 T100K1C 1/31/2010 Right 381.75 0.033 D 0.01 3.3 
100-KR-4 Hexavalent chromium mg/L J193C2 J100K40 10/27/2009 Right 381.43 0.014 D 0.01 1.4 
100-KR-4 Hexavalent chromium mg/L J193B8 T100K2B 11/3/2009 Right 381.31 0.015 D 0.01 1.5 
100-KR-4 Hexavalent chromium mg/L J19JR4 T100K2B 2/27/2010 Right 381.31 0.011 D 0.01 1.1 
100-KR-4 Hexavalent chromium mg/L J19560 J100K9 10/6/2009 Right 381.21 0.01 T 0.01 1 
100-KR-4 Hexavalent chromium mg/L J19HJ8 T100K3A 1/23/2010 Right 381.04 0.056 T 0.01 5.6 
100-KR-4 Hexavalent chromium mg/L J193C5 T100K3A 10/25/2009 Right 381.03 0.017 D 0.01 1.7 
100-KR-4 Hexavalent chromium mg/L J193B7 J100K24 10/27/2009 Right 380.01 0.036 D 0.01 3.6 
100-KR-4 Hexavalent chromium mg/L J19HP1 J100K24 1/31/2010 Right 380.01 0.054 D 0.01 5.4 
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Table 8-6.  Porewater Contaminant of Potential Ecological Concern Exceedances and  

Lowest Observed Effect Concentration Hazard Quotients.  (4 Pages) 

Operable 
Unit 

COPEC Units 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result 
Total or 

Dissolved 
LOEC 

LOEC 
HQ 

100-KR-4 Manganese mg/L J19KF1 K Intake Test 3A 2/28/2010 Right 381.44 2.13 D 1.31 1.6 
100-KR-4 Nitrate mg/L J19HJ5 KWIN Test 1 1/22/2010 Right 381.81 17.3 T 37.64 0.5 
100-KR-4 Nitrate mg/L J19JC7 T100K1C 1/31/2010 Right 381.75 7.44 T 37.64 0.2 
100-KR-4 Nitrate mg/L J19HJ4 T100K3A 1/23/2010 Right 381.04 11.9 T 37.64 0.3 
100-KR-4 Nitrate mg/L J19HN9 J100K24 1/31/2010 Right 380.01 11.4 T 37.64 0.3 

 
100-NR-2 Hexavalent chromium mg/L J19JR6 T100N1A 30:00.0 Right 379.18 0.026 T 0.01 2.6 
100-NR-2 Nitrate mg/L J19JP7 N Outfall 2/8/2010 Right 379.40 36.5 T 37.64 1 
100-NR-2 Nitrate mg/L J19JP6 JT100N3A 2/7/2010 Right 379.32 134 T 37.64 3.6 
100-NR-2 Nitrate mg/L J19JP4 T100N1A 2/6/2010 Right 379.18 54.3 T 37.64 1.4 
100-NR-2 Nitrate mg/L J19JP5 T100N2A 2/6/2010 Right 379.16 54.9 T 37.64 1.5 
100-NR-2 Nitrate mg/L J19JP3 T100N5Ring 2/7/2010 Right 378.85 40.6 T 37.64 1.1 
100-NR-2 Phosphate mg/L J19JP5 T100N2A 2/6/2010 Right 379.16 9.05 T NA NA 

 
100-HR-3 Aluminum mg/L J19J70 T100D3A 2/5/2010 Right 377.72 0.477 D 0.087 5.5 
100-HR-3 Chromium mg/L J19J70 T100D3A 2/5/2010 Right 377.72 0.62 D 0.074 8.4 
100-HR-3 Chromium mg/L J19J71 J100D36 2/13/2010 Right 377.31 0.0825 D 0.074 1.1 
100-HR-3 Hexavalent chromium mg/L J19530 J100D20 10/13/2009 Right 378.10 0.011 D 0.01 1.1 
100-HR-3 Hexavalent chromium mg/L J19529 J100D2 10/13/2009 Right 378.06 0.013 D 0.01 1.3 
100-HR-3 Hexavalent Chromium mg/L J19J72 T100D1A 2/13/2010 Right 377.96 0.01 D 0.01 1 
100-HR-3 Hexavalent chromium mg/L J19J73 T100D2A 2/5/2010 Right 377.78 0.041 D 0.01 4.1 
100-HR-3 Hexavalent chromium mg/L J195D6 T100D2A 10/12/2009 Right 377.78 0.026 D 0.01 2.6 
100-HR-3 Hexavalent chromium mg/L J19381 T100D3A 10/12/2009 Right 377.73 0.331 D 0.01 33.0 
100-HR-3 Hexavalent chromium mg/L J19J74 T100D3A 2/5/2010 Right 377.72 0.64 D 0.01 64.0 
100-HR-3 Hexavalent chromium mg/L J19528 J100D18 10/13/2009 Right 377.59 0.016 D 0.01 1.6 
100-HR-3 Hexavalent Chromium mg/L J19527 J100D23 10/13/2009 Right 377.55 0.01 D 0.01 1 
100-HR-3 Hexavalent chromium mg/L J195D2 J100D36 10/7/2009 Right 377.31 0.112 D 0.01 11.0 
100-HR-3 Hexavalent chromium mg/L J19J75 J100D36 2/13/2010 Right 377.31 0.08 T 0.01 8.0 
100-HR-3 Hexavalent chromium mg/L J195D7 J100D12 10/12/2009 Right 377.17 0.014 D 0.01 1.4 
100-HR-3 Hexavalent chromium mg/L J195D8 J100D39 10/12/2009 Right 376.99 0.026 D 0.01 2.6 
100-HR-3 Hexavalent chromium mg/L J19526 J100D9 10/12/2009 Right 376.92 0.018 D 0.01 1.8 
100-HR-3 Hexavalent chromium mg/L J19535 J100D8 10/18/2009 Right 376.83 0.017 D 0.01 1.7 
100-HR-3 Hexavalent chromium mg/L J19J63 J100H45 1/30/2010 Right 373.94 0.01 T 0.01 1 
100-HR-3 Hexavalent chromium mg/L J19396 J100H3 10/11/2009 Right 373.63 0.028 D 0.01 2.8 
100-HR-3 Hexavalent chromium mg/L J195F8 T100H1E 10/5/2009 Left 373.42 0.023 D 0.01 2.3 
100-HR-3 Hexavalent chromium mg/L J19394 J100H7 10/11/2009 Left 373.30 0.013 T 0.01 1.3 
100-HR-3 Hexavalent chromium mg/L J193B5 J100H5 9/23/2009 Right 373.26 0.015 D 0.01 1.5 
100-HR-3 Hexavalent chromium mg/L J19555 T100H1A 9/23/2009 Right 373.15 0.029 T 0.01 2.9 
100-HR-3 Hexavalent chromium mg/L J19FH0 T100H1A 1/24/2010 Right 373.15 0.05 D 0.01 5.0 
100-HR-3 Hexavalent chromium mg/L J19547 T100H1J3 9/21/2009 Right 373.03 0.022 T 0.01 2.2 
100-HR-3 Hexavalent chromium mg/L J19548 T100H1J8 9/21/2009 Right 372.95 0.012 D 0.01 1.2 
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Table 8-6.  Porewater Contaminant of Potential Ecological Concern Exceedances and  

Lowest Observed Effect Concentration Hazard Quotients.  (4 Pages) 

Operable 
Unit 

COPEC Units 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result 
Total or 

Dissolved 
LOEC 

LOEC 
HQ 

100-HR-3 Hexavalent chromium mg/L J195F4 J100H17 10/1/2009 Right 372.51 0.015 T 0.01 1.5 
100-HR-3 Hexavalent chromium mg/L J195F2 T100H2A 10/5/2009 Right 372.47 0.02 D 0.01 2.0 
100-HR-3 Hexavalent chromium mg/L J195F3 T100H3A 10/8/2009 Right 372.36 0.016 T 0.01 1.6 
100-HR-3 Hexavalent chromium mg/L J195K2 J100H44 10/8/2009 Right 372.27 0.028 T 0.01 2.8 
100-HR-3 Hexavalent chromium mg/L J195H0 J100H27 11/2/2009 Right 372.04 0.012 D 0.01 1.2 
100-HR-3 Hexavalent chromium mg/L J195F6 T100H6A 10/5/2009 Right 370.38 0.046 T 0.01 4.6 
100-HR-3 Hexavalent chromium mg/L J19397 T100H6J6 10/8/2009 Slough 370.01 0.031 D 0.01 3.1 
100-HR-3 Lead mg/L J19J70 T100D3A 2/5/2010 Right 377.72 0.00681 D 0.0025 2.7 
100-HR-3 Lead mg/L J19FF9 T100H1E 1/24/2010 Left 373.42 0.00256 D 0.0025 1.0 
100-HR-3 Manganese mg/L J19FF9 T100H1E 1/24/2010 Left 373.42 0.792 D 1.31 0.6 
100-HR-3 Manganese mg/L J19JF4 T100H6A 2/27/2010 Right 370.38 0.195 D 1.31 0.1 
100-HR-3 Nickel mg/L J19J68 T100D1A 2/13/2010 Right 377.96 0.0518 D 0.052 1.0 
100-HR-3 Nitrate mg/L J19J64 T100D1A 2/13/2010 Right 377.96 18.9 T 37.64 0.5 
100-HR-3 Nitrate mg/L J19J65 T100D2A 2/5/2010 Right 377.78 19.2 T 37.64 0.5 
100-HR-3 Nitrate mg/L J19J66 T100D3A 2/5/2010 Right 377.72 44.2 T 37.64 1.2 
100-HR-3 Nitrate mg/L J19J67 J100D36 2/13/2010 Right 377.31 10.5 T 37.64 0.3 
100-HR-3 Nitrate mg/L J19JM2 J100D39 2/14/2010 Right 376.99 9.94 T 37.64 0.3 
100-HR-3 Nitrate mg/L J19JM1 J100D9 2/14/2010 Right 376.91 9.25 T 37.64 0.2 
100-HR-3 Nitrate mg/L J19FF6 T100H1A 1/24/2010 Right 373.15 16.3 T 37.64 0.4 
100-HR-3 Nitrate mg/L J19JD7 T100H2A 1/29/2010 Right 372.47 12.7 T 37.64 0.3 
100-HR-3 Nitrate mg/L J19JF0 T100H6A 2/27/2010 Right 370.38 10.2 T 37.64 0.3 

 
100-FR-3 Hexavalent chromium mg/L J193B3 J100H43 9/24/2009 Right 369.74 0.031 T 0.01 3.1 
100-FR-3 Hexavalent chromium mg/L J19K05 T100F2A 2/12/2010 Right 368.73 0.02 D 0.01 2.0 
100-FR-3 Manganese mg/L J19JF3 J100H43 1/30/2010 Right 369.74 2.26 D 1.31 1.7 
100-FR-3 Mercury mg/L J19JF3 J100H43 1/30/2010 Right 369.74 0.000099 D 0.000012 8.3 
100-FR-3 Nitrate mg/L J19K00 J100F11 2/12/2010 Right 368.63 8.02 T 37.64 0.2 

 
200-PO-1 Hexavalent chromium mg/L J19K44 JHTS9 2/21/2010 Right 359.90 0.015 T 0.01 1.5 
200-PO-1 Hexavalent chromium mg/L J19K43 JHTS33 2/21/2010 Right 357.85 0.021 T 0.01 2.1 
200-PO-1 Hexavalent chromium mg/L J19K47 JHTS18 2/15/2010 Right 357.54 0.014 D 0.01 1.4 
200-PO-1 Hexavalent chromium mg/L J19K48 JHTS19 2/15/2010 Right 357.38 0.013 D 0.01 1.3 
200-PO-1 Lead mg/L J19K37 JHTS33 2/21/2010 Right 357.85 0.00421 D 0.0025 1.7 
200-PO-1 Nitrate mg/L J19K31 JHTS33 2/21/2010 Right 357.85 35.7 T 37.64 0.9 
200-PO-1 Nitrate mg/L J19K35 JHTS18 2/15/2010 Right 357.54 14 T 37.64 0.4 
200-PO-1 Nitrate mg/L J19K36 JHTS19 2/15/2010 Right 357.38 33.5 T 37.64 0.9 
200-PO-1 Nitrate mg/L J19K33 JHTS40 2/26/2010 Right 349.58 27.4 T 37.64 0.7 
200-PO-1 Nitrite mg/L J19K32 JHTS9 2/21/2010 Right 359.90 0.27 T 0.493 0.5 

 
300-FF-5 Aluminum mg/L J19F80 T3003A 1/11/2010 Right 344.60 0.107 D 0.087 1.2 
300-FF-5 Lead mg/L J19F78 T3001J3 2/1/2010 Right 345.00 0.00253 D 0.0025 1.0 
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Table 8-6.  Porewater Contaminant of Potential Ecological Concern Exceedances and  
Lowest Observed Effect Concentration Hazard Quotients.  (4 Pages) 

Operable 
Unit 

COPEC Units 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result 
Total or 

Dissolved 
LOEC 

LOEC 
HQ 

300-FF-5 Nitrate mg/L J19KW7 J3002 2/26/2010 Right 345.07 21.8 T 37.64 0.6 
300-FF-5 Nitrate mg/L J19F76 T3003A 1/11/2010 Right 344.60 19.4 T 37.64 0.5 
300-FF-5 Nitrate mg/L J19KW8 J30013 2/22/2010 Right 344.44 9.82 T 37.64 0.3 
300-FF-5 Nitrate mg/L J19F75 J30016 1/11/2010 Right 344.21 15.8 T 37.64 0.4 
300-FF-5 Nitrate mg/L J19HW2 J30019 2/1/2010 Right 344.07 19.1 T 37.64 0.5 
300-FF-5 Nitrate mg/L J19H02 T3005J5 1/25/2010 Left 343.03 116 T 37.64 3.1 
300-FF-5 Selenium mg/L J19H04 T3005J5 1/25/2010 Left 343.03 0.0102 D 0.005 2.0 
300-FF-5 Uranium mg/L J19KX0 J3002 2/26/2010 Right 345.07 0.17 D 0.03 5.7 
300-FF-5 Uranium mg/L J19F78 T3001J3 2/1/2010 Right 345.00 0.0409 D 0.03 1.4 
300-FF-5 Uranium mg/L J19F80 T3003A 1/11/2010 Right 344.60 0.111 D 0.03 3.7 
300-FF-5 Uranium mg/L J19KX1 J30013 2/22/2010 Right 344.44 0.0919 D 0.03 3.1 
300-FF-5 Uranium mg/L J19F79 J30016 1/11/2010 Right 344.21 0.114 D 0.03 3.8 
300-FF-5 Uranium mg/L J19HW4 J30019 2/1/2010 Right 344.07 0.048 D 0.03 1.6 
300-FF-5 Uranium mg/L J19H04 T3005J5 1/25/2010 Left 343.03 0.022 D 0.03 0.7 

COPEC = contaminant of potential ecological concern 
D = dissolved  
HQ = hazard quotient 
LOEC = lowest observed effect concentration 
T = total 
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Table 8-7.  Evaluation of Porewater Chromium by Hexavalent Chromium No Observable Effect Concentrations. 

Operable 
Unit 

COPEC Units 
Number 

of 
Samples 

Number 
of 

Detections 

FOD 
(%) 

Minimum 
Detect 

Maximum 
Detect 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Designation 
of Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
NOEC 

Number of 
Exceedances 

(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
≥ NOEC? 

Inclusion 
List 

100-BC-5 Chromium mg/L 8 7 87.5 0.00129 0.0236 J19F46 383.94 T100BC3C 0.002 0.002 0.01 3 0 Yes Yes 
100-KR-4 Chromium mg/L 5 4 80 0.0164 0.0595 J19HP0 380.01 J100K24 0.002 0.002 0.01 4 0 Yes Yes 
100-NR-2 Chromium mg/L 5 5 100 0.00163 0.00389 J19JR3 379.40 N Outfall -- -- 0.01 0 -- No Yes 
100-HR-3 Chromium mg/L 11 9 81.82 0.00296 0.62 J19J70 377.72 T100D3A 0.002 0.002 0.01 6 0 Yes Yes 
100-FR-3 Chromium mg/L 3 2 66.67 0.00401 0.00481 J19K02 368.63 J100F11 0.002 0.002 0.01 0 0 No Yes 
200-PO-1 Chromium mg/L 5 4 80 0.000568 0.00301 J19K42 357.38 JHTS19 0.004 0.004 0.01 0 0 No Yes 
300-FF-5 Chromium mg/L 8 4 50 0.001 0.00276 J19HW4 344.07 J30019 0.002 0.004 0.01 0 0 No Yes 
-- = not applicable; all samples were detections; no reporting limit recorded 
COPEC = contaminant of potential ecological concern 
FOD = frequency of detection 
NOEC = no observed effect concentration 
RM = river mile 
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Table 8-8.  Porewater Samples Exceeding Hexavalent Chromium Water Quality Criteria.   

Operable 
Unit 

COPEC Units 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result 
Total or 

Dissolved 
LOEC 

LOEC 
HQ 

100-BC-5 Chromium mg/L J19F46 T100BC3C 1/17/2010 Right 383.94 0.0236 D 0.01 2.4 
100-BC-5 Chromium mg/L J19H11 T100BC4A 1/18/2010 Right 383.72 0.02 D 0.01 2.0 
100-BC-5 Chromium mg/L J19KB1 T100BC6J10 2/19/2010 Right 383.62 0.0102 D 0.01 1.0 
100-KR-4 Chromium mg/L J19HJ7 KWIN Test 1 1/22/2010 Right 381.81 0.0164 D 0.01 1.6 
100-KR-4 Chromium mg/L J19JC8 T100K1C 1/31/2010 Right 381.75 0.0288 D 0.01 2.9 
100-KR-4 Chromium mg/L J19HJ6 T100K3A 1/23/2010 Right 381.04 0.0567 D 0.01 5.7 
100-KR-4 Chromium mg/L J19HP0 J100K24 1/31/2010 Right 380.01 0.0595 D 0.01 6.0 
100-HR-3 Chromium mg/L J19J69 T100D2A 2/5/2010 Right 377.78 0.0336 D 0.01 3.4 
100-HR-3 Chromium mg/L J19J70 T100D3A 2/5/2010 Right 377.72 0.62 D 0.01 62.0 
100-HR-3 Chromium mg/L J19J71 J100D36 2/13/2010 Right 377.31 0.0825 D 0.01 8.3 
100-HR-3 Chromium mg/L J19JM4 J100D39 2/14/2010 Right 376.99 0.0338 D 0.01 3.4 
100-HR-3 Chromium mg/L J19JM3 J100D9 2/14/2010 Right 376.91 0.0131 D 0.01 1.3 
100-HR-3 Chromium mg/L J19FF8 T100H1A 1/24/2010 Right 373.15 0.0428 D 0.01 4.3 
COPEC = contaminant of potential ecological concern 
D = dissolved  
HQ = hazard quotient 
LOEC = lowest observed effect concentration 
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Table 8-9.  Soil Plant Contaminant of Potential Ecological Concern Exceedances and  

Lowest Observed Effect Concentration Hazard Quotients. 

Sub-Area COPEC 
Units 

(dry wt.) 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result LOEC 
LOEC 

HQ 
100 Area Lead mg/kg J189Y1 I3-2S 3/2/2009 Island 374.58 94.3 144 0.7 
100 Area Lead mg/kg J189Y5 I3-7S 3/2/2009 Island 374.46 60.1 144 0.4 
100 Area Lead mg/kg J18B17 WB-3S 3/2/2009 Island 371.07 54.7 144 0.4 
 
300 Area Lead mg/kg J18B20 HI-1S 3/3/2009 Island 352.67 54.8 144 0.4 
300 Area Lead mg/kg J18B25 HI-5S 3/3/2009 Island 352.42 60.2 144 0.4 
300 Area Lead mg/kg J18B54 JI-6S 2/27/2009 Island 345.48 59.2 144 0.4 
300 Area Lead mg/kg J18X63 JI-6S-RES 6/11/2009 Island 345.48 56.3 144 0.4 
300 Area Lead mg/kg J18X64 JI-8S-RES 6/11/2009 Island 345.45 53.4 144 0.4 
300 Area Lead mg/kg J18B53 JI-8S 2/27/2009 Island 345.45 65 144 0.5 
300 Area Lead mg/kg J18B63 GI-8S 2/27/2009 Island 341.88 58.3 144 0.4 
COPEC = contaminant of potential ecological concern 
HQ = hazard quotient 
LOEC = lowest observed effect concentration 
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Table 8-10.  Soil Invertebrate Contaminant of Potential Ecological Concern Exceedances and  
Lowest Observed Effect Concentration Hazard Quotients 

Sub-Area COPEC 
Units 

(dry wt.) 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result LOEC 
LOEC 

HQ 
300 Area Mercury mg/kg J18B61 GI-7S 2/27/2009 Island 341.95 0.11 0.5 0.2 

COPEC = contaminant of potential ecological concern 
HQ = hazard quotient 
LOEC = lowest observed effect concentration 
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Table 8-11.  100 Area Sub-Area Soil Terrestrial Bird Contaminant of Potential Ecological Concern Exceedance  
and Lowest Observed Effect Concentration Hazard Quotients.   

Sub-Area COPEC 
Units 

(dry wt.) 
Sample 
Number 

Designation Sample Date 
River 

Location 
River 
Mile 

Result LOEC 
LOEC 

HQ 
100 Area Lead mg/kg J189Y0 I3-1S 3/2/2009 Island 374.64 45.8 25 1.8 
100 Area Lead mg/kg J189Y3 I3-5S 3/2/2009 Island 374.63 46.7 25 1.9 
100 Area Lead mg/kg J189Y9 I3-6S 3/2/2009 Island 374.60 25.2 25 1.0 
100 Area Lead mg/kg J189Y1 I3-2S 3/2/2009 Island 374.58 94.3 25 3.8 
100 Area Lead mg/kg J189Y5 I3-7S 3/2/2009 Island 374.46 60.1 25 2.4 
100 Area Lead mg/kg J18B06 LI-10S 3/2/2009 Island 372.21 42.2 25 1.7 
100 Area Lead mg/kg J18B07 LI-5S 3/2/2009 Island 371.85 15.8 25 0.6 
100 Area Lead mg/kg J18B04 LI-7S 3/2/2009 Island 371.83 26.5 25 1.1 
100 Area Lead mg/kg J18B08 LI-4S 3/2/2009 Island 371.70 29.7 25 1.2 
100 Area Lead mg/kg J18B00 LI-3S 3/2/2009 Island 371.45 32.3 25 1.3 
100 Area Lead mg/kg J18B19 WB-1S 3/2/2009 Island 371.42 42.2 25 1.7 
100 Area Lead mg/kg J18B18 WB-2S 3/2/2009 Island 371.31 11.6 25 0.5 
100 Area Lead mg/kg J18B09 LI-2S 3/2/2009 Island 371.18 20.1 25 0.8 
100 Area Lead mg/kg J18B03 LI-1S 3/2/2009 Island 371.13 14.9 25 0.6 
100 Area Lead mg/kg J18B17 WB-3S 3/2/2009 Island 371.07 54.7 25 2.2 
100 Area Lead mg/kg J18B12 WB-7S 3/3/2009 Island 370.68 12 25 0.5 
100 Area Lead mg/kg J18B14 WB-10S 3/3/2009 Island 369.98 12.7 25 0.5 
100 Area Mercury mg/kg J18B06 LI-10S 3/2/2009 Island 372.21 0.027 2 0.01 
100 Area Mercury mg/kg J18B02 LI-6S 3/2/2009 Island 372.18 0.019 2 0.01 
100 Area Mercury mg/kg J18B05 LI-9S 3/2/2009 Island 372.05 0.024 2 0.01 
100 Area Mercury mg/kg J18B01 LI-8S 3/2/2009 Island 371.94 0.026 2 0.01 
100 Area Mercury mg/kg J18B07 LI-5S 3/2/2009 Island 371.85 0.03 2 0.02 
100 Area Mercury mg/kg J18B04 LI-7S 3/2/2009 Island 371.83 0.05 2 0.03 
100 Area Mercury mg/kg J18B08 LI-4S 3/2/2009 Island 371.70 0.036 2 0.02 
100 Area Mercury mg/kg J18B00 LI-3S 3/2/2009 Island 371.45 0.052 2 0.03 
100 Area Mercury mg/kg J18B19 WB-1S 3/2/2009 Island 371.42 0.018 2 0.009 
100 Area Mercury mg/kg J18B18 WB-2S 3/2/2009 Island 371.31 0.02 2 0.01 
100 Area Mercury mg/kg J18B16 WB-4S 3/2/2009 Island 371.20 0.013 2 0.007 
100 Area Mercury mg/kg J18B09 LI-2S 3/2/2009 Island 371.18 0.032 2 0.02 
100 Area Mercury mg/kg J18B03 LI-1S 3/2/2009 Island 371.13 0.028 2 0.01 
100 Area Mercury mg/kg J18B17 WB-3S 3/2/2009 Island 371.07 0.026 2 0.01 
100 Area Mercury mg/kg J18B15 WB-5S 3/2/2009 Island 370.96 0.013 2 0.007 
100 Area Mercury mg/kg J18B10 WB-6S 3/3/2009 Island 370.90 0.016 2 0.008 
100 Area Mercury mg/kg J18B12 WB-7S 3/3/2009 Island 370.68 0.016 2 0.008 
100 Area Mercury mg/kg J18B11 WB-8S 3/3/2009 Island 370.14 0.02 2 0.01 
100 Area Mercury mg/kg J18B13 WB-9S 3/3/2009 Island 370.01 0.017 2 0.009 
100 Area Mercury mg/kg J18B14 WB-10S 3/3/2009 Island 369.98 0.018 2 0.009 
COPEC = contaminant of potential ecological concern 
HQ = hazard quotient 
LOEC = lowest observed effect concentration 
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Table 8-12.  300 Area Sub-Area Soil Terrestrial Bird Contaminant of Potential Ecological Concern Exceedances 
and Lowest Observed Effect Concentration Hazard Quotients.  (2 Pages) 

Sub-Area COPEC 
Units 

(dry wt.) 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result LOEC 
LOEC 

HQ 
300 Area Lead mg/kg J18B20 HI-1S 3/3/2009 Island 352.67 54.8 25 2.2 
300 Area Lead mg/kg J18B23 HI-2S 3/3/2009 Island 352.64 37 25 1.5 
300 Area Lead mg/kg J18B25 HI-5S 3/3/2009 Island 352.42 60.2 25 2.4 
300 Area Lead mg/kg J18B29 HI-7S 3/3/2009 Island 352.32 12.3 25 0.5 
300 Area Lead mg/kg J18B27 HI-8S 3/3/2009 Island 352.31 21.3 25 0.9 
300 Area Lead mg/kg J18B24 HI-6S 3/3/2009 Island 352.26 27.2 25 1.1 
300 Area Lead mg/kg J18B28 HI-10S 3/3/2009 Island 352.23 16.1 25 0.6 
300 Area Lead mg/kg J18B26 HI-9S 3/3/2009 Island 352.20 41 25 1.6 
300 Area Lead mg/kg J18B32 WI-2S 3/3/2009 Island 349.25 28.8 25 1.2 
300 Area Lead mg/kg J18B34 WI-3S 3/3/2009 Island 349.22 16.1 25 0.6 
300 Area Lead mg/kg J18B39 WI-9S 3/3/2009 Island 348.89 24 25 1 
300 Area Lead mg/kg J18B50 JI-1S 2/27/2009 Island 345.64 31.5 25 1.3 
300 Area Lead mg/kg J18B47 JI-2S 2/27/2009 Island 345.61 37.1 25 1.5 
300 Area Lead mg/kg J18B48 JI-3S 2/27/2009 Island 345.60 40.4 25 1.6 
300 Area Lead mg/kg J18B49 JI-4S 2/27/2009 Island 345.56 35.8 25 1.4 
300 Area Lead mg/kg J18B52 JI-5S 2/27/2009 Island 345.55 43.4 25 1.7 
300 Area Lead mg/kg J18B54 JI-6S 2/27/2009 Island 345.48 59.2 25 2.4 
300 Area Lead mg/kg J18X63 JI-6S-RES 6/11/2009 Island 345.48 56.3 25 2.3 
300 Area Lead mg/kg J18X64 JI-8S-RES 6/11/2009 Island 345.45 53.4 25 2.1 
300 Area Lead mg/kg J18B53 JI-8S 2/27/2009 Island 345.45 65 25 2.6 
300 Area Lead mg/kg J18B51 JI-7S 2/27/2009 Island 345.45 47.8 25 1.9 
300 Area Lead mg/kg J18B55 JI-9S 2/27/2009 Island 345.40 16.6 25 0.7 
300 Area Lead mg/kg J18B56 JI-10S 2/27/2009 Island 345.33 41.7 25 1.7 
300 Area Lead mg/kg J18X65 JI-10S-RES 6/11/2009 Island 345.33 37.9 25 1.5 
300 Area Lead mg/kg J18X66 GI-2S-RES 6/11/2009 Island 342.07 26.2 25 1.0 
300 Area Lead mg/kg J18B59 GI-2S 2/27/2009 Island 342.07 42.7 25 1.7 
300 Area Lead mg/kg J18B65 GI-3S 2/27/2009 Island 342.04 45.9 25 1.8 
300 Area Lead mg/kg J18B62 GI-5S 2/27/2009 Island 341.98 40.7 25 1.6 
300 Area Lead mg/kg J18B58 GI-4S 2/27/2009 Island 341.97 18.1 25 0.7 
300 Area Lead mg/kg J18X67 GI-4S-RES 6/11/2009 Island 341.97 17.5 25 0.7 
300 Area Lead mg/kg J18B57 GI-6S 2/27/2009 Island 341.95 11.2 25 0.4 
300 Area Lead mg/kg J18B63 GI-8S 2/27/2009 Island 341.88 58.3 25 2.3 
300 Area Lead mg/kg J18X69 GI-8S-RES 6/11/2009 Island 341.88 45.7 25 1.8 
300 Area Mercury mg/kg J18B20 HI-1S 3/3/2009 Island 352.67 0.017 2 0.009 
300 Area Mercury mg/kg J18B23 HI-2S 3/3/2009 Island 352.64 0.016 2 0.008 
300 Area Mercury mg/kg J18B21 HI-3S 3/3/2009 Island 352.50 0.018 2 0.009 
300 Area Mercury mg/kg J18B22 HI-4S 3/3/2009 Island 352.43 0.024 2 0.01 
300 Area Mercury mg/kg J18B25 HI-5S 3/3/2009 Island 352.42 0.021 2 0.01 
300 Area Mercury mg/kg J18B29 HI-7S 3/3/2009 Island 352.32 0.021 2 0.01 
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Table 8-12.  300 Area Sub-Area Soil Terrestrial Bird Contaminant of Potential Ecological Concern Exceedances 
and Lowest Observed Effect Concentration Hazard Quotients.  (2 Pages) 

Sub-Area COPEC 
Units 

(dry wt.) 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result LOEC 
LOEC 

HQ 
300 Area Mercury mg/kg J18B27 HI-8S 3/3/2009 Island 352.31 0.038 2 0.02 
300 Area Mercury mg/kg J18B24 HI-6S 3/3/2009 Island 352.26 0.019 2 0.01 
300 Area Mercury mg/kg J18B28 HI-10S 3/3/2009 Island 352.23 0.021 2 0.01 
300 Area Mercury mg/kg J18B26 HI-9S 3/3/2009 Island 352.20 0.015 2 0.008 
300 Area Mercury mg/kg J18B32 WI-2S 3/3/2009 Island 349.25 0.036 2 0.02 
300 Area Mercury mg/kg J18B34 WI-3S 3/3/2009 Island 349.22 0.021 2 0.01 
300 Area Mercury mg/kg J18B36 WI-4S 3/3/2009 Island 349.19 0.015 2 0.008 
300 Area Mercury mg/kg J18B33 WI-6S 3/3/2009 Island 349.15 0.019 2 0.01 
300 Area Mercury mg/kg J18B35 WI-7S 3/3/2009 Island 349.10 0.018 2 0.009 
300 Area Mercury mg/kg J18B50 JI-1S 2/27/2009 Island 345.64 0.039 2 0.02 
300 Area Mercury mg/kg J18B47 JI-2S 2/27/2009 Island 345.61 0.021 2 0.01 
300 Area Mercury mg/kg J18B48 JI-3S 2/27/2009 Island 345.60 0.026 2 0.01 
300 Area Mercury mg/kg J18B49 JI-4S 2/27/2009 Island 345.56 0.023 2 0.01 
300 Area Mercury mg/kg J18B51 JI-7S 2/27/2009 Island 345.45 0.029 2 0.01 
300 Area Mercury mg/kg J18B53 JI-8S 2/27/2009 Island 345.45 0.016 2 0.008 
300 Area Mercury mg/kg J18B61 GI-7S 2/27/2009 Island 341.95 0.11 2 0.06 
300 Area Mercury mg/kg J18B63 GI-8S 2/27/2009 Island 341.88 0.045 2 0.02 
COPEC = contaminant of potential ecological concern 
HQ = hazard quotient 
LOEC = lowest observed effect concentration 
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Table 8-13.  Soil Terrestrial Mammal Contaminant of Potential Ecological Concern Exceedances and  

Lowest Observed Effect Concentration Hazard Quotients. 

Sub-Area COPEC 
Units 

(dry wt.)  
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result LOEC 
LOEC 

HQ 
100 Area Lead mg/kg J189Y1 I3-2S 3/2/2009 Island 374.58 94.3 122 0.8 
100 Area Lead mg/kg J189Y5 I3-7S 3/2/2009 Island 374.46 60.1 122 0.5 
 
300 Area Lead mg/kg J18B25 HI-5S 3/3/2009 Island 352.42 60.2 122 0.5 
300 Area Lead mg/kg J18B54 JI-6S 2/27/2009 Island 345.48 59.2 122 0.5 
300 Area Lead mg/kg J18X63 JI-6S-RES 6/11/2009 Island 345.48 56.3 122 0.5 
300 Area Lead mg/kg J18B53 JI-8S 2/27/2009 Island 345.45 65 122 0.5 
300 Area Lead mg/kg J18B63 GI-8S 2/27/2009 Island 341.88 58.3 122 0.5 
COPEC = contaminant of potential ecological concern 
HQ = hazard quotient 
LOEC = lowest observed effect concentration 
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Table 8-14.  Shoreline Sediment Terrestrial Plant Contaminant of Potential Ecological Concern Exceedances and  
Lowest Observed Effect Concentration Hazard Quotients. 

Sub-Area COPEC Units 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result LOEC 
LOEC 

HQ 
100 Area Hexavalent chromium mg/kg J187L1 RFLS-2SSD 2/12/2009 Left 368.26 0.412 1.8 0.2 
100 Area Hexavalent chromium mg/kg J187L3 RFLS-5SSD 2/12/2009 Left 367.62 0.618 1.8 0.3 
 
300 Area Hexavalent chromium mg/kg J18832 SI-2SSD 2/17/2009 Left 357.03 0.865 1.8 0.5 
300 Area Hexavalent chromium mg/kg J18830 SI-3SSD 2/17/2009 Left 356.66 0.484 1.8 0.3 
300 Area Hexavalent chromium mg/kg J18820 IS11-3SSD 2/17/2009 Island 355.56 0.59 1.8 0.3 
300 Area Hexavalent chromium mg/kg J18862 RG-10SSD 2/17/2009 Left 354.67 0.725 1.8 0.4 
300 Area Hexavalent chromium mg/kg J18874 IS12-2SSD 2/17/2009 Island 354.27 0.437 1.8 0.2 
300 Area Hexavalent chromium mg/kg J18877 IS12-10SSD 2/17/2009 Island 353.00 0.407 1.8 0.2 
300 Area Hexavalent chromium mg/kg J18897 HMSTD-3SSD 2/18/2009 Island 352.65 0.699 1.8 0.4 
300 Area Hexavalent chromium mg/kg J18943 300LS-8SSD 2/6/2009 Island 343.27 0.998 1.8 0.6 
300 Area Hexavalent chromium mg/kg J189F2 300D-1SSD 2/18/2009 Island 341.67 0.518 1.8 0.3 
300 Area Hexavalent chromium mg/kg J189F1 300D-2SSD 2/18/2009 Island 341.36 0.547 1.8 0.3 
300 Area Lead mg/kg J187P2 HT-8SSD 2/16/2009 Island 362.74 111 144 0.8 
300 Area Lead mg/kg J18886 HMSTD-9SSD 2/18/2009 Island 351.80 56.7 144 0.4 
300 Area Lead mg/kg J18906 WI-3SSD 2/13/2009 Island 350.23 58.3 144 0.4 
300 Area Lead mg/kg J18902 WI-8SSD 2/13/2009 Island 349.10 62.5 144 0.4 
300 Area Lead mg/kg J18913 WI-10SSD 2/13/2009 Island 348.62 54.6 144 0.4 
300 Area Selenium mg/kg J18931 300LS-4SSD 2/6/2009 Island 343.75 0.539 1 0.5 
300 Area Selenium mg/kg J18933 300LS-8SSD 2/6/2009 Island 343.27 1.01 1 1.0 
300 Area Selenium mg/kg J18937 300LS-9SSD 2/6/2009 Island 343.18 0.62 1 0.6 
 
Lake Wallula Hexavalent chromium mg/kg J189C7 BL-9SSD 2/19/2009 Right 334.00 1.73 1.8 1 
Lake Wallula Hexavalent chromium mg/kg J189T1 HR-8SSD 2/20/2009 Tributary 298.00 0.51 1.8 0.3 
COPEC = contaminant of potential ecological concern 
HQ = hazard quotient 
LOEC = lowest observed effect concentration 

 
 
 

Exhibit 12b



 

 

 C
olum

bia R
iver C

om
ponent R

isk A
ssessm

ent 
V

olum
e I, P

art 2:  Screening-L
evel E

cological R
isk A

ssessm
ent 

June 2012 
8-25 

R
efin

em
en

t of C
on

tam
in

an
ts of 

D
O

E
/R

L
-2010-117 

P
oten

tial E
cological C

on
cern

 
R

ev. 0 
 

Table 8-15.  100 Area Sub-Area Shoreline Sediment Bird Contaminant of Potential Ecological Concern 
Exceedances and Lowest Observed Effect Concentration Hazard Quotients.  (2 Pages) 

Sub-Area COPEC Units 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result LOEC 
LOEC 

HQ 
100 Area Chromium mg/kg J186X6 RKLS-13SSD 2/10/2009 Left 381.72 27.5 108 0.3 
100 Area Chromium mg/kg J18702 RKLS-14SSD 2/10/2009 Left 381.33 35.8 108 0.3 
100 Area Chromium mg/kg J18KH7 RNLS-1SSD 3/4/2009 Left 379.25 28.1 108 0.3 
100 Area Chromium mg/kg J18764-A RDD-8SSD 2/11/2009 Island 374.59 28.9 108 0.3 
100 Area Chromium mg/kg J18779 LI-11SSD 2/12/2009 Island 371.39 26.8 108 0.2 
100 Area Lead mg/kg J186F2 RBLS-16SSD 2/10/2009 Left 383.65 11.2 70 0.2 
100 Area Lead mg/kg J186D4 RBLS-3SSD 2/10/2009 Island 382.56 19.7 70 0.3 
100 Area Lead mg/kg J186D3 RBLS-2SSD 2/10/2009 Island 382.55 15.4 70 0.2 
100 Area Lead mg/kg J186D6 RBLS-7SSD 2/10/2009 Left 382.07 17.9 70 0.3 
100 Area Lead mg/kg J186X2 RKLS-12SSD 2/10/2009 Left 381.82 19.6 70 0.3 
100 Area Lead mg/kg J186X6 RKLS-13SSD 2/10/2009 Left 381.72 23.9 70 0.3 
100 Area Lead mg/kg J186X3 RKLS-15SSD 2/10/2009 Left 381.56 13.3 70 0.2 
100 Area Lead mg/kg J18702 RKLS-14SSD 2/10/2009 Left 381.33 33.4 70 0.5 
100 Area Lead mg/kg J18KH7 RNLS-1SSD 3/4/2009 Left 379.25 24.9 70 0.4 
100 Area Lead mg/kg J18KH8 RNLS-2SSD 3/4/2009 Left 379.21 21.4 70 0.3 
100 Area Lead mg/kg J18KJ5 RNLS-3SSD 3/4/2009 Left 379.19 17 70 0.2 
100 Area Lead mg/kg J18KJ4 RNLS-4SSD 3/4/2009 Left 379.15 23 70 0.3 
100 Area Lead mg/kg J18KJ3 RNLS-5SSD 3/4/2009 Left 379.13 24.6 70 0.4 
100 Area Lead mg/kg J18763 RDD-3SSD 2/11/2009 Right 376.51 24.9 70 0.4 
100 Area Lead mg/kg J18764-A RDD-8SSD 2/11/2009 Island 374.59 30.4 70 0.4 
100 Area Lead mg/kg J18766 RDD-10SSD 2/11/2009 Island 374.24 19.2 70 0.3 
100 Area Lead mg/kg J187D3 RH-1SSD 2/11/2009 Island 373.22 11.4 70 0.2 
100 Area Lead mg/kg J187D4 RH-4SSD 2/12/2009 Island 373.19 19.1 70 0.3 
100 Area Lead mg/kg J187D2 RH-8SSD 2/12/2009 Island 373.16 25.6 70 0.4 
100 Area Lead mg/kg J187F0 RH-2SSD 2/12/2009 Island 373.15 21.4 70 0.3 
100 Area Lead mg/kg J187D8 RH-3SSD 2/12/2009 Island 373.13 18.7 70 0.3 
100 Area Lead mg/kg J187D6 RH-5SSD 2/12/2009 Island 373.11 20.2 70 0.3 
100 Area Lead mg/kg J187D5 RH-9SSD 2/12/2009 Island 373.09 15.4 70 0.2 
100 Area Lead mg/kg J187D7 RH-7SSD 2/12/2009 Island 373.06 18.3 70 0.3 
100 Area Lead mg/kg J187F1 RH-10SSD 2/12/2009 Island 372.97 20.5 70 0.3 
100 Area Lead mg/kg J18779 LI-11SSD 2/12/2009 Island 371.39 13.3 70 0.2 
100 Area Lead mg/kg J18796 WBT-1SSD 2/12/2009 Left 370.30 15.1 70 0.2 
100 Area Lead mg/kg J18797 WBT-2SSD 2/12/2009 Left 370.27 12 70 0.2 
100 Area Lead mg/kg J18798 WBT-3SSD 2/12/2009 Left 370.24 12.7 70 0.2 
100 Area Lead mg/kg J18799 WBT-4SSD 2/12/2009 Left 370.19 14.2 70 0.2 
100 Area Lead mg/kg J187B0 WBT-8SSD 2/12/2009 Left 370.10 11.6 70 0.2 
100 Area Lead mg/kg J187L0 RFLS-3SSD 2/12/2009 Left 368.29 13.7 70 0.2 
100 Area Lead mg/kg J187P9 RFD-1SSD 2/16/2009 Slough 367.77 34.1 70 0.5 
100 Area Lead mg/kg J187R0 RFD-3SSD 2/16/2009 Right 367.63 33.3 70 0.5 
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Table 8-15.  100 Area Sub-Area Shoreline Sediment Bird Contaminant of Potential Ecological Concern 

Exceedances and Lowest Observed Effect Concentration Hazard Quotients.  (2 Pages) 

Sub-Area COPEC Units 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result LOEC 
LOEC 

HQ 
100 Area Lead mg/kg J187K8 RFLS-5SSD 2/12/2009 Left 367.62 13.2 70 0.2 
100 Area Lead mg/kg J187P7 RFD-2SSD 2/16/2009 Right 367.61 27.7 70 0.4 
100 Area Lead mg/kg J187P5 RFD-6SSD 2/16/2009 Right 366.86 28 70 0.4 
100 Area Lead mg/kg J187R3 RFD-9SSD 2/16/2009 Right 366.51 33 70 0.5 
100 Area Lead mg/kg J187P8 RFD-10SSD 2/16/2009 Right 366.48 31.5 70 0.5 
100 Area Lead mg/kg J187W8 IS9-3SSD 2/16/2009 Island 366.26 24.3 70 0.3 
100 Area Lead mg/kg J187Y2 HT-1SSD 2/12/2009 Right 365.86 46.6 70 0.7 
100 Area Lead mg/kg J187Y5 HT-2SSD 2/12/2009 Right 365.85 15.8 70 0.2 
100 Area Mercury mg/kg J186X6 RKLS-13SSD 2/10/2009 Left 381.72 0.0333 2.5 0.01 
100 Area Mercury mg/kg J18702 RKLS-14SSD 2/10/2009 Left 381.33 0.0467 2.5 0.02 
100 Area Mercury mg/kg J18KH7 RNLS-1SSD 3/4/2009 Left 379.25 0.0324 2.5 0.01 
100 Area Mercury mg/kg J18KH8 RNLS-2SSD 3/4/2009 Left 379.21 0.0433 2.5 0.02 
100 Area Mercury mg/kg J18KJ5 RNLS-3SSD 3/4/2009 Left 379.19 0.0199 2.5 0.008 
100 Area Mercury mg/kg J18KJ4 RNLS-4SSD 3/4/2009 Left 379.15 0.0326 2.5 0.01 
100 Area Mercury mg/kg J18KJ3 RNLS-5SSD 3/4/2009 Left 379.13 0.0339 2.5 0.01 
100 Area Mercury mg/kg J18764-A RDD-8SSD 2/11/2009 Island 374.59 0.0283 2.5 0.01 
100 Area Mercury mg/kg J187D2 RH-8SSD 2/12/2009 Island 373.16 0.0407 2.5 0.02 
100 Area Mercury mg/kg J187D5 RH-9SSD 2/12/2009 Island 373.09 0.0153 2.5 0.006 
100 Area Mercury mg/kg J187F1 RH-10SSD 2/12/2009 Island 372.97 0.0141 2.5 0.006 
100 Area Mercury mg/kg J18796 WBT-1SSD 2/12/2009 Left 370.30 0.0206 2.5 0.008 
100 Area Mercury mg/kg J18798 WBT-3SSD 2/12/2009 Left 370.24 0.0172 2.5 0.007 
100 Area Mercury mg/kg J18799 WBT-4SSD 2/12/2009 Left 370.19 0.0203 2.5 0.008 
100 Area Mercury mg/kg J187B0 WBT-8SSD 2/12/2009 Left 370.10 0.0177 2.5 0.007 
100 Area Mercury mg/kg J187L0 RFLS-3SSD 2/12/2009 Left 368.29 0.0176 2.5 0.007 
100 Area Mercury mg/kg J187P9 RFD-1SSD 2/16/2009 Slough 367.77 0.0151 2.5 0.006 
100 Area Mercury mg/kg J187R0 RFD-3SSD 2/16/2009 Right 367.63 0.0347 2.5 0.01 
100 Area Mercury mg/kg J187K8 RFLS-5SSD 2/12/2009 Left 367.62 0.0198 2.5 0.008 
100 Area Mercury mg/kg J187P7 RFD-2SSD 2/16/2009 Right 367.61 0.133 2.5 0.05 
100 Area Mercury mg/kg J187P6 RFD-4SSD 2/16/2009 Right 367.32 0.0245 2.5 0.01 
100 Area Mercury mg/kg J187R1 RFD-5SSD 2/16/2009 Right 367.08 0.0413 2.5 0.02 
100 Area Mercury mg/kg J187R2 RFD-7SSD 2/16/2009 Right 366.68 0.0184 2.5 0.007 
100 Area Mercury mg/kg J187R3 RFD-9SSD 2/16/2009 Right 366.51 0.0177 2.5 0.007 
100 Area Mercury mg/kg J187P8 RFD-10SSD 2/16/2009 Right 366.48 0.016 2.5 0.006 
100 Area Mercury mg/kg J187W8 IS9-3SSD 2/16/2009 Island 366.26 0.0172 2.5 0.007 
100 Area Mercury mg/kg J187Y2 HT-1SSD 2/12/2009 Right 365.86 0.0391 2.5 0.02 
COPEC = contaminant of potential ecological concern 
HQ = hazard quotient 
LOEC = lowest observed effect concentration 
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Table 8-16.  300 Area Sub-Area Shoreline Sediment Bird Contaminant of Potential Ecological Concern Exceedances 
and Lowest Observed Effect Concentration Hazard Quotients.  (2 Pages) 

Sub-Area COPEC Units 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result LOEC 
LOEC 

HQ 
300 Area Chromium mg/kg J18908 WI-6SSD 2/13/2009 Island 349.38 26.7 108 0.2 
300 Area Chromium mg/kg J189D6 300D-2SSD 2/18/2009 Island 341.36 29.5 108 0.3 
300 Area Chromium mg/kg J18J30 LG-2SSD 3/11/2009 Right 339.64 26.9 108 0.2 
300 Area Lead mg/kg J187P1 HT-5SSD 2/16/2009 Slough 363.07 40.9 70 0.6 
300 Area Lead mg/kg J187Y4 HT-6SSD 2/16/2009 Slough 362.92 28.8 70 0.4 
300 Area Lead mg/kg J187Y1 HT-7SSD 2/16/2009 Island 362.87 39.1 70 0.6 
300 Area Lead mg/kg J187P2 HT-8SSD 2/16/2009 Island 362.74 111 70 1.6 
300 Area Lead mg/kg J18848 RG-4SSD 2/17/2009 Left 355.07 11.2 70 0.2 
300 Area Lead mg/kg J18851 RG-9SSD 2/17/2009 Left 354.71 12 70 0.2 
300 Area Lead mg/kg J18887 HMSTD-8SSD 2/18/2009 Island 351.89 15.1 70 0.2 
300 Area Lead mg/kg J18886 HMSTD-9SSD 2/18/2009 Island 351.80 56.7 70 0.8 
300 Area Lead mg/kg J18890 HMSTD-10SSD 2/18/2009 Island 351.76 31.7 70 0.5 
300 Area Lead mg/kg J188H2 IS14-7SSD 2/9/2009 Left 350.91 30.9 70 0.4 
300 Area Lead mg/kg J188H3 IS14-8SSD 2/9/2009 Left 350.86 39 70 0.6 
300 Area Lead mg/kg J18907 WI-2SSD 2/13/2009 Island 350.56 24 70 0.3 
300 Area Lead mg/kg J18906 WI-3SSD 2/13/2009 Island 350.23 58.3 70 0.8 
300 Area Lead mg/kg J18908 WI-6SSD 2/13/2009 Island 349.38 32.1 70 0.5 
300 Area Lead mg/kg J18903 WI-7SSD 2/13/2009 Island 349.24 22.5 70 0.3 
300 Area Lead mg/kg J18902 WI-8SSD 2/13/2009 Island 349.10 62.5 70 0.9 
300 Area Lead mg/kg J18913 WI-10SSD 2/13/2009 Island 348.62 54.6 70 0.8 
300 Area Lead mg/kg J18904 WI-9SSD 2/13/2009 Island 348.43 26.7 70 0.4 
300 Area Lead mg/kg J188B8 300ISL-3SSD 2/18/2009 Island 346.03 17.5 70 0.3 
300 Area Lead mg/kg J188B9 300ISL-5SSD 2/18/2009 Island 345.72 14.3 70 0.2 
300 Area Lead mg/kg J188C0 300ISL-7SSD 2/18/2009 Island 345.65 14.5 70 0.2 
300 Area Lead mg/kg J188C1 300ISL-10SSD 2/18/2009 Island 345.19 22.5 70 0.3 
300 Area Lead mg/kg J18933 300LS-8SSD 2/6/2009 Island 343.27 15 70 0.2 
300 Area Lead mg/kg J189D7 300D-1SSD 2/18/2009 Island 341.67 18.5 70 0.3 
300 Area Lead mg/kg J189D6 300D-2SSD 2/18/2009 Island 341.36 14.4 70 0.2 
300 Area Lead mg/kg J189D8 300D-3SSD 2/19/2009 Island 341.28 31.3 70 0.4 
300 Area Lead mg/kg J189D9 300D-4SSD-RES 2/27/2009 Island 340.59 16 70 0.2 
300 Area Lead mg/kg J189F0 300D-5SSD 2/19/2009 Island 339.79 12.1 70 0.2 
300 Area Lead mg/kg J18J29 LG-1SSD 3/12/2009 Right 339.64 22.2 70 0.3 
300 Area Lead mg/kg J18J30 LG-2SSD 3/11/2009 Right 339.64 22.8 70 0.3 
300 Area Lead mg/kg J18J32 LG-4SSD 3/12/2009 Right 339.64 25.9 70 0.4 
300 Area Lead mg/kg J18J33 LG-5SSD 3/12/2009 Right 339.64 28.5 70 0.4 
300 Area Mercury mg/kg J187P1 HT-5SSD 2/16/2009 Slough 363.07 0.0195 2.5 0.008 
300 Area Mercury mg/kg J187Y4 HT-6SSD 2/16/2009 Slough 362.92 0.045 2.5 0.02 
300 Area Mercury mg/kg J187Y1 HT-7SSD 2/16/2009 Island 362.87 0.0322 2.5 0.01 
300 Area Mercury mg/kg J187P2 HT-8SSD 2/16/2009 Island 362.74 0.04 2.5 0.02 
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Table 8-16.  300 Area Sub-Area Shoreline Sediment Bird Contaminant of Potential Ecological Concern Exceedances 
and Lowest Observed Effect Concentration Hazard Quotients.  (2 Pages) 

Sub-Area COPEC Units 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result LOEC 
LOEC 

HQ 
300 Area Mercury mg/kg J18888 HMSTD-5SSD 2/18/2009 Left 353.12 0.0168 2.5 0.007 
300 Area Mercury mg/kg J188B3 HMSTD-6SSD 2/18/2009 Island 352.12 0.0151 2.5 0.006 
300 Area Mercury mg/kg J18887 HMSTD-8SSD 2/18/2009 Island 351.89 0.016 2.5 0.006 
300 Area Mercury mg/kg J18890 HMSTD-10SSD 2/18/2009 Island 351.76 0.0148 2.5 0.006 
300 Area Mercury mg/kg J188H0 IS14-1SSD 2/9/2009 Left 351.33 0.029 2.5 0.01 
300 Area Mercury mg/kg J188H2 IS14-7SSD 2/9/2009 Left 350.91 0.0185 2.5 0.007 
300 Area Mercury mg/kg J18908 WI-6SSD 2/13/2009 Island 349.38 0.0321 2.5 0.01 
300 Area Mercury mg/kg J18902 WI-8SSD 2/13/2009 Island 349.10 0.0339 2.5 0.01 
300 Area Mercury mg/kg J18966 IS16-2SSD 2/18/2009 Left 347.23 0.0151 2.5 0.006 
300 Area Mercury mg/kg J18968 IS16-4SSD 2/18/2009 Left 347.12 0.0181 2.5 0.007 
300 Area Mercury mg/kg J188C0 300ISL-7SSD 2/18/2009 Island 345.65 0.0131 2.5 0.005 
300 Area Mercury mg/kg J188C1 300ISL-10SSD 2/18/2009 Island 345.19 0.0161 2.5 0.006 
300 Area Mercury mg/kg J18933 300LS-8SSD 2/6/2009 Island 343.27 0.0407 2.5 0.02 
300 Area Mercury mg/kg J189D9 300D-4SSD-RES 2/27/2009 Island 340.59 0.0169 2.5 0.007 
300 Area Mercury mg/kg J18J29 LG-1SSD 3/12/2009 Right 339.64 0.0317 2.5 0.01 
COPEC = contaminant of potential ecological concern 
HQ = hazard quotient 
LOEC = lowest observed effect concentration 

 
 

Exhibit 12b



 

 

 C
olum

bia R
iver C

om
ponent R

isk A
ssessm

ent 
V

olum
e I, P

art 2:  Screening-L
evel E

cological R
isk A

ssessm
ent 

June 2012 
8-29 

R
efin

em
en

t of C
on

tam
in

an
ts of 

D
O

E
/R

L
-2010-117 

P
oten

tial E
cological C

on
cern

 
R

ev. 0 
 

Table 8-17.  Lake Wallula Shoreline Sediment Bird Contaminant of Potential Ecological Concern Exceedances and 
Lowest Observed Effect Concentration Hazard Quotients.  (2 Pages) 

Sub-Area COPEC Units 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River Mile Result LOEC LOEC HQ 

Lake Wallula Chromium mg/kg J189C4 BL-4SSD 2/19/2009 Island 334.56 27.3 108 0.3 
Lake Wallula Chromium mg/kg J189B8 BL-8SSD 2/19/2009 Island 334.16 27.9 108 0.3 
Lake Wallula Lead mg/kg J189C3 BL-6SSD 2/19/2009 Island 334.36 11.3 70 0.2 
Lake Wallula Lead mg/kg J189B9 BL-7SSD 2/19/2009 Island 334.24 34.4 70 0.5 
Lake Wallula Lead mg/kg J189P5 HR-7SSD 2/20/2009 Tributary 298.00 11 70 0.2 
Lake Wallula Mercury mg/kg J189C3 BL-6SSD 2/19/2009 Island 334.36 0.0233 2.5 0.009 
Lake Wallula Mercury mg/kg J189B9 BL-7SSD 2/19/2009 Island 334.24 0.0369 2.5 0.01 
Lake Wallula Vanadium mg/kg J18991 HA-1SSD 2/19/2009 Right 337.63 60.4 11 5.5 
Lake Wallula Vanadium mg/kg J18985 HA-2SSD 2/19/2009 Right 337.60 55.8 11 5.1 
Lake Wallula Vanadium mg/kg J18990 HA-3SSD 2/19/2009 Right 337.56 50.6 11 4.6 
Lake Wallula Vanadium mg/kg J18986 HA-4SSD 2/19/2009 Right 337.52 57 11 5.2 
Lake Wallula Vanadium mg/kg J18992 HA-5SSD 2/19/2009 Right 337.51 56.6 11 5.1 
Lake Wallula Vanadium mg/kg J18987 HA-6SSD 2/19/2009 Right 337.51 51.5 11 4.7 
Lake Wallula Vanadium mg/kg J18988 HA-8SSD 2/19/2009 Right 337.45 58.9 11 5.4 
Lake Wallula Vanadium mg/kg J189C1 BL-1SSD 2/19/2009 Island 334.94 43.2 11 3.9 
Lake Wallula Vanadium mg/kg J189C0 BL-2SSD 2/19/2009 Island 334.87 40 11 3.6 
Lake Wallula Vanadium mg/kg J189B5 BL-3SSD 2/19/2009 Island 334.72 55.7 11 5.1 
Lake Wallula Vanadium mg/kg J189C4 BL-4SSD 2/19/2009 Island 334.56 75.6 11 6.9 
Lake Wallula Vanadium mg/kg J189B6 BL-5SSD 2/19/2009 Island 334.40 43.2 11 3.9 
Lake Wallula Vanadium mg/kg J189C3 BL-6SSD 2/19/2009 Island 334.36 54.9 11 5.0 
Lake Wallula Vanadium mg/kg J189B9 BL-7SSD 2/19/2009 Island 334.24 47.3 11 4.3 
Lake Wallula Vanadium mg/kg J189B8 BL-8SSD 2/19/2009 Island 334.16 87.1 11 7.9 
Lake Wallula Vanadium mg/kg J189B7 BL-9SSD 2/19/2009 Right 334.00 78 11 7.1 
Lake Wallula Vanadium mg/kg J189K2 SP-1SSD 2/19/2009 Left 325.52 37.1 11 3.4 
Lake Wallula Vanadium mg/kg J189J9 SP-2SSD 2/19/2009 Left 325.46 28.4 11 2.6 
Lake Wallula Vanadium mg/kg J189K5 SP-3SSD 2/19/2009 Left 325.38 37.9 11 3.4 
Lake Wallula Vanadium mg/kg J18J36 TR-3SSD 3/13/2009 Slough 325.22 74.5 11 6.8 
Lake Wallula Vanadium mg/kg J18J35 TR-2SSD 3/11/2009 Slough 325.22 77.7 11 7.1 
Lake Wallula Vanadium mg/kg J18J34 TR-1SSD 3/12/2009 Slough 325.22 67.7 11 6.2 
Lake Wallula Vanadium mg/kg J189K4 SP-9SSD 2/19/2009 Left 325.06 88.9 11 8.1 
Lake Wallula Vanadium mg/kg J189J4 THMU-1SSD 2/23/2009 Right 320.70 84.7 11 7.7 
Lake Wallula Vanadium mg/kg J189J2 PHMU-1SSD 2/23/2009 Slough 320.42 43.9 11 4.0 
Lake Wallula Vanadium mg/kg J189J1 PHMU-2SSD 2/23/2009 Slough 319.90 79.5 11 7.2 
Lake Wallula Vanadium mg/kg J189J5 THMU-2SSD 2/23/2009 Right 319.78 77 11 7.0 
Lake Wallula Vanadium mg/kg J189J3 PHMU-3SSD 2/23/2009 Slough 319.62 62.3 11 5.7 
Lake Wallula Vanadium mg/kg J189J7 BI-1SSD 2/23/2009 Island 317.80 123 11 11.0 
Lake Wallula Vanadium mg/kg J189J6 BI-2SSD 2/23/2009 Island 317.27 53.1 11 4.8 
Lake Wallula Vanadium mg/kg J189M8 PK-10SSD 3/4/2009 Left 311.90 69.1 11 6.3 
Lake Wallula Vanadium mg/kg J189P6 HR-5SSD 2/20/2009 Tributary 298.09 75.5 11 6.9 
Lake Wallula Vanadium mg/kg J189R0 HR-6SSD 2/20/2009 Tributary 298.05 82.4 11 7.5 
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Table 8-17.  Lake Wallula Shoreline Sediment Bird Contaminant of Potential Ecological Concern Exceedances and 
Lowest Observed Effect Concentration Hazard Quotients.  (2 Pages) 

Sub-Area COPEC Units 
Sample 
Number 

Designation 
Sample 

Date 
River 

Location 
River Mile Result LOEC LOEC HQ 

Lake Wallula Vanadium mg/kg J189R1 HR-8SSD 2/20/2009 Tributary 298.00 53.2 11 4.8 
Lake Wallula Vanadium mg/kg J189P5 HR-7SSD 2/20/2009 Tributary 298.00 77.1 11 7.0 
Lake Wallula Vanadium mg/kg J189T5 MBRA-5SSD 2/20/2009 Dam 293.32 71.1 11 6.5 
Lake Wallula Vanadium mg/kg J189T6 MBRA-4SSD 2/20/2009 Dam 293.32 93.2 11 8.5 
Lake Wallula Vanadium mg/kg J189T4 MBRA-3SSD 2/20/2009 Dam 293.26 78.9 11 7.2 
Lake Wallula Vanadium mg/kg J189T8 MBRA-2SSD 2/20/2009 Dam 293.23 86.9 11 7.9 
Lake Wallula Vanadium mg/kg J189T7 MBRA-1SSD 2/20/2009 Dam 293.20 96.3 11 8.8 
COPEC = contaminant of potential ecological concern 
HQ = hazard quotient 
LOEC = lowest observed effect concentration 
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Table 8-18.  Contaminants of Potential Ecological Concern in 100 Area Sub-Area  
Surface Water, Sediment, and Porewater. 

100 Area Sub-Area 
Surface Water COPECs 

100 Area Sub-Area 
Sediment COPECs 

100 Area Sub-Area Porewater COPECs 
100-BC-5 100-KR-4 100-NR-2 100-HR-3 100-FR-3 

Cesium-137 Acetone Aluminum Aluminum Aluminum Aluminum Aluminum 
Chromium Carbon-14 Arsenic Chromium Chloride Arsenic Chromium 
Fluoride Cesium-137 Cadmium Hexavalent 

chromium 
Chromium Chromium Cobalt 

Lead Chromium Chromium Lead Hexavalent chromium Cobalt Hexavalent 
chromium 

Mercury Cobalt-60 Cobalt Manganese Lead Copper Lead 
Nitrate delta-BHC Hexavalent 

chromium 
Nitrate Nickel Hexavalent 

chromium 
Manganese 

Phosphate Endosulfan sulfate Lead Phosphate Nitrate Lead Mercury 
Phosphorus Europium-152 Nitrate Sulfate Phosphate Manganese Nickel 
Strontium-90 Heptachlor epoxide Selenium Vanadium Sulfate Mercury Nitrate 
Sulfate Hexavalent chromium Sulfate Tritium Total petroleum 

hydrocarbons - diesel range 
Nickel Sulfate 

Technetium-99 Lead Vanadium  Total petroleum 
hydrocarbons - motor oil 
(high boiling) 

Nitrate Strontium-90 
Total polychlorinated 
biphenyls 

Mercury Zinc Sulfate  

Tritium Plutonium-239/240 Strontium-90 Strontium-90 Uranium 
Uranium-233/234 Strontium-90 Tritium Tritium Vanadium 
Uranium-238 Technetium-99  Vanadium Strontium-90 
 Total petroleum 

hydrocarbons - diesel range  
 Tritium 

Total petroleum 
hydrocarbons - motor oil 
(high boiling) 

 

Uranium 
Uranium-233/234 
Uranium-235 
Uranium-238 

BHC = benzene hexachloride 
COPEC = contaminant of potential ecological concern 
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Table 8-19.  Contaminants of Potential Ecological Concern in 300-Area Sub-Area  
Surface Water, Sediment, and Porewater. 

300 Area Sub-Area 
Surface Water COPECs 

300 Area Sub-Area Sediment COPECs 
300 Area Sub-Area Porewater COPECs 

200-PO-1 300-FF-5 
1,2-Dichloroethane Carbon-14 Aluminum Acetone 
1,4-Dichlorobenzene Cesium-137 Arsenic Aluminum 
Acetone Chromium Chromium Arsenic 
Chloroform Cobalt-60 Hexavalent chromium Barium 

Chromium Europium-152 Lead Cadmium 
Chrysene Hexavalent chromium Nickel Chloride 
Lead Lead Nitrate Chromium 

Mercury Mercury Nitrite Cobalt 

Nitrate Plutonium-239/240 Selenium Copper 

Nitrite Selenium Sulfate Hexavalent chromium 
Plutonium-238 Strontium-90 Technetium-99 Lead 
Plutonium-239/240 Technetium-99 Tritium Manganese 
Silver Titanium Vanadium Mercury 
Strontium-90 Total petroleum hydrocarbons - diesel range  Nickel 

Sulfate Total petroleum hydrocarbons - motor oil 
(high boiling) 

Nitrate 

Technetium-99 Tritium Selenium 
Uranium Sulfate 

Total polychlorinated biphenyls Uranium-233/234 Trichloroethene 

Trichloroethene Uranium-234 Tritium 

Tritium Uranium-235 Uranium 

Uranium-233/234 Uranium-238 Vanadium 

Uranium-235  Zinc 

Uranium-238 

Xylenes (total) 

COPEC = contaminant of potential ecological concern 
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Table 9-1.  Tissue Concentrations Associated with Effects.  (3 Pages) 

COPEC 
CAS 

Number 

Effect 
Level 
Type 

Analyte Species Lifestage Test Site 
Test 

Condition 
Route 

Experimental 
Concentration 

Duration 
(days) 

Sample 
Item 

ToxRes 
Tissue 
Type 

Concentration Units 
RCBRA 

Value 
(Yes/No) 

Effect Comments Reference Notes 

Arsenic 7440-38-2 LOEC  Arsenic 
(sodium 
arsenate) 

Green sunfish, 
Lepomis 
cyanellus (Fw) 

NR Laboratory Renewal, 
3 d 

Water 60 mg/L 35 Fillet Muscle 6 mg/kg No Survival - 
reduced - death 

20 °C;  
LT50 = 210 hr; 
residues in surviving 
fish 

Sorensen, E. M. B., 1976, “Thermal 
Effects on the Accumulation of Arsenic 
in Green Sunfish, Lepomis cyanellus,” 
Arch Environ Contam Toxicol 4:8–17. 

 

Arsenic  7440-38-2 LOEC  Arsenic 
(sodium 
arsenate) 

Green sunfish, 
Lepomis 
cyanellus (Fw) 

NR Laboratory Renewal, 
3 d 

Water 60 mg/L 35 Liver Liver 47 mg/kg No Survival - 
reduced 50% 

10 °C;  
LT50 = 678 hr; 
residues in surviving 
fish 

Sorensen, E. M. B, 1976, “Thermal 
Effects on the Accumulation of Arsenic 
in Green Sunfish, Lepomis cyanellus,” 
Arch Environ Contam Toxicol 4:8–17. 

 

Arsenic  7440-38-2 LOEC  Arsenic 
(arsenic 
trioxide) 

Rainbow trout, 
Oncorhynchus 
mykiss (Fw) 

Juvenile Laboratory Flow-
through 

Diet 180 µg/g 56 Carcass Carcass 3.1 mg/kg No Growth - 
reduced 

NR Cockell, K. A. and J. W. Hilton, 1988, 
“Preliminary Investigations on the 
Comparative Chronic Toxicity of Four 
Dietary Arsenicals to Juvenile Rainbow 
Trout (Salmo gairdneri R.),” Aquat 
Toxicol 12:73–82. 

 

Cadmium 7440-43-9 LOEC  Cadmium 
(cadmium 
sulfate) 

Rainbow trout, 
Oncorhynchus 
mykiss (Fw) 

Adult Laboratory Flow-
through 

Water 1.8 µg/L 455 Liver Liver 5.8 mg/kg Yes Reproduction - 
reduced 

NR Brown, V., D. Shurben, W. Miller, and 
M. Crane, 1994, “Cadmium Toxicity to 
Rainbow Trout Oncorhynchus mykiss 
Walbaum and Brown Trout Salmo trutta 
L. Over Extended Exposure Periods,” 
Ecotoxicol Environ Saf 29:38–46. 

 

Cadmium 7440-43-9 LOEC Cadmium 
(cadmium 
chloride) 

Brook trout, 
Salvelinus 
fontinalis (Fw) 

Multiple Laboratory Flow-
through 

Water 3.4 µg/L 266 Kidney Kidney 10 mg/kg No Survival - 
reduced 

First generation fish, 
males died during 
spawning 

Benoit, D. A., E. N. Leonard, 
G. M. Christensen, and J. T. Fiandt, 1976, 
“Toxic Effects of Cadmium on Three 
Generations of Brook Trout (Salvelinus 
fontinalis),” Trans Am Fish Soc 
105:550-560. 

 

Lead 7439-92-1 LOEC  Lead (lead 
nitrate) 

Brook trout, 
Salvelinus 
fontinalis (Fw) 

Multiple Laboratory Flow-
through 

Adult 
fish + 
water 

235 µg/L 735 Liver Liver 26.8 mg/kg Yes Survival, 
growth, 

reproduction - 
reduced 

Second generation 
fish 

Holcombe, G. W., D. A. Benoit, 
E. N. Leonard, and J. M. McKim, 1976, 
“Long-Term Effects of Lead Exposure on 
Three Generations of Brook Trout 
(Salvelinus fontinalis),” J Fish Res Board 
Can 33:1731–1741. 

 

Lead 7439-92-1 LOEC Lead (lead 
nitrate) 

Brook trout, 
Salvelinus 
fontinalis (Fw) 

Multiple Laboratory Flow-
through 

Adult 
fish + 
water 

235 µg/L 735 Kidney Kidney 65.2 mg/kg No Survival, 
growth, 

reproduction - 
reduced 

Second generation 
fish 

Holcombe, G. W., D. A. Benoit, 
E. N. Leonard, and J. M. McKim, 1976, 
“Long-Term Effects of Lead Exposure on 
Three Generations of Brook Trout 
(Salvelinus fontinalis),” J Fish Res Board 
Can 33:1731–1741. 

 

Mercury 7439-97-6 LOEC  Mercury 
(methyl-
mercuric 
chloride) 

Brook trout, 
Salvelinus 
fontinalis (Fw) 

Multiple Laboratory Flow-
through 

Water 0.93 µg/L 756 Fillet Muscle 10.2 mg/kg Yes Survival, 
growth, 

reproduction - 
reduced 

Second generation 
fish 

McKim, J. M., G. F. Olson, 
G. W. Holcombe, and E. P. Hunt, 1976, 
“Long-Term Effects of Methylmercuric 
Chloride on Three Generations of Brook 
Trout (Salvelinus fontinalis):  Toxicity, 
Accumulation, Distribution, and 
Elimination,” J Fish Res Board Can 
33:2726–2739. 

 

Mercury 7439-97-6 LOEC  Mercury 
(methyl-
mercuric 
chloride) 

Brook trout, 
Salvelinus 
fontinalis (Fw) 

Multiple Laboratory Flow-
through 

Water 0.93 µg/L 756 Liver Liver 24.4 mg/kg Yes Survival, 
growth, 

reproduction - 
reduced 

Second generation 
fish 

McKim, J. M., G. F. Olson, 
G. W. Holcombe, and E. P. Hunt, 1976, 
“Long-Term Effects of Methylmercuric 
Chloride on Three Generations of Brook 
Trout (Salvelinus fontinalis):  Toxicity, 
Accumulation, Distribution, and 
Elimination,” J Fish Res Board Can 
33:2726–2739. 

 

Mercury 7439-97-6 LOEC Mercury 
(methyl-
mercuric 
chloride) 

Brook trout, 
Salvelinus 
fontinalis (Fw) 

Multiple Laboratory Flow-
through 

Water 0.93 µg/L 756 Kidney Kidney 26.9 mg/kg No Survival, 
growth, 

reproduction - 
reduced 

Second generation 
fish 

McKim, J. M., G. F. Olson, 
G. W. Holcombe, and E. P. Hunt, 1976, 
“Long-Term Effects of Methylmercuric 
Chloride on Three Generations of Brook 
Trout (Salvelinus fontinalis):  Toxicity, 
Accumulation, Distribution, and 
Elimination,” J Fish Res Board Can 
33:2726–2739. 

 

DDT  50-29-3 LOEC  DDT Airbreathing 
fish, Channa 
striatus (Fw) 

NR Laboratory Static Water 360 µg/L 4 Fillet Muscle 0.12 mg/kg No Survival - 
reduced 

Radiotracer study; 
96-hr LC50; 
residues = DDT + 
metabolites 

Pandian, T. J. and R. Bhaskaran, 1983, 
“Uptake, Accumulation and Elimination 
of 14C DDT in the Fish Channa striatus,” 
Indian J Exp Biol 21:88–91. 

Original values listed as 
0.12 - 0.21 

DDT  50-29-3 LOEC  DDT Airbreathing 
fish, Channa 
striatus (Fw) 

NR Laboratory Static Water 360 µg/L 4 Liver Liver 3.59 mg/kg No Survival - 
reduced 

Radiotracer study; 
96-hr LC50; 
residues = DDT + 
metabolites 

Pandian, T. J. and R. Bhaskaran, 1983, 
“Uptake, Accumulation and Elimination 
of 14C DDT in the Fish Channa striatus,” 
Indian J Exp Biol 21:88–91. 
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Table 9-1.  Tissue Concentrations Associated with Effects.  (3 Pages) 

COPEC 
CAS 

Number 

Effect 
Level 
Type 

Analyte Species Lifestage Test Site 
Test 

Condition 
Route 

Experimental 
Concentration 

Duration 
(days) 

Sample 
Item 

ToxRes 
Tissue 
Type 

Concentration Units 
RCBRA 

Value 
(Yes/No) 

Effect Comments Reference Notes 

Copper  7440-50-8 LOEC  Copper 
(copper 
sulfate) 

Bluegill, 
Lepomis 
macrochirus 
(Fw) 

Multiple Laboratory Flow-
through 

Water 162 µg/L 660 Kidney Kidney 8.8 mg/kg No Survival, 
growth, 

reproduction - 
reduced 

NR Benoit, D. A., 1975, “Chronic Effects of 
Copper on Survival, Growth, and 
Reproduction of the Bluegill (Lepomis 
macrochirus),” Trans Am Fish Soc 
104:353–358. 

Chosen LOEC.  Multiple 
endpoints.  Lower LOECs 
show inconsistent 
relationships to media 
concentrations and effects.  
Original value shown as 8.8e 
(value converted to wet wt.).  

Copper  7440-50-8 LOEC Copper 
(copper 
sulfate) 

Bluegill, 
Lepomis 
macrochirus 
(Fw) 

Multiple Laboratory Flow-
through 

Water 162 µg/L 660 Liver Liver 96 mg/kg No Survival, 
growth, 

reproduction - 
reduced 

NR Benoit, D. A., 1975, “Chronic Effects of 
Copper on Survival, Growth, and 
Reproduction of the Bluegill (Lepomis 
macrochirus),” Trans Am Fish Soc 
104:353–358. 

Chosen LOEC.  Lowest 
LOEC.   

Endosulfan I  959-98-8 LOEC  Endosulfan 
(35% EC) 

Pike, 
Hepsetus odoë 
(Fw) 

Adult Laboratory Static Water 1 µg/L 3 Liver Liver 3.1 mg/kg No Survival - 
reduced - death 

Residues in dead 
fish 

Matthiessen, P., P. J. Fox, 
R. J. Douthwaite, and A. B. Wood, 1982, 
“Accumulation of Endosulfan Residues in 
Fish and their Predators after Aerial 
Spraying for the Control of Tsetse Fly in 
Botswana,” Pestic Sci 13:39–48. 

Chosen LOEC.  Lowest 
effect value.  Endosulfan as 
surrogate for Endosulfan I  

Endosulfan II 33213-65-9 LOEC  Endosulfan 
(35% EC) 

Pike, 
Hepsetus odoë 
(Fw) 

Adult Laboratory Static Water 1 µg/L 3 Liver Liver 3.1 mg/kg No Survival - 
reduced - death 

Residues in dead 
fish 

Matthiessen, P., P. J. Fox, 
R. J. Douthwaite, and A. B. Wood, 1982, 
“Accumulation of Endosulfan Residues in 
Fish and their Predators after Aerial 
Spraying for the Control of Tsetse Fly in 
Botswana,” Pestic Sci 13:39–48. 

Chosen LOEC.  Lowest 
effect value.  Endosulfan as 
surrogate for Endosulfan II  

Endrin 72-20-8 LOEC Endrin Bluegill, 
Lepomis 
macrochirus 
(Fw) 

NR Laboratory Flow-
through 

Water 2 µg/L 1 Fillet Muscle 0.12 mg/kg No Survival - 
reduced 

24-hr LC50; residues 
in surviving fish 

Bennett, H. J. and J. W. Day, Jr., 1970, 
“Absorption of Endrin by the Bluegill 
Sunfish, Lepomis macrochirus,” Pestic 
Monitor J 3:201–203. 

Chosen NOEC. 

Endrin 72-20-8 LOEC Endrin Bluegill, 
Lepomis 
macrochirus 
(Fw) 

NR Laboratory Flow-
through 

Water 2 µg/L 1 Liver Liver 1 mg/kg No Survival - 
reduced 

24-hr LC50; residues 
in surviving fish 

Bennett, H. J. and J. W. Day, Jr., 1970, 
Absorption of Endrin by the Bluegill 
Sunfish, Lepomis macrochirus, Pestic 
Monitor J 3:201–203. 

Chosen LOEC.  No kidney 
data available.  

Endrin ketone 53494-70-5 LOEC Endrin Bluegill, 
Lepomis 
macrochirus 
(Fw) 

NR Laboratory Flow-
through 

Water 2 µg/L 1 Liver Liver 1 mg/kg No Survival - 
reduced 

24-hr LC50; residues 
in surviving fish 

Bennett, H. J. and J. W. Day, Jr., 1970, 
“Absorption of Endrin by the Bluegill 
Sunfish, Lepomis macrochirus,” Pestic 
Monitor J 3:201–203. 

Chosen LOEC, using Endrin 
as surrogate.  No kidney data 
available.  

Endrin 
aldehyde 

7421-93-4 LOEC Endrin Bluegill, 
Lepomis 
macrochirus 
(Fw) 

NR Laboratory Flow-
through 

Water 2 µg/L 1 Liver Liver 1 mg/kg No Survival - 
reduced 

24-hr LC50; residues 
in surviving fish 

Bennett, H. J. and J. W. Day Jr., 1970, 
“Absorption of Endrin by the Bluegill 
Sunfish, Lepomis macrochirus,” Pestic 
Monitor J 3:201–203. 

Chosen LOEC, using Endrin 
as surrogate.  No kidney data 
available.  

Selenium  7782-49-2 LOEC Selenium 
(sodium 
selenite) 

Rainbow trout, 
Oncorhynchus 
mykiss (Fw) 

Juvenile Laboratory Flow-
through 

Diet 11.8 µg/g 112 Kidney Kidney 1.54 mg/kg No Survival - 
no effect; 
growth - 
reduced 

High carbohydrate 
diet 

Hilton, J. W. and P. V. Hodson, 1983, 
“Effect of Increased Dietary 
Carbohydrate on Selenium Metabolism 
and Toxicity in Rainbow Trout (Salmo 
gairdneri),” J Nutr 113:1241–1248. 

Chosen LOEC; lowest value.  

Selenium  7782-49-2 LOEC Selenium 
(sodium 
selenite) 

Rainbow trout, 
Oncorhynchus 
mykiss (Fw) 

Multiple Laboratory Flow-
through 

Diet 3.7 µg/g 168 Liver Liver 8.84 mg/kg No Growth - 
reduced 

NR Hilton, J. W., P. V. Hodson, and 
S. J. Slinger, 1982, “Absorption, 
Distribution, Half-Life and Possible 
Routes of Elimination of Dietary 
Selenium in Juvenile Rainbow Trout 
(Salmo gairdneri).” Comp Biochem 
Physiol 71C:49-55. 

 

Zinc 7440-66-6 LOEC Zinc 
(zinc sulfate) 

Brook trout, 
Salvelinus 
fontinalis (Fw) 

Multiple Laboratory Flow-
through 

Water 1,360 µg/L 140 Kidney Kidney 36.9 mg/kg No Reproduction 
(hatchability) - 

reduced 

NR Holcombe, G. W., D. A. Benoit, and 
E. N. Leonard, 1979, “Long–Term 
Effects of Zinc Exposures on Brook Trout 
(Salvelinus fontinalis),” Trans Am Fish 
Soc 108:76–87. 

Chosen LOEC.  Zinc 
correlation to exposure weak.  

Zinc 7440-66-6 LOEC Zinc 
(zinc sulfate) 

Brook trout, 
Salvelinus 
fontinalis (Fw) 

Multiple Laboratory Flow-
through 

Water 1,360 µg/L 140 Liver Liver 66.3e mg/kg No Reproduction 
(hatchability) - 

reduced 

NR Holcombe, G. W., D. A. Benoit, and 
E. N. Leonard, 1979, “Long–Term 
Effects of Zinc Exposures on Brook Trout 
(Salvelinus fontinalis),” Trans Am Fish 
Soc 108:76–87. 

Chosen LOEC. 

 Shaded indicates the chosen lower value of the kidney or liver values, for those with combined liver/kidney tissue types. 

CAS = Chemical Abstract Services  
COPEC = contaminant of potential ecological concern 
d = days water renewed during lab test 
DDT = dichlorodiphenyltrichloroethane 
EC = effect concentration 

Fw = freshwater 
LOEC = lowest observed effect concentration 
NOEC = no observed effect concentration 
NR = not recorded 
RCBRA = River Corridor Baseline Risk Assessment 
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Table 9-2.  Summary of Maximum Lowest Observed Effect Concentration Hazard Quotients in Fish Tissue.  (2 Pages) 

Analyte 

100 Area 300 Area Lake Wallula 

Fillet Liver Kidney Liver/Kidney Carcass Fillet Liver Kidney Liver/Kidney Carcass Fillet Liver Kidney Liver/Kidney Carcass 

Aldrin -- -- -- -- -- -- -- -- -- -- NA -- -- -- -- 

alpha-BHC NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

alpha-Chlordane -- NA NA NA -- -- NA NA NA -- -- -- -- -- -- 

Aluminum -- NA NA NA NA -- NA NA NA NA -- -- -- -- NA 

Arsenic 0.2 0.06 NA 0.007 0.4 0.2 0.03 NA 0.008 0.5 -- 0.03 NA 0.008 0.4 

Barium -- -- -- -- NA -- NA NA NA NA -- -- -- -- -- 

beta-1,2,3,4,5,6-Hexachlorocyclohexane -- NA NA NA -- -- -- -- -- -- -- -- -- -- NA 

Cadmium -- 36 1 0.4 -- -- 24 2 0.6 -- -- -- -- -- -- 

Chromium NA NA NA NA NA -- NA NA NA NA NA NA NA NA NA 

Cobalt -- -- -- -- -- NA -- -- -- -- -- -- -- -- -- 

Copper -- 3 1 0.7 -- NA 3 0.7 0.8 -- -- -- -- -- -- 

delta-BHC -- -- -- -- NA -- NA NA NA NA -- NA NA NA NA 

Dichlorodiphenyldichloroethylene -- NA NA NA -- -- -- -- -- -- -- -- -- -- -- 

Dichlorodiphenyltrichloroethane 0.2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Dieldrin -- NA NA NA -- NA NA NA NA -- NA NA NA NA -- 

Endosulfan I -- 0.005 NA 0.04 -- -- 0.05 NA 0.1 -- -- 0.01 NA 0.007 -- 

Endosulfan II -- -- -- -- -- NA NA NA 0.01 -- -- NA NA 0.003 -- 

Endrin 0.3 0.03 NA 0.03 NA -- 0.06 NA 0.007 -- -- NA NA 0.02 -- 

Endrin aldehyde -- 0.07 NA NA -- -- -- -- -- -- -- -- -- -- -- 

Endrin ketone -- 0.005 NA 0.02 -- -- NA NA 0.02 -- -- NA NA 0.04 -- 

gamma-BHC (lindane) -- NA NA NA NA -- -- -- -- -- -- -- -- -- NA 

gamma-Chlordane -- NA NA NA -- -- NA NA NA -- -- -- -- -- -- 

Heptachlor -- NA NA NA -- -- -- -- -- -- -- -- -- -- -- 

Heptachlor epoxide -- -- -- -- -- -- NA NA NA -- -- NA NA NA -- 

Hexavalent chromium NA -- -- -- -- -- -- -- -- -- NA -- -- -- -- 

Iron -- NA NA NA -- -- -- -- -- -- -- -- -- -- -- 

Lead NA 0.02 NA 0.02 NA NA 0.01 NA NA NA NA -- -- -- NA 

Manganese -- NA NA NA -- -- NA NA NA -- -- -- -- -- -- 

Mercury 0.06 0.03 0.01 0.01 NA NA 0.04 0.01 0.007 NA 0.04 0.005 0.004 0.008 NA 

Methoxychlor -- -- -- -- -- -- NA NA NA NA -- -- -- -- -- 

Methyl mercury -- -- -- -- -- 0.06 -- -- -- NA NA -- -- -- NA 

Selenium -- 2 1 3 -- -- 1 2 3 -- NA -- -- -- -- 

Silver -- NA NA NA -- NA NA NA NA -- -- -- -- -- -- 

Thallium -- NA NA NA -- -- -- -- -- -- -- -- -- -- -- 

Total PCBs -- NA NA NA NA -- NA NA NA NA -- NA NA NA -- 

Uranium -- NA NA NA NA -- NA NA NA NA -- -- -- -- NA 

Zinc -- 22 14 0.8 -- -- 24 16 0.8 -- -- -- -- -- -- 

Carbon-14 NA NA NA NA NA -- -- -- -- NA -- NA NA NA NA 

Cesium-137 NA -- -- -- -- -- NA NA NA -- -- -- -- -- -- 

Cobalt-60 NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Plutonium-239/240 NA -- -- -- -- -- -- -- -- NA -- -- -- -- -- 

Strontium-90 NA NA NA NA NA -- -- -- -- NA -- -- -- -- -- 

Technetium-99 -- -- -- -- -- -- NA NA NA -- -- -- -- -- -- 
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Table 9-2.  Summary of Maximum Lowest Observed Effect Concentration Hazard Quotients in Fish Tissue.  (2 Pages) 

Analyte 

100 Area 300 Area Lake Wallula 

Fillet Liver Kidney Liver/Kidney Carcass Fillet Liver Kidney Liver/Kidney Carcass Fillet Liver Kidney Liver/Kidney Carcass 

Tritium -- -- -- -- -- NA NA NA NA NA NA -- -- -- -- 

Uranium-234 -- -- -- -- -- NA -- -- -- -- -- -- -- -- -- 

Uranium-235 -- -- -- -- -- NA -- -- -- -- -- -- -- -- -- 

Uranium-238 -- -- -- -- -- NA -- -- -- -- -- -- -- -- -- 

-- = not applicable; not detected in tissue identified 
BHC = benzene hexachloride 
NA = lowest observed effect concentration not available 
PCB = polychlorinated biphenyl 
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Table 9-3.  Summary of Contaminants of Potential Ecological Concern with Maximum  
Lowest Observed Effect Concentration Hazard Quotients >1.0. 

Fillet 
Maximum 
Fillet HQ 

Liver 
Maximum 
Liver HQ 

Kidney 
Maximum 
Kidney HQ 

Liver/Kidney 
Maximum 

Liver/Kidney 
HQ 

Carcass 
Maximum 

Carcass HQ 

Upriver 

-- -- Cadmium 1 Cadmium 1 Selenium 4 -- -- 

-- -- Zinc 4 Copper 1 -- -- -- -- 

-- -- -- -- Selenium 2 -- -- -- -- 

-- -- -- -- Zinc 14 -- -- -- -- 

100 Area 

-- -- Cadmium 36 Cadmium 1 Selenium 3 -- -- 

-- -- Copper 3 Copper 1 -- -- -- -- 

-- -- Selenium 2 Selenium 1 -- -- -- -- 

-- -- Zinc 22 Zinc 14 -- -- -- -- 

300 Area 

-- -- Cadmium 24 Cadmium 2 Selenium 3 -- -- 

-- -- Copper 3 Selenium 2 -- -- -- -- 

-- -- Selenium 1 Zinc 16 -- -- -- -- 

-- -- Zinc 24 -- -- -- -- -- -- 

Lake Wallula a 

-- -- -- -- -- -- -- -- -- -- 
a No contaminants of potential ecological concern exceeded lowest observed effect concentrations in Lake Wallula. 

--  = not applicable; no contaminants of potential ecological concern with HQs >1 in tissue identified  
HQ = hazard quotient 
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Table 9-4.  Fish Fillet Data Summary and Maximum Lowest Observed Effect Concentration Hazard Quotients.  (2 Pages) 

Sub-Area Tissue COPEC 
Units 

(wet wt.) 

Number 
of 

Samples 

Number 
of 

Detections 
FOD 

Minimum 
Detect 

(wet wt.) 

Maximum 
Detect 

(wet wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Date of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
LOEC 

Number of 
Exceedances 
(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
LOEC 

HQ 

Inclusion 
List 

100 Area Fillet alpha-BHC mg/kg 30 1 3.33 0.0966 0.0966 J192Y6 376.51 8/5/2009 0.00506 0.0175 NA 0 0 NA No 

100 Area Fillet alpha-Chlordane mg/kg 30 1 3.33 0.0106 0.0106 J18X89 369.65 9/24/2009 0.00506 0.0175 NA 0 0 NA No 

100 Area Fillet Arsenic mg/kg 35 11 31.43 0.211 1.02 J19283 379.46 7/30/2009 0.649 1 6 0 0 0.2 No 

100 Area Fillet Chromium mg/kg 35 29 82.86 0.163 1.44 J19071 379.47 9/2/2009 0.139 0.877 NA 0 0 NA Yes 

100 Area Fillet Dichlorodiphenyltrichloroethane mg/kg 30 4 13.33 0.00752 0.0237 J19684 374.52 10/21/2009 0.00506 0.0175 0.12 0 0 0.2 No 

100 Area Fillet Endrin mg/kg 30 1 3.33 0.0321 0.0321 J191H3 369.81 12/14/2009 0.00506 0.0175 0.12 0 0 0.3 No 

100 Area Fillet Hexavalent chromium mg/kg 9 4 44.44 0.128 0.216 J192C1 381.45 8/3/2009 0.127 0.127 NA 0 0 NA Yes 

100 Area Fillet Lead mg/kg 35 5 14.29 0.259 0.865 J19682 369.66 10/21/2009 0.325 0.943 NA 0 0 NA Yes 

100 Area Fillet Mercury mg/kg 33 33 100 0.038 0.606 J18X87 369.74 9/25/2009 -- -- 10.2 0 0 0.06 Yes 

100 Area Fillet Methoxychlor mg/kg 30 1 3.33 0.0116 0.0116 J19293 376.51 8/3/2009 0.00506 0.0175 NA 0 0 NA No 

100 Area Fillet Carbon-14 pCi/g 35 1 2.86 6.06 6.06 J191H6 381.58 12/14/2009 -1.63 4.69 NA 0 0 NA Yes 

100 Area Fillet Cesium-137 pCi/g 86 1 1.16 0.013 0.013 29040 369.74 7/10/2002 -0.0189 0.088 NA 0 0 NA Yes 

100 Area Fillet Cobalt-60 pCi/g 85 1 1.18 0.009 0.009 30868 375.29 1/13/2003 -0.0252 0.089 NA 0 0 NA Yes 

100 Area Fillet Plutonium-239/240 pCi/g 35 1 2.86 0.916 0.916 J19068 381.95 9/2/2009 -0.028 0.072 NA 0 0 NA Yes 

100 Area Fillet Strontium-90 pCi/g 35 1 2.86 1.55 1.55 J19068 381.95 9/2/2009 -0.162 0.104 NA 0 0 NA Yes 

100 Area Fillet Radionuclide Sum of Fractions ≥ 1.0? NA   

300 Area Fillet Aldrin mg/kg 30 1 3.33 0.00917 0.00917 J19478 347.39 9/3/2009 0.00546 0.0212 NA 0 0 NA No 

300 Area Fillet alpha-BHC mg/kg 30 1 3.33 0.00901 0.00901 J18K38 341.55 4/22/2009 0.00546 0.0212 NA 0 0 NA No 

300 Area Fillet Arsenic mg/kg 35 14 40 0.255 1.13 J19478 347.39 9/3/2009 0.633 1 6 0 0 0.2 No 

300 Area Fillet Chromium mg/kg 35 29 82.86 0.153 1.47 J193K4 362.66 8/6/2009 0.154 0.2 NA 0 0 NA Yes 

300 Area Fillet Cobalt mg/kg 35 5 14.29 0.793 2.82 J193K4 362.66 8/6/2009 1.27 2 NA 0 0 NA No 

300 Area Fillet delta-BHC mg/kg 30 5 16.67 0.0183 0.0757 J191R5 344.55 12/1/2009 0.00546 0.0212 NA 0 0 NA No 

300 Area Fillet Dieldrin mg/kg 30 6 20 0.0193 0.033 J18K40 362.15 4/22/2009 0.00546 0.0212 NA 0 0 NA No 

300 Area Fillet Hexavalent chromium mg/kg 10 4 40 0.174 0.289 J19466 363.06 8/17/2009 0.127 0.127 NA 0 0 NA Yes 

300 Area Fillet Lead mg/kg 35 4 11.43 0.28 1.59 J18K38 341.55 4/22/2009 0.242 0.999 NA 0 0 NA Yes 

300 Area Fillet Mercury mg/kg 38 38 100 0.026 0.612 J193L4 357.55 8/10/2009 -- -- 10.2 0 0 0.06 Yes 

300 Area Fillet Methyl mercury mg/kg 3 3 100 0.104 0.239 J195V3 347.39 9/8/2009 -- -- NA 0 0 NA No 

300 Area Fillet Cesium-137 pCi/g 79 1 1.27 0.0213 0.0213 -- -- -- -0.0128 0.083 NA 0 0 NA Yes 
300 Area Fillet Uranium-234 pCi/g 19 4 21.05 0.006 0.0314 B14J73 343.78 7/9/2002 -0.00697 0.00346 NA 0 0 NA No 
300 Area Fillet Uranium-235 pCi/g 54 1 1.85 0.0318 0.0318 B14J73 343.78 7/9/2002 -0.008 0.032 NA 0 0 NA Yes 

300 Area Fillet Uranium-238 pCi/g 54 4 7.41 0.00292 0.0445 B14J73 343.78 7/9/2002 -0.033 0.055 NA 0 0 NA Yes 

300 Area Fillet Radionuclide Sum of Fractions ≥ 1.0? NA   

Lake Wallula Fillet Aldrin mg/kg 31 1 3.23 0.0192 0.0192 J195P2 314.27 9/10/2009 0.00492 0.021 NA 0 0 NA No 

Lake Wallula Fillet Chromium mg/kg 31 26 83.87 0.141 2.01 J190L7 336.68 8/25/2009 0.143 0.185 NA 0 0 NA Yes 

Lake Wallula Fillet Dieldrin mg/kg 31 5 16.13 0.0165 0.0386 J18K81 338.48 4/15/2009 0.00581 0.021 NA 0 0 NA No 

Lake Wallula Fillet Hexavalent chromium mg/kg 6 1 16.67 0.154 0.154 J194B7 314.27 9/8/2009 0.127 0.127 NA 0 0 NA Yes 

Lake Wallula Fillet Lead mg/kg 31 3 9.68 0.453 0.635 J196K6 335.23 10/21/2009 0.321 1.02 NA 0 0 NA Yes 

Lake Wallula Fillet Mercury mg/kg 32 32 100 0.035 0.401 J18XJ6 312.71 7/1/2010 -- -- 10.2 0 0 0.04 Yes 

Lake Wallula Fillet Methyl mercury mg/kg 1 1 100 0.0721 0.0721 J195V5 314.27 9/8/2009 -- -- NA 0 0 NA No 

Lake Wallula Fillet Selenium mg/kg 31 31 100 0.549 2.92 J195R4 314.27 9/14/2009 -- -- NA 0 0 NA No 
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Table 9-4.  Fish Fillet Data Summary and Maximum Lowest Observed Effect Concentration Hazard Quotients.  (2 Pages) 

Sub-Area Tissue COPEC 
Units 

(wet wt.) 

Number 
of 

Samples 

Number 
of 

Detections 
FOD 

Minimum 
Detect 

(wet wt.) 

Maximum 
Detect 

(wet wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Date of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
LOEC 

Number of 
Exceedances 
(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
LOEC 

HQ 

Inclusion 
List 

Lake Wallula Fillet Tritium pCi/g 31 1 3.23 6.25 6.25 J190L9 338.17 8/24/2009 -5.04 4.04 NA 0 0 NA Yes 

Lake Wallula Fillet Radionuclide Sum of Fractions ≥ 1.0? NA   

-- = not applicable; no reporting limits; COPEC detected in all samples 
BHC = benzene hexachloride 
COPEC = contaminant of potential ecological concern 
FOD = frequency of detection 

HQ = hazard quotient 
LOEC = lowest observed effect concentration 
NA = not available 
RM = river mile 
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Table 9-5.  Fish Liver Data Summary and Maximum Lowest Observed Effect Concentration Hazard Quotients.  (2 Pages) 

Sub-Area Tissue COPEC 
Units 

(wet wt.) 

Number 
of 

Samples 

Number 
of 

Detections 
FOD 

Minimum 
Detect 

(wet wt.) 

Maximum 
Detect 

(wet wt.) 

Sample 
Number 

of 
Maximum 

Location 
of 

Maximum 
(RM) 

Date of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
LOEC 

Number of 
Exceedances 
(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
LOEC 

HQ 

Inclusion 
List 

100 Area Liver alpha-Chlordane mg/kg 7 3 42.86 0.0194 0.0708 J192F6 381.45 8/4/2009 0.00724 0.0097 NA 0 0 NA No 

100 Area Liver Aluminum mg/kg 48 32 66.67 0.643 61.2 B1J1C4 378.02 7/13/2006 1 4.81 NA 0 0 NA No 

100 Area Liver Antimony mg/kg 48 14 29.17 0.0101 0.211 B1J1C4 378.02 7/13/2006 0.01 0.577 NA 0 0 NA No 

100 Area Liver Arsenic mg/kg 48 40 83.33 0.157 2.94 B19L95 379.09 7/1/2004 0.641 0.962 47 0 0 0.06 No 

100 Area Liver Beryllium mg/kg 48 4 8.33 0.038 0.0538 B169H9 378.34 1/13/2003 0.008 0.192 NA 0 0 NA No 

100 Area Liver beta-1,2,3,4,5,6-Hexachlorocyclohexane mg/kg 6 1 16.67 0.0141 0.0141 J19308 372.97 8/5/2009 0.00546 0.0097 NA 0 0 NA No 

100 Area Liver Cadmium mg/kg 48 48 100 0.455 209 B19L96 377.82 7/1/2004 -- -- 5.8 16 -- 36 No 

100 Area Liver Chromium mg/kg 48 36 75 0.107 11.9 B19L96 377.82 7/1/2004 0.1 0.192 NA 0 0 NA Yes 

100 Area Liver Copper mg/kg 48 48 100 2.07 324 B19L96 377.82 7/1/2004 -- -- 96 9 -- 3 No 

100 Area Liver Dichlorodiphenyldichloroethylene mg/kg 8 8 100 0.00885 0.0971 J19285 379.46 7/30/2009 -- -- 3.59 0 -- 0.03 No 

100 Area Liver Dieldrin mg/kg 5 0 -- -- -- -- -- -- 0.00546 0.0097 NA -- 0 NA No 

100 Area Liver Endosulfan I mg/kg 6 2 33.33 0.00704 0.0149 J19274 379.46 7/29/2009 0.00546 0.0097 3.1 0 0 0.005 No 

100 Area Liver Endrin mg/kg 6 1 16.67 0.0283 0.0283 J192Y8 376.51 8/5/2009 0.00546 0.0097 1 0 0 0.03 No 

100 Area Liver Endrin aldehyde mg/kg 5 1 20 0.068 0.068 J19285 379.46 7/30/2009 0.00546 0.00942 1 0 0 0.07 No 

100 Area Liver Endrin ketone mg/kg 5 1 20 0.00546 0.00546 J192B5 381.45 8/3/2009 0.00724 0.0097 1 0 0 0.005 No 

100 Area Liver gamma-BHC (lindane) mg/kg 6 2 33.33 0.0268 0.0388 J19285 379.46 7/30/2009 0.00546 0.00942 NA 0 0 NA No 

100 Area Liver gamma-Chlordane mg/kg 5 1 20 0.0388 0.0388 J19285 379.46 7/30/2009 0.00546 0.00942 NA 0 0 NA No 

100 Area Liver Heptachlor mg/kg 6 1 16.67 0.0141 0.0141 J19308 372.97 8/5/2009 0.00546 0.0097 NA 0 0 NA No 

100 Area Liver Iron mg/kg 14 14 100 30.8 1020 J19295 376.51 8/3/2009 -- -- NA 0 -- NA No 

100 Area Liver Lead mg/kg 48 26 54.17 0.0241 0.426 B1J1C4 378.02 7/13/2006 0.02 0.481 26.8 0 0 0.02 Yes 

100 Area Liver Manganese mg/kg 48 48 100 0.582 68.7 B1J1C7 378.16 7/13/2006 -- -- NA 0 -- NA No 

100 Area Liver Mercury mg/kg 24 24 100 0.033 0.752 J192Y8 376.51 8/5/2009 -- -- 24.4 0 -- 0.03 Yes 

100 Area Liver Methoxychlor mg/kg 5 0 0 -- -- -- -- -- 0.00546 0.0097 NA -- 0 NA No 

100 Area Liver Selenium mg/kg 48 48 100 1.45 16.3 B1F712 377.24 11/9/2005 -- -- 8.84 7 -- 2 No 

100 Area Liver Silver mg/kg 48 29 60.42 0.00908 3.6 B19L96 377.82 7/1/2004 0.009 0.192 NA 0 0 NA No 

100 Area Liver Thallium mg/kg 48 34 70.83 0.014 1.7 B169H8 378.34 1/13/2003 0.312 0.481 NA 0 0 NA No 

100 Area Liver Thorium mg/kg 34 2 5.88 0.0636 0.0944 B1J1C4 378.02 7/13/2006 0.01 0.021 NA 0 0 NA No 

100 Area Liver Total PCBs mg/kg 8 8 100 0.0663 1.17 J192B9 381.45 8/3/2009 -- -- NA 0 -- NA No 

100 Area Liver Uranium mg/kg 48 23 47.92 0.00806 2 J192F6 381.45 8/4/2009 0.009 19.2 NA 0 0 NA Yes 

100 Area Liver Zinc mg/kg 48 48 100 30.2 1460 B19L98 377.88 7/1/2004 -- -- 66.3 38 -- 22 No 

100 Area Liver Carbon-14 pCi/g 14 0 0 -- -- -- -- -- -2.88 4.58 NA -- 0 NA Yes 

100 Area Liver Strontium-90 pCi/g 14 0 0 -- -- -- -- -- -0.106 0.185 NA -- 0 NA Yes 

100 Area Liver Radionuclide Sum of Fractions ≥ 1.0? NA   

300 Area Liver alpha-Chlordane mg/kg 6 2 33.33 0.0129 0.124 J193M8 362.67 8/11/2009 0.00561 0.0163 NA 0 0 NA No 

300 Area Liver Aluminum mg/kg 40 27 67.5 0.872 36 B19L87 343.57 7/19/2004 2 4.72 NA 0 0 NA No 

300 Area Liver Antimony mg/kg 40 14 35 0.0105 0.0807 B1J1B3 344.25 7/14/2006 0.009 0.566 NA 0 0 NA No 

300 Area Liver Arsenic mg/kg 40 30 75 0.239 1.62 B1CXC1 362.32 5/5/2005 0.1 0.926 47 0 0 0.03 No 

300 Area Liver Barium mg/kg 20 18 90 0.108 17 J193K6 362.66 8/6/2009 0.385 0.463 NA 0 0 NA No 

300 Area Liver Cadmium mg/kg 40 40 100 0.0685 138 B19L86 344.52 7/19/2004 -- -- 5.8 12 -- 24 No 

300 Area Liver Chromium mg/kg 40 31 77.5 0.0847 4.97 B19L86 344.52 7/19/2004 0.1 0.189 NA 0 0 NA Yes 

300 Area Liver Copper mg/kg 40 40 100 2.75 272 B15BJ0 343.78 7/9/2002 -- -- 96 7 -- 3 No 

300 Area Liver delta-BHC mg/kg 5 0 -- -- -- -- -- -- 0.00561 0.0163 NA -- 0 NA No 

300 Area Liver Dieldrin mg/kg 7 2 28.57 0.0219 0.0467 J19319 362.66 8/6/2009 0.00561 0.0163 NA 0 0 NA No 
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Table 9-5.  Fish Liver Data Summary and Maximum Lowest Observed Effect Concentration Hazard Quotients.  (2 Pages) 

Sub-Area Tissue COPEC 
Units 

(wet wt.) 

Number 
of 

Samples 

Number 
of 

Detections 
FOD 

Minimum 
Detect 

(wet wt.) 

Maximum 
Detect 

(wet wt.) 

Sample 
Number 

of 
Maximum 

Location 
of 

Maximum 
(RM) 

Date of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
LOEC 

Number of 
Exceedances 
(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
LOEC 

HQ 

Inclusion 
List 

300 Area Liver Endosulfan I mg/kg 8 4 50 0.0146 0.147 J193K6 362.66 8/6/2009 0.00561 0.0163 3.1 0 0 0.05 No 

300 Area Liver Endosulfan II mg/kg 5 0 -- -- -- -- -- -- 0.00561 0.0163 3.1 -- 0 NA No 

300 Area Liver Endrin mg/kg 5 2 40 0.00727 0.0563 J19440 363.06 8/17/2009 0.00561 0.0163 1 0 0 0.06 No 

300 Area Liver Endrin ketone mg/kg 5 0 -- -- -- -- -- -- 0.00561 0.0163 1 -- 0 NA No 

300 Area Liver gamma-Chlordane mg/kg 5 0 -- -- -- -- -- -- 0.00561 0.0163 NA -- 0 NA No 

300 Area Liver Heptachlor epoxide mg/kg 7 2 28.57 0.0146 0.0211 J19440 363.06 8/17/2009 0.00561 0.0171 NA 0 0 NA No 

300 Area Liver Lead mg/kg 40 17 42.5 0.048 0.316 B19L84 343.27 7/19/2004 0.02 0.472 26.8 0 0 0.01 Yes 

300 Area Liver Manganese mg/kg 40 40 100 0.594 73.4 B1J1B4 344.21 7/14/2006 -- -- NA 0 -- NA No 

300 Area Liver Mercury mg/kg 32 32 100 0.0305 0.873 J193K6 362.66 8/6/2009 -- -- 24.4 0 -- 0.04 Yes 

300 Area Liver Methoxychlor mg/kg 6 3 50 0.00935 0.073 J19450 363.06 8/17/2009 0.00704 0.0163 NA 0 0 NA No 

300 Area Liver Selenium mg/kg 40 40 100 1.28 8.48 B15BH5 343.78 7/9/2002 -- -- 8.84 1 -- 1 No 

300 Area Liver Silver mg/kg 40 24 60 0.00395 2.02 B15BJ0 343.78 7/9/2002 0.003 0.189 NA 0 0 NA No 

300 Area Liver Thorium mg/kg 25 4 16 0.0118 0.0379 B15BH9 343.78 7/9/2002 0.01 0.021 NA 0 0 NA No 

300 Area Liver Total PCBs mg/kg 9 9 100 0.134 1.35 J193L0 362.66 8/6/2009 -- -- NA 0 -- NA No 

300 Area Liver Uranium mg/kg 40 18 45 0.00105 1.45 J19319 362.66 8/6/2009 0.001 18.9 NA 0 0 NA Yes 

300 Area Liver Zinc mg/kg 40 40 100 29.9 1600 B19L87 343.57 7/19/2004 -- -- 66.3 25 -- 24 No 

300 Area Liver Cesium-137 pCi/g 15 0 -- -- -- -- -- -- 0.023 0.072 NA -- 0 NA Yes 

300 Area Liver Technetium-99 pCi/g 15 0 -- -- -- -- -- -- -0.113 0.15 NA -- 0 NA Yes 

300 Area Liver Tritium pCi/g 15 0 -- -- -- -- -- -- -6.7 3.83 NA -- 0 NA Yes 

300 Area Liver Radionuclide Sum of Fractions ≥ 1.0? NA   

Lake Wallula Liver Arsenic mg/kg 11 5 45.45 0.482 1.21 J194Y7 314.27 9/10/2009 0.649 0.893 47 0 0 0.03 No 

Lake Wallula Liver Chromium mg/kg 11 2 18.18 0.163 0.25 J195R6 314.27 9/14/2009 0.13 0.189 NA 0 0 NA Yes 

Lake Wallula Liver delta-BHC mg/kg 0 0 -- -- -- -- -- -- -- -- NA -- -- NA No 

Lake Wallula Liver Dieldrin mg/kg 0 0 -- -- -- -- -- -- -- -- NA -- -- NA No 

Lake Wallula Liver Endosulfan I mg/kg 1 1 100 0.0382 0.0382 J194Y7 314.27 9/10/2009 -- -- 3.1 0 -- 0.01 No 

Lake Wallula Liver Endosulfan II mg/kg 0 0 -- -- -- -- -- -- -- -- 3.1 -- -- NA No 

Lake Wallula Liver Endrin mg/kg 0 0 -- -- -- -- -- -- -- -- 1 -- -- NA No 

Lake Wallula Liver Endrin ketone mg/kg 0 0 -- -- -- -- -- -- -- -- 1 -- -- NA No 

Lake Wallula Liver Heptachlor epoxide mg/kg 2 0 -- -- -- -- -- -- 0.0184 0.0195 NA -- 0 NA No 

Lake Wallula Liver Mercury mg/kg 11 11 100 0.04 0.119 J194C2 314.27 9/9/2009 -- -- 24.4 0 -- 0.005 Yes 

Lake Wallula Liver Total PCBs mg/kg 6 6 100 0.0736 0.323 J19501 314.27 9/10/2009 -- -- NA 0 -- NA No 

Lake Wallula Liver Carbon-14 pCi/g 11 0 -- -- -- -- -- -- -1.38 7.52 NA -- 0 NA Yes 

Lake Wallula Liver Radionuclide Sum of Fractions ≥ 1.0? NA   

-- = not applicable; no reporting limits; COPEC detected in all samples 
BHC = benzene hexachloride 
COPEC = contaminant of potential ecological concern 
FOD = frequency of detection 
HQ = hazard quotient 

LOEC = lowest observed effect concentration 
NA = not available 
PCB = polychlorinated biphenyl 
RM = river mile 
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Table 9-6.  100 Area Sub-Area Fish Liver Sample Lowest Observed  
Effect Concentration Hazard Quotients.  (3 Pages) 

Sub-Area COPEC 
Units 

(wet wt.) 
Sample 
Number 

Species Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result LOEC 
LOEC 

HQ 

100 Area Cadmium mg/kg B19L97 Carp HL 1714 7/1/2004 Right 379.50 30.3 5.8 5 

100 Area Cadmium mg/kg B19L95 Carp HL 457 7/1/2004 Right 379.09 50.7 5.8 9 

100 Area Cadmium mg/kg B15BJ6 Carp HL 83 7/10/2002 Right 379.02 38.4 5.8 7 

100 Area Cadmium mg/kg B15BJ7 Carp HL 83 7/10/2002 Right 379.02 89.4 5.8 15 

100 Area Cadmium mg/kg B15BJ8 Carp HL 83 7/10/2002 Right 379.02 29.5 5.8 5 

100 Area Cadmium mg/kg B15BJ9 Carp HL 83 7/10/2002 Right 379.02 54.7 5.8 9 

100 Area Cadmium mg/kg B15BK0 Carp HL 83 7/10/2002 Right 379.02 26 5.8 4 

100 Area Cadmium mg/kg B169H8 Whitefish HL 1283 1/13/2003 Right 378.34 5.54 5.8 1 

100 Area Cadmium mg/kg B19L94 Carp HL 1858 7/1/2004 Right 378.21 35.8 5.8 6 

100 Area Cadmium mg/kg B1J1C7 Sucker HL 1823 7/13/2006 Right 378.16 8.38 5.8 1 

100 Area Cadmium mg/kg B1J1C4 Sucker HL 1917 7/13/2006 Right 378.02 6.15 5.8 1 

100 Area Cadmium mg/kg B1J1C3 Carp HL 1036 7/13/2006 Right 377.92 33.1 5.8 6 

100 Area Cadmium mg/kg B19L96 Carp HL 970 7/1/2004 Right 377.82 209 5.8 36 

100 Area Cadmium mg/kg J196B3 Carp 100SA-CARP 4 12/8/2009 Right 377.69 9.53 5.8 2 

100 Area Cadmium mg/kg J196B1 Carp 100SA-CARP 2 12/8/2009 Slough 369.88 7.05 5.8 1 

100 Area Cadmium mg/kg J196B0 Carp 100SA-CARP 1 12/8/2009 Right 369.66 6.6 5.8 1 

100 Area Copper mg/kg B19L95 Carp HL 457 7/1/2004 Right 379.09 154 96 2 

100 Area Copper mg/kg B15BJ6 Carp HL 83 7/10/2002 Right 379.02 99.1 96 1 

100 Area Copper mg/kg B15BJ7 Carp HL 83 7/10/2002 Right 379.02 248 96 3 

100 Area Copper mg/kg B15BJ8 Carp HL 83 7/10/2002 Right 379.02 113 96 1 

100 Area Copper mg/kg B15BJ9 Carp HL 83 7/10/2002 Right 379.02 162 96 2 

100 Area Copper mg/kg B15BK0 Carp HL 83 7/10/2002 Right 379.02 110 96 1 

100 Area Copper mg/kg B19L94 Carp HL 1858 7/1/2004 Right 378.21 123 96 1 

100 Area Copper mg/kg B1J1C3 Carp HL 1036 7/13/2006 Right 377.92 111 96 1 

100 Area Copper mg/kg B19L96 Carp HL 970 7/1/2004 Right 377.82 324 96 3 

100 Area Selenium mg/kg B169H5 Whitefish HL 1283 1/13/2003 Right 378.34 13.6 8.84 2 

100 Area Selenium mg/kg B169H6 Whitefish HL 1283 1/13/2003 Right 378.34 9.91 8.84 1 

100 Area Selenium mg/kg B169H7 Whitefish HL 1283 1/13/2003 Right 378.34 9.26 8.84 1 

100 Area Selenium mg/kg B169H8 Whitefish HL 1283 1/13/2003 Right 378.34 11.1 8.84 1 

100 Area Selenium mg/kg B169H9 Whitefish HL 1283 1/13/2003 Right 378.34 10.3 8.84 1 

100 Area Selenium mg/kg B1F712 Whitefish HL 971 11/9/2005 Left 377.24 16.3 8.84 2 
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Table 9-6.  100 Area Sub-Area Fish Liver Sample Lowest Observed  
Effect Concentration Hazard Quotients.  (3 Pages) 

Sub-Area COPEC 
Units 

(wet wt.) 
Sample 
Number 

Species Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result LOEC 
LOEC 

HQ 

100 Area Selenium mg/kg B15BK4 Bass HL 103 7/10/2002 Slough 366.83 8.4 8.84 1 

100 Area Zinc mg/kg J196B4 Carp 100SA-CARP 5 12/7/2009 Right 381.13 210 66.3 3 

100 Area Zinc mg/kg B19L97 Carp HL 1714 7/1/2004 Right 379.50 533 66.3 8 

100 Area Zinc mg/kg B19L95 Carp HL 457 7/1/2004 Right 379.09 352 66.3 5 

100 Area Zinc mg/kg B15BJ6 Carp HL 83 7/10/2002 Right 379.02 406 66.3 6 

100 Area Zinc mg/kg B15BJ7 Carp HL 83 7/10/2002 Right 379.02 1,220 66.3 18 

100 Area Zinc mg/kg B15BJ8 Carp HL 83 7/10/2002 Right 379.02 1,030 66.3 16 

100 Area Zinc mg/kg B15BJ9 Carp HL 83 7/10/2002 Right 379.02 376 66.3 6 

100 Area Zinc mg/kg B15BK0 Carp HL 83 7/10/2002 Right 379.02 498 66.3 8 

100 Area Zinc mg/kg B169H5 Whitefish HL 1283 1/13/2003 Right 378.34 94.9 66.3 1 

100 Area Zinc mg/kg B169H6 Whitefish HL 1283 1/13/2003 Right 378.34 89.3 66.3 1 

100 Area Zinc mg/kg B169H7 Whitefish HL 1283 1/13/2003 Right 378.34 95.7 66.3 1 

100 Area Zinc mg/kg B169H8 Whitefish HL 1283 1/13/2003 Right 378.34 110 66.3 2 

100 Area Zinc mg/kg B169H9 Whitefish HL 1283 1/13/2003 Right 378.34 86.2 66.3 1 

100 Area Zinc mg/kg B19L94 Carp HL 1858 7/1/2004 Right 378.21 965 66.3 15 

100 Area Zinc mg/kg B1J1C6 Sucker HL 1823 7/13/2006 Right 378.16 80.1 66.3 1 

100 Area Zinc mg/kg B1J1C7 Sucker HL 1823 7/13/2006 Right 378.16 73.7 66.3 1 

100 Area Zinc mg/kg B1J1C4 Sucker HL 1917 7/13/2006 Right 378.02 133 66.3 2 

100 Area Zinc mg/kg B1J1C5 Sucker HL 1917 7/13/2006 Right 378.02 150 66.3 2 

100 Area Zinc mg/kg B1J1C3 Carp HL 1036 7/13/2006 Right 377.92 653 66.3 10 

100 Area Zinc mg/kg B19L98 Carp HL 351 7/1/2004 Right 377.88 1,460 66.3 22 

100 Area Zinc mg/kg B19L96 Carp HL 970 7/1/2004 Right 377.82 1,360 66.3 21 

100 Area Zinc mg/kg J196B3 Carp 100SA-CARP 4 12/8/2009 Right 377.69 359 66.3 5 

100 Area Zinc mg/kg B1F711 Whitefish HL 971 11/9/2005 Left 377.24 71.5 66.3 1 

100 Area Zinc mg/kg B1F712 Whitefish HL 971 11/9/2005 Left 377.24 69.7 66.3 1 

100 Area Zinc mg/kg B1F713 Whitefish HL 971 11/9/2005 Left 377.24 70.2 66.3 1 

100 Area Zinc mg/kg B1F714 Whitefish HL 971 11/9/2005 Left 377.24 76.3 66.3 1 

100 Area Zinc mg/kg B1F715 Whitefish HL 971 11/9/2005 Left 377.24 69.5 66.3 1 

100 Area Zinc mg/kg J196B2 Carp 100SA-CARP 3 12/8/2009 Left 374.52 267 66.3 4 

100 Area Zinc mg/kg J196B1 Carp 100SA-CARP 2 12/8/2009 Slough 369.88 244 66.3 4 

100 Area Zinc mg/kg J196B0 Carp 100SA-CARP 1 12/8/2009 Right 369.66 189 66.3 3 

100 Area Zinc mg/kg B15BK1 Bass HL 103 7/10/2002 Slough 366.83 66.7 66.3 1 
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Table 9-6.  100 Area Sub-Area Fish Liver Sample Lowest Observed  
Effect Concentration Hazard Quotients.  (3 Pages) 

Sub-Area COPEC 
Units 

(wet wt.) 
Sample 
Number 

Species Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result LOEC 
LOEC 

HQ 

100 Area Zinc mg/kg B15BK2 Bass HL 103 7/10/2002 Slough 366.83 89.8 66.3 1 

100 Area Zinc mg/kg B15BK4 Bass HL 103 7/10/2002 Slough 366.83 110 66.3 2 

100 Area Zinc mg/kg B1CXD6 Bass HL 946 5/5/2005 Slough 366.47 68.4 66.3 1 

100 Area Zinc mg/kg B1CXD7 Bass HL 946 5/5/2005 Slough 366.47 79.2 66.3 1 

100 Area Zinc mg/kg B1CXD8 Bass HL 946 5/5/2005 Slough 366.47 65.9 66.3 1 

100 Area Zinc mg/kg B1CXD9 Bass HL 2035 5/5/2005 Slough 366.47 88.9 66.3 1 

100 Area Zinc mg/kg B1CXF0 Bass HL 390 5/5/2005 Slough 366.47 76 66.3 1 
COPEC = contaminant of potential ecological concern 
HQ = hazard quotient 
LOEC = lowest observed effect concentration 
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Table 9-7.  300 Area Sub-Area Fish Liver Sample Lowest Observed  
Effect Concentration Hazard Quotients.  (2 Pages) 

Sub-Area COPEC 
Units 

(wet wt.) 
Sample 
Number 

Species Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result LOEC 
LOEC 

HQ 

300 Area Cadmium mg/kg J196H0 Carp 300SA-CARP 1 12/8/2009 Slough 362.78 6.19 5.8 1 

300 Area Cadmium mg/kg B19L85 Carp HL 40 7/19/2004 Right 344.88 52.6 5.8 9 

300 Area Cadmium mg/kg B19L86 Carp HL 1398 7/19/2004 Right 344.52 138 5.8 24 

300 Area Cadmium mg/kg B15BH6 Carp HL 776 7/9/2002 Right 343.78 30.9 5.8 5 

300 Area Cadmium mg/kg B15BH7 Carp HL 776 7/9/2002 Right 343.78 73 5.8 13 

300 Area Cadmium mg/kg B15BH8 Carp HL 776 7/9/2002 Right 343.78 70 5.8 12 

300 Area Cadmium mg/kg B15BH9 Carp HL 776 7/9/2002 Right 343.78 25.1 5.8 4 

300 Area Cadmium mg/kg B15BJ0 Carp HL 776 7/9/2002 Right 343.78 113 5.8 19 

300 Area Cadmium mg/kg B19L87 Carp HL 352 7/19/2004 Right 343.57 47.8 5.8 8 

300 Area Cadmium mg/kg J196H3 Carp 300SA-CARP 4 11/18/2009 Right 343.53 5.58 5.8 1 

300 Area Cadmium mg/kg B19L84 Carp HL 1807 7/19/2004 Right 343.27 57.3 5.8 10 

300 Area Cadmium mg/kg J196H4 Carp 300SA-CARP 5 12/7/2009 Island 340.42 7.85 5.8 1 

300 Area Copper mg/kg B19L85 Carp HL 40 7/19/2004 Right 344.88 138 96 1 

300 Area Copper mg/kg B19L86 Carp HL 1398 7/19/2004 Right 344.52 116 96 1 

300 Area Copper mg/kg B15BH8 Carp HL 776 7/9/2002 Right 343.78 122 96 1 

300 Area Copper mg/kg B15BH9 Carp HL 776 7/9/2002 Right 343.78 111 96 1 

300 Area Copper mg/kg B15BJ0 Carp HL 776 7/9/2002 Right 343.78 272 96 3 

300 Area Copper mg/kg B19L87 Carp HL 352 7/19/2004 Right 343.57 126 96 1 

300 Area Copper mg/kg B19L84 Carp HL 1807 7/19/2004 Right 343.27 233 96 2 

300 Area Selenium mg/kg B15BH5 Bass HL 776 7/9/2002 Right 343.78 8.48 8.84 1 

300 Area Zinc mg/kg B15BH1 Bass HL 989 7/10/2002 Slough 362.91 84.3 66.3 1 

300 Area Zinc mg/kg J196H0 Carp 300SA-CARP 1 12/8/2009 Slough 362.78 362 66.3 5 

300 Area Zinc mg/kg B1CXC1 Bass HL 1563 5/5/2005 Island 362.32 90.8 66.3 1 

300 Area Zinc mg/kg B1CXC2 Bass HL 1563 5/5/2005 Island 362.32 65.2 66.3 1 

300 Area Zinc mg/kg B1CXC5 Bass HL 383 9/28/2005 Slough 362.29 66 66.3 1 

300 Area Zinc mg/kg B1CXC3 Bass HL 716 9/28/2005 Slough 362.27 69.4 66.3 1 

300 Area Zinc mg/kg B1CXC4 Bass HL 487 9/28/2005 Slough 362.23 68.1 66.3 1 

300 Area Zinc mg/kg J196H1 Carp 300SA-CARP 2 12/15/2009 Left 346.56 124 66.3 2 

300 Area Zinc mg/kg J196H2 Carp 300SA-CARP 3 11/18/2009 Left 345.96 208 66.3 3 

300 Area Zinc mg/kg B19L85 Carp HL 40 7/19/2004 Right 344.88 631 66.3 10 

300 Area Zinc mg/kg B1J1B7 Sucker HL 930 7/14/2006 Right 344.64 141 66.3 2 
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Table 9-7.  300 Area Sub-Area Fish Liver Sample Lowest Observed  
Effect Concentration Hazard Quotients.  (2 Pages) 

Sub-Area COPEC 
Units 

(wet wt.) 
Sample 
Number 

Species Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result LOEC 
LOEC 

HQ 

300 Area Zinc mg/kg B19L86 Carp HL 1398 7/19/2004 Right 344.52 602 66.3 9 

300 Area Zinc mg/kg B1J1B3 Sucker HL 1368 7/14/2006 Right 344.25 269 66.3 4 

300 Area Zinc mg/kg B1J1B4 Sucker HL 1818 7/14/2006 Right 344.21 200 66.3 3 

300 Area Zinc mg/kg B15BH5 Bass HL 776 7/9/2002 Right 343.78 88.5 66.3 1 

300 Area Zinc mg/kg B15BH6 Carp HL 776 7/9/2002 Right 343.78 464 66.3 7 

300 Area Zinc mg/kg B15BH7 Carp HL 776 7/9/2002 Right 343.78 244 66.3 4 

300 Area Zinc mg/kg B15BH8 Carp HL 776 7/9/2002 Right 343.78 547 66.3 8 

300 Area Zinc mg/kg B15BH9 Carp HL 776 7/9/2002 Right 343.78 553 66.3 8 

300 Area Zinc mg/kg B15BJ0 Carp HL 776 7/9/2002 Right 343.78 504 66.3 8 

300 Area Zinc mg/kg B19L87 Carp HL 352 7/19/2004 Right 343.57 1,600 66.3 24 

300 Area Zinc mg/kg B19L88 Carp HL 352 7/19/2004 Right 343.57 1,160 66.3 17 

300 Area Zinc mg/kg J196H3 Carp 300SA-CARP 4 11/18/2009 Right 343.53 216 66.3 3 

300 Area Zinc mg/kg B19L84 Carp HL 1807 7/19/2004 Right 343.27 735 66.3 11 

300 Area Zinc mg/kg J196H4 Carp 300SA-CARP 5 12/7/2009 Island 340.42 265 66.3 4 

COPEC = contaminant of potential ecological concern 
HQ = hazard quotient 
LOEC = lowest observed effect concentration
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Table 9-8.  Average Fish Liver Cadmium Values Across Sub-Areas. 

Statistic 
Upriver 

Sub-Area 
100 Area 
Sub-Area 

300 Area 
Sub-Area 

Lake Wallula 
Sub-Area 

Bass 
FOD -- 9/9 10/10 -- 

Average result (mg/kg) a -- 1.88 1.69 -- 

Standard deviation -- 1.42 1.48 -- 

Average LOEC HQ -- 0.3 0.3 -- 

Carp 
FOD 4/4 16/16 15/15 5/5 

Average result (mg/kg) a 4.27 39.3 42.6 2.16 

Standard deviation 2.98 51.02 42.16 1.45 

Average LOEC HQ 0.7 6.8 7.4 0.4 

Sturgeon 
FOD 5/5 9/9 10/10 6/6 

Average result (mg/kg) a 0.7 1.33 0.971 0.373 

Standard deviation 1.11 0.73 0.91 0.11 

Average LOEC HQ 0.1 0.2 0.2 0.1 

Sucker 
FOD -- 4/4 5/5 -- 

Average result (mg/kg) a -- 5.45 1.16 -- 

Standard deviation -- 2.67 1.02 -- 

Average LOEC HQ -- 0.9 0.2 -- 

Whitefish 
FOD -- 10/10 -- -- 

Average result (mg/kg) a -- 2.07 -- -- 

Standard deviation -- 1.49 -- -- 

Average LOEC HQ -- 0.4 -- -- 
a Averages of all detected values. 

-- = not applicable; liver tissue samples were collected but not analyzed because liver tissues were 
 combined with kidney tissues for evaluation for this constituent. 
FOD = frequency of detection (number detections/number analyses) 
HQ = hazard quotient 
LOEC = lowest observed effect concentration 
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Table 9-9.  Average Fish Liver Copper Values Across Sub-Areas.   

Statistic 
Upriver 

Sub-Area 
100 Area 
Sub-Area 

300 Area 
Sub-Area 

Lake Wallula 
Sub-Area 

Bass 
FOD -- 9/9 10/10 -- 

Average result (mg/kg) a -- 8.27 6.85 -- 

Standard deviation -- 4.34 3.34 -- 

Average LOEC HQ -- 0.1 0.1 -- 

Carp 
FOD 4/4 16/16 15/15 5/5 

Average result (mg/kg) a 31.5 106 99.1 22.3 

Standard deviation 0.92 85.98 74.4 1.82 

Average LOEC HQ 0.3 1.1 1.0 0.2 

Sturgeon 
FOD 5/5 9/9 10/10 6/6 

Average result (mg/kg) a 36.5 25.9 32.7 33.8 

Standard deviation 19.21 6.88 8.66 14.1 

Average LOEC HQ 0.4 0.3 0.3 0.4 

Sucker 
FOD -- 4/4 5/5 -- 

Average result (mg/kg) a -- 40.6 19.9 -- 

Standard deviation -- 23.12 19.31 -- 

Average LOEC HQ -- 0.4 0.2 -- 

Whitefish 
FOD -- 10/10 -- -- 

Average result (mg/kg) a -- 12.9 -- -- 

Standard deviation -- 4.51 -- -- 

Average LOEC HQ -- 0.1 -- -- 
a Averages of all detected values. 

-- = not applicable; liver tissue samples were collected but not analyzed because liver tissues were 
  combined with kidney tissues for evaluation for this constituent. 
FOD = frequency of detection (number detections/number analyses) 
HQ = hazard quotient 
LOEC = lowest observed effect concentration
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Table 9-10.  Average Fish Liver Selenium Values Across Sub-Areas. 

Statistic 
Upriver 

Sub-Area 
100 Area 
Sub-Area 

300 Area 
Sub-Area 

Lake Wallula 
Sub-Area 

Bass 
FOD -- 9/9 10/10 -- 

Average result (mg/kg) a -- 6.37 6.12 -- 

Standard deviation -- 1.53 1.39 -- 

Average LOEC HQ -- 0.7 0.7 -- 

Carp 
FOD 4/4 16/16 15/15 5/5 

Average result (mg/kg) a 1.56 4.32 3.87 1.41 

Standard deviation 0.21 2.19 2.19 0.16 

Average LOEC HQ 0.2 0.5 0.4 0.2 

Sturgeon 
FOD 5/5 9/9 10/10 6/6 

Average result (mg/kg) a 2.3 2.61 2.23 3.3 

Standard deviation 0.504 0.61 0.73 1.92 

Average LOEC HQ 0.3 0.3 0.3 0.4 

Sucker 
FOD -- 4/4 5/5 -- 

Average result (mg/kg) a -- 4.86 3.62 -- 

Standard deviation -- 1.31 0.58 -- 

Average LOEC HQ -- 0.6 0.4 -- 

Whitefish 
FOD -- 10/10 -- -- 

Average result (mg/kg) a -- 9.39 -- -- 

Standard deviation -- 3.66 -- -- 

Average LOEC HQ -- 1.1 -- -- 
a Averages of all detected values. 

-- = not applicable; liver tissue samples were collected but not analyzed because liver tissues were 
  combined with kidney tissues for evaluation for this constituent. 
FOD = frequency of detection (number detections/number analyses) 
HQ = hazard quotient 
LOEC = lowest observed effect concentration
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Table 9-11.  Average Fish Liver Zinc Values Across Sub-Areas. 

Statistic 
Upriver 

Sub-Area 
100 Area 
Sub-Area 

300 Area 
Sub-Area 

Lake Wallula 
Sub-Area 

Bass 
FOD -- 9/9 10/10 -- 

Average result (mg/kg) a -- 76.3 69 -- 

Standard deviation -- 19.21 14.98 -- 

Average LOEC HQ -- 1.2 1.0 -- 

Carp 
FOD 4/4 16/16 15/15 5/5 

Average result (mg/kg) a 211 633 548 289 

Standard deviation 58 431 392 108 

Average LOEC HQ 3.2 9.5 8.3 4.4 

Sturgeon 
FOD 5/5 9/9 10/10 6/6 

Average result (mg/kg) a 47 37.6 41.6 44.8 

Standard deviation 13.72 5.41 6.07 11.68 

Average LOEC HQ 0.7 0.6 0.6 0.7 

Sucker 
FOD -- 4/4 5/5 -- 

Average result (mg/kg) a -- 109 146 -- 

Standard deviation -- 38 91 -- 

Average LOEC HQ -- 1.6 2.2 -- 

Whitefish 
FOD -- 10/10 -- -- 

Average result (mg/kg) a -- 83.3 -- -- 

Standard deviation -- 14.1 -- -- 

Average LOEC HQ -- 1.3 -- -- 
a Averages of all detected values. 

-- = not applicable; liver tissue samples were collected but not analyzed because liver tissues were 
  combined with kidney tissues for evaluation for this constituent. 
FOD = frequency of detection (number detections/number analyses) 
HQ = hazard quotient 
LOEC = lowest observed effect concentration
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Table 9-12.  Fish Kidney Data Summary and Maximum Lowest Observed Effect Concentration Hazard Quotients.  (2 Pages) 

Sub-Area Tissue COPEC 
Units 

(wet wt.) 

Number 
of 

Samples 

Number 
of 

Detections 
FOD 

Minimum 
Detect 

(wet wt.) 

Maximum 
Detect 

(wet wt.) 

Sample 
Number 

of 
Maximum 

Location of 
Maximum 

(RM) 

Date of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
LOEC 

Number of 
Exceedances 
(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
LOEC 

HQ 

Inclusion 
List 

100 Area Kidney alpha-Chlordane mg/kg 5 0 0 -- -- -- -- -- 0.0064 0.0106 NA -- 0 NA No 

100 Area Kidney Aluminum mg/kg 14 3 21.43 2.95 5.45 J19028 381.80 7/28/2009 3.16 4.9 NA 0 0 NA No 

100 Area Kidney Antimony mg/kg 14 0 0 -- -- -- -- -- 0.38 0.588 NA -- 0 NA No 

100 Area Kidney Arsenic mg/kg 14 8 57.14 0.201 1.56 J19286 379.46 7/30/2009 0.633 0.98 NA 0 0 NA No 

100 Area Kidney Beryllium mg/kg 14 0 0 -- -- -- -- -- 0.127 0.196 NA -- 0 NA No 

100 Area Kidney beta-1,2,3,4,5,6-Hexachlorocyclohexane mg/kg 12 11 91.67 0.0287 0.222 J192D6 376.51 8/4/2009 0.00791 0.00791 NA 0 0 NA No 

100 Area Kidney Cadmium mg/kg 14 14 100 0.454 13.4 J196B8 377.69 12/8/2009 -- -- 10 1 -- 1 No 

100 Area Kidney Chromium mg/kg 14 5 35.71 0.134 0.283 J19296 376.51 8/3/2009 0.127 0.196 NA 0 0 NA Yes 

100 Area Kidney Copper mg/kg 14 14 100 0.875 9.28 J196B6 369.88 12/8/2009 -- -- 8.8 1 -- 1 No 

100 Area Kidney Dichlorodiphenyldichloroethylene mg/kg 14 14 100 0.0234 1.4 J196B8 377.69 12/8/2009 -- -- NA 0 -- NA No 

100 Area Kidney Dieldrin mg/kg 5 0 0 -- -- -- -- -- 0.0064 0.0106 NA -- 0 NA No 

100 Area Kidney Endosulfan I mg/kg 6 1 16.67 0.0326 0.0326 J196B9 381.13 12/7/2009 0.0064 0.0106 NA 0 0 NA No 

100 Area Kidney Endrin mg/kg 5 0 0 -- -- -- -- -- 0.0064 0.0106 NA -- 0 NA No 

100 Area Kidney Endrin aldehyde mg/kg 5 0 0 -- -- -- -- -- 0.0064 0.0106 NA -- 0 NA No 

100 Area Kidney Endrin ketone mg/kg 5 0 0 -- -- -- -- -- 0.0064 0.0106 NA -- 0 NA No 

100 Area Kidney gamma-BHC (lindane) mg/kg 6 1 16.67 0.0104 0.0104 J192F7 381.45 8/4/2009 0.0064 0.0106 NA 0 0 NA No 

100 Area Kidney gamma-Chlordane mg/kg 6 1 16.67 0.00518 0.00518 J192F7 381.45 8/4/2009 0.0064 0.0106 NA 0 0 NA No 

100 Area Kidney Heptachlor mg/kg 5 0 0 -- -- -- -- -- 0.0064 0.0106 NA -- 0 NA No 

100 Area Kidney Iron mg/kg 14 14 100 36 178 J196B6 369.88 12/8/2009 -- -- NA 0 -- NA No 

100 Area Kidney Lead mg/kg 14 0 0 -- -- -- -- -- 0.316 0.49 65.2 -- 0 NA Yes 

100 Area Kidney Manganese mg/kg 14 14 100 0.697 1.35 J19028 381.80 7/28/2009 -- -- NA 0 -- NA No 

100 Area Kidney Manganese mg/kg 14 14 100 0.697 1.35 J19275 379.46 7/29/2009 -- -- NA 0 -- NA No 

100 Area Kidney Mercury mg/kg 14 14 100 0.022 0.375 J192Y9 376.51 8/5/2009 -- -- 26.9 0 -- 0.01 Yes 

100 Area Kidney Methoxychlor mg/kg 5 1 20 0.00792 0.00792 J192B6 381.45 8/3/2009 0.0064 0.0106 NA 0 0 NA No 

100 Area Kidney Selenium mg/kg 14 14 100 1.4 2.1 J192Y9 376.51 8/5/2009 -- -- 1.54 12 -- 1 No 

100 Area Kidney Silver mg/kg 14 0 0 -- -- -- -- -- 0.127 0.196 NA -- 0 NA No 

100 Area Kidney Thallium mg/kg 14 0 0 -- -- -- -- -- 0.316 0.49 NA -- 0 NA No 

100 Area Kidney Thorium mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No 

100 Area Kidney Total PCBs mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No 

100 Area Kidney Uranium mg/kg 14 0 0 -- -- -- -- -- 12.7 19.6 NA -- 0 NA Yes 

100 Area Kidney Zinc mg/kg 14 14 100 14.6 534 J196B7 374.52 12/8/2009 -- -- 36.9 5 -- 14 No 

100 Area Kidney Carbon-14 pCi/g 14 1 7.14 5.96 5.96 J19286 379.46 7/30/2009 -1.2 9.74 NA 0 0 NA Yes 

100 Area Kidney Strontium-90 pCi/g 14 0 0 -- -- -- -- -- -0.094 0.035 NA -- 0 NA Yes 

100 Area Kidney Radionuclide Sum of Fractions ≥ 1.0? NA   

300 Area Kidney alpha-Chlordane mg/kg 4 0 0 -- -- -- -- -- 0.00613 0.0192 NA -- 0 NA No 

300 Area Kidney Aluminum mg/kg 15 0 0 -- -- -- -- -- 3.16 5 NA -- 0 NA No 

300 Area Kidney Antimony mg/kg 15 0 0 -- -- -- -- -- 0.38 0.6 NA -- 0 NA No 

300 Area Kidney Arsenic mg/kg 15 5 33.33 0.241 0.817 J19481 347.39 9/3/2009 0.694 1 NA 0 0 NA No 

300 Area Kidney Barium mg/kg 15 11 73.33 0.117 10.9 J19451 363.06 8/17/2009 0.352 0.5 NA 0 0 NA No 

300 Area Kidney Cadmium mg/kg 15 15 100 0.103 15.4 J196H5 362.78 12/8/2009 -- -- 10 3 -- 2 No 

300 Area Kidney Chromium mg/kg 15 5 33.33 0.176 0.881 J19441 363.06 8/12/2009 0.127 0.2 NA 0 0 NA Yes 

300 Area Kidney Copper mg/kg 15 15 100 0.882 5.76 J196H5 362.78 12/8/2009 -- -- 8.8 0 -- 0.7 No 

300 Area Kidney delta-BHC mg/kg 5 1 20 0.0174 0.0174 J193M9 362.67 8/11/2009 0.00613 0.0192 NA 0 0 NA No 

300 Area Kidney Dieldrin mg/kg 4 0 0 -- -- -- -- -- 0.00613 0.0192 NA -- 0 NA No 
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Table 9-12.  Fish Kidney Data Summary and Maximum Lowest Observed Effect Concentration Hazard Quotients.  (2 Pages) 

Sub-Area Tissue COPEC 
Units 

(wet wt.) 

Number 
of 

Samples 

Number 
of 

Detections 
FOD 

Minimum 
Detect 

(wet wt.) 

Maximum 
Detect 

(wet wt.) 

Sample 
Number 

of 
Maximum 

Location of 
Maximum 

(RM) 

Date of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
LOEC 

Number of 
Exceedances 
(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
LOEC 

HQ 

Inclusion 
List 

300 Area Kidney Endosulfan I mg/kg 7 3 42.86 0.0134 0.0616 J19441 363.06 8/12/2009 0.00613 0.0192 NA 0 0 NA No 

300 Area Kidney Endosulfan II mg/kg 4 0 0 -- -- -- -- -- 0.00613 0.0192 NA -- 0 NA No 

300 Area Kidney Endrin mg/kg 5 1 20 0.0144 0.0144 J193L7 357.55 8/10/2009 0.00613 0.0192 NA 0 0 NA No 

300 Area Kidney Endrin ketone mg/kg 4 0 0 -- -- -- -- -- 0.00613 0.0192 NA -- 0 NA No 

300 Area Kidney gamma-Chlordane mg/kg 4 1 25 0.0184 0.0184 J19451 363.06 8/17/2009 0.00904 0.0192 NA 0 0 NA No 

300 Area Kidney Heptachlor epoxide mg/kg 6 1 16.67 0.0245 0.0245 J19451 363.06 8/17/2009 0.00904 0.0192 NA 0 0 NA No 

300 Area Kidney Lead mg/kg 15 0 0 -- -- -- -- -- 0.316 0.5 65.2 -- 0 NA Yes 

300 Area Kidney Manganese mg/kg 15 15 100 0.395 1.55 J19461 363.06 8/17/2009 -- -- NA 0 -- NA No 

300 Area Kidney Mercury mg/kg 15 15 100 0.019 0.303 J193K7 362.66 8/6/2009 -- -- 26.9 0 -- 0.01 Yes 

300 Area Kidney Methoxychlor mg/kg 4 0 0 -- -- -- -- -- 0.00613 0.0192 NA -- 0 NA No 

300 Area Kidney Selenium mg/kg 15 15 100 1 2.8 J19441 363.06 8/12/2009 -- -- 1.54 10 -- 2 No 

300 Area Kidney Silver mg/kg 15 0 0 -- -- -- -- -- 0.127 0.2 NA -- 0 NA No 

300 Area Kidney Thorium mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No 

300 Area Kidney Total PCBs mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No 

300 Area Kidney Uranium mg/kg 15 0 0 -- -- -- -- -- 12.7 20 NA -- 0 NA Yes 

300 Area Kidney Zinc mg/kg 15 15 100 13.5 587 J196H5 362.78 12/8/2009 -- -- 36.9 6 -- 16 No 

300 Area Kidney Cesium-137 pCi/g 15 0 0 -- -- -- -- -- 0.03 0.147 NA -- 0 NA Yes 

300 Area Kidney Technetium-99 pCi/g 15 0 0 -- -- -- -- -- -0.113 0.22 NA -- 0 NA Yes 

300 Area Kidney Tritium pCi/g 15 2 13.33 9.54 15 J19481 347.39 9/3/2009 -4.98 7.75 NA 0 0 NA Yes 

300 Area Kidney Radionuclide Sum of Fractions ≥ 1.0? NA   

Lake Wallula Kidney Arsenic mg/kg 11 3 27.27 0.261 0.437 J194B2 314.27 9/8/2009 0.625 0.943 NA 0 0 NA No 

Lake Wallula Kidney Chromium mg/kg 11 1 9.09 0.165 0.165 J195P5 314.27 9/10/2009 0.125 0.189 NA 0 0 NA Yes 

Lake Wallula Kidney delta-BHC mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No 

Lake Wallula Kidney Dieldrin mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No 

Lake Wallula Kidney Endosulfan I mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No 

Lake Wallula Kidney Endosulfan II mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No 

Lake Wallula Kidney Endrin mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No 

Lake Wallula Kidney Endrin ketone mg/kg 1 1 100 0.0137 0.0137 J196X3 335.23 12/8/2009 -- -- NA 0 -- NA No 

Lake Wallula Kidney Heptachlor epoxide mg/kg 2 0 0 -- -- -- -- -- 0.0133 0.0193 NA -- 0 NA No 

Lake Wallula Kidney Mercury mg/kg 11 11 100 0.029 0.101 J196X2 335.23 12/8/2009 -- -- 26.9 0 -- 0.004 Yes 

Lake Wallula Kidney Total PCBs mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No 

Lake Wallula Kidney Carbon-14 pCi/g 11 0 0 -- -- -- -- -- -3.27 4.83 NA -- 0 NA Yes 

Lake Wallula Kidney Radionuclide Sum of Fractions ≥ 1.0? NA   

-- = not applicable; no reporting limits; COPEC detected in all samples 
BHC = benzene hexachloride 
COPEC = contaminant of potential ecological concern 
FOD = frequency of detection 
HQ = hazard quotient 

LOEC = lowest observed effect concentration 
NA = not available 
PCB = polychlorinated biphenyl 
RM = river mile 
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Table 9-13.  100 Area Sub-Area Fish Kidney Sample Lowest Observed Effect Concentration Hazard Quotients. 

COPEC 
Units 

(wet wt.) 
Sample 
Number 

Species Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result LOEC 
LOEC 

HQ 

Cadmium mg/kg J196B8 Carp 100SA-CARP 4 12/8/2009 Right 377.69 13.4 10 1 

Copper mg/kg J196B6 Carp 100SA-CARP 2 12/8/2009 Slough 369.88 9.28 8.8 1 

Selenium mg/kg J19028 Sturgeon STURGEON 1 7/28/2009 Right 381.80 1.73 1.54 1 

Selenium mg/kg J192B6 Sturgeon STURGEON 5 8/3/2009 Right 381.45 1.66 1.54 1 

Selenium mg/kg J192F7 Sturgeon STURGEON 7 8/4/2009 Right 381.45 1.72 1.54 1 

Selenium mg/kg J19275 Sturgeon STURGEON 2 7/29/2009 Right 379.46 1.81 1.54 1 

Selenium mg/kg J19286 Sturgeon STURGEON 3 7/30/2009 Right 379.46 2.04 1.54 1 

Selenium mg/kg J196B8 Carp 100SA-CARP 4 12/8/2009 Right 377.69 2.05 1.54 1 

Selenium mg/kg J19296 Sturgeon STURGEON 4 8/3/2009 Left 376.51 1.76 1.54 1 

Selenium mg/kg J192Y9 Sturgeon STURGEON 8 8/5/2009 Left 376.51 2.1 1.54 1 

Selenium mg/kg J192D6 Sturgeon STURGEON 6 8/4/2009 Left 376.51 1.49 1.54 1 

Selenium mg/kg J196B7 Carp 100SA-CARP 3 12/8/2009 Left 374.52 1.86 1.54 1 

Selenium mg/kg J196B6 Carp 100SA-CARP 2 12/8/2009 Slough 369.88 2.08 1.54 1 

Selenium mg/kg J196B5 Carp 100SA-CARP 1 12/8/2009 Right 369.66 1.94 1.54 1 

Zinc mg/kg J196B9 Carp 100SA-CARP 5 12/7/2009 Right 381.13 424 36.9 11 

Zinc mg/kg J196B8 Carp 100SA-CARP 4 12/8/2009 Right 377.69 449 36.9 12 

Zinc mg/kg J196B7 Carp 100SA-CARP 3 12/8/2009 Left 374.52 534 36.9 14 

Zinc mg/kg J196B6 Carp 100SA-CARP 2 12/8/2009 Slough 369.88 209 36.9 6 

Zinc mg/kg J196B5 Carp 100SA-CARP 1 12/8/2009 Right 369.66 284 36.9 8 

COPEC = contaminant of potential ecological concern 
HQ = hazard quotient 
LOEC = lowest observed effect concentration 
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Table 9-14.  300 Area Sub-Area Fish Kidney Sample Lowest Observed Effect Concentration Hazard Quotients. 

COPEC 
Units 

(wet wt.) 
Sample 
Number 

Species Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result LOEC 
LOEC 

HQ 

Cadmium mg/kg J196H5 Carp 300SA-CARP 1 12/8/2009 Slough 362.78 15.4 10 2 

Cadmium mg/kg J196H6 Carp 300SA-CARP 2 12/15/2009 Left 346.56 10.5 10 1 

Cadmium mg/kg J196H9 Carp 300SA-CARP 5 12/7/2009 Island 340.42 9.62 10 1 

Selenium mg/kg J19441 Sturgeon STURGEON 14 8/12/2009 Left 363.06 2.8 1.54 2 

Selenium mg/kg J19451 Sturgeon STURGEON 15 8/17/2009 Left 363.06 1.97 1.54 1 

Selenium mg/kg J19461 Sturgeon STURGEON 16 8/17/2009 Left 363.06 2.51 1.54 2 

Selenium mg/kg J196H5 Carp 300SA-CARP 1 12/8/2009 Slough 362.78 1.82 1.54 1 

Selenium mg/kg J193K7 Sturgeon STURGEON 11 8/6/2009 Island 362.66 1.73 1.54 1 

Selenium mg/kg J193L7 Sturgeon STURGEON 12 8/10/2009 Left 357.55 1.62 1.54 1 

Selenium mg/kg J196H6 Carp 300SA-CARP 2 12/15/2009 Left 346.56 1.75 1.54 1 

Selenium mg/kg J196H7 Carp 300SA-CARP 3 11/18/2009 Left 345.96 1.77 1.54 1 

Selenium mg/kg J196H8 Carp 300SA-CARP 4 11/18/2009 Right 343.53 1.66 1.54 1 

Selenium mg/kg J196H9 Carp 300SA-CARP 5 12/7/2009 Island 340.42 1.54 1.54 1 

Zinc mg/kg J19451 Sturgeon STURGEON 15 8/17/2009 Left 363.06 43.2 36.9 1 

Zinc mg/kg J196H5 Carp 300SA-CARP 1 12/8/2009 Slough 362.78 587 36.9 16 

Zinc mg/kg J196H6 Carp 300SA-CARP 2 12/15/2009 Left 346.56 244 36.9 7 

Zinc mg/kg J196H7 Carp 300SA-CARP 3 11/18/2009 Left 345.96 410 36.9 11 

Zinc mg/kg J196H8 Carp 300SA-CARP 4 11/18/2009 Right 343.53 288 36.9 8 

Zinc mg/kg J196H9 Carp 300SA-CARP 5 12/7/2009 Island 340.42 318 36.9 9 

COPEC = contaminant of potential ecological concern 
HQ = hazard quotient 
LOEC = lowest observed effect concentration
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Table 9-15.  Average Fish Kidney Cadmium Values  
Across Sub-Areas. 

Statistic 
Upriver 

Sub-Area 
100 Area 
Sub-Area 

300 Area 
Sub-Area 

Lake Wallula 
Sub-Area 

Carp 
FOD 4/4 5/5 5/5 5/5 

Average result (mg/kg) a 7.15 8.74 10.2 3.58 

Standard deviation 4.4 2.86 3.3 1.04 

Average LOEC HQ 0.7 0.9 1.0 0.4 

Sturgeon 
FOD 5/5 9/9 10/10 6/6 

Average result (mg/kg) a 0.586 0.917 0.546 0.266 

Standard deviation 0.96 0.47 0.46 0.12 

Average LOEC HQ 0.1 0.1 0.1 0.0 

NOTE:  Values were nondetects in other species. 
a Averages of all detected values. 

FOD = frequency of detection (number detections/number analyses) 
HQ = hazard quotient 
LOEC = lowest observed effect concentration 

 
 

Table 9-16.  Average Fish Kidney Copper Values  
Across Sub-Areas. 

Statistic 
Upriver 

Sub-Area 
100 Area 
Sub-Area 

300 Area 
Sub-Area 

Lake Wallula 
Sub-Area 

Carp 
FOD 4/4 5/5 5/5 5/5 

Average result (mg/kg) a 4.86 6.51 3.09 5.75 

Standard deviation 3.73 2.88 2.0 4.1 

Average LOEC HQ 0.55 0.74 0.36 0.64 

Sturgeon 
FOD 5/5 9/9 10/10 6/6 

Average result (mg/kg) a 1.11 1.32 1.28 1.16 

Standard deviation 0.29 0.43 0.48 0.21 

Average LOEC HQ 0.12 0.14 0.14 0.13 

NOTE:  Values were nondetects in other species. 
a Averages of all detected values. 

FOD = frequency of detection (number detections/number analyses) 
HQ = hazard quotient 
LOEC = lowest observed effect concentration
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Table 9-17.  Average Fish Kidney Selenium Values  

Across Sub-Areas. 

Statistic 
Upriver 

Sub-Area 
100 Area 
Sub-Area 

300 Area 
Sub-Area 

Lake Wallula 
Sub-Area 

Carp 
FOD 4/4 5/5 5/5 5/5 

Average result (mg/kg) a 2.06 1.87 1.71 1.81 

Standard deviation 0.21 0.26 0.11 0.21 

Average LOEC HQ 1.3 1.2 1.1 1.2 

Sturgeon 
FOD 5/5 9/9 10/10 6/6 

Average result (mg/kg) a 1.63 1.75 1.69 2.13 

Standard deviation 0.66 0.23 0.58 0.65 

Average LOEC HQ 1.1 1.1 1.1 1.4 

NOTE:  Values were nondetects in other species. 
a Averages of all detected values. 

FOD = frequency of detection (number detections/number analyses) 
HQ = hazard quotient 
LOEC = lowest observed effect concentration

 
 

Table 9-18.  Average Fish Kidney Zinc Values  
Across Sub-Areas. 

Statistic 
Upriver 

Sub-Area 
100 Area 
Sub-Area 

300 Area 
Sub-Area 

Lake Wallula 
Sub-Area 

Carp 
FOD 4/4 5/5 5/5 5/5 
Average result (mg/kg) a 356 380 369 410 
Standard deviation 133.83 131.22 136.01 114.59 
Average LOEC HQ 9.6 10.3 10.0 11.1 

Sturgeon 
FOD 5/5 9/9 10/10 6/6 
Average result (mg/kg) a 19.9 23.1 22.6 17.8 
Standard deviation 5.18 5.12 8.96 3.38 
Average LOEC HQ 0.5 0.6 0.6 0.5 
NOTE:  Values were nondetects in other species. 
a Averages of all detected values. 

FOD = frequency of detection (number detections/number analyses) 
HQ = hazard quotient 
LOEC = lowest observed effect concentration
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Table 9-19.  Fish Liver/Kidney Data Summary and Maximum Lowest Observed Effect Concentration Hazard Quotients.  (2 Pages) 

Sub-Area Tissue COPEC 
Units 

(wet wt.) 

Number 
of 

Samples 

Number 
of 

Detections 
FOD 

Minimum 
Detect 

(wet wt.) 

Maximum 
Detect 

(wet wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Date of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
LOEC 

Number of 
Exceedances 

(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
LOEC 

HQ 

Inclusion 
List 

100 Area Liver/Kidney alpha-Chlordane mg/kg 9 9 100 0.0108 0.0903 J19747 369.74 9/24/2009 -- -- NA 0 -- NA No 

100 Area Liver/Kidney Aluminum mg/kg 21 6 28.57 3.22 8.6 J191N5 377.56 12/15/2009 3.29 18.2 NA 0 0 NA No 

100 Area Liver/Kidney Antimony mg/kg 21 0 0 -- -- -- -- -- 0.395 0.909 NA -- 0 NA No 

100 Area Liver/Kidney Arsenic mg/kg 21 5 23.81 0.217 0.308 J18K13 369.92 4/1/2009 0.658 0.98 47 0 0 0.007 No 

100 Area Liver/Kidney Beryllium mg/kg 21 0 0 -- -- -- -- -- 0.127 0.196 NA -- 0 NA No 

100 Area Liver/Kidney 
beta-1,2,3,4,5,6-Hexachlorocyclo-
hexane 

mg/kg 7 7 100 0.0308 0.154 J191N6 384.18 12/15/2009 -- -- NA 0 -- NA No 

100 Area Liver/Kidney Cadmium mg/kg 21 21 100 0.118 2.25 J18K13 369.92 4/1/2009 -- -- 5.8 0 -- 0.4 No 

100 Area Liver/Kidney Chromium mg/kg 21 8 38.1 0.137 0.407 J18K11 367.14 4/1/2009 0.135 0.847 NA 0 0 NA Yes 

100 Area Liver/Kidney Copper mg/kg 21 21 100 2.02 5.96 J191N6 384.18 12/15/2009 -- -- 8.8 0 -- 0.7 No 

100 Area Liver/Kidney Dichlorodiphenyldichloroethylene mg/kg 21 21 100 0.0587 1.72 J18XB2 369.74 9/25/2009 -- -- NA 0 -- NA No 

100 Area Liver/Kidney Dieldrin mg/kg 1 1 100 0.0243 0.0243 J18K12 367.62 4/1/2009 -- -- NA 0 -- NA No 

100 Area Liver/Kidney Endosulfan I mg/kg 4 4 100 0.0213 0.109 J18XB4 369.65 9/24/2009 -- -- 3.1 0 -- 0.04 No 

100 Area Liver/Kidney Endrin mg/kg 2 2 100 0.014 0.0335 J191N4 369.81 12/15/2009 -- -- 1 0 -- 0.03 No 

100 Area Liver/Kidney Endrin aldehyde mg/kg 0 0 0 -- -- -- -- -- -- -- 1 -- -- NA No 

100 Area Liver/Kidney Endrin ketone mg/kg 1 1 100 0.0191 0.0191 J191N8 379.77 12/15/2009 -- -- 1 0 -- 0.02 No 

100 Area Liver/Kidney gamma-BHC (lindane) mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No 

100 Area Liver/Kidney gamma-Chlordane mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No 

100 Area Liver/Kidney Heptachlor mg/kg 1 1 100 0.0363 0.0363 J18XB4 369.65 9/24/2009 -- -- NA 0 -- NA No 

100 Area Liver/Kidney Iron mg/kg 21 21 100 52.7 228 J191N5 377.56 12/15/2009 -- -- NA 0 -- NA No 

100 Area Liver/Kidney Lead mg/kg 21 1 4.76 0.515 0.515 J18K11 367.14 4/1/2009 0.329 0.847 26.8 0 0 0.02 Yes 

100 Area Liver/Kidney Manganese mg/kg 21 21 100 0.521 2.6 J191N5 377.56 12/15/2009 -- -- NA 0 -- NA No 

100 Area Liver/Kidney Mercury mg/kg 21 21 100 0.024 0.322 J18XB2 369.74 9/25/2009 -- -- 24.4 0 -- 0.01 Yes 

100 Area Liver/Kidney Methoxychlor mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No 

100 Area Liver/Kidney Selenium mg/kg 21 21 100 0.851 4.12 J18K14 376.89 4/1/2009 -- -- 1.54 11 -- 3 No 

100 Area Liver/Kidney Silver mg/kg 21 0 0 -- -- -- -- -- 0.132 0.909 NA -- 0 NA No 

100 Area Liver/Kidney Thallium mg/kg 21 3 14.29 0.16 0.168 J18K12 367.62 4/1/2009 0.329 0.909 NA 0 0 NA No 

100 Area Liver/Kidney Thorium mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No 

100 Area Liver/Kidney Total PCBs mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No 

100 Area Liver/Kidney Uranium mg/kg 21 0 0 -- -- -- -- -- 6.33 19.6 NA -- 0 NA Yes 

100 Area Liver/Kidney Zinc mg/kg 21 16 76.19 17.3 30.3 J191N8 379.77 12/15/2009 20.6 24.4 36.9 0 0 0.8 No 

100 Area Liver/Kidney Carbon-14 pCi/g 21 1 4.76 7.98 7.98 J191N7 381.58 12/15/2009 -2.16 2.78 NA 0 0 NA Yes 

100 Area Liver/Kidney Strontium-90 pCi/g 21 1 4.76 0.392 0.392 J18K12 367.62 4/1/2009 -0.125 0.058 NA 0 0 NA Yes 

100 Area Liver/Kidney Radionuclide Sum of Fractions ≥ 1.0? NA  

300 Area Liver/Kidney alpha-Chlordane mg/kg 8 8 100 0.0131 0.0516 J191V1 344.55 12/7/2009 -- -- NA 0 -- NA No 

300 Area Liver/Kidney Aluminum mg/kg 20 5 25 2.82 7.65 J190J7 343.56 9/1/2009 3.12 17.2 NA 0 0 NA No 

300 Area Liver/Kidney Antimony mg/kg 20 0 0 -- -- -- -- -- 0.375 0.926 NA -- 0 NA No 

300 Area Liver/Kidney Arsenic mg/kg 20 4 20 0.28 0.388 J18K52 340.88 4/1/2009 0.625 0.98 47 0 0 0.008 No 

300 Area Liver/Kidney Barium mg/kg 20 9 45 0.083 0.308 J190J7 343.56 9/1/2009 0.312 0.481 NA 0 0 NA No 

300 Area Liver/Kidney Cadmium mg/kg 20 20 100 0.081 3.7 J191V1 344.55 12/7/2009 -- -- 5.8 0 -- 0.6 No 

300 Area Liver/Kidney Chromium mg/kg 20 4 20 0.159 0.223 J18K52 340.88 4/1/2009 0.125 0.862 NA 0 0 NA Yes 

300 Area Liver/Kidney Copper mg/kg 20 20 100 1.49 6.83 J191V4 361.56 12/7/2009 -- -- 8.8 0 -- 0.8 No 

300 Area Liver/Kidney delta-BHC mg/kg 2 2 100 0.0153 0.0303 J18K52 340.88 4/1/2009 -- -- NA 0 -- NA No 

300 Area Liver/Kidney Dieldrin mg/kg 1 1 100 0.0069 0.0069 J18K52 340.88 4/1/2009 -- -- NA 0 -- NA No 
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Table 9-19.  Fish Liver/Kidney Data Summary and Maximum Lowest Observed Effect Concentration Hazard Quotients.  (2 Pages) 

Sub-Area Tissue COPEC 
Units 

(wet wt.) 

Number 
of 

Samples 

Number 
of 

Detections 
FOD 

Minimum 
Detect 

(wet wt.) 

Maximum 
Detect 

(wet wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Date of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
LOEC 

Number of 
Exceedances 

(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
LOEC 

HQ 

Inclusion 
List 

300 Area Liver/Kidney Endosulfan I mg/kg 4 4 100 0.0102 0.321 J18XH0 351.83 9/25/2009 -- -- 3.1 0 -- 0.1 No 

300 Area Liver/Kidney Endosulfan II mg/kg 4 4 100 0.00897 0.0437 J18K53 341.38 4/1/2009 -- -- 3.1 0 -- 0.01 No 

300 Area Liver/Kidney Endrin mg/kg 1 1 100 0.0069 0.0069 J18K52 340.88 4/1/2009 -- -- 1 0 -- 0.007 No 

300 Area Liver/Kidney Endrin ketone mg/kg 1 1 100 0.0223 0.0223 J18K56 362.15 4/1/2009 -- -- 1 0 -- 0.02 No 

300 Area Liver/Kidney gamma-Chlordane mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No 

300 Area Liver/Kidney Heptachlor epoxide mg/kg 3 3 100 0.0213 0.0375 J18XF7 362.99 9/24/2009 -- -- NA 0 -- NA No 

300 Area Liver/Kidney Lead mg/kg 20 0 0 -- -- -- -- -- 0.312 0.926 26.8 -- 0 NA Yes 

300 Area Liver/Kidney Manganese mg/kg 20 20 100 0.568 4.14 J191V0 348.16 12/7/2009 -- -- NA 0 -- NA No 

300 Area Liver/Kidney Mercury mg/kg 20 20 100 0.014 0.169 J18XF9 361.41 9/25/2009 -- -- 24.4 0 -- 0.007 Yes 

300 Area Liver/Kidney Methoxychlor mg/kg 1 1 100 0.0152 0.0152 J18K53 341.38 4/1/2009 -- -- NA 0 -- NA No 

300 Area Liver/Kidney Selenium mg/kg 20 20 100 1.03 5.19 J18K53 341.38 4/1/2009 -- -- 1.54 13 -- 3 No 

300 Area Liver/Kidney Silver mg/kg 20 0 0 -- -- -- -- -- 0.125 0.926 NA -- 0 NA No 

300 Area Liver/Kidney Thorium mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No 

300 Area Liver/Kidney Total PCBs mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No 

300 Area Liver/Kidney Uranium mg/kg 20 0 0 -- -- -- -- -- 6.49 19.6 NA -- 0 NA Yes 

300 Area Liver/Kidney Zinc mg/kg 20 15 75 15.4 31.1 J191V4 361.56 12/7/2009 22.9 26.2 36.9 0 0 0.8 No 

300 Area Liver/Kidney Cesium-137 pCi/g 20 1 5 0.358 0.358 J18K55 349.76 4/1/2009 0.036 0.224 NA 0 0 NA Yes 

300 Area Liver/Kidney Technetium-99 pCi/g 20 1 5 0.327 0.327 J190J9 349.50 9/1/2009 -0.036 0.299 NA 0 0 NA Yes 

300 Area Liver/Kidney Tritium pCi/g 20 0 0 -- -- -- -- -- -5.58 3.53 NA -- 0 NA Yes 

300 Area Liver/Kidney Radionuclide Sum of Fractions ≥ 1.0? NA  

Lake Wallula Liver/Kidney Arsenic mg/kg 20 5 25 0.239 0.361 J18KD7 338.72 4/1/2009 0.625 0.943 47 0 0 0.008 No 

Lake Wallula Liver/Kidney Chromium mg/kg 20 4 20 0.141 0.325 J18KD3 331.26 4/1/2009 0.125 0.685 NA 0 0 NA Yes 

Lake Wallula Liver/Kidney delta-BHC mg/kg 3 3 100 0.00617 0.019 J18KD7 338.72 4/1/2009 -- -- NA 0 -- NA No 

Lake Wallula Liver/Kidney Dieldrin mg/kg 1 1 100 0.0246 0.0246 J18KD4 331.91 4/1/2009 -- -- NA 0 -- NA No 

Lake Wallula Liver/Kidney Endosulfan I mg/kg 1 1 100 0.0222 0.0222 J18KD5 334.19 4/1/2009 -- -- 3.1 0 -- 0.007 No 

Lake Wallula Liver/Kidney Endosulfan II mg/kg 2 2 100 0.00741 0.0105 J18KD7 338.72 4/1/2009 -- -- 3.1 0 -- 0.003 No 

Lake Wallula Liver/Kidney Endrin mg/kg 1 1 100 0.0214 0.0214 J190N4 338.17 9/1/2009 -- -- 1 0 -- 0.02 No 

Lake Wallula Liver/Kidney Endrin ketone mg/kg 2 2 100 0.0194 0.0383 J191Y9 337.03 12/15/2009 -- -- 1 0 -- 0.04 No 

Lake Wallula Liver/Kidney Heptachlor epoxide mg/kg 1 1 100 0.0177 0.0177 J190N2 336.68 9/1/2009 -- -- NA 0 -- NA No 

Lake Wallula Liver/Kidney Mercury mg/kg 20 20 100 0.02 0.189 J18XL1 312.71 7/2/2010 -- -- 24.4 0 -- 0.008 Yes 

Lake Wallula Liver/Kidney Total PCBs mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No 

Lake Wallula Liver/Kidney Carbon-14 pCi/g 20 1 5 5.31 5.31 J18XL5 328.26 7/2/2010 -1.11 3.38 NA 0 0 NA Yes 

Lake Wallula Liver/Kidney Radionuclide Sum of Fractions ≥ 1.0? NA  

-- = not applicable; no reporting limits; COPEC detected in all samples 
BHC = benzene hexachloride 
COPEC = contaminant of potential ecological concern 
FOD = frequency of detection 
HQ = hazard quotient 

LOEC = lowest observed effect concentration 
NA = not available 
PCB = polychlorinated biphenyl 
RM = river mile 
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Table 9-20.  100 Area Sub-Area Combined Liver/Kidney Sample Lowest Observed  
Effect Concentration Hazard Quotients.  

COPEC 
Units 

(wet wt.) 
Sample 
Number 

Species Designation 
Sample 

Date 
River 

Location 
River 
Mile 

Result LOEC 
LOEC 

HQ 

Selenium mg/kg J190D0 Bass 100SA-BASS1 9/1/2009 Right 384.09 2.36 1.54 2 

Selenium mg/kg J190D1 Bass 100SA-BASS2 9/1/2009 Left 381.95 2.05 1.54 1 

Selenium mg/kg J190D4 Bass 100SA-BASS5 9/1/2009 Right 379.47 1.99 1.54 1 

Selenium mg/kg J18K15 Whitefish 100SA-WF5 4/1/2009 Left 379.40 2.47 1.54 2 

Selenium mg/kg J18K14 Whitefish 100SA-WF4 4/1/2009 Island 376.89 4.12 1.54 3 

Selenium mg/kg J18K13 Whitefish 100SA-WF3 4/1/2009 Right 369.92 2.76 1.54 2 

Selenium mg/kg J18XB4 Walleye 100SA Walleye-4 9/24/2009 Right 369.65 1.56 1.54 1 

Selenium mg/kg J190D2 Bass 100SA-BASS3 9/1/2009 Left 369.40 2 1.54 1 

Selenium mg/kg J18K12 Whitefish 100SA-WF2 4/1/2009 Right 367.62 2.91 1.54 2 

Selenium mg/kg J18K11 Whitefish 100SA-WF1 4/1/2009 Right 367.14 3.35 1.54 2 

Selenium mg/kg J190D3 Bass 100SA-BASS4 9/1/2009 Right 367.07 2.15 1.54 1 

COPEC = contaminant of potential ecological concern 
HQ = hazard quotient 
LOEC = lowest observed effect concentration 
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Table 9-21.  300 Area Sub-Area Combined Liver/Kidney Sample Lowest Observed  

Effect Concentration Hazard Quotients.  

COPEC 
Units 

(wet wt.) 
Sample 
Number 

Species Designation Sample Date 
River 

Location 
River 
Mile 

Result LOEC 
LOEC 

HQ 

Selenium mg/kg J18XF6 Walleye 300SA Walleye-1 9/24/2009 Left 363.02 2.18 1.54 1 

Selenium mg/kg J18XF7 Walleye 300SA Walleye-2 9/24/2009 Left 362.99 1.57 1.54 1 

Selenium mg/kg J18XF8 Walleye 300SA Walleye-3 9/24/2009 Left 362.93 1.69 1.54 1 

Selenium mg/kg J18K56 Whitefish 300SA-WF5 4/1/2009 Slough 362.15 5.02 1.54 3 

Selenium mg/kg J18K55 Whitefish 300SA-WF4 4/1/2009 Right 349.76 4.22 1.54 3 

Selenium mg/kg J190J9 Bass 300SA-BASS5 9/1/2009 Left 349.50 1.94 1.54 1 

Selenium mg/kg J190J8 Bass 300SA-BASS4 9/1/2009 Right 343.73 2.09 1.54 1 

Selenium mg/kg J190J7 Bass 300SA-BASS3 9/1/2009 Right 343.56 1.86 1.54 1 

Selenium mg/kg J190J6 Bass 300SA-BASS2 9/1/2009 Right 343.23 1.98 1.54 1 

Selenium mg/kg J18K54 Whitefish 300SA-WF3 4/1/2009 Right 341.55 3.46 1.54 2 

Selenium mg/kg J190J5 Bass 300SA-BASS1 9/1/2009 Right 341.55 2.13 1.54 1 

Selenium mg/kg J18K53 Whitefish 300SA-WF2 4/1/2009 Right 341.38 5.19 1.54 3 

Selenium mg/kg J18K52 Whitefish 300SA-WF1 4/1/2009 Right 340.88 2.53 1.54 2 

COPEC = contaminant of potential ecological concern 
HQ = hazard quotient 
LOEC = lowest observed effect concentration
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Table 9-22.  Average Liver/Kidney Selenium Values  
Across Sub-Areas. 

Statistic 
Upriver 

Sub-Area 
100 Area 
Sub-Area 

300 Area 
Sub-Area 

Lake Wallula 
Sub-Area 

Bass 
FOD 5/5 5/5 5/5 5/5 

Average result (mg/kg) a 2.18 2.11 2 2.15 

Standard deviation 0.08 0.15 0.11 0.16 

Average LOEC HQ 1.4 1.4 1.3 1.4 

Sucker 
FOD 5/5 5/5 5/5 5/5 

Average result (mg/kg) a 1.02 1.14 1.3 1.15 

Standard deviation 0.24 0.21 0.15 0.11 

Average LOEC HQ 0.7 0.7 0.8 0.7 

Walleye 
FOD 5/5 6/6 5/5 5/5 

Average result (mg/kg) a 1.21 1.25 1.59 1.29 

Standard deviation 0.11 0.23 0.39 0.11 

Average LOEC HQ 0.8 0.8 1.0 0.8 

Whitefish 
FOD 4/5 5/5 5/5 5/5 

Average result (mg/kg) a 4.49 3.12 4.08 3.24 

Standard deviation 1.49 0.64 1.11 0.34 

Average LOEC HQ 2.9 2.0 2.7 2.1 

NOTE:  Values were nondetects in other species. 
a Averages of all detected values. 

FOD = frequency of detection (number detections/number analyses) 
HQ = hazard quotient 
LOEC = lowest observed effect concentration
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Table 9-23.  Fish Carcass Data Summary and Maximum Lowest Observed Effect Concentration Hazard Quotients.  (2 Pages) 

Sub-Area Tissue COPEC 
Units 

(wet wt.) 

Number 
of 

Samples 

Number 
of 

Detections 
FOD 

Minimum 
Detect 

(wet wt.) 

Maximum 
Detect 

(wet wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Date of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
LOEC 

Number of 
Exceedances 

(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
LOEC 

HQ 

Inclusion 
List 

100 Area Carcass Aluminum mg/kg 35 7 20 3.86 9.33 J196C3 377.69 10/21/2009 3.16 18.5 NA 0 0 NA No 

100 Area Carcass Arsenic mg/kg 35 14 40 0.239 1.09 J192F5 381.45 8/4/2009 0.633 1 3.1 0 0 0.4 No 

100 Area Carcass Barium mg/kg 35 35 100 0.336 5.02 J196C3 377.69 10/21/2009 -- -- NA 0 0 NA No 

100 Area Carcass Chromium mg/kg 35 30 85.71 0.201 1.24 J190D9 379.47 9/2/2009 0.554 0.765 NA 0 0 NA Yes 

100 Area Carcass delta-BHC mg/kg 30 8 26.67 0.00515 0.0333 J196C4 381.13 12/3/2009 0.00525 0.02 NA 0 0 NA No 

100 Area Carcass Endrin mg/kg 30 1 3.33 0.0252 0.0252 J191N9 369.81 12/14/2009 0.00515 0.02 NA 0 0 NA No 

100 Area Carcass gamma-BHC (lindane) mg/kg 30 3 10 0.0107 0.0355 J192B4 381.45 8/3/2009 0.00525 0.02 NA 0 0 NA No 

100 Area Carcass Lead mg/kg 35 7 20 0.262 1.51 J196C2 374.52 10/21/2009 0.26 0.926 NA 0 0 NA Yes 

100 Area Carcass Mercury mg/kg 33 33 100 0.024 0.45 J18XB7 369.74 9/25/2009 -- -- NA 0 0 NA Yes 

100 Area Carcass Total PCBs mg/kg 35 35 100 0.161 2.64 J19750 369.74 9/24/2009 -- -- NA 0 0 NA No 

100 Area Carcass Uranium mg/kg 35 3 8.57 1.82 2.36 J196C3 377.69 10/21/2009 6.41 20 NA 0 0 NA Yes 

100 Area Carcass Carbon-14 pCi/g 35 1 2.86 8.19 8.19 J191P2 381.58 12/14/2009 -3.37 4.14 NA 0 0 NA Yes 

100 Area Carcass Strontium-90 pCi/g 55 10 18.18 0.0108 1.49 B19L75 379.50 7/1/2004 -0.162 0.083 NA 0 0 NA Yes 

100 Area Carcass Radionuclide Sum of Fractions ≥ 1.0? NA   

300 Area Carcass Aluminum mg/kg 35 12 34.29 3.14 505 J19489 347.39 9/8/2009 3.16 4.9 NA 0 0 NA No 

300 Area Carcass Arsenic mg/kg 35 14 40 0.193 1.55 J19479 347.39 9/3/2009 0.633 1 3.1 0 0 0.5 No 

300 Area Carcass Barium mg/kg 35 35 100 0.489 5.94 J19489 347.39 9/8/2009 -- -- NA 0 0 NA No 

300 Area Carcass Chromium mg/kg 35 35 100 0.286 1.27 J190K1 343.23 9/2/2009 -- -- NA 0 0 NA Yes 

300 Area Carcass delta-BHC mg/kg 30 5 16.67 0.00732 0.0359 J191V9 361.56 12/1/2009 0.00482 0.0191 NA 0 0 NA No 

300 Area Carcass Lead mg/kg 35 10 28.57 0.221 2.48 J19449 363.06 8/17/2009 0.217 0.446 NA 0 0 NA Yes 

300 Area Carcass Mercury mg/kg 38 38 100 0.018 0.266 J18XH4 361.41 9/25/2009 -- -- NA 0 0 NA Yes 

300 Area Carcass Methoxychlor mg/kg 30 1 3.33 0.0334 0.0334 J196J1 346.56 12/15/2009 0.00482 0.0211 NA 0 0 NA No 

300 Area Carcass Methyl mercury mg/kg 3 3 100 0.0355 0.121 J195V4 347.39 9/8/2009 -- -- NA 0 0 NA No 

300 Area Carcass Total PCBs mg/kg 35 35 100 0.181 1.48 J18K69 341.38 4/20/2009 -- -- NA 0 0 NA No 

300 Area Carcass Uranium mg/kg 35 1 2.86 2.37 2.37 J190K1 343.23 9/2/2009 12.7 20 NA 0 0 NA Yes 

300 Area Carcass Carbon-14 pCi/g 35 2 5.71 4.92 6.18 J196J3 343.53 11/18/2009 -2.79 4.88 NA 0 0 NA Yes 

300 Area Carcass Plutonium-239/240 pCi/g 35 1 2.86 0.031 0.031 J18K63 340.88 4/20/2009 -0.036 0.098 NA 0 0 NA Yes 

300 Area Carcass Strontium-90 pCi/g 52 4 7.69 0.00655 0.0212 B1J152 344.25 7/14/2006 -0.111 0.181 NA 0 0 NA Yes 

300 Area Carcass Tritium pCi/g 35 1 2.86 6.63 6.63 J18K66 349.76 4/21/2009 -6.51 3.93 NA 0 0 NA Yes 

300 Area Carcass Radionuclide Sum of Fractions ≥ 1.0? NA   

Lake Wallula Carcass Aluminum mg/kg 31 9 29.03 2.99 8.74 J196X8 335.23 10/21/2009 3.12 4.9 NA 0 0 NA No 

Lake Wallula Carcass Arsenic mg/kg 31 6 19.35 0.204 1.22 J194B0 314.27 9/8/2009 0.625 0.98 3.1 0 0 0.4 No 

Lake Wallula Carcass 
beta-1,2,3,4,5,6-Hexachlorocyclo-
hexane 

mg/kg 31 16 51.61 0.00862 0.696 J18XL9 328.27 7/1/2010 0.0048 0.0176 NA 0 0 NA No 

Lake Wallula Carcass Chromium mg/kg 31 30 96.77 0.241 1.45 J190N7 336.68 8/25/2009 0.159 0.159 NA 0 0 NA Yes 

Lake Wallula Carcass delta-BHC mg/kg 31 7 22.58 0.0048 0.0238 J18KD9 331.91 4/16/2009 0.00492 0.0178 NA 0 0 NA No 

Lake Wallula Carcass gamma-BHC (lindane) mg/kg 31 3 9.68 0.0244 0.0337 J18XL8 328.25 7/1/2010 0.0048 0.0178 NA 0 0 NA No 

Lake Wallula Carcass Lead mg/kg 31 6 19.35 0.275 0.542 J194C1 314.27 9/9/2009 0.312 1.17 NA 0 0 NA Yes 

Lake Wallula Carcass Mercury mg/kg 32 32 100 0.025 0.285 J18XL6 312.71 7/1/2010 -- -- NA 0 0 NA Yes 

Lake Wallula Carcass Methyl mercury mg/kg 1 1 100 0.033 0.033 J195V6 314.27 9/8/2009 -- -- NA 0 0 NA No 

Lake Wallula Carcass Uranium mg/kg 31 4 12.9 1.38 2.1 J190N7 336.68 8/25/2009 12.5 19.6 NA 0 0 NA Yes 
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Table 9-23.  Fish Carcass Data Summary and Maximum Lowest Observed Effect Concentration Hazard Quotients.  (2 Pages) 

Sub-Area Tissue COPEC 
Units 

(wet wt.) 

Number 
of 

Samples 

Number 
of 

Detections 
FOD 

Minimum 
Detect 

(wet wt.) 

Maximum 
Detect 

(wet wt.) 

Sample 
Number of 
Maximum 

Location of 
Maximum 

(RM) 

Date of 
Maximum 

Minimum 
Reporting 

Limit 

Maximum 
Reporting 

Limit 

Ecological 
LOEC 

Number of 
Exceedances 

(Detected) 

Number of 
Exceedances 
(Reporting 

Limit) 

Maximum 
LOEC 

HQ 

Inclusion 
List 

Lake Wallula Carcass Carbon-14 pCi/g 31 1 3.23 141 141 J18KF2 338.72 4/20/2009 -2.47 3.71 NA 0 0 NA Yes 

Lake Wallula Carcass Radionuclide Sum of Fractions ≥ 1.0? NA   

-- = not applicable; no reporting limits; COPEC detected in all samples 
BHC = benzene hexachloride 
COPEC = contaminant of potential ecological concern 
FOD = frequency of detection 
HQ = hazard quotient 

LOEC = lowest observed effect concentration 
NA = not available 
PCB = polychlorinated biphenyl 
RM = river mile 
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Table 9-24.  Bass Laboratory Data.  (3 Pages) 

River Sub-Area 
Field  

Identification 
Total Length 

(cm) 
Total Weight 

(g) 
Liver Weight 

(g) 
Kidney Weight 

(g) 
Upriver UR Bass 1 23.0 160 1.33 0.37 

Upriver UR Bass 2 30.5 420 4.53 1.03 

Upriver UR Bass 3 30.0 380 8.54 1.22 

Upriver UR Bass 4 28.0 296 3.51 0.87 

Upriver UR Bass 5 23.0 164 2.29 0.33 

Upriver UR Bass 6 31.0 400 8.16 1.54 

Upriver UR Bass 7 29.0 320 3.15 1.38 

Upriver UR Bass 18 22.5 154 2.2 0.64 

Upriver UR Bass 19 25.0 218 1.54 0.41 

Upriver UR Bass 20 26.0 244 3.36 0.63 

Upriver UR Bass 13 21.5 140 1.09 0.57 

Upriver UR Bass 14 35.0 560 3.25 1.28 

Upriver UR Bass 15 28.5 340 3.89 0.76 

Upriver UR Bass 16 27.0 320 2.85 1.28 

Upriver UR Bass 17 27.0 340 4.34 1.74 

Upriver UR Bass 8 36.5 740 17.95 5.27 

Upriver UR Bass 9 23.0 180 1.48 0.67 

Upriver UR Bass 10 33.0 520 9.1 5.36 

Upriver UR Bass 11 35.0 580 16.3 4.57 

Upriver UR Bass 12 28.0 360 5.01 2.42 

Upriver UR Bass 21 23.0 120 1.58 0.63 

Upriver UR Bass 22 34.0 560 11.71 4.57 

Upriver UR Bass 23 26.0 240 2.71 0.92 

Upriver UR Bass 24 26.5 300 4.98 1.51 

Upriver UR Bass 25 31.0 380 3.6 2.42 

Upriver Bass Averages: 28.12 337.44 
 

Upriver Bass Standard Deviation: 4.4 159.51 

100 Area 100A Bass 1 23.0 160 1.12 1.16 

100 Area 100A Bass 2 25.0 260 2.78 1.55 

100 Area 100A Bass 3 23.0 160 1.32 0.89 

100 Area 100A Bass 13 23.0 180 1.3 1.19 

100 Area 100A Bass 14 29.0 340 4.38 2.04 

100 Area 100A Bass 4 26.0 240 2.72 1.88 

100 Area 100A Bass 5 23.0 160 1.42 1.2 

100 Area 100A Bass 6 26.0 240 2.87 2.32 

100 Area 100A Bass 15 23.5 180 2.0 1.01 

100 Area 100A Bass 16 24.5 220 1.83 2.19 

100 Area 100A Bass 7 27.5 320 3.17 1.58 

100 Area 100A Bass 8 23.5 220 2.18 1.23 

100 Area 100A Bass 9 37.0 700 11.36 6.79 

100 Area 100A Bass 10 25.5 240 1.2 0.63 
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Table 9-24.  Bass Laboratory Data.  (3 Pages) 

River Sub-Area 
Field  

Identification 
Total Length 

(cm) 
Total Weight 

(g) 
Liver Weight 

(g) 
Kidney Weight 

(g) 
100 Area 100A Bass 11 24.5 240 2.2 0.55 

100 Area 100A Bass 12 24.0 220 2.04 1.62 

100 Area 100A Bass 17 23.0 140 1.1 0.47 

100 Area 100A Bass 18 24.0 180 1.47 1.14 

100 Area 100A Bass 19 32.0 600 12.02 4.79 

100 Area 100A Bass 20 27.0 340 4.85 2.72 

100 Area 100A Bass 21 36.0 660 6.17 4.64 

100 Area 100A Bass 22 23.0 100 0.95 0.9 

100 Area 100A Bass 23 24.0 160 1.39 0.41 

100 Area 100A Bass 24 28.0 300 2.67 2.67 

100 Area 100A Bass 25 23.0 140 1.52 0.99 

100 Area Bass Averages: 25.92 268.00 
 

100 Area Bass Standard Deviation: 3.9 158.85 

300 Area 300A Bass 4 33.0 440 6.88 4.51 

300 Area 300A Bass 15 23.0 180 1.56 1.06 

300 Area 300A Bass 23 26.0 280 2.54 2.14 

300 Area 300A Bass 24 34.0 620 1.81 3.12 

300 Area 300A Bass 25 27.0 320 4.13 2.8 

300 Area 300A Bass 8 28.0 300 2.12 1.88 

300 Area 300A Bass 9 29.0 320 2.35 1.18 

300 Area 300A Bass 10 25.0 180 0.82 0.63 

300 Area 300A Bass 2 26.0 240 2.96 2.11 

300 Area 300A Bass 3 25.0 220 4.43 1.91 

300 Area 300A Bass 16 24.0 220 2.16 0.88 

300 Area 300A Bass 21 28.0 300 1.77 1.82 

300 Area 300A Bass 22 23.0 160 1.81 0.63 

300 Area 300A Bass 6 27.0 280 2.46 2.94 

300 Area 300A Bass 7 28.0 280 2.77 2.78 

300 Area 300A Bass 5 23.0 360 3.25 1.85 

300 Area 300A Bass 1 26.0 700 2.91 1.22 

300 Area 300A Bass 17 26.0 320 1.95 0.59 

300 Area 300A Bass 19 28.0 170 4.1 1.53 

300 Area 300A Bass 20 36.0 220 4.74 5.83 

300 Area 300A Bass 11 28.0 320 4.96 3.38 

300 Area 300A Bass 12 31.5 460 4.84 2.82 

300 Area 300A Bass 13 28.0 320 4.83 2.79 

300 Area 300A Bass 14 24.0 220 2.91 1.26 

300 Area 300A Bass 18 32.0 500 6.32 4.73 

300 Area Bass Averages: 27.54 317.20 
 

300 Area Bass Standard Deviation: 3.5 135.63 
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Table 9-24.  Bass Laboratory Data.  (3 Pages) 

River Sub-Area 
Field  

Identification 
Total Length 

(cm) 
Total Weight 

(g) 
Liver Weight 

(g) 
Kidney Weight 

(g) 
Lake Wallula LW Bass 20 33.0 560 8.33 3.66 

Lake Wallula LW Bass 22 25.0 220 2.74 1.68 

Lake Wallula LW Bass 23 23.5 180 1.43 0.83 

Lake Wallula LW Bass 24 25.0 220 2.5 1.08 

Lake Wallula LW Bass 25 26.5 360 3.06 2.17 

Lake Wallula LW Bass 1 28.0 400 7.87 5.29 

Lake Wallula LW Bass 2 26.0 240 1.72 1.13 

Lake Wallula LW Bass 3 23.0 180 1.78 1.12 

Lake Wallula LW Bass 4 26.0 220 4.00 1.53 

Lake Wallula LW Bass 5 26.0 260 3.32 1.47 

Lake Wallula LW Bass 6 23.5 160 1.55 0.57 

Lake Wallula LW Bass 7 26.0 280 4.23 1.85 

Lake Wallula LW Bass 8 24.0 200 2.39 1.09 

Lake Wallula LW Bass 9 26.5 280 4.35 1.59 

Lake Wallula LW Bass 10 37.0 640 8.13 3.46 

Lake Wallula LW Bass 11 25.5 240 3.0 1.5 

Lake Wallula LW Bass 12 27.0 280 3.83 2.69 

Lake Wallula LW Bass 13 25.0 200 2.64 1.51 

Lake Wallula LW Bass 14 25.0 200 3.01 1.67 

Lake Wallula LW Bass 15 24.0 200 3.49 1.69 

Lake Wallula LW Bass 16 24.0 200 2.48 0.94 

Lake Wallula LW Bass 17 24.5 200 3.02 1.65 

Lake Wallula LW Bass 18 26.5 240 2.99 1.9 

Lake Wallula LW Bass 19 24.0 180 1.41 0.65 

Lake Wallula LW Bass 21 28.0 340 3.35 2.68 

Lake Wallula Area Bass Averages: 26.10 267.20 
 

Lake Wallula Area Bass Standard Deviation: 3.1 116.74 
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Table 9-25.  Average Condition Factors.   

Field  
Identification 

Average Length 
(cm) 

Average Weight 
(g) 

Average 
Condition Factor 

Upriver Bass 28.12 337.44 0.014 

100 Area Bass 25.92 268.00 0.014 

300 Area Bass 27.54 317.20 0.015 

Lake Wallula Bass 26.10 267.20 0.014 

Upriver Carp 68.98 5,746.00 0.017 

100 Area Carp 64.14 4,133.60 0.015 

300 Area Carp 64.92 4,386.80 0.015 

Lake Wallula Carp 66.56 4,256.80 0.014 

Upriver Sturgeon 121.60 11,466.20 0.005 

100 Area Sturgeon 127.89 10,611.11 0.006 

300 Area Sturgeon 127.25 13,146.30 0.008 

Lake Wallula Sturgeon 131.40 16,530.83 0.006 

Upriver Sucker 52.02 1,451.60 0.010 

100 Area Sucker 53.76 1,647.20 0.011 

300 Area Sucker 53.72 1,696.00 0.011 

Lake Wallula Sucker 52.46 1,672.00 0.011 

Upriver Walleye 58.16 2,096.80 0.010 

100 Area Walleye 59.02 2,386.15 0.010 

300 Area Walleye 51.76 1,507.20 0.010 

Lake Wallula Walleye 37.74 639.26 0.009 

Upriver Whitefish 32.61 306.67 0.008 

100 Area Whitefish 41.74 687.60 0.009 

300 Area Whitefish 40.22 620.40 0.009 

Lake Wallula Whitefish 42.06 706.80 0.009 
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Table 9-26.  Average Hepatosomatic Indices.   

Fish 
Species 

Upriver Sub-Area 100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area 
Individual 
Minimum 

Value 

Individual 
Maximum 

Value 
Average 

Individual 
Minimum 

Value 

Individual 
Maximum 

Value 
Average 

Individual 
Minimum 

Value 

Individual 
Maximum 

Value 
Average 

Individual 
Minimum 

Value 

Individual
Maximum

Value 
Average 

Bass 0.0058 0.0281 0.0137 0.0050 0.0200 0.0102 0.0029 0.0241 0.0111 0.0072 0.0197 0.0127 

Carp 0.0077 0.0256 0.0170 0.0093 0.0379 0.0175 0.0080 0.0313 0.0179 0.0062 0.0330 0.0163 

Sturgeon 0.0098 0.0186 0.0139 0.0090 0.0232 0.0128 0.0086 0.0208 0.0126 0.0088 0.0152 0.0131 

Sucker 0.0029 0.0163 0.0086 0.0059 0.0222 0.0110 0.0041 0.0193 0.0125 0.0064 0.0165 0.0112 

Walleye 0.0052 0.0222 0.0117 0.0040 0.0151 0.0095 0.0046 0.0196 0.0088 0.0048 0.0250 0.0130 

Whitefish 0.0051 0.0130 0.0073 0.0072 0.0125 0.0096 0.0052 0.0138 0.0087 0.0000 0.0173 0.0102 
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Table 9-27.  Carp Laboratory Data.  (3 Pages) 

River  
Sub-Area 

Field Identification 
Total Length 

(cm) 
Total Body Weight 

(g) 
Liver Weight  

(g) 
Kidney Weight 

(g) 
Upriver UR Carp 1 60 4,200 78.41 16.32 

Upriver UR Carp 2 78 7,520 117.78 60.09 

Upriver UR Carp 3 71 4,740 65.61 58.62 

Upriver UR Carp 4 64 4,260 58.81 56.04 

Upriver UR Carp 5 74 6,840 175.02 90.62 

Upriver UR Carp 6 68 6,300 106.3 30.04 

Upriver UR Carp 7 66 4,320 75.76 56.18 

Upriver UR Carp 8 65 5,020 53.54 23.95 

Upriver UR Carp 9 72 6,660 123.87 28.41 

Upriver UR Carp 10 67 4,500 34.65 20.02 

Upriver UR Carp 11 69 6,840 117.53 50.95 

Upriver UR Carp 12 68 5,820 134.77 40.28 

Upriver UR Carp 13 73.5 7,660 155.9 42.01 

Upriver UR Carp 14 74 6,180 117.98 27.33 

Upriver UR Carp 15 56 3,140 75.31 20.84 

Upriver UR Carp 17 61.5 3,980 101.47 32.88 

Upriver UR Carp 18 72.5 6,420 71.2 32.41 

Upriver UR Carp 19 69 5,480 49.13 28.51 

Upriver UR Carp 20 85 10,720 98.34 53.2 

Upriver UR Carp 21 66 4,320 101.19 15.89 

Upriver Carp Averages: 68.98 5,746 
 

Upriver Carp Standard Deviation: 6.5 1,739.22 

100 Area 100A Carp 1 58.0 2,760 37.93 10.14 

100 Area 100A Carp 2 74.0 5,900 57.88 59.48 

100 Area 100A Carp 3 54.0 2,460 28.67 13.87 

100 Area 100A Carp 4 62.0 3,960 64.06 31.27 

100 Area 100A Carp 5 58.0 3,180 33.93 25.25 

100 Area 100A Carp 6 68.5 4,460 60.01 30.57 

100 Area 100A Carp 7 58.5 3,100 77.02 18.37 

100 Area 100A Carp 8 54.0 2,200 33.53 21.59 

100 Area 100A Carp 9 68.0 5,080 97.99 21.71 

100 Area 100A Carp 10 71.0 4,980 96.38 35.99 

100 Area 100A Carp 11 62.0 4,040 62.16 22.09 

100 Area 100A Carp 12 66.0 4,260 67.73 27.42 

100 Area 100A Carp 13 58.0 3,460 43.10 18.64 

100 Area 100A Carp 14 64.0 3,740 81.14 22.29 

100 Area 100A Carp 15 57.5 2,600 44.47 19.19 

100 Area 100A Carp 16 63.0 3,740 56.85 26.00 

100 Area 100A Carp 17 75.0 6,040 70.85 35.92 

100 Area 100A Carp 18 71.0 5,200 77.77 24.79 

100 Area 100A Carp 19 72.0 6,800 63.03 49.27 

100 Area 100A Carp 20 70.0 4,320 83.82 22.83 

100 Area 100A Carp 21 65.0 4,320 95.42 24.61 

100 Area 100A Carp 22 60.0 3,220 122.11 24.52 

100 Area 100A Carp 23 66.0 4,460 106.47 22.75 

100 Area 100A Carp 24 65.0 4,740 90.52 22.97 

Exhibit 12b



DOE/RL-2010-117 

Fish Risk Evaluation  Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 2:  Screening-Level Ecological Risk Assessment 
June 2012 9-41 

Table 9-27.  Carp Laboratory Data.  (3 Pages) 

River  
Sub-Area 

Field Identification 
Total Length 

(cm) 
Total Body Weight 

(g) 
Liver Weight  

(g) 
Kidney Weight 

(g) 
100 Area 100A Carp 25 63.0 4,320 122.11 29.79 

100 Area Carp Averages: 64.14 4,133.60 
 

100 Area Carp Standard Deviation: 6.0 1,149.42 

300 Area 300A Carp 1 65.0 3,680 49.83 13.79 

300 Area 300A Carp 2 63.0 4,460 71.17 18.34 

300 Area 300A Carp 3 53.0 1,740 16.11 6.99 

300 Area 300A Carp 4 58.0 2,980 58.39 16.94 

300 Area 300A Carp 5 63.0 4,540 96.11 30.62 

300 Area 300A Carp 6 54.5 1,820 30.63 31.20 

300 Area 300A Carp 7 66.0 4,660 64.12 52.85 

300 Area 300A Carp 8 70.0 5,180 126.05 18.54 

300 Area 300A Carp 9 72.0 5,300 64.88 33.96 

300 Area 300A Carp 10 53.0 4,140 50.15 29.60 

300 Area 300A Carp 11 54.0 1,950 24.81 15.87 

300 Area 300A Carp 12 64.0 4,100 67.45 39.37 

300 Area 300A Carp 13 61.0 3,400 27.23 29.41 

300 Area 300A Carp 14 64.0 4,100 69.83 46.60 

300 Area 300A Carp 15 66.0 5,240 60.86 31.10 

300 Area 300A Carp 16 65.0 4,140 95.29 28.31 

300 Area 300A Carp 17 68.0 4,600 98.67 17.13 

300 Area 300A Carp 18 71.0 5,520 114.15 9.37 

300 Area 300A Carp 19 63.0 3,120 59.65 14.87 

300 Area 300A Carp 20 80.0 8,540 207.18 40.33 

300 Area 300A Carp 21 80.5 8,320 146.08 17.85 

300 Area 300A Carp 22 63.5 3,520 99.13 22.92 

300 Area 300A Carp 23 70.0 4,700 75.03 47.67 

300 Area 300A Carp 24 68.5 5,620 117.69 41.16 

300 Area 300A Carp 25 67.0 4,300 134.48 33.49 

300 Area Carp Averages: 64.92 4,386.80 
 

300 Area Carp Standard Deviation: 7.2 1,627.84 

Lake Wallula LW Carp 1 61.5 3,240 19.97 13.58 

Lake Wallula LW Carp 2 66.0 3,540 40.44 26.97 

Lake Wallula LW Carp 3 66.0 3,460 36.33 16.58 

Lake Wallula LW Carp 4 66.0 3,760 46.26 25.04 

Lake Wallula LW Carp 5 74.0 5,640 43.88 26.32 

Lake Wallula LW Carp 6 67.0 4,160 55.62 18.77 

Lake Wallula LW Carp 7 64.0 2,880 46.86 41.80 

Lake Wallula LW Carp 8 63.0 3,240 58.62 24.43 

Lake Wallula LW Carp 9 69.5 4,080 27.65 37.41 

Lake Wallula LW Carp 10 69.5 4,260 76.59 40.68 

Lake Wallula LW Carp 11 65.0 3,400 39.04 17.11 

Lake Wallula LW Carp 12 64.0 3,600 77.86 51.94 

Lake Wallula LW Carp 13 72.0 5,800 125.16 43.20 

Lake Wallula LW Carp 14 66.5 3,540 45.08 48.52 

Lake Wallula LW Carp 15 62.0 2,940 30.07 12.60 

Lake Wallula LW Carp 16 62.0 3,660 91.80 39.88 
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Table 9-27.  Carp Laboratory Data.  (3 Pages) 

River  
Sub-Area 

Field Identification 
Total Length 

(cm) 
Total Body Weight 

(g) 
Liver Weight  

(g) 
Kidney Weight 

(g) 
Lake Wallula LW Carp 17 77.0 8,300 126.57 73.66 

Lake Wallula LW Carp 18 66.0 3,960 113.57 27.90 

Lake Wallula LW Carp 19 72.0 6,000 76.61 34.32 

Lake Wallula LW Carp 20 63.5 3,520 116.21 30.30 

Lake Wallula LW Carp 21 71.5 6,480 122.29 36.10 

Lake Wallula LW Carp 22 63.0 4,160 72.71 30.18 

Lake Wallula LW Carp 23 70.0 5,260 88.23 31.68 

Lake Wallula LW Carp 24 61.0 4,400 67.95 24.46 

Lake Wallula LW Carp 25 62.0 3,140 84.41 16.85 

Lake Wallula Area Carp Averages: 66.56 4,256.80 
 

Lake Wallula Carp Standard Deviation: 4.3 1,302.35 

 
 

Table 9-28.  Sturgeon Laboratory Data.  (2 Pages) 

River Sub-Area 
Field  

Identification 
Total Length 

(cm) 
Total Body Weight 

(g) 
Liver Weight 

(g) 
Kidney Weight 

(g) 
Upriver Sturgeon 26 123.5 10,020 103.41 32.1 

Upriver Sturgeon 27 113.5 12,797 237.96 47.4 

Upriver Sturgeon 28 117.5 9,634 94.29 30.25 

Upriver Sturgeon 29 131 15,320 230.97 51.47 

Upriver Sturgeon 30 122.5 9,560 148.19 35.84 

Upriver Sturgeon Averages: 121.60 11,466.2 
 

Upriver Sturgeon Standard Deviation: 6.6 2,535.00 

100 Area Sturgeon 1 124 11,260 134.1 9.0 

100 Area Sturgeon 2 126.5 12,440 126.93 23.43 

100 Area Sturgeon 3 132.5 12,780 296 53.77 

100 Area Sturgeon 4 125 8,710 112.38 28.03 

100 Area Sturgeon 5 128 9,000 111.1 35.52 

100 Area Sturgeon 6 130 9,340 104.18 36 

100 Area Sturgeon 7 133 13,840 166.96 38.08 

100 Area Sturgeon 8 124 8,610 107.98 22.19 

100 Area Sturgeon 9 128 9,520 85.8 41.62 

100 Area Sturgeon Averages: 127.89 10,611.11 
 

100 Area Sturgeon Standard Deviation: 3.4 1,997.38 

300 Area Sturgeon 10 123 11,980 103.4 37.48 

300 Area Sturgeon 11 136 15,800 171.8 51.7 

300 Area Sturgeon 12 135 20,340 211.84 99.92 

300 Area Sturgeon 13 117.5 8,360 82.06 34.18 

300 Area Sturgeon 14 128 12,400 240 53.9 

300 Area Sturgeon 15 120 10,124 134.42 27.45 

300 Area Sturgeon 16 130 13,099 138.95 54.09 

300 Area Sturgeon 17 116 10,640 125.9 30.42 

300 Area Sturgeon 18 128.5 12,320 255.82 47.73 

Exhibit 12b



DOE/RL-2010-117 

Fish Risk Evaluation  Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 2:  Screening-Level Ecological Risk Assessment 
June 2012 9-43 

Table 9-28.  Sturgeon Laboratory Data.  (2 Pages) 

River Sub-Area 
Field  

Identification 
Total Length 

(cm) 
Total Body Weight 

(g) 
Liver Weight 

(g) 
Kidney Weight 

(g) 
300 Area Sturgeon 19 138.5 16,400 164.34 66.1 

300 Area Sturgeon Averages: 127.25 13,146.30 
 

300 Area Sturgeon Standard Deviation: 7.9 3,500.87 

Lake Wallula Sturgeon 20 NR 11,985 165.05 53.41 

Lake Wallula Sturgeon 21 130.5 20,160 178.23 37.78 

Lake Wallula Sturgeon 22 127 17,900 248.5 54.9 

Lake Wallula Sturgeon 23 135 19,110 265.93 64.66 

Lake Wallula Sturgeon 24 140 18,020 227.79 57.38 

Lake Wallula Sturgeon 25 124.5 12,010 183.15 27.86 

Lake Wallula Sturgeon Averages: 131.40 16,530.83 
 

Lake Wallula Sturgeon Standard Deviation: 6.2 3,606.04 

 
 

Table 9-29.  Sucker Laboratory Data.  (3 Pages) 

River  
Sub-Area 

Field  
Identification 

Total Length 
(cm) 

Total Body Weight 
(g) 

Liver Weight 
(g) 

Kidney Weight 
(g) 

Upriver UR Sucker 1 Discarded and replaced with Upriver Sucker 26 

Upriver UR Sucker 2 52 1,820 6.27 9.74 

Upriver UR Sucker 3 47 1,260 9.9 18.33 

Upriver UR Sucker 4 56 1,860 11.33 9.52 

Upriver UR Sucker 5 54 1,660 12.81 16.73 

Upriver UR Sucker 6 46 1,060 6.98 9.69 

Upriver UR Sucker 7 56 1,740 12.34 18.57 

Upriver UR Sucker 8 57.5 1,960 10.98 14.96 

Upriver UR Sucker 9 50 1,340 10.31 20.12 

Upriver UR Sucker 10 47 1,100 9.07 13.98 

Upriver UR Sucker 11 43 900 4.36 9.96 

Upriver UR Sucker 12 56 1,840 5.32 14.02 

Upriver UR Sucker 13 56 1,200 6.08 14.08 

Upriver UR Sucker 14 54 1,320 6.41 10.22 

Upriver UR Sucker 15 51 1,440 16.35 16.21 

Upriver UR Sucker 16 46 1,020 6.38 5.9 

Upriver UR Sucker 17 54.5 1,640 21.48 14.1 

Upriver UR Sucker 18 53 1,560 22.75 15.97 

Upriver UR Sucker 19 50 1,110 9.13 10.15 

Upriver UR Sucker 20 50 1,080 12.15 11.82 

Upriver UR Sucker 21 55 1,680 18.18 31.48 

Upriver UR Sucker 22 56 1,640 14.57 10.09 

Upriver UR Sucker 23 53.5 1,680 27.13 16.86 

Upriver UR Sucker 24 56 1,560 25.5 10.86 

Upriver UR Sucker 25 46 1,260 10.34 23.12 

Upriver UR Sucker 26 55 1,560 18.2 16.29 

Upriver Sucker Averages: 52.02 1,451.60 
 

Upriver Sucker Standard Deviation: 4.2 305.36 
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Table 9-29.  Sucker Laboratory Data.  (3 Pages) 

River  
Sub-Area 

Field  
Identification 

Total Length 
(cm) 

Total Body Weight 
(g) 

Liver Weight 
(g) 

Kidney Weight 
(g) 

100 Area 100A Sucker 1 50 1,240 11.02 7.93 

100 Area 100A Sucker 2 54 1,600 11.38 13.88 

100 Area 100A Sucker 3 Discarded and replaced with 100 A Sucker 26 

100 Area 100A Sucker 4 56 1,900 18.85 12.22 

100 Area 100A Sucker 5 53 1,700 10.09 16.15 

100 Area 100A Sucker 6 51 1,500 24.85 13.78 

100 Area 100A Sucker 7 53 1,640 14.34 19.75 

100 Area 100A Sucker 8 59 2,360 32.06 22.06 

100 Area 100A Sucker 9 59.5 1,980 20.19 13.48 

100 Area 100A Sucker 10 58 2,420 24.34 20.34 

100 Area 100A Sucker 11 49 1,220 27.11 14.72 

100 Area 100A Sucker 12 57.5 1,740 24.54 7.87 

100 Area 100A Sucker 13 58 2,020 22.33 18.94 

100 Area 100A Sucker 14 53.5 1,560 15.59 13.33 

100 Area 100A Sucker 15 52 1,660 17.39 15.06 

100 Area 100A Sucker 16 58 2,080 28.28 15.81 

100 Area 100A Sucker 17 58 1,840 25.24 14.91 

100 Area 100A Sucker 18 54.5 1,600 16.45 9.35 

100 Area 100A Sucker 19 51 1,480 9.08 14.46 

100 Area 100A Sucker 20 49 1,100 10.24 11.2 

100 Area 100A Sucker 21 57.5 1,660 15.05 11.79 

100 Area 100A Sucker 22 48 1,260 12.43 7.76 

100 Area 100A Sucker 23 52.5 1,740 18.45 11.45 

100 Area 100A Sucker 24 55 1,520 19.15 15.65 

100 Area 100A Sucker 25 47 1,120 15.62 10.65 

100 Area 100A Sucker 26 50 1,240 9.52 11.1 

100 Area Sucker Averages: 53.76 1,647.20 
 

100 Area Sucker Standard Deviation:  3.8 352.56 

300 Area 300A Sucker 1 48.5 1,260 5.16 8.44 

300 Area 300A Sucker 2 61 2,300 36.15 27.55 

300 Area 300A Sucker 3 54.5 2,220 27.75 20.14 

300 Area 300A Sucker 4 54.5 1,940 34.33 7.52 

300 Area 300A Sucker 5 50 1,320 13.03 12.42 

300 Area 300A Sucker 6 50.5 1,440 19.09 12.72 

300 Area 300A Sucker 7 53 1,460 20.3 14.49 

300 Area 300A Sucker 8 54 1,620 21.97 18.04 

300 Area 300A Sucker 9 51.5 1,220 19.89 8.21 

300 Area 300A Sucker 10 58.5 2,220 21.07 12.44 

300 Area 300A Sucker 11 56 1,540 20.64 16.81 

300 Area 300A Sucker 12 46 1,040 20.09 13.41 

300 Area 300A Sucker 13 55 1,720 23.84 15.82 

300 Area 300A Sucker 14 62 2,480 31.96 16.44 

300 Area 300A Sucker 15 57 1,640 11.57 15.05 

300 Area 300A Sucker 16 54 1,820 18.58 17.32 

300 Area 300A Sucker 17 51 1,680 18.11 28.62 

300 Area 300A Sucker 18 48 1,620 23.63 9.72 
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Table 9-29.  Sucker Laboratory Data.  (3 Pages) 

River  
Sub-Area 

Field  
Identification 

Total Length 
(cm) 

Total Body Weight 
(g) 

Liver Weight 
(g) 

Kidney Weight 
(g) 

300 Area 300A Sucker 19 49 1,360 12.37 6.27 

300 Area 300A Sucker 20 59.5 2,460 42.05 24.99 

300 Area 300A Sucker 21 53 1,500 19.13 17.47 

300 Area 300A Sucker 22 49.5 1,340 20.95 16.13 

300 Area 300A Sucker 23 55 1,560 12.14 25.31 

300 Area 300A Sucker 24 58 2,100 21.59 22.73 

300 Area 300A Sucker 25 54 1,540 16.99 12.64 

300 Area Sucker Averages: 53.72 1,696 
 

300 Area Sucker Standard Deviation:  4.2 399.00 

Lake Wallula LW Sucker 1 Discarded and replaced with LW Sucker 26 

Lake Wallula LW Sucker 2 48 1,060 8.99 11.28 

Lake Wallula LW Sucker 3 58.5 2,100 13.49 16.92 

Lake Wallula LW Sucker 4 49.5 1,580 20.43 11.81 

Lake Wallula LW Sucker 5 47 1,340 21.41 11 

Lake Wallula LW Sucker 6 52 1,620 20.94 8.82 

Lake Wallula LW Sucker 7 49 1,660 26.72 15.51 

Lake Wallula LW Sucker 8 50.5 1,440 12.97 8.95 

Lake Wallula LW Sucker 9 44 1,160 14.64 6.71 

Lake Wallula LW Sucker 10 51 1,600 22.59 16.3 

Lake Wallula LW Sucker 11 51 1,580 17.49 13.73 

Lake Wallula LW Sucker 12 53 2,080 26.81 15.1 

Lake Wallula LW Sucker 13 58 2,080 27.15 15.28 

Lake Wallula LW Sucker 14 63 3,020 31.76 18.96 

Lake Wallula LW Sucker 15 53 1,600 13.62 12.63 

Lake Wallula LW Sucker 16 55.5 1,920 19.37 11.56 

Lake Wallula LW Sucker 17 56 1,840 23.02 23.25 

Lake Wallula LW Sucker 18 50 1,320 10.44 15.34 

Lake Wallula LW Sucker 19 51 1,260 14.77 10.18 

Lake Wallula LW Sucker 20 59 2,080 20.17 26.13 

Lake Wallula LW Sucker 21 55 1,960 22.43 15.06 

Lake Wallula LW Sucker 22 47.5 1,340 10.88 12.36 

Lake Wallula LW Sucker 23 55 1,800 12.07 11.35 

Lake Wallula LW Sucker 24 52 1,360 9.66 8.53 

Lake Wallula LW Sucker 25 49.5 1,440 18.92 14.01 

Lake Wallula LW Sucker 26 53.5 1,560 25.81 8.27 

Lake Wallula Sucker Averages: 52.46 1,672 
 

Lake Wallula Sucker Standard Deviation:  4.3 412.67 
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Table 9-30.  Walleye Laboratory Data.  (3 Pages) 

River 
Sub-Area 

Field  
Identification 

Total Length 
(cm) 

Total Body Weight 
(g) 

Liver Weight 
(g) 

Kidney Weight 
(g) 

Upriver UR Walleye 1 59.5 2,060 14.11 11.15 

Upriver UR Walleye 2 69.5 2,880 23.16 10.01 

Upriver UR Walleye 3 51 1,400 7.3 2.22 

Upriver UR Walleye 4 59.5 2,000 20.98 12.2 

Upriver UR Walleye 5 53.5 1,500 8.07 3.61 

Upriver UR Walleye 6 51 1,200 6.68 2.06 

Upriver UR Walleye 7 46 940 5.99 2.71 

Upriver UR Walleye 8 56 1,500 10.9 3.72 

Upriver UR Walleye 10 60 2,620 24.88 7.12 

Upriver UR Walleye 11 55.5 2,040 18.69 5.35 

Upriver UR Walleye 12 59 2,260 22.14 10.57 

Upriver UR Walleye 13 56 1,940 19.51 7.94 

Upriver UR Walleye 14 53 1,380 16.67 8.16 

Upriver UR Walleye 15 52 1,480 15.45 12.04 

Upriver UR Walleye 16 56 1,920 27.09 9.91 

Upriver UR Walleye 17 57 1,740 27.35 11.73 

Upriver UR Walleye 18 55 1,520 21.83 16.61 

Upriver UR Walleye 19 55 1,880 41.71 12.23 

Upriver UR Walleye 20 58 2,120 36.37 11.46 

Upriver UR Walleye 21 57 1,980 25.34 16.53 

Upriver UR Walleye 22 72.5 3,800 60.4 27.52 

Upriver UR Walleye 23 80 4,600 57.39 28.11 

Upriver UR Walleye 24 66.5 3,400 65.12 24.34 

Upriver UR Walleye 25 49.5 1,180 18.78 11.83 

Upriver UR Walleye 26 66 3,080 52.81 19.28 

Upriver Walleye Averages: 58.16 2,096.80 
 

Upriver Walleye Standard Deviation: 7.7 875.87 

100 Area 100A Walleye 1 43 880 7.35 4.79 

100 Area 100A Walleye 2 76.5 5,020 60.29 41.92 

100 Area 100A Walleye 3 71 3,160 21.36 12.04 

100 Area 100A Walleye 4 74 4,560 44.73 4.32 

100 Area 100A Walleye 5 69.5 2,580 23.13 18.72 

100 Area 100A Walleye 6 73 4,220 16.94 47.27 

100 Area 100A Walleye 7 47 920 5.81 2.87 

100 Area 100A Walleye 8 57.5 2,260 22.55 14.27 

100 Area 100A Walleye 9 48 1,100 7.94 1.0 

100 Area 100A Walleye 10 53.5 1,940 21.67 9.87 

100 Area 100A Walleye 11 61 1,980 29.83 11.51 

100 Area 100A Walleye 12 59.5 2,160 16.39 9.61 

100 Area 100A Walleye 13 52 1,520 10.62 8.19 

100 Area 100A Walleye 14 73.5 4,800 45.99 32.9 

100 Area 100A Walleye 15 57 2,040 18.59 19.23 

100 Area 100A Walleye 16 48 1,100 7.33 8.87 

100 Area 100A Walleye 17 43 780 6.25 2.85 

100 Area 100A Walleye 18 47.5 1,100 12.35 5.21 

Exhibit 12b



DOE/RL-2010-117 

Fish Risk Evaluation  Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 2:  Screening-Level Ecological Risk Assessment 
June 2012 9-47 

Table 9-30.  Walleye Laboratory Data.  (3 Pages) 

River 
Sub-Area 

Field  
Identification 

Total Length 
(cm) 

Total Body Weight 
(g) 

Liver Weight 
(g) 

Kidney Weight 
(g) 

100 Area 100A Walleye 19 47 860 8.55 3.97 

100 Area 100A Walleye 20 63 2,700 26.39 12.73 

100 Area 100A Walleye 21 57 2,190 27.31 10.76 

100 Area 100A Walleye 22 56 2,150 27.27 17.22 

100 Area 100A Walleye 23 46 960 11.87 2.91 

100 Area 100A Walleye 24 80 5,020 47.77 16.47 

100 Area 100A Walleye 25 73 4,040 39.2 12.82 

100 Area 100A Walleye 26 58 2,000 25.43 12.65 

100 Area Walleye Averages: 59.02 2,386.15 
 

100 Area Walleye Standard Deviation: 11.5 1,401.82 

300 Area 300A Walleye 1 48 980 18.13 6.66 

300 Area 300A Walleye 2 38 460 2.1 1.07 

300 Area 300A Walleye 3 59 1,920 20.72 13.07 

300 Area 300A Walleye 4 53 1,800 11.26 16.9 

300 Area 300A Walleye 5 73 3,680 34.57 32.35 

300 Area 300A Walleye 6 42 680 13.34 1.27 

300 Area 300A Walleye 7 54 1,940 13.25 5.26 

300 Area 300A Walleye 8 51 1,040 7.84 2.86 

300 Area 300A Walleye 9 46 1,620 9.96 1.96 

300 Area 300A Walleye 10 56.5 1,280 12.53 7.26 

300 Area 300A Walleye 11 58.5 1,760 10.84 2.27 

300 Area 300A Walleye 12 63 2,480 16.96 5.65 

300 Area 300A Walleye 13 55 2,000 21.1 9.17 

300 Area 300A Walleye 14 48 1,080 8.0 3.82 

300 Area 300A Walleye 15 46 1,020 6.67 5.74 

300 Area 300A Walleye 16 51.5 1,440 11.48 7.53 

300 Area 300A Walleye 17 49 1,060 9.3 4.41 

300 Area 300A Walleye 18 63 3,020 23.62 18.86 

300 Area 300A Walleye 19 46 1,120 10.37 6.43 

300 Area 300A Walleye 20 48 960 6.7 5.52 

300 Area 300A Walleye 21 52.5 1,680 16.19 7.97 

300 Area 300A Walleye 22 48.5 1,120 7.84 2.14 

300 Area 300A Walleye 23 45.5 1,020 8.61 2.42 

300 Area 300A Walleye 24 49 1,100 8.11 2.44 

300 Area 300A Walleye 25 50 1,420 14.41 6.65 

300 Area Walleye Averages: 51.76 1,507.2 
 

300 Area Walleye Standard Deviation: 7.5 727.78 

Lake Wallula Lake Wallula Walleye 1 35.0 400 7.31 4.02 

Lake Wallula Lake Wallula Walleye 2 45.5 920 9.64 4.17 

Lake Wallula Lake Wallula Walleye 3 43.0 760 9.45 4.39 

Lake Wallula Lake Wallula Walleye 4 31.0 220 5.51 2.52 

Lake Wallula Lake Wallula Walleye 5 31.0 280 3.12 2.47 

Lake Wallula Lake Wallula Walleye 6 32.0 320 5.42 1.83 

Lake Wallula Lake Wallula Walleye 7 34.0 360 4.71 3.11 

Lake Wallula Lake Wallula Walleye 8 31.0 300 6.25 2.37 

Lake Wallula Lake Wallula Walleye 9 30.0 260 3.97 2.63 
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Table 9-30.  Walleye Laboratory Data.  (3 Pages) 

River 
Sub-Area 

Field  
Identification 

Total Length 
(cm) 

Total Body Weight 
(g) 

Liver Weight 
(g) 

Kidney Weight 
(g) 

Lake Wallula Lake Wallula Walleye 10 31.0 280 6.47 2.55 

Lake Wallula Lake Wallula Walleye 11 31.0 300 5.99 3.98 

Lake Wallula Lake Wallula Walleye 12 79.0 5,160 47.08 27.64 

Lake Wallula Lake Wallula Walleye 13 43.5 780 4.16 5.49 

Lake Wallula Lake Wallula Walleye 14 43.5 800 10.58 6.89 

Lake Wallula Lake Wallula Walleye 15 42.5 600 5.04 5.12 

Lake Wallula Lake Wallula Walleye 16 29.0 260 2.93 1.02 

Lake Wallula Lake Wallula Walleye 17 33.5 340 4.95 3.11 

Lake Wallula Lake Wallula Walleye 18 35.5 360 3.50 2.82 

Lake Wallula Lake Wallula Walleye 19 41.0 560 4.45 4.93 

Lake Wallula Lake Wallula Walleye 20 30.0 300 4.72 2.77 

Lake Wallula Lake Wallula Walleye 21 42.0 600 4.05 4.97 

Lake Wallula Lake Wallula Walleye 22 40.0 580 4.08 4.88 

Lake Wallula Lake Wallula Walleye 23 36.5 460 2.22 3.13 

Lake Wallula Lake Wallula Walleye 24 36.5 420 3.00 3.33 

Lake Wallula Lake Wallula Walleye 25 46.0 880 11.69 6.79 

Lake Wallula Lake Wallula Walleye 26  33.0 380 4.78 3.71 

Lake Wallula Lake Wallula Walleye 27  33.0 380 6.98 2.24 

Lake Wallula Walleye Averages: 37.74 639.26     

Lake Wallula Walleye Standard Deviation: 9.9 926.81     

 
 

Table 9-31.  Whitefish Laboratory Data.  (3 Pages) 

River  
Sub-Area 

Field  
Identification 

Body Length 
(cm) 

Total Body Weight 
(g) 

Liver Weight 
(g) 

Kidney Weight 
(g) 

Upriver UR Whitefish 2 37.5 500 4.63 3.18 
Upriver UR Whitefish 3 35.0 380 2.37 1.86 
Upriver UR Whitefish 13 45.5 800 10.43 8.59 
Upriver UR Whitefish 22 38.0 500 3.50 4.61 
Upriver UR Whitefish 23 42.5 620 5.06 4.09 
Upriver UR Whitefish 1 34.0 320 2.60 2.75 
Upriver UR Whitefish 16 36.5 420 3.32 2.47 
Upriver UR Whitefish 20 35.5 400 2.67 2.59 
Upriver UR Whitefish 25 34.0 300 2.04 1.49 
Upriver UR Whitefish 26 34.0 320 3.18 3.14 
Upriver UR Whitefish 4 29.0 200 1.73 1.21 
Upriver UR Whitefish 7 32.0 240 1.37 1.17 
Upriver UR Whitefish 8 30.5 240 1.25 1.89 
Upriver UR Whitefish 24 32.0 280 1.8 2.28 
Upriver UR Whitefish 27 32.5 280 2.25 1.66 
Upriver UR Whitefish 9 29.0 220 1.12 1.33 
Upriver UR Whitefish 10 30.0 200 1.62 1.49 
Upriver UR Whitefish 11 30.0 200 1.35 1.90 
Upriver UR Whitefish 12 30.5 240 1.44 2.14 
Upriver UR Whitefish 18 29.0 200 1.20 1.34 
Upriver UR Whitefish 5 27.5 160 0.99 0.93 
Upriver UR Whitefish 6 29.5 240 1.44 1.54 
Upriver UR Whitefish 14 26.5 120 0.72 0.45 
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Table 9-31.  Whitefish Laboratory Data.  (3 Pages) 

River  
Sub-Area 

Field  
Identification 

Body Length 
(cm) 

Total Body Weight 
(g) 

Liver Weight 
(g) 

Kidney Weight 
(g) 

Upriver UR Whitefish 15 30.0 240 1.60 1.11 
Upriver UR Whitefish 17 31.0 220 1.59 1.77 
Upriver UR Whitefish 19 29.0 220 1.35 1.30 
Upriver UR Whitefish 21 30.0 220 1.99 1.62 

Upriver Whitefish Averages: 32.61 306.67 
 

Upriver Whitefish Standard Deviation: 4.5 151.81 
100 Area 100A Whitefish 4 44.0 1,040 10.65 8.50 
100 Area 100A Whitefish 5 44.5 820 8.47 4.97 
100 Area 100A Whitefish 8 43.0 780 6.41 6.75 
100 Area 100A Whitefish 9 44.0 770 9.33 3.86 
100 Area 100A Whitefish 10 47.0 920 9.05 7.14 
100 Area 100A Whitefish 1 40.0 620 5.72 4.02 
100 Area 100A Whitefish 2 46.0 880 9.62 5.24 
100 Area 100A Whitefish 3 42.0 620 4.86 3.37 
100 Area 100A Whitefish 6 39.0 480 4.08 3.09 
100 Area 100A Whitefish 7 44.0 860 8.19 6.09 
100 Area 100A Whitefish 14 39.0 480 3.84 3.62 
100 Area 100A Whitefish 15 40.5 580 6.55 5.34 
100 Area 100A Whitefish 16 40.0 620 6.51 4.44 
100 Area 100A Whitefish 19 46.0 1,000 11.53 8.08 
100 Area 100A Whitefish 20 35.0 360 3.53 2.04 
100 Area 100A Whitefish 11 45.5 780 6.14 4.08 
100 Area 100A Whitefish 12 38.0 640 5.64 4.50 
100 Area 100A Whitefish 13 38.0 480 3.90 3.32 
100 Area 100A Whitefish 17 40.5 620 7.71 3.57 
100 Area 100A Whitefish 18 44.5 840 6.07 5.26 
100 Area 100A Whitefish 21 37.5 440 3.36 2.52 
100 Area 100A Whitefish 22 46.0 840 10.53 6.21 
100 Area 100A Whitefish 23 42.0 580 5.46 3.70 
100 Area 100A Whitefish 24 38.5 500 4.23 3.19 
100 Area 100A Whitefish 25 39.0 640 6.14 6.38 

100 Area Whitefish Averages: 41.74 687.60 
 

100 Area Whitefish Standard Deviation: 3.3 183.65 
300 Area 300A Whitefish 13 39.0 580 4.45 2.25 
300 Area 300A Whitefish 14 51.5 1,220 12.93 9.13 
300 Area 300A Whitefish 10 40.0 560 7.74 5.86 
300 Area 300A Whitefish 16 43.0 620 4.59 3.88 
300 Area 300A Whitefish 17 38.5 500 4.50 2.75 
300 Area 300A Whitefish 5 38.0 520 5.08 6.56 
300 Area 300A Whitefish 9 42.5 720 5.87 6.53 
300 Area 300A Whitefish 18 45.0 820 7.77 6.8 
300 Area 300A Whitefish 19 38.5 560 4.73 4.06 
300 Area 300A Whitefish 20 42.0 660 5.40 2.99 
300 Area 300A Whitefish 1 38.5 550 3.2 2.2 
300 Area 300A Whitefish 2 40.0 680 6.6 3.91 
300 Area 300A Whitefish 3 45.5 920 6.4 4.18 
300 Area 300A Whitefish 4 37.0 520 6.05 3.34 
300 Area 300A Whitefish 11 41.0 680 6.29 3.38 
300 Area 300A Whitefish 6 45.0 900 8.62 6.52 
300 Area 300A Whitefish 7 42.0 640 5.62 4.34 
300 Area 300A Whitefish 8 40.5 580 7.76 4.78 
300 Area 300A Whitefish 26 45.5 740 7.67 5.47 
300 Area 300A Whitefish 27 38.0 480 2.73 2.49 

Exhibit 12b



DOE/RL-2010-117 

Fish Risk Evaluation  Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume I, Part 2:  Screening-Level Ecological Risk Assessment 
June 2012 9-50 

Table 9-31.  Whitefish Laboratory Data.  (3 Pages) 

River  
Sub-Area 

Field  
Identification 

Body Length 
(cm) 

Total Body Weight 
(g) 

Liver Weight 
(g) 

Kidney Weight 
(g) 

300 Area 300A Whitefish 21 38.5 620 5.09 3.52 
300 Area 300A Whitefish 22 34.5 380 2.12 2.03 
300 Area 300A Whitefish 23 36.0 380 1.98 2.42 
300 Area 300A Whitefish 24 30.0 280 1.51 2.24 
300 Area 300A Whitefish 25 35.5 400 3.61 2.67 

300 Area Whitefish Averages: 40.22 620.4 
 

300 Area Whitefish Standard Deviation: 4.4 199.01 
Lake Wallula LW Whitefish 9 42.0 860 8.46 7.18 
Lake Wallula LW Whitefish 10 46.5 860 12.79 7.53 
Lake Wallula LW Whitefish 11 41.5 700 6.68 3.76 
Lake Wallula LW Whitefish 15 40.0 640 5.63 4.24 
Lake Wallula LW Whitefish 16 43.0 660 5.98 3.60 
Lake Wallula LW Whitefish 8 38.5 600 6.37 3.23 
Lake Wallula LW Whitefish 12 41.5 760 7.25 3.71 
Lake Wallula LW Whitefish 13 43.5 840 11.22 5.50 
Lake Wallula LW Whitefish 14 41.0 660 4.92 3.43 
Lake Wallula LW Whitefish 17 42.5 760 8.31 3.95 
Lake Wallula LW Whitefish 22 42.0 680 6.11 3.82 
Lake Wallula LW Whitefish 23 39.5 600 5.84 2.53 
Lake Wallula LW Whitefish 24 42.0 620 5.58 4.64 
Lake Wallula LW Whitefish 25 42.5 660 5.85 3.00 
Lake Wallula LW Whitefish 26 43.5 780 8.26 5.70 
Lake Wallula LW Whitefish 3 38.0 520 4.05 5.65 
Lake Wallula LW Whitefish 4 45.0 760 6.80 4.05 
Lake Wallula LW Whitefish 7 41.5 760 5.63 4.87 
Lake Wallula LW Whitefish 19 42.5 730 6.89 4.52 
Lake Wallula LW Whitefish 20 41.5 660 6.10 3.38 
Lake Wallula LW Whitefish 2 42.0 680 11.79 8.89 
Lake Wallula LW Whitefish 5 42.0 660 10.31 4.29 
Lake Wallula LW Whitefish 6 42.0 600 4.62 3.95 
Lake Wallula LW Whitefish 18 41.5 660 5.15 4.10 
Lake Wallula LW Whitefish 21 46.0 960 11.85 6.15 

Lake Wallula Whitefish Averages: 42.06 706.80 
 

Lake Wallula Whitefish Standard Deviation: 2.0 100.36 
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Table 10-1.  Summary of Potential Uncertainty.  (7 Pages) 

Description of Uncertainty Underestimate Overestimate Rationale 

Overview of Risk Assessment Data Collection (Section 2.0) 

Sampling locations may not have identified 
maximum concentrations. 

X  
Areas of elevated concentrations may 
exist in unsampled areas.  

Some sampling was conducted near source areas 
and on the right (Hanford) side of the river, and 
other areas where contamination is expected to 
be present.  

 X 

Intensive sampling in contaminated 
areas over-represents level of 
area-wide contamination when data is 
aggregated. 

J-value data from below the method reporting 
limit were used in the risk assessment.  These 
data are estimated values with a high level of 
quantitative uncertainty.  

X X 

Data results may over- or 
under-represent actual concentrations. 

Sample extraction techniques may overestimate 
bioavailable fraction. 

 X 
Laboratory extraction process does not 
mirror natural processes. 

Fish tissue samples were composited, so 
variations in individual specimens cannot be 
determined.  

X X 
Composite value may over- or 
under-estimate actual concentrations. 

Liver and kidney samples were combined for all 
2008 to 2010 species except carp and sturgeon.  
Actual concentrations in each tissue are 
therefore unknown.  

X X 

Composite value may over- or 
under-estimate actual concentrations. 

Tissue levels measured in Hanford Site fish are 
not reported on a comparable basis (with regard 
to percent moisture and lipids) with tissue effect 
levels.   

X X 

Wet-weight concentrations of 
constituents in tissue are related to the 
percent moisture and, for many 
organics, to the percent lipids.  
Apparent differences between study 
fish concentrations and tissue effect 
levels may reflect these characteristics, 
rather that true concentration 
differences.  

Historical samples from 2000 and on were 
combined with 2008 to 2010 data.  

 X 

Historical data typically contained 
higher concentrations of constituents 
than more recent data.  Because 
historical discharges have largely been 
eliminated and as shorter lived 
radionuclides will have undergone one 
or more half-lives, current 
concentrations of contaminants are 
expected to be lower than historical 
data indicate. 

Samples older than 2000 were not included in 
the risk assessment.  While few fish (except 
sturgeon) from those times are alive today, some 
constituents may have been missed.  

NE NE 

These fish represent a small portion of 
the population.  Sturgeon, which do 
represent historical conditions, were 
collected as individual specimens.  

Some historical fish samples, such as juvenile 
salmon, and other species were not included in 
the fish data set, which included only adult fish 
of the same species collected in 2008 to 2010.  

X  

Characteristics that may be unique to 
these species were not assessed in the 
risk assessment. 
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Table 10-1.  Summary of Potential Uncertainty.  (7 Pages) 

Description of Uncertainty Underestimate Overestimate Rationale 

Porewater data collected over the years at each 
OU were not used in the risk assessment.  
Rather, the SLERA used the porewater data 
collected during the Columbia River RI. 

X  

The Columbia River RI data were 
collected by consistent techniques and 
subject to analysis and quality control 
by the same laboratories and were 
comprehensive in both geographic 
coverage and analytical array.  The 
data obtained from these samples were 
considered to be sufficiently 
representative, and thus effects from 
excluding data from multiple past 
sampling programs is considered to be 

low. 
Selection of Contaminants of Potential Ecological Concern (Section 3.0) 

Constituents that were not detected were not 
included in the risk assessment.  These 
constituents may be present below the reporting 
limit or the instrument detection limit.  

NE NE 

Constituents at very low concentrations 
typically contribute little to risk, and 
most were not anticipated to be related 
to Hanford Site operations. 

For some analytes, particularly metals, 
quantitation limits were higher than target limits. 
If no “J”-qualified data were present, these 
samples were treated as NDs and not evaluated 
in the risk assessment. 

X  

Some constituents with very low 
concentrations were not evaluated.  
However, effects are likely to be 
negligible.  

COPECs were selected based on a comparison 
to Reference data. 

X  

Statistical evaluations are typically 
based on aggregate data and 
comparisons of means or medians.  
Data sets may be statistically equal 
even though individual samples with 
high concentrations exist within the 
data set.  Risks associated with these 
results will not be assessed. 

Some constituents with concentrations higher 
than reference were not designated as COPECs 
and were excluded from the SLERA.  

NE NE 

Because these constituents were 
considered to exist at concentrations no 
different than Reference 
concentrations, little effect is expected.  

PCBs were evaluated as total PCBs, not as 
congeners. 

NE NE 
Total PCB analyses may over- or 
under-represent congener data.  

Reference data included samples from 
wasteways and irrigation returns, which may 
have anthropogenic influences.  NE NE 

An analysis of the effect of using 
wasteway and irrigation return data 
was conducted and is included as 
Appendix I.  No effect on the outcome 
of the SLERA was found.   

Exclusion List constituents were excluded from 
the risk assessment.  

NE NE 

These constituents have been 
determined to present negligible risk. 
Many are naturally occurring 
constituents.  

Gross beta and gross alpha analysis results were 
not included in the risk assessment.  

NE NE 
Alpha and beta emitters were evaluated 
as individual radionuclides.  

“Nitrogen in nitrite and nitrate” were not 
included in the risk assessment.  

NE NE 
Nitrate and nitrite data were used for 
more accurate assessment.  
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Table 10-1.  Summary of Potential Uncertainty.  (7 Pages) 

Description of Uncertainty Underestimate Overestimate Rationale 

Uranium gamma results were not used in the 
risk assessment.  NE NE 

Plate results were available and were 
used in place of gamma results, due to 
overall lower MDAs.  

The extent to which porewater reflects surface 
water contributions was not quantified.  
Porewater was assumed to represent 
groundwater only, so was compared to 
groundwater for the Reference evaluation.  
Some constituents may have been included as 
COPEC because of surface water influences.   

X X 

While conductivity data were used 
during the groundwater upwelling 
study to locate samples in areas of 
known groundwater upwelling, the 
potential exists that lateral surface 
water flow may be partially influencing 
sampling results.  This could increase 
or decrease detected concentrations of 
some constituents, but effects are 
expected to be small. 

Problem Formulation (Section 5.0) 

NOECs are specified as the primary measure of 
effect for abiotic media.   

 X 

NOEC values are typically highly 
conservative estimates derived from 
studies at other sites.  Actual exposures 
and effects are usually less.  

Inhalation of dust was not considered as an 
exposure route. 

X  

This is expected to be a negligible 
exposure route for species along the 
Columbia River, since no activities that 
typically create dust such as 
construction or traffic occur in the 
River Corridor.  

Dermal contact with water and sediment or soil 
by mammals was not evaluated.  X  

This is typically a negligible exposure 
route due to presence of feathers/fur 
that inhibit uptake of contaminants. 

Amphibians are evaluated by aquatic biota 
NOECs.   

X X 

Amphibians are aquatic during the egg 
and tadpoles stage and so share 
exposure pathways with other aquatic 
organisms.  Toxicity data for fully 
aquatic organisms may over or under-
represent actual toxicity to amphibians. 

Piscivores were not evaluated directly in the 
SLERA, since representative species are 
evaluated in the RCBRA.  

X X 

Piscivore exposure to COPECs may be 
different than estimated based on 
RCBRA data.  Potential effects may 
thus vary from RCBRA findings.  

Screening-Level Effects and Exposure Evaluation (Section 6.0) 

Bird and mammal soil screening levels are based 
on maximum-exposure assumptions for 
bioavailability, feeding time, area use, and other 
factors.  

 X 

Screening levels are highly 
conservative; actual exposures are 
likely to be less.  

Use of maximum concentrations as exposure 
point concentrations likely misrepresents actual 
exposures, since it assumes that species feed in 
contaminant “hot spots” or in areas with the 
most elevated concentrations of COPECs.  

 X 

Most individuals feed over a wide 
foraging area, so would encounter 
contaminated areas only a fraction of 
the time.  

Some NOECs are obtained from study data by 
the use of generic uncertainty factors that have 
no real toxicological basis, but rather are 
generally accepted conservative safety factors.  

 X 

Actual NOECs are likely higher than 
estimated.  
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Table 10-1.  Summary of Potential Uncertainty.  (7 Pages) 

Description of Uncertainty Underestimate Overestimate Rationale 

NOECs are typically derived from a number of 
studies with widely varying results.  The extent 
to which these values accurately reflect site 
conditions or responses is unknown. 

X X 

Site-specific conditions may render 
contaminants more, or less, toxic than 
NOECs suggest.  

NOECs are in part based on adverse effects to 
test organisms that may not necessarily be 
present on site.  Results may thus vary from the 
actual toxicity experienced by site receptors.  

X X 

Actual resident species may be more or 
less sensitive to COPECs.  

Effects are observed in a low percentage of 
samples at concentrations below NOECs that are 
derived from aggregated data/  X  

Like water quality criteria, values 
chosen as NOECs are considered to be 
protective of most species.  Effects 
below NOECs are expected to be 
minor.  

NOECs are not available for antimony, 
diethylphthalate, lithium, titanium, vanadium, 
and sulfate.  

NE NE 

Because all or most detected 
concentrations of these COPECs are 
considered to reflect natural 
concentrations or laboratory 
contamination, effects of the lack of a 
NOEC evaluation is expected to be 
negligible.   

NOECs are not available for TPH-diesel and 
TPH-motor for some receptors. 

X  

Due the location and magnitude of 
NOEC exceedances, effects of the lack 
of a NOEC on the risk assessment are 
expected to be minor.  Detected 
concentrations are not likely related to 
Hanford Site operations.  

NOECs are not available for sediment 
hexavalent chromium 

X  

Since hexavalent chromium is a known 
Hanford Site contaminant, the lack of a 
sediment NOEC for this COPEC 
underestimates actual risk potential.  

The NOEC values reflect potential effects to a 
single organism and may not be a good 
estimator of potential community or 
system-wide effects.  

 X 

Acute or chronic effects on organisms 
may not necessarily have an effect at 
the community or population level.  

Risk estimates in Section 7.0 are based on 
maximum concentrations only.  

 X 

This significantly overestimates site 
risk and is highly unlikely in the field, 
since most organisms feed over a wide 
area. 

Risk is assessed by comparison to NOECs, 
which, for non-aggregated data, are a level of no 
effect.  

 X 
Exceedance of this value may not 
signal a potential for adverse effects. 

Screening-Level Risk Calculation (Section 7.0) 

NOECs are inherently conservative values that 
typically overestimate potential risk.  See table 
entries for Section 6.0.   

 X 
NOECs are designed to eliminate 
COPECs of negligible risk, so are not 
representative of actual levels of effect.  

NOECs are unavailable for several COPECs in 
different media.  

X  

Because COPECs are likely of natural 
origin or have many anthropogenic 
sources, the underestimation of 
Hanford Site-related risk is expected to 
be minor.  
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Table 10-1.  Summary of Potential Uncertainty.  (7 Pages) 

Description of Uncertainty Underestimate Overestimate Rationale 

NOECs are unavailable for hexavalent 
chromium in sediment.  

X   
Lack of a NOEC for this known site 
COPEC underestimates risk.  

Totals metals data (from nonfiltered surface 
water samples) in surface water are used for 
comparison to metals WQC, which are in terms 
of dissolved metals.  

 X 

Conservative approach because total 
concentrations of metals are typically 
higher than dissolved.  Consideration 
of the dissolved fraction occurs in 
Section 8.0.  

Reporting limits for some COPECs are higher 
than NOECs. 

X  

COPECs may be present at 
concentrations higher than NOECs but 
not detectable by the analytical 
methods.  However, J-qualified data, 
which show concentrations below the 
RL, were included in the SLERA and 
reduce the effect of elevated RLs.  The 
effect of RLs greater than NOECs is 
thus considered to be minor.  

Porewater evaluations used only dissolved forms 
for some metals.  

X  

Dissolved forms of metal COPECs are 
the forms most mobile in groundwater 
and most bioavailable to aquatic 
receptors.  Most WQC are in terms of 
dissolved forms.  Some older WQC, 
such as aluminum, are in terms of total 
metals.  However, total concentrations 
include normal silt-bound fractions, so 
were not used in the evaluation.   

Porewater hardness-dependent WQC were based 
on an assumed groundwater hardness of 
100 mg/L CaCO3. 

X X 

Groundwater was assumed to have a 
higher hardness than surface water.  
Actual hardness may be more or less 
than that assumed.  

Single-chemical evaluation via NOECs does not 
take into account potential additive effects of 
mixtures.  X  

Risks of mixtures may be greater than 
of single chemicals alone.  However, 
the sum-of-fractions approach used for 
radionuclides does take into account 
the additivity of radiation sources.  

Porewater data are more variable than other data 
because concentrations are affected by river 
stage, sediment stratigraphy, and other factors.  
Risk estimates will thus be variable as well. 

X X 

Data accurately reflect changing 
conditions within the sediment.  At 
different times, concentrations may be 
different that those measured.  
However, varying exposure levels tend 
to reduce risk.   

Porewater is evaluated against surface water 
NOECs.  

 X 

The depth of porewater collection is 
below the primary habitat of the 
dominant Columbia River species 
(midges and caddisflies).  However, 
some Chinook salmon redds may be 
deep enough to be in the porewater 
zone. 
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Table 10-1.  Summary of Potential Uncertainty.  (7 Pages) 

Description of Uncertainty Underestimate Overestimate Rationale 

Effects of porewater on fish redds is not 
discussed.  

X  

Some evidence suggests that salmon 
do not tend to locate redds in areas of 
groundwater upwelling.  However, 
discharge zones may change with river 
stage.  Actual concentrations in redds 
are unknown.   

Refinement of Contaminants of Potential Ecological Concern (Section 8.0) 

Evaluation used LOEC values as boundary 
condition for evaluation.  Actual concentration 
where the onset of toxicity occurs is unknown.  

X  
The onset of toxicity is typically 
somewhere between the NOEC and 
LOEC.   

LOEC values from literature used in assessment; 
species-specific effect levels may differ.  X X 

Site species may be more or less 
sensitive than species from which the 
LOEC was derived.  

LOECs were obtained from acute data by the use 
of uncertainty factors.  

X X 

The relationship between acute effects 
and chronic LOECs is unknown for 
many COPECs.  The use of an 
uncertainty factor of 5 may over- or 
underestimate the actual value.   

Historical exceedances were discounted in the 
analysis.  X  

More recent data not from same 
vicinity may miss exceedances in areas 
characterized by historical samples.  

No LOEC available for hexavalent chromium. 
X  

This is a known site contaminant, and 
cannot be evaluated without sediment 
NOECs and LOECs.   

Median accumulation rates were used for lead 
accumulation to aquatic invertebrates, rather 
than the 90th percentile, for the shoreline 
sediment bird LOEC calculation.  

X  

This value will underestimate 
exposures for some species.  

The RCBRA upland avian PRG of 156 mg/kg 
was used to estimate risks to birds exposed to 
lead in island soils and shoreline sediments.  The 
PRG was generated from upland soil food chain 
models based on concentrations in species- and 
soil-specific upland invertebrates.   

X X 

These concentrations may be greater or 
less than the bioaccumulation rates 
occurring in island soil or shoreline 
sediment invertebrates. 

Terrestrial equation used to estimate 
bioaccumulation of selenium into aquatic 
invertebrates.  

X X  

The relationship between earthworm 
and aquatic invertebrate accumulation 
of lead is unknown, so terrestrial 
bioaccumulation equation may result in 
either an over- or underestimation of 
risk. 

Only a small percentage of dissolved data for 
porewater hexavalent chromium were available, 
so total chromium was compared to both total 
and hexavalent chromium WQC in Section 8.0.   X 

Although most total chromium values 
are considered to consist of hexavalent 
chromium, some uncertainty attends 
the interpretation of the chromium 
porewater results due to the small 
dissolved hexavalent chromium data 
set. 
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Table 10-1.  Summary of Potential Uncertainty.  (7 Pages) 

Description of Uncertainty Underestimate Overestimate Rationale 

Samples with few exceedances were not carried 
forward for evaluation.  X  

Risk, although likely low, may be 
associated with these samples in 
discrete areas of the Columbia River.  

Fish Risk Evaluation (Section 9.0) 

Fish tissue LOECs associated with effects are 
highly uncertain.  Values between studies vary 
widely, and study tissue concentrations often do 
not change much in relation to exposure.   

X X 

A number of factors affect tissue 
concentrations, and tissues measured 
may not be target tissue for COPEC.  
Conclusions based on LOEC HQs are 
not recommended. 

Fish tissue effect studies reflect either water or 
diet exposures.  Lowest values used as LOEC 
values, but may not reflect actual dose pathway.  

X X 

Studies with lowest LOEC value used, 
regardless of exposure route.  
Relationship to actual effect levels is 
uncertain.  

Sturgeon histology study suggested that sturgeon 
exposure was through diet. X X 

Further studies with fish of the same 
age from an uncontaminated site are 
necessary to confirm.  

Liver and kidney tissue were combined in many 
samples, and the combined liver/kidney data 
were compared to lower of liver or kidney tissue 
effect levels.  

X X 

Combined data obscure actual 
concentrations, and standard for one 
tissue is not appropriate for the other. 

Fillet tissue combined skin-on and skin-off 
specimens.  X 

Constituents in skin increase the total 
measured concentration, especially for 
lipophilic constituents.  

Tissue concentration associated with effect for 
chromium was based on studies with hexavalent 
chromium, which is more toxic than other forms 
of chromium.  

 X 

Comparison of tissue chromium 
concentrations to hexavalent chromium 
LOECs will overestimate effects.  

Historical fish tissue included in average values. 
 X 

Concentrations in many historical fish 
tissues are higher than more recent 
samples.  

Fish are mobile and may move readily between 
reaches, rendering sub-area distinctions tenuous. X X 

Sub-area averages will vary in either 
direction as fish roam throughout the 
sub-areas.  

HSI and condition factor vary in response to 
many factors and may change in either direction 
in response to exposure to chemicals.  

X  
Influence of nonchemical factors may 
obscure or constituent chemical-related 
effects.  

Fish condition data are highly variable. X X Variability may obscure true effects. 

COPEC = contaminant of potential ecological concern 
HQ = hazard quotient 
HSI = hepatosomatic index 
LOEC = lowest observed effect concentration 
MDA = minimum detectable activity 
ND = nondetect 
NE = no effect 
NOEC = no observed effect concentration 
OU = operable unit 

PCB = polychlorinated biphenyl 
PRG = preliminary remediation goal 
RCBRA = River Corridor Baseline Risk Assessment 
RI = remedial investigation 
RL = reporting limit 
SLERA = screening-level ecological risk assessment 
TPH = total petroleum hydrocarbons 
WQC = water quality criteria 
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Table 10-2.  Evaluation of Representative Constituents Not Selected as  
Contaminants of Potential Ecological Concern.  (2 Pages) 

Sample 
Item 

Media Constituent Name Sub-Area 
River 
Mile 

Designation 
Maximum 

Result 
(mg/kg) 

River Mile 
(Measured) 

SLERA 
NOEC 
(mg/kg) 

SLERA 
LOEC 

(mg/kg) 

Detected 
Result 

Exceeds 
NOEC? 

SLERA 
COPEC? 

- SD Heptachlor epoxide 100 Area 373 LI-1SD 0.0318 372.74 0.0025 0.016 Yes Yes  

- SD Heptachlor 100 Area 373 LI-1SD 0.0104 372.74 0.01 NI Yes No 

 Reference maximum:  0.0028  

- SD gamma-BHC (lindane) 100 Area 370 HT-6SD 0.0015 369.83 0.0009 NI Yes No 

 Reference maximum:  0.0010  

- SD Manganese 100 Area 375 RDD-6SD 1,514.5 374.69 460 NI Yes No 

 Reference maximum:  1,234  

- SD Molybdenum 100 Area 370 J100H43 3.799 369.74 250 NI No No 

 Reference maximum:  0.933  

Carcass BI 
Dichlorodiphenyltri-
chloroethane 

100 Area 380 100SA-SUCKER 5 0.0401 379.77 NI NI - No 

 Reference maximum:  0.0332  

Carcass BI 
Dichlorodiphenyltri-
chloroethane 

300 Area 363 STURGEON 15 0.0530 363.06 NI NI - No 

 Reference maximum:  0.0332  

Carcass BI Lithium 100 Area 378 100SA-CARP 4 1.85 377.69 NI NI - No 

 Reference maximum:  1.38  

Carcass BI Selenium 300 Area 363 STURGEON 14 1.92 363.06 NI NI No 

 Reference maximum:  1.38  

Carcass BI Tin 100 Area 375 100SA-CARP 3 95.2 374.52 NI NI - No 

 Reference maximum:  16.4  

Carcass BI Tin 300 Area 363 STURGEON 15 162 363.06 NI NI - No 

 Reference maximum:  16.4  

Carcass BI Vanadium 300 Area 346 300SA-CARP 3 0.991 345.96 NI NI - No 

 Reference maximum:  0.572  

Carcass BI Zinc 300 Area 363 300SA-CARP 1 143 362.78 NI NI - No 

 Reference maximum:  110  

Fillet BI alpha-Chlordane 100 Area 370 100SA Walleye-4 0.0106 369.65 NI NI  Yes 

 Reference maximum:  No reference data   
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Table 10-2.  Evaluation of Representative Constituents Not Selected as  
Contaminants of Potential Ecological Concern.  (2 Pages) 

Sample 
Item 

Media Constituent Name Sub-Area 
River 
Mile 

Designation 
Maximum 

Result 
(mg/kg) 

River Mile 
(Measured) 

SLERA 
NOEC 
(mg/kg) 

SLERA 
LOEC 

(mg/kg) 

Detected 
Result 

Exceeds 
NOEC? 

SLERA 
COPEC? 

Fillet BI 
Dichlorodiphenyldi-
chloroethane 

300 Area 344 300SA-CARP 4 0.355 343.53 NI NI  No 

 Reference maximum:  0.243  

Fillet BI Lithium 100 Area 370 100SA Walleye-2 1.11 369.74 NI NI - No 

 Reference maximum:  0.869  

Fillet BI Selenium 300 Area 363 STURGEON 14 2.67 363.06 NI NI - No 

 Reference maximum:  1.6  

Fillet BI Strontium 100 Area 379 100SA-BASS5 18.8 379.47 NI NI - No 

 Reference maximum:  11.5  

Fillet BI Vanadium 100 Area 367 100SA-BASS4 0.502 367.07 NI NI - No 

 Reference maximum:   0.399  

Fillet BI Vanadium 100 Area 379 100SA-BASS5 0.52 379.47 NI NI - No 

 Reference maximum:  0.399  

NOTE:  Constituents not selected as SLERA COPECs were present at concentrations consistent with reference concentrations or were Inclusion List compounds.  
COPECs and river mile ranges as specified by Ecology on April 2, 2012.   

BHC = benzene hexachloride 
BI = biota 
COPEC = contaminant of potential ecological concern 
LOEC = lowest observed effect concentration 

NI = not identified; value not used in SLERA.  
NOEC = no observed effect concentration 
SD = sediment 
SLERA = screening-level ecological risk assessment 
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EXECUTIVE SUMMARY 

 
This document presents the methodology and results of a comprehensive human health risk 

assessment (HHRA) of the surface water, sediment, island soils, and fish of the Columbia River 

adjacent to and downriver of the Hanford Site in Benton County, Washington.  The study was 

conducted to obtain information about the potential for Hanford Site-related contaminants to 

affect the health of individuals who use the Columbia River for fishing, recreation, or other 

purposes.  This information will be used, along with the findings from a complementary 

ecological risk assessment, to support cleanup decisions regarding the Hanford Site that will be 

protective of human health and the environment.   

 

SITE DESCRIPTION AND HISTORY 

 

The Columbia River stretches 2,000 km (1,243 mi) from the Canadian province of 

British Columbia through the United States’ Washington State, forming much of the border 

between Washington and Oregon, before emptying into the Pacific Ocean.  Measured by the 

volume of its flow, the Columbia River is the largest river flowing into the Pacific from 

North America and is the fourth largest river in the United States.  In south-central Washington 

State, the river flows through the U.S. Department of Energy’s (DOE’s) Hanford Site 

(Figure ES-1).  The area known as the Hanford Reach is an 82-km (51-mi) stretch of the 

Columbia River that flows unimpeded between Priest Rapids Dam to the head of Lake Wallula 

upstream of McNary Dam.   

 

The Hanford Site is a 1,517-km2 (586-mi2) federal facility located within the semiarid 

shrub-steppe Pasco Basin of the Columbia Plateau in south-central Washington State.  

(NOTE:  For the purposes of this report, the Hanford Site refers to the boundaries of the 

Hanford Reservation.)  It is situated north and west of the cities of Richland, Kennewick, 

and Pasco.   
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Figure ES-1.  Columbia River Study Areas. 
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The Hanford Site became a federal facility in 1943 when the U.S. Government took possession 

of the land to produce weapons-grade plutonium during World War II.  During Hanford Site 

operations, liquid effluents from plutonium production reactors were discharged directly to the 

Columbia River, and unplanned overland flows from retention ponds and basins occasionally 

occurred.  In addition, plumes of contaminated groundwater developed in portions of the 

Hanford Site as a result of the practice of discharging waste waters to the soil column and 

subsequent migration through the soil.  Some of these contaminated groundwater plumes have 

reached the Columbia River, discharging in seasonal springs along the shoreline and upwelling 

through the river bottom. 

 

Hanford Site production activities continued until the late 1980s, when the mission focus 

changed to cleaning up the radioactive and hazardous wastes that had been generated during the 

previous decades.  In 1989, areas of the Hanford Site were placed on the National Priorities List 

under the authority of the Comprehensive Environmental Response, Compensation, and Liability 

Act of 1980 (CERCLA).  Placement on the National Priorities List initiated the CERCLA process 

that would result in the cleanup of contaminated areas.   

 

A primary objective of the Hanford Site cleanup mission is protection of the Columbia River, 

through remediation of contaminated soil and groundwater that resulted from its production 

mission.  These remedial actions were initiated in 1994 and continue today, with an emphasis on 

activities in the “River Corridor,” a 570-km2 (220-mi2) portion of the Hanford Site that includes 

the former plutonium production reactors in the 100 Area and research and development 

facilities in the 300 Area.   

 

This HHRA focuses on the Columbia River itself, which contains residue from historical 

activities at the Hanford Site as well as current upriver and non-Hanford Site sources.  The 

Columbia River is not a part of the Hanford Site, but because it is a potentially affected area, it is 

being investigated using the same CERCLA process and guidance.  The general approach for the 

entire HHRA was described in DOE/RL-2008-11, Remedial Investigation Work Plan for 
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Hanford Site Releases to the Columbia River (RI Work Plan).  This study follows the approach 

outlined in that work plan. 

 

PURPOSE AND SCOPE 

 

The purpose of this HHRA is to evaluate whether chemical and radiological contaminants in 

various environmental media in the Hanford Site Study Area are present at concentrations that 

may pose a potential health risk to individuals (referred to in this report as “human receptors”) 

that visit the shoreline of the Columbia River and its numerous islands.  The HHRA identifies 

the chemical and radiological contaminants present in river media (i.e., sediment, surface water, 

fish tissue, and island soil); identifies both current and potential future human receptors who may 

encounter these contaminants through various activities; and characterizes noncancer hazards 

and cancer risks associated with exposure to contaminants in these media.   

 

Estimation of risk is accomplished through use of standard risk assessment equations that reflect 

the many different ways that people may be exposed to contaminants in and around the river.  

These equations take into account both physical characteristics (such as body weight and daily 

ingestion rates) as well as the different ways in which individuals use the river (for fishing or 

swimming, for example) to estimate whether individuals may be exposed to contaminants at 

levels that may have adverse effects on health.  The potential for effects are estimated under both 

central tendency (or “average”) and upper-bound (comparable to “worst-case”) exposure 

conditions.  The exposure inputs used in the equations and supporting toxicity information 

incorporate a number of conservative safety factors to account for the uncertainty associated with 

extrapolating from animal studies to human effects, variability within the human population, as 

well as other necessary assumptions.   

 

The ultimate objective of the HHRA is to provide a conservative assessment of whether people 

who use the Hanford Site Study Area portion of the Columbia River for fishing, recreating, or 

other purposes have the potential to experience adverse health effects under current or 

reasonably foreseeable river-use scenarios.  Risk managers will use the results from this baseline 
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HHRA in conjunction with other information to determine whether cleanup decisions are 

required for contamination that exists in or along the Columbia River as a result of historical 

operations at the Hanford Site.   

 

Integration with Other Hanford Site Risk Assessments and Studies 

 

The DOE, which retains responsibility for the Hanford Site, is currently in the process of 

conducting remedial investigation (RI) and cleanup activities at the Hanford Site in accordance 

with the requirements and guidelines of the CERCLA program.  This HHRA is being completed 

in general accordance with the RI Work Plan (DOE/RL-2008-11), which was developed by the 

Tri-Parties (i.e., U.S. Environmental Protection Agency [EPA], Washington State Department of 

Ecology [Ecology], and DOE).  The results of this risk assessment, in addition to the RI, are 

important to other Hanford Site cleanup activities in the River Corridor.   

 

Concurrent with the HHRA is the River Corridor Baseline Risk Assessment (RCBRA) 

(DOE/RL-2007-21, River Corridor Baseline Risk Assessment, Volume II:  Human Health Risk 

Assessment) that presents a comprehensive human HHRA for the right1-bank source areas along 

the Hanford Reach.  The RCBRA evaluated recreational, industrial, residential, Confederated 

Tribes of the Umatilla Indian Reservation (CTUIR) and Yakama Nation subsistence living 

scenarios, and nonresidential Tribal scenarios involving exposure to various Hanford Site media, 

including soil and groundwater in upland portions of the Hanford Site, and sediments, surface 

water, and fish along the near-shore areas within the Hanford Reach of the Columbia River.   

The results of the RCBRA have been reviewed and considered in conjunction with development 

of the HHRA.  Whereas the RCBRA focused on the right bank of the Columbia River, this 

HHRA evaluated risks from “bank-to-bank” in the Hanford Reach and downstream 

Lake Wallula, characterizing risk in areas not previously addressed under the RCBRA.  

The quantitative HHRA was conducted in accordance with EPA Superfund risk assessment 

guidelines presented in EPA/540/1-89/002, Risk Assessment Guidance for Superfund, Volume 1, 
                                                 
1 Within this report, reference is frequently made to different sides of the river.  By convention, all lateral references 
are made looking downriver.  Thus, “right side” of the river or an island refers to the right shoreline, looking 
downstream; “left side” of the river or an island refers to the left side, looking downstream. 
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Human Health Evaluation Manual (Part A) (Interim Final), as well as other EPA risk guidance.  

The following sections summarize the methodology and key outcomes of this HHRA, describing 

the study components (such as the area of study, selection of contaminants of potential concern, 

and exposure scenarios), the risk characterization, and the uncertainties associated with 

estimating hazard and risk. 

 

STUDY COMPONENTS 

 

The components, data, and structure of the HHRA are described below.  

 

Area of Study.  For purposes of statistical evaluation and assessment of surface water, sediment, 

island soils, and fish, the area of investigation within the Columbia River was divided into four 

distinct but contiguous sub-areas.  As described in the RI Work Plan (DOE/RL-2008-11), the 

boundaries of the sub-areas downriver of Priest Rapids Dam were determined based on spatial 

distribution of contaminant concentrations observed in surface water and sediment relative to the 

various sources of contamination from the Hanford Site.  The four sub-areas are as follows:   

 

 Upriver Sub-Area (river mile [RM] 420 through RM 388) 

 100 Area Sub-Area (RM 387 through RM 366) 

 300 Area Sub-Area (RM 365 through RM 340) 

 Lake Wallula Sub-Area (RM 339 through RM 292).   

 

Figure ES-1 shows these four sub-areas in relation to the Hanford Site.  The portion of the study 

area that is the focus of this HHRA extends from just downstream of Vernita Bridge (RM 388) to 

McNary Dam, a distance of approximately 154 km (96 mi).  This stretch of river is referred to as 

the “Hanford Site Study Area.”  Within this area, the lateral area evaluated extends shore to 

shore (ordinary high water mark to ordinary high water mark).   

 

Analytical Results.  The data used for the risk assessment were drawn from a wide variety of 

sources, reflecting the extensive monitoring and assessment historically associated with the 
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Columbia River and the Hanford Site.  The final data set used for this HHRA is composed of 

both data collected during the Columbia River RI, which was conducted between 2008 and 2010 

specifically to support the risk assessments, and “historical” data, which were collected as part of 

other studies prior to 2008.  Remedial investigation data were described in detail in WCH-398, 

Data Summary Report for the Remedial Investigation of Hanford Site Releases to the 

Columbia River, Hanford Site, Washington.  Historical data were obtained from a variety of 

sources and were screened to exclude data from outside the geographical or lateral boundaries of 

the RI study area.   

 

Data from the following date ranges were considered:  

 
Medium Data Set Range  

Surface water  2000 – 2010 

Sediment  2000 – 2010  

Island soil  2008 – 2010 

Fish tissue  2008 – 2010 

 
No island soil data prior to the 2008 to 2010 RI were available, so the RI data form the basis for 

the soils data set.  Although pre-2008 fish tissue data are available, only the RI fish data set was 

specifically designed to support the HHRA and provided a consistent sampling and analysis 

approach among species, tissue types, and analytes.  Therefore, only RI fish tissue results were 

included in the HHRA. 

 

Selection of Contaminants of Potential Concern.  Contaminants of potential concern (COPCs) 

are the chemicals and radionuclides that were selected for quantitative assessment in this HHRA.  

The COPCs are selected from among the analytes detected in each environmental medium, using 

a method that generally follows the approach described in the RI Work Plan (DOE/RL-2008-11).  

This approach includes the evaluation of detection frequency, concentration relative to risk-based 

benchmarks, essential nutrient status, and whether the contaminant is considered to be a known 

Hanford Site-related contaminant in soil or groundwater.  The COPC selection step also includes 

a process that characterizes the selected COPCs based on a statistical comparison of Hanford Site 

data to data from reference locations, to identify COPCs that are present in the Hanford Site Study 
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Area (i.e., 100 Area, 300 Area, and Lake Wallula Sub-Areas) at concentrations inconsistent with 

or statistically higher than those in reference locations, as described further below.   

 

There are a number of sources unrelated to the Hanford Site that may potentially release 

contaminants to the Columbia River and therefore contribute to cumulative health risk.  These 

sources include upriver mining; worldwide atmospheric testing; naturally occurring elements; 

and municipal, urban, and agricultural activities.  The contribution of these non-Hanford Site 

sources has been evaluated in this risk assessment, for purposes of supporting risk management 

decisions.  The end result of this COPC statistical evaluation process was a determination of 

whether a COPC was either “consistent with Reference” (i.e., a Reference COPC) or “not 

consistent with Reference” (i.e., a Study Area COPC).  A Reference COPC is a constituent 

present in the Hanford Site Study Area at concentrations similar to or lower than those of 

Reference areas, whereas a Study Area COPC is a constituent that is present at higher 

concentrations in the Hanford Site Study Area.  However, a Study Area COPC may not 

necessarily be attributed to a specific Hanford Site release; rather, its designation is due solely to 

its relative concentration in river media. 

 

In general, many of the COPCs identified in river media (particularly heavy metals and 

metalloids) are present at concentrations consistent with those of Reference areas.  Study Area 

COPCs were mainly found to be select radionuclides and hexavalent chromium in soil and 

sediment, and volatile organic compounds in surface water. 

 

Risks related to Study Area and Reference COPCs are distinguished in the risk characterization in 

order to assist with risk management decisions.  However, noncancer hazard and cancer risk were 

evaluated collectively to provide cumulative risk estimates for each exposure scenario across all 

COPCs. 

 

Exposure Scenarios.  The following exposure scenarios were quantitatively evaluated as part of 

this HHRA.  Each scenario reflects different ways in which individuals who access the Hanford 

Site Study Area might be exposed to COPCs in fish or other river media.  These scenarios are 
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not inclusive of all uses, but rather focus on those that cover a range of exposure to 

contaminants.  These scenarios are summarized below and are also illustrated in Figure ES-2:   

 

 The Avid Angler scenario includes both adults and older children who engage in fishing 

activities, as well as younger children who consume the catch brought home. 

 

 The Casual User scenario is an adult or child who uses the river for seasonal recreational 

purposes (e.g., swimming, wading). 

 

 The Yakama Nation scenario includes children and adults of the Yakama Nation who 

engage in subsistence fishing-related activities in the Columbia River. 

 
 The Hypothetical Future Residential scenario involves children and adults who may be 

routinely exposed to COPCs in dredged sediments that are placed in upland residential areas, 

as well as to COPCs in surface water that may be used as a potable water supply. 

 

The Casual User and Avid Angler scenarios included evaluation of both average exposures, 

referred to here as “central tendency” exposures (CTEs), and representative “worst case” 

exposures, referred to as “reasonable maximum” exposures (RMEs), to provide an estimate of 

potential health risks under a range of conditions.  The Yakama Nation scenario was provided to 

the DOE by the Yakama Nation2 and was run in accordance with the RI Work Plan 

(DOE/RL-2008-11, Rev. 0), using RME exposure point concentrations.  The CTUIR scenario, 

although relevant to the Columbia River Corridor, was not included in this HHRA but instead 

was evaluated separately in the RCBRA.  

 

                                                 
2 Yakama Nation Exposure Scenario for Hanford Site Risk Assessment, Richland, Washington (Ridolfi 2007). 
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Figure ES-2.  Summary of Human Receptors Evaluated in the  
Human Health Risk Assessment. 

 

 

 

The Hypothetical Future Residential scenario was evaluated by comparison of sediment and 

surface water exposure point concentrations to risk-based benchmarks for residential soil and 

drinking water, respectively3.  This evaluation, provided in Appendix A, was conducted 

separately from the quantitative baseline HHRA approach used for the recreational and Tribal 

scenarios.  Note that past dredging projects in the Columbia River conducted by the 

U.S. Army Corps of Engineers required extensive permitting and evaluations of “beneficial use” 

of dredged sediments to ensure that the ultimate disposition of dredge spoils would not pose risks 

                                                 
3 Note that analytical results for untreated surface water samples were used to calculate exposure point 
concentrations for drinking water for the residential scenario.  In actuality, surface water of the Columbia River is 
processed through a treatment system prior to public distribution as a drinking water supply, which is subject to the 
federal Safe Drinking Water Act. 
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to future potential receptors/users of such materials.  Furthermore, although the Columbia River 

is currently used as a source of potable water for the City of Richland, filtered and treated water 

from the river is routinely monitored prior to its distribution and meets federal drinking water 

standards (maximum contaminant levels), as required by the Safe Drinking Water Act.   

 

For each scenario, assumptions are made about a variety of factors:  age and body weight of river 

users, how much they eat or drink, how many years and at what age the use of the river occurs, 

and similar characteristics.  The values used for these characteristics are generally conservative 

in that they reflect exposure and contaminant levels that are much higher than those that would 

realistically exist for any individual.  This is particularly true in the RME scenarios, in which 

individuals are assumed to have the highest reasonable exposure characteristics (e.g., for fish 

consumption, exposure duration) and at the same time are assumed to encounter the highest 

reasonable contaminant concentrations in fish, surface water, soil. or sediment.  Reasonable 

maximum exposure contaminant concentrations are represented by either the maximum values or 

by 95th percentile upper confidence limit (UCL) of the mean, which is a statistical value that 

equals or exceeds the true mean 95% of the time.  By evaluating risk under both CTE and RME 

conditions, the HHRA provides a means to evaluate the uncertainty surrounding risk estimates 

(EPA/540/1-89/002).  

 

RISK CHARACTERIZATION 

 

Characterization of risk to human health is the estimation of the incidence and severity of 

adverse effects that may potentially occur in a human population due to exposures to chemicals 

or radionuclides in fish, water, or other media.  Risk is expressed as either a numerical index or 

as a “probability.”  Cumulative cancer risk and noncancer hazard estimates, described below, 

were calculated for each receptor and compared to EPA and Ecology risk management criteria.   

 

 Cancer Risk:  Cancer risk is calculated for carcinogenic chemicals as well as radionuclides.  

The potential for carcinogenic health effects is characterized as the incremental lifetime 

cancer risk (ILCR).  The ILCR represents the incremental probability or likelihood of an 
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individual developing cancer over a lifetime as a result of exposure to a potential 

carcinogenic COPC.  This is considered “incremental” because it is the additional potential 

risk of developing cancer due to the assumed Study Area exposures, above and beyond the 

“background” cancer risk (which may be due to genetics, lifestyle choices, sun exposure, 

etc.).  The ILCR is expressed as a single value representing the estimated increase in the 

chance of getting cancer from Study Area exposures; thus, a one-in-a-million increase in 

cancer risk is expressed as 1 x10-6.  The cumulative ILCR for a receptor is compared to 

EPA’s CERCLA target cancer risk range of 10-6 to 10-4 and the Ecology Washington 

Administrative Code 173-340, “Model Toxics Control Act – Cleanup” (MTCA) risk limit of 

1 x 10-5. 

 

 Noncancer Hazard:  Exposure to contaminants may potentially affect developmental, 

reproductive, neurobehavioral, and other physiological functions.  To account for exposures 

that a receptor may receive from multiple chemicals and exposure routes, the cumulative 

noncancer hazard, known as the hazard index (HI), is calculated to estimate potential 

noncancer effects.  Note that the HI conservatively assumes simple additivity across all 

COPCs, even though the specific toxicological effects of individual COPCs may differ.  The 

cumulative HI for each receptor age group evaluated is then compared with the EPA and 

MTCA noncancer risk management criterion of 1.  If the HI is less than or equal to 1, then it 

is assumed that the concentrations of chemical COPCs do not pose a risk of harm to human 

health.  

 

Remedial action is generally not warranted for sites where cumulative cancer risk under an RME 

condition does not exceed the EPA target risk limits of 10-6 to 10-4 ILCR or noncancer hazard is 

below 1 (OSWER Directive 9355.0-30, “Role of the Baseline Risk Assessment in Superfund 

Remedy Selection Decisions”).   

 

Although the HHRA evaluated cumulative risk from all relevant exposure media for each 

receptor, risks were also discussed separately for abiotic media (surface water, sediment, and 

soil) and fish tissue to help inform risk management decisions for these media.   
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Risk Characterization Results 

 

Cumulative risk estimates were calculated for all evaluated receptors, by medium and exposure 

pathway, and these cumulative noncancer hazard and cancer risk estimates were compared to the 

relevant EPA and MTCA risk management criteria.  Cumulative hazard and risk were first 

calculated with both Study Area and Reference COPCs combined, and then again with Study 

Area and Reference risks separated, to help distinguish background effects from potential Study 

Area risks.   

 

Tables ES-1 and ES-2 present a summary of the range of cumulative noncancer hazard and 

cancer risk, respectively, for all RME scenarios and across all COPCs.  Also presented are 

cumulative hazard and risk estimates for Study Area COPCs.  These tables also provide the EPA 

and MTCA target noncancer hazard threshold and ILCR risk limits. 

 

Table ES-1.  Summary of Noncancer Hazard Indices for  
Reasonable Maximum Exposure Scenarios. 

 Hazard index a 

Endpoint Exposure Media Casual User Avid Angler Yakama Nation 

Noncancer 
Hazard  

Abiotic - All COPCs b 0.2 to 0.7 0.06 to 0.2 1 to 3 

Fish – All COPCs Not applicable 97 to 146 675 to 1066 

Cumulative hazard index - 
all COPCs 

0.2 to 0.8 97 to 146 676 to 1069 

Cumulative hazard index - 
Study Area COPCs 

0.001 to 0.04 0.6 to 8 6 to 57 

EPA and MTCA Target Hazard Index 1 1 1 
a Ranges for cumulative hazard index reflect risks across the three sub-areas (100 Area, 300 Area, and Lake Wallula).   
b Includes sediment, island soil, and surface water. 
COPC = contaminant of potential concern 
EPA = U.S. Environmental Protection Agency 
MTCA = Model Toxics Control Act 
Shading = exceedance of target hazard index 
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Table ES-2.  Summary of Cumulative Cancer Risks for  
Reasonable Maximum Exposure Scenarios. 

  Incremental lifetime cancer risk a 

Endpoint Exposure Media Casual User Avid Angler Yakama Nation 

Cancer Risk   

Abiotic - All 
COPCs b 

7 x 10-6 to 1 x 10-5 6 x 10-6 to 1 x 10-5 5 x 10-5 to 1 x 10-4 

Fish – All COPCs Not applicable 5 x 10-3 to 6 x 10-3 2 x 10-2 to 3 x 10-2 

Cumulative ILCR - 
all COPCs 

7 x 10-6 to 1 x 10-5 5 x 10-3 to 6 x 10-3 2 x 10-2 to 3 x 10-2 

Cumulative ILCR - 
Study Area COPCs 

3 x 10-6 to 4 x 10-6 3 x 10-6 to 4 x 10-5 1 x 10-4 to 2 x 10-4 

EPA Target ILCR Range 10-6 to 10-4 10-6 to 10-4 10-6 to 10-4 

MTCA Target ILCR 1 x 10-5 1 x 10-5 1 x 10-5 
a Ranges for ILCR reflect cumulative cancer risk across the three sub-areas (100 Area, 300 Area, and Lake Wallula), 

for both chemical and radionuclide COPCs.   
b Includes sediment, island soil, and surface water. 
COPC = contaminant of potential concern 
EPA = U.S. Environmental Protection Agency 
ILCR = incremental lifetime cancer risk  
MTCA = Model Toxics Control Act 
Shading = exceedance target ILCR 

 
 
Cumulative noncancer hazards and cancer risk for the Casual User RME scenario did not exceed 

EPA or MTCA risk management criteria.  However, cumulative hazard and risk for the Avid 

Angler and Yakama Nation scenarios did exceed risk management criteria, primarily due to the 

fish ingestion pathway.   

Results for all of the individual scenarios are discussed in more detail in the following 

paragraphs. 

 Casual User:  The Casual User scenario evaluated a child and adult who use the 

Columbia River for recreational purposes such as swimming or wading and therefore may be 

exposed to COPCs in surface water, sediment, and island soil.  For both CTE and RME 

scenarios and at all exposure points, the following results were obtained:  

 The cumulative noncancer HI did not exceed the EPA and MTCA threshold of 1. 
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 The cumulative ILCR for both chemical and radionuclide COPCs fell within the EPA 

cancer risk range of 10-6 to 10-4 and below or at the MTCA risk limit of 1 x 10-5. 

 

Most of the calculated noncancer hazard and cancer risk was attributable to Reference 

COPCs (primarily arsenic) in sediment. 

 

 Avid Angler:  The Avid Angler scenario assumed that a youth and adult use the 

Columbia River primarily for recreational fishing and wading and that fish that were caught 

were brought home and consumed by all age groups (child, youth, and adult).  Avid Anglers 

are assumed to be exposed to contaminants through fish consumption, plus incidental contact 

with surface water, sediment, and island soils while fishing.  For both CTE and RME 

scenarios, and for all exposure pathways and exposure points, results can be summarized as 

follows: 

 

 The cumulative noncancer hazard index exceeded the EPA threshold of 1.  

 The cumulative ILCR for both chemical and radiological COPCs exceeded the MTCA 

cumulative risk limit of 1 x 10-5 as well as the upper end of the EPA cancer risk range of 

10-4. 

 

At all exposure points, noncancer hazard and cancer risk for the Avid Angler were almost 

exclusively attributed to the fish consumption pathway, which constituted more than 99% of 

the total risk.  Pathways for abiotic media (i.e., contact with sediment, surface water, and 

soil) contributed overall to a relatively minor amount of cumulative risk, and calculated risks 

for these abiotic pathways were within or below risk management criteria.  

 

The fish consumption pathway was evaluated for the Avid Angler scenario using two 

separate approaches.  In the first approach, risk was quantified assuming a receptor 

consumed a varied diet consisting of all six fish species evaluated (bass, carp, sturgeon, 

sucker, walleye, and whitefish).  In a second approach, risk was quantified for each 
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individual fish species.  Although the concentrations of COPCs and, hence, estimated hazard 

and risk, varied among the different species, the relative magnitude of risk remained similar 

among all six fish species.  The cumulative HI ranged from 58 in bass to 176 in carp.  The 

cumulative ILCR ranged from 2 x 10-3 in bass to 8 x 10-3 in carp.  

 

Consumption of any species of fish resulted in excess hazard and cancer risk up to almost 

two orders of magnitude above the upper end of EPA risk management criteria (i.e., 10-4).  

The COPCs responsible for most of the calculated risk in fish tissue consisted of 

polychlorinated biphenyls (PCBs), chlorinated pesticides, cobalt, mercury and other metals, 

and carbon-14.  Carbon-14 was detected in only carp, whitefish, and sucker, whereas other 

risk drivers were prevalent across all species.  Approximately 50% to 80% of the cumulative 

cancer risk is related to PCBs alone, with the highest PCB-associated ILCR in the 100 Area 

Sub-Area.  Study Area COPCs in fish tissue varied depending on sub-area (when data from 

all species were combined) and on individual fish species, but included PCBs, carbon-14, 

mercury, cobalt, beta-hexachlorocyclohexane (beta-HCH), and lithium.  In many of the fish 

species and across exposure points, however, these risk drivers are also classified as 

Reference COPCs.   

 

 Yakama Nation:  Similar to the Avid Angler scenario, the Yakama Nation scenario 

evaluated fishing-related exposures where this receptor may be exposed to COPCs in surface 

water, sediment, and soil through wading, and who will catch and consume fish (all species) 

from the Columbia River.  Because this scenario reflects subsistence fishing, exposures are 

assumed to be higher than those of the Avid Angler.  Results for this scenario indicate the 

following: 

 

 The cumulative noncancer hazard index exceeded the EPA threshold of 1. 

 

 The cumulative ILCR for both chemical and radionuclide COPCs exceeded the MTCA 

cumulative risk limit of 1 x 10-5 and the upper end of the EPA cancer risk range of 10-4. 
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Cumulative hazard and risks for the Yakama Nation scenario were also dominated by the fish 

ingestion pathway, with Reference COPCs (mainly PCBs) accounting for nearly all of the 

risk in many of the scenarios evaluated.  Polychlorinated biphenylss, pesticides, cobalt, 

mercury, and carbon-14 were the source of most of the risk associated with fish tissue.  

Cumulative cancer risks from abiotic exposure pathways, exclusive of fish ingestion, were 

within the EPA cancer risk range, but noncancer risks were above the EPA target hazard 

index of 1, primarily due to arsenic, iron, and thallium (which are all Reference COPCs) in 

sediment and arsenic (which is a Study Area COPC) in island soil.   

 

Although the cumulative cancer risk attributed to abiotic media was within the EPA cancer 

risk range of 10-6   to 10-4  within the Hanford Site Study Area, it was above the MTCA 

cumulative risk limit at the 300-B exposure point, mainly due to arsenic, europium-152, and 

cobalt-60 in island soil on Johnson Island.  These radionuclides, as well as europium-154, are 

also Study Area risk drivers in sediment. 

 

 Hypothetical Future Residential Scenario (Screening-Level Assessment):  At the request 

of Ecology, sediments within Lake Wallula shipping channels that may potentially be 

dredged in the future were evaluated with respect to residential soil screening criteria, 

assuming that dredged sediments could be placed in upland areas.  Additionally, surface 

water exposure point concentrations were compared to federal drinking water standards and 

human health risk-based screening levels for surface water.  This screening-level assessment 

was completed as a separate evaluation distinct from the baseline HHRA, and the full results 

are provided as Appendix A.  Unlike the river exposure scenarios evaluated for other 

receptors (Yakama Nation, Casual User, and Avid Angler), the residential scenario is 

hypothetical (because it integrated assumptions even less likely to occur beyond those of 

other scenarios) since dredging and dredge spoil disposal activities would be subject to 

various U.S. Army Corp of Engineer and State regulations and would require further 

assessment prior to disposal and/or reuse in upland areas. 

 

Exhibit 12c



DOE/RL-2010-117 

Executive Summary Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume II, Part 1:  Baseline Human Health Risk Assessment 
September 2012 ES-18 

The results of the screening-level comparison are, in general, consistent with the findings of 

the quantitative risk assessment.  The COPCs that contributed to the majority of risk, as 

identified for the other exposure scenarios, were often the COPCs that exceeded residential 

soil benchmarks.  The COPCs in surface water did not exceed federal drinking water 

standards.  

 

In general, the abiotic media results from the risk characterization indicate that the risks related 

to exposure to surface water, sediment, and island soil are generally within or below EPA risk 

management criteria and very small relative to that from the fish ingestion pathway.  For abiotic 

media, Reference COPCs account for the majority of noncancer hazard and, in most cases, 

chemical cancer risk in all sub-areas.  Arsenic, a Reference COPC in sediment at all of the 

exposure points, accounted for over half of the cumulative risk.  Risks from island soil exposures 

were relatively minor compared to risks from other abiotic media.  Arsenic is a Study Area risk 

driver in island soil. 

 

Of the radionuclides in abiotic media, cobalt-60, europium-154 and europium-152, which are 

both Study Area COPCs in soil and sediment, and cesium-137, a Reference COPC, account for 

the majority of radiation cancer risk.   

Polychlorinated biphenyls, chlorinated pesticides, cobalt, arsenic, mercury, and carbon-14 are the 

primary COPCs contributing to cancer risk or noncancer hazards from fish consumption.  

However, of these, only carbon-14 is a Study Area COPC consistently throughout the Study 

Area; the other risk drivers are Reference COPCs in the majority of media and exposure points.  

Carbon-14 is a Study Area COPC throughout all fish species and sub-areas in which it was 

detected.   

 

Uncertainties in the Risk Assessment 

 

Inherent in all risk assessments are uncertainties associated with key parameters used to estimate 

risk, including the environmental concentrations, toxicity values, and exposure assumptions used 

to estimate magnitude of exposure and to quantify health risks.  In general, the assumptions used 
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in the HHRA are intended to be protective of human health.  By design, this HHRA has been 

developed to provide conservative estimates of risk to those who visit or use the Columbia River 

within the Hanford Site Study Area.   

 

The fish ingestion pathway comprises more than 99% of the cumulative risk for the Avid Angler 

and Yakama Nation scenarios.  Polychlorinated biphenyls, mercury and other metals, and 

chlorinated pesticides in fish tissue are the primary risk drivers.  These types of contaminants are 

prevalent in fish tissue in many waterbodies due to their widespread historical use, atmospheric 

deposition and, consequently, high prevalence in abiotic media.  Because of this, it is unclear 

what contribution, if any, Hanford Site releases have had to fish in the Columbia River for these 

types of constituents.  Furthermore, for other risk drivers that were detected infrequently in fish 

tissue (such as carbon-14), risks were often based on a few individual tissue sample results and 

do not accurately represent general fish consumption risk across the entire Hanford Site Study 

Area.   

 

There is also some uncertainty associated with the fish tissue radionuclide results.  Carbon-14 

was retained as a fish tissue COPC, but other radionuclides that were detected in fish tissue 

samples were not.  It is believed that these sporadic detections represent false-positives.  

Exclusion of these radionuclides as COPCs may potentially underestimate risk, should these 

contaminants actually be present.  Similarly, hexavalent chromium was sporadically detected in 

fish tissue.  This form of chromium is not expected to be present in biological tissue, due to its 

biological conversion to its trivalent form once taken up into tissue; this suggests that the 

hexavalent chromium tissue results may potentially be positively biased.  Because hexavalent 

chromium is rapidly reduced in tissue to trivalent chromium, which is much less toxic than the 

hexavalent form, the risk from ingestion of fish tissue is expected to be minimal; toxicity from 

hexavalent chromium is generally associated with direct exposures, such as inhalation of dusts, 

ingestion of drinking water, and dermal contact (ATSDR, 2000, Toxicological Profile for 

Chromium; Langard and Costa 2007, “Chromium,” in Handbook on the Toxicology of Metals).   
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Both CTE and RME risk estimates provide an understanding of the range of potential health 

risks.  However, differences between the exposure parameters used in this HHRA and actual 

physiological attributes and activity patterns in potentially exposed populations at the Hanford 

Site introduce some uncertainty in quantifying exposure.  Additionally, spatial and temporal 

variability in COPC concentrations within an environmental medium (particularly in soil and 

sediment) can be relatively high; therefore, use of environmental data may potentially introduce 

a low or high bias when estimating exposure. 

 

In light of these uncertainties, it is important to stress that the risks and hazards calculated in this 

HHRA are estimated risks.  It must be emphasized that the risks generated in this evaluation are 

hypothetical, not actual, and are by design intended to be conservative (i.e., tend to overestimate 

actual risks).  By using this conservative approach in developing risk estimates, it would be 

expected that the calculated risk estimates are likely to result in upper-bound estimates of 

Hanford Site-related risks and hazards.  Consequently, these estimates should be used to 

highlight areas of potential concern and to assist in providing practical risk management 

information rather than be considered as absolute estimates of health risks. 

 

CONCLUSIONS AND RECOMMENDATIONS  

 

This baseline HHRA provides a comprehensive assessment of potential health risks associated 

with recreational and Tribal exposures to surface water, sediment, island soils, and fish tissue 

within the Hanford Site Study Area.  Results of the HHRA indicate that: 

  

 Cumulative risks from all COPCs (both Study Area and Reference) estimated for the Casual 

User scenario, which assumes recreational exposures to surface water, sediment, and island 

soil, do not exceed either MTCA or EPA risk management criteria (i.e., HI of 1 and ILCR of 

10-6   to 10-4; 1 x 10-5 for MTCA). 

 

 Cumulative risk from all COPCs (both Study Area and Reference) for the Avid Angler and 

Yakama Nation scenarios exceed EPA and MTCA risk management criteria primarily due 
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to the fish ingestion pathway.  Study Area COPCs in fish tissue that are risk drivers consist 

of the following:  

 
 Mercury in the 100 and 300 Area Sub-Areas  

 Carbon-14 in all three sub-areas in carp, sucker, and whitefish  

 Polychlorinated biphenyls, pesticides, cobalt and mercury in various fish species.  

 

However, with the exception of carbon-14, these types of constituents are also prevalent in 

fish from other portions of the Columbia River and in many areas of the country.  Therefore, 

there is some uncertainty as to whether these Study Area COPCs are related to Hanford Site 

releases.   

 
 Cumulative risks from Study Area COPCs in abiotic media do not exceed EPA risk 

management criteria (i.e., HI of 1 and ICLR of 10-6   to 10-4), although they do exceed the 

MTCA cancer risk limit when evaluated under the Yakama Nation scenario.  The primary 

Study Area COPCs that contribute to risk consist of arsenic, europium-152, and cobalt-60 in 

soil in the 300 Area, and europium-152 and cobalt-60 in sediment throughout the Study Area. 

 
For most exposure points, risk in abiotic media was primarily attributed to Reference COPCs 

such as arsenic and other metals in sediment, which were distributed heterogeneously throughout 

all sub-areas.  Radionuclide-related cancer risks in abiotic media were attributable to a mix of 

Study Area and Reference COPCs, with the Lake Wallula Sub-Area containing the highest 

radiation cancer risk primarily due to the presence of cesium-137 (a Reference COPC) and 

europium-152 (a Study Area COPC) in sediment.   

 

The River Corridor remedial investigation/feasibility study programs will further evaluate 

the nature and extent, conceptual site model, and fate and transport of the HHRA COPCs 

identified here to determine if concentrations (current detected or future predicted) in the 

river are potentially from current or historical operations associated with the operable unit 

being evaluated.  Based on that assessment, the need for further study or remedial action will be 

determined. 
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1.0 INTRODUCTION 

1.1 BACKGROUND 

This report presents the results of a baseline human health risk assessment (HHRA) that 
addresses the potential risk to human health from exposure to surface water, sediment, soil 
(on in-river islands), and fish tissue potentially impacted by Hanford Site hazardous substance 
releases to the Columbia River in areas within and downriver of the Hanford Site boundary.  
Additionally, the HHRA takes into consideration other sources of contamination located upriver 
of or proximate to the Hanford Site and identifies constituents that are present at concentrations 
consistent with or inconsistent with those in reference areas that are unlikely to be impacted by 
past Hanford Site releases.  The portion of the river that is the focus of this HHRA extends from 
just downstream of Vernita Bridge to McNary Dam, a distance of approximately 154 km 
(96 mi).   
 
The Columbia River stretches 2,000 km (1,243 mi) from the Canadian province of 
British Columbia through the State of Washington, forming much of the border between 
Washington and Oregon, before emptying into the Pacific Ocean.  Measured by the volume of its 
flow, the Columbia River is the largest river flowing into the Pacific from North America and is 
the fourth-largest river in the United States.  In south-central Washington State, the river flows 
through the U.S. Department of Energy’s (DOE’s) Hanford Site.  An area known as the 
Hanford Reach is a 77-km (48-mi) stretch of the Columbia River that flows unimpeded between 
Priest Rapids Dam to the head of Lake Wallula upstream of McNary Dam (Figure 1-1).  The 
Hanford Reach is the only free-flowing portion of the river above Bonneville Dam in the 
United States. 
 
Figure 1-1 includes the Bonneville Dam Sub-Area, although no HHRA analyses were completed 
for this area.  The Bonneville Dam Sub-Area is relevant to the remedial investigation 
(RI)/feasibility study (FS) project because the Hanford Site operated for a short period of time 
before McNary Dam was constructed.  During that time period, the Bonneville Dam was the first 
dam downriver of the Hanford Site.  This figure includes the Bonneville Dam Sub-Area because 
of its relevance to the RI/FS project; however, this sub-area was not included in this HHRA 
because reported radionuclide concentrations in sediment cores collected behind Bonneville Dam 
were below background concentrations.  Bonneville Dam sediment data are presented in 
WCH-398, Data Summary Report for the Remedial Investigation of Hanford Site Releases to the 
Columbia River, Hanford Site, Washington (Data Summary Report).   
 
The Hanford Site is a 1,517-km2 (586-mi2) federal facility located within the semiarid 
shrub-steppe Pasco Basin of the Columbia Plateau in south-central Washington State and is 
situated north and west of the cities of Richland, Kennewick, and Pasco.  The Hanford Site 
became a federal facility in 1943 when the U.S. Government took possession of the land to 
produce weapons-grade plutonium during World War II.   
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Figure 1-1.  Columbia River Study Areas. 
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During Hanford Site operations, liquid effluents from plutonium production reactors were 
discharged directly to the Columbia River and unplanned overland flows from retention ponds 
and basins occasionally occurred.  In addition, contaminated groundwater developed in portions 
of the Hanford Site as a result of the practice of discharging waste waters to the soil column.  
Some of these contaminated groundwater plumes have reached the Columbia River, discharging 
in springs along the shoreline and/or upwelling through the river bottom. 
 
Hanford Site production activities continued until the late 1980s, when the mission focus 
changed to cleaning up the radioactive and hazardous wastes that had been generated during the 
previous decades.  In 1989, portions of the Hanford Site were placed on the National Priorities 
List (NPL) under the authority of the Comprehensive Environmental Response, Compensation, 
and Liability Act of 1980 (CERCLA).  Placement on the NPL initiated the CERCLA process that 
would result in the cleanup of contaminated areas.  While the Columbia River is currently not 
part of the Hanford Site, the river is being investigated under the CERCLA process for 
consistency with the approach being taken for other Hanford Site operable units. 
 
A primary objective of the Hanford Site cleanup mission is protection of the Columbia River, 
through remediation of contaminated soil and groundwater that resulted from its production 
mission.  These remedial actions were initiated in 1995 and continue today, with an emphasis on 
activities in the “River Corridor” because of its proximity to the river and presence of the former 
production reactors in the 100 Area and research and development facilities in the 300 Area.  
Current activities in the River Corridor also include performance of a baseline risk assessment of 
the upland, riparian, and near-shore areas (DOE/RL-2007-21, River Corridor Baseline Risk 
Assessment [RCBRA]).   
 
Within the Columbia River system, surface water, sediment, and fish tissue samples related to 
potential Hanford Site releases have been collected since the start of Hanford operations.  The 
potential impacts of Hanford Site releases to the Columbia River in areas upstream, within, and 
downstream of the Hanford Site boundary have been previously investigated as mandated by 
DOE requirements under the Atomic Energy Act of 1954.  The current impacts within the 
Columbia River are now being assessed under CERCLA via the RI activities described in 
DOE/RL-2008-11, Remedial Investigation Work Plan for Hanford Site Releases to the 
Columbia River (RI Work Plan).   
 
Under the Resource Conservation and Recovery Act of 1976 (RCRA), National Environmental 
Policy Act of 1969, and CERCLA, and as a requirement of the RI/FS process, DOE is required to 
assess human and ecological risk via a baseline risk assessment, in order to provide risk 
managers with an understanding of current and potential future human health and ecological 
risks posed by a site.  This HHRA (Volume II) addresses the human health portion of the 
Columbia River Component Risk Assessment (CRCRA), complementing the screening-level 
ecological risk assessment (SLERA; Volume I).  Risks for other portions of the Hanford Site 
within the River Corridor are addressed under the RCBRA (DOE/RL-2007-21).  Figures 1-2 and 
1-3 depict the areas of the Columbia River that are the focus of this HHRA relative to those areas 
addressed under the RCBRA. 
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Figure 1-2.  Columbia River Component Risk Assessment Evaluation Area  
Adjacent to the Hanford Site. 

 

Exhibit 12c



DOE/RL-2010-117 

Introduction Rev. 0 
 
 

 
Columbia River Component Risk Assessment 
Volume II, Part 1:  Baseline Human Health Risk Assessment 
September 2012 1-5 

Figure 1-3.  Columbia River Component Risk Assessment Evaluation Area Downriver and  
Upriver of the Hanford Site. 
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Collectively, the HHRA and SLERA results from the Columbia River Component (CRC) 
evaluation, along with results from the RCBRA, will be used to support risk management 
decisions for the River Corridor.  Risk managers will use the results from this baseline risk 
assessment in conjunction with other information from the RI/FS process to support final 
cleanup decisions, if warranted, that will be protective of human health and the environment.  
Final risk management decisions applying to all portions of the River Corridor will be identified 
in proposed plans that will undergo public review and will ultimately be documented in records 
of decision (RODs). 

1.2 PURPOSE  

The purpose of this HHRA is to evaluate whether chemical and radiological contaminants in 
various environmental media in the Columbia River are present at concentrations that may pose a 
potential health risk to human receptors that frequent the shoreline of the Columbia River and its 
numerous islands that exist within the river channel.  The HHRA identifies the chemical and 
radiological contaminants present in river media (e.g., sediment, surface water, fish tissue, 
island soil), identifies both current and potential future human receptors who may encounter 
these contaminants through various activities, and characterizes noncancer hazards and cancer 
risks associated with exposure to these media.  The results of the HHRA will be used to aid in 
the decision of whether additional response actions, in terms of either supplemental assessment 
or remediation, are warranted. 

1.3 SCOPE 

The HHRA evaluates both current and potential future human exposures to river media in and 
along the Hanford Reach of the Columbia River.  The study area considered in the Columbia 
River RI consists of the reach of the Columbia River extending from above Wanapum Dam 
(river mile [RM] 415) to McNary Dam at RM 292 (Figure 1-1).  The portion of the river that is 
the focus of this HHRA extends from just downstream of Vernita Bridge (RM 388) to McNary 
Dam, a distance of approximately 154 km (96 mi).  This stretch of river is herein referred to as 
the “Hanford Site Study Area” and is the primary focus of the HHRA.  The 77-km (48-mi) 
stretch of river adjacent to the Hanford Site, from RM 388 to Richland at RM 340, is referred to 
as the Hanford Reach, in accordance with general practice.  
 
For purposes of statistical evaluation and assessment, as well as practicality due to the scale of 
the study area (spanning 128 RMs), the area of investigation was divided into four distinct but 
contiguous sub-areas.  As described in the RI Work Plan (DOE/RL-2008-11), the boundaries of 
the sub-areas downriver of Priest Rapids Dam were determined based on spatial distribution of 
contaminant concentrations observed in surface water and sediment with respect to the various 
sources of contamination from the Hanford Site.  The four sub-areas are as follows:   
 
 Upriver Sub-Area (RM 420 to RM 388) 
 100 Area Sub-Area (RM 387 to RM 366) 
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 300 Area Sub-Area (RM 365 to RM 340) 
 Lake Wallula Sub-Area (RM 339 to RM 292).   
 
Figure 1-1 shows these four sub-areas in relation to the Hanford Site.  Features and 
characteristics associated with each of these sub-areas are illustrated in Figures 1-4, 1-5, 1-6, and 
1-7, respectively.  As stated above, Figure 1-1 includes the Bonneville Dam Sub-Area because of 
its relevance to the RI/FS project; however, this sub-area was not included in this HHRA because 
reported radionuclide concentrations in sediment cores collected behind Bonneville Dam were 
below background concentrations (WCH-398).   
 
The Upriver Sub-Area is used as a reference location (i.e., an area unlikely to be impacted by 
Hanford Site-related releases due to its position upstream).  However, contaminants may be 
present within the Upriver Sub-Area due to other off-site sources (e.g., industrial discharges, 
naturally occurring geochemical conditions, and agricultural and roadway runoff).  Therefore, 
Upriver is assumed to represent local conditions within the Columbia River, absent the 
Hanford Site.  Other contributing influences also enter the Columbia River within the various 
sub-areas.  Collectively, these are referred to as “other contributing influences” (OCI) areas and 
are used in the risk assessments as reflections of anthropogenically influenced “reference” 
concentrations.  Upriver and OCI areas are collectively referred to in this report as “reference” 
areas, or “reference/OCI” areas. 
 
 
 
 

Within the study area for the CRC, the lateral area evaluated adjacent to the Hanford Site differs 
from the lateral area evaluated upriver and downriver of the Hanford Site.  The lateral boundary 
of the study area adjacent to the Hanford Site on the right shore begins where the RCBRA 
near-shore investigation stopped.  The RCBRA near-shore study area consisted of the right side 
of the river from the land to a water depth of 2 m (6 ft), as measured at low water.  The river’s 
edge at low water is characterized by the presence of the “green line” of algae delineating the 
permanently inundated portion of the river channel (see Figure 1-2).  For the CRC, the lateral 
boundaries begin on the right shore at the 2-m (6-ft) water depth boundary of the RCBRA 
near-shore study area and extend to the ordinary high water mark on the left shore as depicted in 
Figure 1-2.   
 
For areas upriver and downriver of the Hanford Site, the lateral area evaluated extends from right 
shore to left shore (ordinary high water mark to ordinary high water mark1).  The lateral 
boundaries upriver and downriver of the Hanford Site are depicted in Figure 1-3. 
 

                                                 
1 From WAC 173-22-030, “the ordinary high water mark on all lakes, streams, and tidal water is that mark that will 
be found by examining the bed and banks and ascertaining where the presence and action of waters are so common 
and usual, and so long continued in all ordinary years, as to mark upon the soil a character distinct from that of the 
abutting upland…” 
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Figure 1-4.  Upriver Sub-Area River Features. 
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Figure 1-5.  100 Area Sub-Area River Features.  
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Figure 1-6.  300 Area Sub-Area River Features.  
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Figure 1-7.  Lake Wallula Sub-Area River Features. 
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Within this report, reference is frequently made to different sides of the river.  By convention, all 
lateral references are made looking downriver.  Thus, “right side” of the river or an island refers 
to the right shoreline, looking downstream; “left side” of the river or an island refers to the left 
side, looking downstream.  

1.4 REQUIREMENTS AND GUIDANCE 

This document presents the methodology and results of an HHRA of the surface water, sediment, 
island soils, and fish tissue of the Columbia River adjacent to and downriver of the Hanford Site 
in Benton County, Washington.  The study was conducted to evaluate the potential for chemical 
and radiological contaminants to present a health risk to recreational users and Native Americans 
who visit and live along the Columbia River.  
 
The DOE, which retains responsibility for the Hanford Site, is currently in the process of 
conducting RIs and cleanup activities at the Hanford Site in accordance with the requirements 
and guidelines of the CERCLA program.  The Columbia River itself, which contains residuals 
both from historical activities at the Hanford Site as well as current upstream and non-Hanford 
Site sources (e.g., OCIs), is not formally part of the Hanford Site, but is being investigated under 
the same CERCLA process. 
 
Additional guidance from the Washington State Department of Ecology (Ecology) was used to 
conduct a screening-level assessment of contaminants in sediments and surface water using the 
“Model Toxics Control Act – Cleanup” (MTCA) cleanup levels for soil (unrestricted use) and 
surface water (potable use) (Washington Administrative Code [WAC] 173-340-740).  This 
assessment was described in the RI Work Plan and is provided in Appendix A.   
 
The quantitative HHRA was conducted in accordance with U.S. Environmental Protection 
Agency (EPA) Superfund risk assessment guidelines presented in EPA/540/1-89/002, Risk 
Assessment Guidance for Superfund, Volume 1, Human Health Evaluation Manual (Part A) 
(Interim Final), as well as other EPA risk guidance.  The HHRA approach used herein is shown 
in Figure 1-8 and is consistent with EPA guidance for performance of human health risk 
assessments at CERCLA or RCRA sites and also reflects recent discussions with representatives 
from EPA Region 10, Ecology, DOE, and other interested parties.  The outcome of these 
discussions and framework for this baseline risk assessment is reflected in the RI Work Plan 
(DOE/RL-2008-11).  
 
Although, as discussed, the study area within the Columbia River is not a designated CERCLA 
site, the CERCLA approach was followed for completion of the HHRA in order to be consistent 
with the approach undertaken in the RCBRA (DOE/RL-2007-21) and other operable units within 
the Hanford Site, as well as the process outlined in DOE/RL-2004-49, Columbia River 
Component of the River Corridor Baseline Risk Assessment:  Basis and Assumptions on Project 
Scope.  The approach undertaken for this HHRA follows that outlined in the RI Work Plan 
(DOE/RL-2008-11).   
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Figure 1-8.  Linkage of the Columbia River Component Risk Assessment  
Volume II Report Sections to the U.S. Environmental Protection Agency  

Four-Step Human Health Risk Assessment Process. 

 
 
 
Subsequent sections of this report describe the area of study, data, methods, screening values, 
and results of the HHRA.  

1.5 INTEGRATION WITH OTHER HANFORD SITE RISK 
ASSESSMENTS AND STUDIES 

As discussed above, these risk assessments (e.g., SLERA and HHRA) are being completed in 
accordance with the 2008 RI Work Plan (DOE/RL-2008-11).  This work plan was developed at 
the direction of the Tri-Parties (i.e., EPA, Ecology, and DOE).  The results of this baseline risk 
assessment, in addition to the RI, are important to other Hanford Site cleanup activities in areas 
that border the Columbia River, also known as the “River Corridor.”   
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In the early 1990s, the Tri-Parties decided that enough information was known about 
contaminated soil and groundwater at the Hanford Site to begin focusing directly on cleanup 
instead of performing additional studies to help refine the existing information.  This decision led 
to an early start for cleanup of contaminated soil and groundwater in areas of the Hanford Site 
that border the Columbia River in 1995.  As the cleanup progresses, new information on the 
contamination is gathered.  These cleanup activities continue today.   
 
The Tri-Parties have developed a strategy to make final decisions about the actions that are 
needed to complete cleanup in the River Corridor.  Part of the strategy is to split these final 
cleanup decisions into smaller pieces of work that are more manageable and aligned with 
Hanford Site operational functions.  Final cleanup decisions will be developed for the ROD areas 
associated with the following: 
 
 100-B/C Area 
 100-K Area 
 100-N Area 
 100-D and 100-H Areas 
 100-F and IU-2/6. 
 300 Area fuel fabrication and development facilities.   
 
Final remedial decisions for each of these six areas will address the cleanup of contaminated soil 
and groundwater.  The impacts of the Hanford Site releases to the Columbia River are an integral 
piece of these final remedial decisions.  If cleanup actions are needed to address Hanford Site 
contamination in the river, they may be included with the final remedial decisions for one or 
more of the six ROD areas.  It is also possible that a separate remedial decision could be made 
that is specific to the Columbia River.  The objective for all of these remedial decisions would be 
to reduce the risk of potential harm to humans and the environment.  
 
Concurrent with the CRCRA is the RCBRA (DOE/RL-2007-21, Rev. 0) that presents a 
comprehensive HHRA for the right-bank source areas along the Hanford Reach.  The RCBRA 
evaluated recreational, residential, agricultural, and subsistence living scenarios involving 
exposure to various Hanford Site media, including soil and groundwater in upland portions of the 
Hanford Site, and near-shore sediments, surface water, and fish along the Hanford Reach of the 
Columbia River.  The results of the RCBRA have been reviewed and considered in conjunction 
with development of the CRCRA.  The intent of this CRCRA is to complete the assessment of 
the “bank-to-bank” Hanford Reach and downstream areas (i.e., Lake Wallula) of the 
Columbia River, characterizing risk in areas not previously addressed under the RCBRA.  
 
In addition to the RCBRA, other previous assessments of the Columbia River along, upstream, 
and below the Hanford Reach have also been reviewed as part of the CRCRA.  Those studies 
specifically cited include but are not limited to the following:   
 
 CH2MHILL, 2007, Phase I Fish Tissue Sampling Data Evaluation, Upper Columbia River 

Site, CERCLA RI/FS (Final) 
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 CRITFC, 1994, A Fish Consumption Survey of the Umatilla, Nez Perce, Yakama, and 

Warm Spring Tribes of the Columbia River Basin 
 
 EPA 910-R-02-006, Columbia River Basin Fish Contaminant Survey 1996-1998.  

 
 Washington Department of Ecology (11-03-067), 2011, Focus on Fish Testing: Snake River 

Fish Tested for Chemicals.  

1.6 ORGANIZATION OF REPORT 

This report follows a presentation structure designed to both follow EPA risk assessment 
guidance and to facilitate the understanding of this large and complex site by presenting 
information in a logical and sequential fashion.  
 
As discussed, the CRCRA is presented in two volumes:  Volume I contains the SLERA and 
Volume II contains the HHRA.  The volumes are complementary but are written to stand alone 
with separate executive summaries, discussions, and conclusions.  Both volumes are composed 
of two parts.  Part 1 contains the text, figures, and references, whereas Part 2 contains the tables 
that support the text in Part 1.  The report was structured to facilitate side-by-side review of the 
information and the supporting data and is consistent with the structure of the RCBRA. 
 
Subsequent portions of this section and following sections provide the following information:  
 
 Section 1.0 – Introduction.  This section provides the purpose and scope of the HHRA as 

well as the guidance used and requirements met for this HHRA. 
 
 Section 2.0 – Site Background Information.  This section provides a summary of former 

operations, releases, and response actions within the River Corridor portion of the 
Hanford Site, as well as a description of the environmental and recreational setting within the 
Hanford Reach and reference/upriver areas. 

 Section 3.0 – Data Evaluation.  This section identifies the analytical data used in the 
HHRA, summarizes the analytical results, and identifies which contaminants of potential 
concern (COPCs) will be carried through the quantitative risk analysis. 

 Section 4.0 – Exposure Assessment.  The exposure assessment estimates chemical 
concentrations in environmental media, identifies who may be exposed (receptor), the 
applicable exposure media and pathways, and quantifies the exposure to contaminants in the 
relevant environmental media. 

 Section 5.0 – Toxicity Assessment.  This section provides toxicity data associated with 
threshold (noncarcinogenic) effects and carcinogenicity that are used in the estimation of 
cancer risk and noncancer health hazards. 
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 Section 6.0 – Risk Characterization.  This section provides estimates of health hazard and 
cancer risk for each exposure scenario and discusses these results with respect to primary risk 
drivers and areas potentially requiring further data and/or response actions. 

 Section 7.0 – Uncertainty Analysis.  This section presents key areas of uncertainty 
associated with various components of the quantitative risk assessment, including data gaps 
in toxicological or exposure assessment information and the conservative assumptions or 
scientific judgments used to bridge these data gaps.  Uncertainties and assumptions are also 
are discussed with respect to their impact and biases on the risk assessment results. 

 Section 8.0 – Conclusions and Recommendations.  This section presents a summary of the 
findings of the baseline risk assessment as well as recommendations for further 
characterization as needed.  

Appendices included with this HHRA are as follows: 
 
 Appendix A – This appendix presents a separate methodology comparing exposure point 

concentrations (EPCs) with certain cleanup levels in the State of Washington MTCA 
regulations (WAC 173-340).  As per the request of Ecology and as indicated in 
Section 4.6.7.4 of the RI Work Plan, this methodology consists of a comparison of sediment 
and surface water exposure point concentrations to medium-specific soil and drinking water 
benchmarks.  Freshwater sediment cleanup levels under WAC 173-340 are typically 
established on a site-specific basis; however, lacking such values at this time, sediment EPCs 
are conservatively compared to soil cleanup levels for unrestricted exposure. (On CD only.)   

 Appendix B – This appendix consists of the final data set used for this HHRA (termed the 
“HHRA Data Set”) and is composed of island soil, sediment, surface water, and fish tissue 
data collected during the RI, which were collected between 2008 and 2010 as part of the RI 
field effort; and “historical” sediment and surface water data, which were collected as part of 
other studies conducted between 2000 and 2007.  (On CD only.)   

 Appendix C – This appendix contains figures with the locations of all surface water, 
sediment, soil, and fish tissue samples used in the HHRA. 

 Appendix D – This appendix contains the EPA ProUCL statistical software outputs that were 
used to calculate EPCs.  (On CD only.) 

 Appendix E – This appendix provides the output for the statistical comparisons that were 
completed to identify those contaminants that are present at concentrations consistent with 
either background or reference areas.  (On CD only.) 

 Appendices F through L – These appendices include the calculation of exposure doses and 
risk estimates for each receptor and relevant exposure pathways.  Tables within these 
appendices (arranged by exposure point) show for each receptor the risk and hazard 
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calculations by exposure route (e.g., dermal contact, ingestion) and by exposure medium 
(i.e., soil, sediment, surface water, and fish tissue).  (On CD only.)   

 Appendix M – This appendix contains the comparison of the analytical results (i.e., reporting 
limits) of nondetect contaminants to human health screening criteria to ensure that data for 
these undetected contaminants were usable for assessing risk, and that exclusion of these 
contaminants was unlikely to underestimate risk.  This comparison is presented in 
Appendix M-1 for surface water, M-2 for sediment, M-3 for island soil, and M-4 for fish 
tissue.  (On CD only.)   

 Appendix N – This appendix evaluates and discusses whether inclusion of wasteway and 
irrigation canal data in the reference data set impacts the conclusions of the risk assessment.  
(On CD only.) 

 
 Appendix O – This appendix contains dose and noncancer hazard/cancer risk calculations for 

ingestion of select contaminants in fish tissue.  The purpose of these calculations is to 
estimate the potential hazard/risk that is associated with various constituents and evaluate 
how these calculations may bias the results of the human health risk assessment.  This bias is 
discussed in Section 7.0, the Uncertainty Analysis.  (On CD only.) 
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2.0 SITE BACKGROUND 

2.1 OVERVIEW 

The Hanford Site is located in the Pasco Basin within the Yakima Fold Belt on the 
Columbia Plateau in southeastern Washington State and occupies an area of about 1,450 km2 
(560 mi2).  The Hanford Site is considered one of the source areas for chemical and radiological 
contaminants that enter the Columbia River along a portion of the Hanford Reach.   
 
Hanford Site sources of contamination to the Columbia River include past river effluent pipeline 
discharges, current contaminated groundwater seepage to the river, and limited overland flow 
from the operational areas.  In addition, the Columbia River receives contributions from other 
anthropogenic and natural sources unrelated to the Hanford Site.  Detailed descriptions of the 
sources of contaminants to the Columbia River as well as geological, topographical, and other 
relevant information have been provided in numerous reports, including the following: 
 
 NWPC 2004, Columbia Gorge Mainstem Subbasin Plan 
 
 BHI-01648, Late Pleistocene- and Holocene-Age Columbia River Sediments and Bedforms:  

Hanford Reach Area 
 
 WCH-201, Columbia River Component Data Gap Analysis 
 
 DOE/RL-2007-21, River Corridor Baseline Risk Assessment Volume II:  Human Health Risk 

Assessment  
 
 WCH-398, Data Summary Report for the Remedial Investigation of Hanford Site Releases to 

the Columbia River, Hanford Site, Washington (Data Summary Report).   
 
This section provides a description of the river’s environmental setting and an overview of 
Hanford Site operations and sources of impacts to the Columbia River, as well as a discussion of 
previous Hanford Site investigation and assessment activities.   
 
 
2.2 PHYSICAL SETTING 

The Columbia River originates in Canada on the west slope of British Columbia’s 
Rocky Mountains and flows 1,954 km (1,214 mi) to the Pacific Ocean along the 
Washington/Oregon state boundary.  Approximately 1,207 km (750 mi) of the river flows 
through the State of Washington.  The Columbia River enters the Hanford Site from the west and 
flows through the northern portion and along the eastern site boundary.  The Hanford Reach is a 
77-km (48-mi) stretch of river that flows unimpeded from the base of Priest Rapids Dam 
downstream to the head of Lake Wallula above McNary Dam.  It is the only undammed, 
free-flowing portion of the Columbia River in the United States above Bonneville Dam.   
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The Yakima River flows south of the Hanford Site and drains to the Columbia River several 
miles south of the site boundary.  The confluence of the Snake River, the largest tributary to the 
Columbia River, joins the Columbia River approximately 14 km (9 mi) downstream from the 
Yakima River confluence.  The smaller Walla Walla River drains to the Columbia River 
downstream of the Snake River confluence.  The Yakima and Snake Rivers are the primary 
contributors of suspended sediment to the Columbia River (FH 1999, Groundwater/Vadose Zone 
Integration Project Preliminary System Assessment Capability Concepts for Architecture, 
Platform, and Data Management, Appendix E:  Columbia River Conceptual Model). 
 
With respect to discharge, the Columbia River and its 30 major tributaries comprise the 
predominant river system in the Pacific Northwest and the fourth largest in the United States.  
The Pend Oreille and Spokane Rivers provide the largest annual tributary contributions to flow 
(over 850 m3/sec [30,000 ft3/sec]) on the Columbia River in the upper reach between Canada and 
Grand Coulee Dam.  The tributaries between the Okanogan River and the Snake River contribute 
approximately 396 m3/sec (14,000 ft3/sec), and the Snake River itself contributes approximately 
1,529 m3/sec (54,000 ft3/sec).  Below the Snake River, downstream to Bonneville Dam, the mean 
annual tributary inflow totals approximately 396 m3/sec (14,000 ft3/sec) (CRWMP 2006, 
Water Supply Inventory and Long-Term Water Supply and Demand Forecast Report, Chapter 3, 
“Columbia River Baseline Assessment”).   
 
The flow of water in the Columbia River is regulated by several dams within the United States 
that were constructed between 1938 and 1967 for several purposes, including flood control, 
irrigation, and electrical power generation.  Of the 11 major dams constructed along the main 
channel of the Columbia River, only Bonneville and Grand Coulee Dams were in place when the 
first single-pass reactor (105-B Reactor) came on line in September 1944.  Construction began 
on three additional dams downstream of the Hanford Site after operations began:  McNary Dam 
(the nearest dam downstream of the Hanford Site) in the late 1940s, the Dalles Dam in the early 
1950s, and John Day Dam in the late 1950s.  The construction of the dams greatly slowed the 
water travel times and resulted in lower sediment loads being discharged to the Pacific Ocean, as 
well as created depositional areas behind each of these dams.   
 
Flows through the Hanford Reach fluctuate significantly and are controlled primarily by power 
demand operations at Priest Rapids Dam (FH 1999), the nearest dam upstream of the 
Hanford Site.  As a result of the fluctuations in discharges at Priest Rapids Dam, the depth of the 
Columbia River varies significantly over time and may change by up to 1 m (3 ft) within a few 
hours along the Hanford Reach (FH 1999). 
 
The suspended sediment load of the Columbia River is typically very low, and the bedload 
consists mainly of fine and medium sand (DOE/RL-2005-09, USACE 1999).  The coarser 
sediments are typically deposited at the head of pools, while the finer sediments are deposited 
within the impoundments or may be transported past the dams.  Because of the relatively high 
flow rate along the Hanford Reach, the majority of this stretch of river is primarily coarse-
grained deposit (e.g., the river bottom is composed of gravel and cobbles with limited amounts of 
fine-grained material deposited between the coarse-grained material).  The sediment thickness on 
the upstream side of McNary Dam was estimated at up to 9 m (30 ft), with an average annual 
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depositional rate of 5 to 18 cm/yr (2 to 7 in./yr) in 1976 (BNWL-2305, Association of Hanford 
Origin Radionuclides with Columbia River Sediment).  Deposition of sediment also occurs on the 
shoreline portions of the islands along the Hanford Reach.   
 
Resuspension of fine-grained residual sediment occurs on a daily basis, as well as during flood 
events.  Sediments have been redeposited throughout the Columbia River.  While flood events 
may move sediments to higher levels above normal high water along shorelines during periods of 
flooding, the majority of the suspended sediment loads will be deposited in the lakes created 
behind the dams.  A significant flood occurred in 1948, which is prior to when most of the dams 
had been constructed and when increased production began at the Hanford Site.  To further 
evaluate potential impacts of sediment resuspension and redeposition along the Hanford Reach 
and downriver, a total of 104 sediment core samples were collected from the reactor sites down 
to the McNary Pool during the RI.  In addition, core samples were also collected from the 
Bonneville Dam pool.  These data were used to characterize contaminant distribution.    
 
Groundwater beneath the Hanford Site discharges to the Columbia River.  The presence of 
shoreline seeps and springs depends on the water level in the river.  Groundwater flow toward 
the river is influenced by fluctuations in river stage, with locations near the river being most 
strongly affected (FH 1999).  Changes in river-stage elevation can be correlated to changes in 
water table elevation up to 360 m (1,180ft) from the river (PNL-8580, Water Level 
Measurements for Modeling Hydraulic Properties in the 300-FF-5 and 100 Aggregate Area 
Operable Units).  In many areas, water flows from the river into the aquifer at high river stages, 
causing local groundwater levels to rise.  During low river stages, riverbank seeps can be 
observed discharging to the river.   
 
Upwelling data (porewater and sediment) collected as part of the RI indicate that groundwater 
from the Hanford Site discharges primarily along the right bank of the Columbia River, for most 
chemical/radiological constituents, consistent with the conceptual site model (CSM) presented in 
the Data Summary Report (WCH-398).  However, hexavalent chromium has been detected in 
sediment and porewater upwelling samples collected across the river on the far (left) bank, 
suggesting that groundwater from the Hanford Site may migrate out farther into the river than 
previously documented, or that hexavalent chromium may be related to another unidentified 
source.  Prior to the upwelling sampling that occurred during this investigation, it was believed 
that the majority of the groundwater discharged into the river directly adjacent to the shoreline.  
However, based on the findings of the upwelling study, it is now understood that groundwater 
upwelling also occurs out into the center of the river channel.  The CSM has been updated 
accordingly.  A discussion of the CSM is provided in Section 4.1. 
 
 
2.3 RIVER ECOLOGY 

The Columbia River and associated riparian zones provide habitat for numerous wildlife and 
plant species, supporting a large and diverse population of plankton, benthic (bottom-dwelling) 
invertebrates (e.g., insect larvae, clams, crayfish), fish, and wildlife.  Large rivers such as the 
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Columbia River, with its series of large reservoirs, contain significant populations of primary 
energy producers (e.g., algae and plants) that contribute to the biota’s basic energy requirements.   
 
Numerous species of fish, both native and introduced, have been listed in the Hanford Reach of 
the Columbia River.  Of native species, Chinook salmon (Oncorhynchus tshawytscha), sockeye 
salmon (Oncorhynchus nerka), coho salmon (Oncorhynchus kisutch), and steelhead trout 
(Oncorhynchus mykiss) use the river as a migration route to and from upstream spawning areas 
and are of the greatest economic importance.  Additionally, fall Chinook salmon and 
steelhead trout spawn in the Hanford Reach.  Inundation of other mainstream Columbia River 
spawning grounds by dams has increased the relative importance of the Hanford Reach to fall 
Chinook salmon production in the Columbia and Snake Rivers.   
 
Other fish of importance to sport anglers are the native mountain whitefish (Prosopium 
williamsoni) and white sturgeon (Acipenser transmontanus).  Introduced species like smallmouth 
bass (Micropterus dolomieui), crappie (Pomoxis nigromaculatus), catfish (Ictalurus punctatus), 
walleye (Stizostedion vitreum), and yellow perch (Perca flavescens) are also present.  Large 
populations of rough fish (i.e., freshwater fish considered undesirable as a food or sport fish and 
often viewed as a competitor of more desirable fish) are also present, including introduced carp 
(Cyprinus carpio) and native species such as redside shiner (Richardsonius balteatus), suckers 
(Catostomus macrocheilus), and northern pikeminnow (Ptychocheilus oregonensis) 
(PNNL-6415, Hanford Site National Policy Act [NEPA] Characterization).   
 
 
2.4 RECREATIONAL AND OTHER USES OF THE RIVER 

The Columbia River is widely used for recreational purposes such as boating, wading, 
swimming, fishing, and water-skiing, and a variety of beaches, boat ramps, and wildlife viewing 
areas are located throughout the study area.  The Hanford Reach National Monument consists of 
an 82-km (51-mi) stretch of the Columbia River and federally owned riparian lands.  Below the 
southern site boundary, recreational use is widespread throughout Lake Wallula, the next 80 km 
(50 mi) of the McNary Dam impoundment.  
 
Numerous islands are located within the study area.  Most of these islands are owned by federal 
or state agencies and are designated as conservation/recreation areas.  Many of the islands (or 
portions of the islands) are entirely submerged during periods of high water and consequently 
subject to depositional/erosional forces.  
 
In addition to recreational use, surface water for certain portions of the Columbia River is used 
for river navigation/transportation; hydropower; and as a domestic, agricultural, and industrial 
water supply.  The City of Richland relies on filtered and treated river water as its source of 
public drinking water; the Richland Pumphouse, a primary treatment system, is located near 
RM 340 (City of Richland 2011).   
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2.5 HANFORD SITE OPERATIONAL HISTORY 

In March 1943, construction at the Hanford Site began on three reactors (105-B, 105-D, and 
105-F Reactors) and three chemical processing facilities (B, T, and U Plants).  The Hanford Site 
was originally designed, built, and operated as part of the Manhattan Project to produce 
plutonium for nuclear weapons using production reactors and chemical reprocessing plants.  
After World War II, six additional reactors were built (105-H, 105-DR, 105-C, 105-KW, 
105-KE, and 105-N Reactors) along with two additional chemical separation plants.  In the 
1950s, energy research and development, isotope use, and other activities were added to the 
Hanford Site mission.  Specific areas of the Hanford Site have been designated for the uses 
described above.  Operational areas generally contain support facilities including maintenance 
buildings, powerhouses, raw water treatment plants, water storage tanks, electrical maintenance 
facilities, and subsurface sewage disposal systems. 
 
Reactors and other facilities at the Hanford Site have been grouped into three main operational 
areas:  100 Area, 200 Area, and 300 Area.  Each of these areas is described in the following 
subsections. 
 
2.5.1 100 Area 

The 100 Area is located upstream from the City of Richland along the Columbia River in the 
northern portion of the Hanford Site and occupies an area of approximately 68 km2 (26 mi2) 
(Figure 1-1).  Between 1943 and 1962, nine water-cooled, graphite-moderated plutonium 
production reactors were built along the shore of the Columbia River.  The last single pass 
water-cooled reactor (100-KE) ceased operations in 1971.  The mission of each reactor was to 
produce weapons-grade plutonium.  The main component of each reactor was a large stack of 
graphite blocks (pile) with process tubes containing the fuel elements and cooling water.  The 
confinement of large numbers of uranium fuel elements within the reactor piles created an 
intense radiation field and a nuclear chain reaction that converted some uranium atoms to 
plutonium atoms.   
 
The first eight reactors (105-B, 105-C, 105-D, 105-DR, 105-F, 105-H, 105-KE, and 105-KW) 
used water from the Columbia River for direct cooling of the reactor pile.  The ninth reactor 
(105-N) recirculated purified water through the reactor core in a closed-loop cooling system.  
Effluent from the 105-N Reactor was discharged to trenches and cribs near the river.  
Columbia River water passed through 100 Area reactors, absorbing and removing heat generated 
by the nuclear process.  Cooling water was withdrawn from the Columbia River though the river 
pump houses located directly on the river and sent to the reservoirs.  The reservoirs each stored 
25 million gallons of water for primary and secondary (backup) water uses (DOE/RL-97-1047, 
History of the Plutonium Production Facilities at the Hanford Site Historic District, 1943-1990).  
The water was pumped to a series of support buildings for treatment and filtration prior to use to 
remove particulate matter, dissolved gases (i.e., carbon dioxide and oxygen), and chemicals.  
Following injection of water into the reactor at a rate of about 113,562 L/min (30,000 gal/min), 
processed water was discharged to the retention basins where it cooled to allow for decay of 
short-lived radionuclides.  From the retention basins, the water reentered the Columbia River via 
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outfall structures and underground pipelines, emerging at the mid-channel of the Columbia River 
(DOE/RL-97-1047).   
 
Cooling water also contained radioactive materials (fission products) that escaped from the fuel 
elements or tube walls during the irradiation process (DOE/RL-97-02, National Register of 
Historic Places Multiple Property Documentation Form – Historic, Archaeological and 
Traditional Cultural Properties of the Hanford Site, Washington).  The coolant water was 
occasionally contaminated while passing through reactors due to failed aluminum jackets.  
Failure of aluminum jackets allowed cooling water to come in direct contact with irradiated 
uranium.  This resulted in a release of fission products and actinides to the effluent stream.  
Fission products included isotopes such as cesium, strontium, and iodine.  This highly 
contaminated cooling water was sent to trenches rather than being returned to the 
Columbia River.   
 
Other past waste disposal practices in the 100 Areas resulted in releases of radionuclides and 
chemicals to soil and groundwater.  Unplanned and planned releases to the soil column in the 
100 Areas also created hundreds of waste sites.  Unplanned releases were mainly from leaks or 
overflow of reactor cooling water transfer systems.  Planned releases were made at liquid waste 
sites, solid waste burial grounds, and “remaining sites” (a name used for administrative and 
remediation purposes). 
 
Liquid waste sites in the 100 Area include retention basins, trenches, cribs, french drains, and 
effluent pipelines.  Contaminated water from process tubes in which fuel cladding failures 
occurred was generally discharged to cribs distant from the reactors and percolated into the soil 
(DOE/RL-97-1047).  Solid waste containing hazardous and radioactive wastes was managed 
within burial grounds.  Burial grounds contain concrete, construction debris, and other wastes.  
The “remaining sites” are scattered across the 100 and 600 Areas and include, but are not limited 
to, septic systems, burn pits, french drains, pre-Hanford Site and Hanford-era waste dumps, small 
oil spills, nonreactor effluent pipelines, and animal experiment facilities.  Additional details on 
100 Area waste sites are found in DOE/RL-2004-37, Risk Assessment Work Plan for the 
100 Area and 300 Area Component of the RCBRA.   
 
2.5.2 200 Areas (Central Plateau) 

After cooling in the 100 Areas, the irradiated fuel elements were taken to the 200 Areas for 
storage, additional cooling, and processing within the chemical separation plants.  The 200 Areas 
(200 East and 200 West Areas) are located in the center of the Hanford Site and are located 
approximately 8 to 10 km (5 to 6 mi) from the Columbia River, respectively.  The 200 Areas 
occupy approximately 16 km2 (6 mi2) and contained the facilities used to separate, isolate, store, 
and ship the plutonium.  To separate the plutonium from the base uranium and activated 
by-products formed in the irradiation process, the chemical separation plants first dissolved the 
fuel elements with acids and then chemically separated the plutonium isotopes from the liquefied 
materials.  The plants produced large quantities of high-level radioactive waste that were stored 
first in single-shell underground tanks and later in double-shell underground tanks.  The various 
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separation processes are described in DOE/RL-98-28, 200 Areas Remedial 
Investigation/Feasibility Study Implementation Plan Environmental Restoration Program.   
 
The separation process in the 200 Areas generated large volumes of effluent.  Most of the low-
level liquid wastes were discharged to the soil column at liquid waste receiving sites (i.e., ponds, 
trenches, reverse wells, ditches, and cribs).  Other wastes such as uranium- and fission 
product-rich wastes were stored in the underground storage tanks.  Unintentional and intentional 
releases to the ground from chemical separation operations have impacted the soil column and 
aquifer beneath the Hanford Site.   
 
The discharge of effluent to the soil columns provided the primary driving force for liquid and 
contaminant migration through the vadose zone to groundwater.  Key radionuclides with 
half-lives longer than 10 years that were discharged to the soil column included cesium-137, 
barium-137, iodine-129, strontium-90, yttrium-90, technetium-99, uranium, carbon-14, 
americium-241, plutonium-239/240, and tritium as tritiated water.  Major nonradiological 
chemicals in liquids discharged to the ground include nitrate, sodium, phosphate, sulfate, 
ammonia, carbon tetrachloride, fluoride, and sodium dichromate.  Inorganic chemicals were used 
and discharged in much greater quantities than organics.  The greatest amount of hazardous 
chemicals in liquids was discharged between 1945 and 1958 (WHC-SD-EN-TI-008, Geologic 
Setting of the 200 West Area:  An Update; DOE/RL-98-28).   
 
2.5.3 300 Area 

The 300 Area borders the Columbia River on the southeastern edge of the Hanford Site and is 
located just north of the City of Richland.  The 300 Area occupies approximately 1.35 km2 

(0.52 mi2).  In March 1943, construction of a fuel fabrication complex began at the Hanford Site 
in the 300 Area.  As a manufacturer of uranium fuel, the 300 Area housed the first essential step 
in the plutonium production process.  Nuclear fuel was fabricated from uranium shipped in from 
offsite support facilities.  Metallic uranium was extruded into the proper shape and encapsulated 
in aluminum alloy cladding (during early years) or zirconium alloy cladding (during later years).  
In addition to housing the Hanford Site fuel fabrication plants, the 300 Area was the center of 
many research and development projects.  Process improvement laboratories were constructed 
beginning with the Manhattan Project.  These facilities included research laboratories, chemical 
process laboratories, test reactors, and numerous ancillary support structures.  The addition of 
new research and laboratory facilities continued into the 1950s and 1960s to support defense and 
energy research.  New support and laboratory facilities were added in the 1970s for further 
research on energy, waste management, biological sciences, and environmental sciences.  The 
300 Area industrial complex is currently undergoing extensive decommissioning and demolition 
of many of the older facilities that no longer have a defined use.  A number of facilities, 
however, still support the remaining industrial complex and continue to support ongoing 
Hanford Site missions.   
 
Operations in the 300 Area created both liquid and solid waste sites.  Prior to 1973, a series of 
solid waste burial grounds were used for solid waste and debris (DOE/RL-2004-37).  After 1973, 
the 300 Area burial grounds were no longer used for disposal, and waste was transported to other 
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Hanford Site burial grounds.  Between 1943 and 1994, unlined ponds and process trenches 
received millions of gallons of contaminated waste water from 300 Area operations.  These 
ponds and trenches are suspected to be the primary source of uranium in the groundwater 
beneath the 300 Area. 
 
2.5.4 Historical Hanford Site Contaminant Sources and Waste Streams 

A comprehensive summary of radionuclides released from the eight single-pass reactors during 
operation from 1944 to 1971 is provided in DOE/RL-97-1047.  A majority of the radionuclides 
are short-lived and are no longer present.  The following radionuclides are known to have been 
released to the Columbia River:  cobalt-60, zinc-65, strontium-90, cesium-137, europium-152, 
europium-154, thorium-228, radium-226, plutonium-238, plutonium-239, plutonium-240, and 
americum-241 (BNWL-2305).  In addition, nonradioactive chromium is known to have been 
released to the river through the river effluent pipelines.  Groundwater contaminated by past 
operations continues to flow toward and discharge to the Columbia River.  This upwelling 
groundwater contains chromium, nitrate, strontium-90, tritium, and, in the 300 Area, uranium 
and volatile organic compounds (VOCs).   
 
Historic spills and overland discharges are also considered releases to the Columbia River.  
These included an overland discharge of liquid process effluent containing uranium from the 
300 Area South Process pond in 1948 (EMO-1026, Addendum to Data Compilation Task Report 
for the Source Investigation of the 300-FF-1 Operable Unit Phase I Remedial Investigation) and 
a spill from a sodium dichromate storage tank at the 183-C Building in 1965 (DUN-3032, 
Chemicals Discharged to the Columbia River from DUN Facilities Fiscal Year 1967).   
 
2.5.5 River Effluent Pipeline Discharges 

From 1943 to the present, the Columbia River has been used as a water supply by the 
Hanford Site.  Most of the nuclear reactors (with the exception of 105-N) in the 100 Area used 
the single-pass river water for primary reactor cooling purposes.  Between 1943 and 1987, 
pipelines extending from outfall structures at the 100 Area reactors into the Columbia River were 
used to carry reactor cooling water for discharge to the river.  Operation of most river effluent 
pipelines ended when the associated water-cooled reactors were shut down between the 
mid-1960s and mid-1980s, with the last shutdown occurring at the 100-N Area in 1987.  Today 
the effluent pipelines remain in place on or beneath the river channel bottom.  One of the two 
river effluent pipelines in the 100-K Area (100-K-96) was active up through April 2011; this 
pipeline was associated with the dewatering of the 107-KE Retention Basins and had a National 
Pollutant Discharge Elimination System (NPDES) permit during its operation.  The effluent 
pipelines constitute seven waste sites in the 100-B/C, 100-D, 100-H, 100-F, 100-K, and 
100-N Areas and include 15 separate pipelines.  Most of the river effluent pipelines are known or 
suspected to still contain small amounts of residual contamination from past reactor operations.   
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2.5.6 Contaminated Groundwater Seepage to River 

Past waste disposal practices at the Hanford Site have resulted in the presence of several 
contaminated groundwater plumes.  Groundwater beneath the Hanford Site discharges to the 
Columbia River via springs and subaqueous (within the riverbed) groundwater plume 
upwellings.  Therefore, groundwater provides a means for transporting Hanford Site-related 
contaminants to the Columbia River.  
 
In general, groundwater discharges are considered to be the current dominant pathway for 
Hanford Site-related contaminants to enter the Columbia River.  At least 115 shoreline springs 
have been documented along the Hanford Reach, with the predominant areas of discharging 
springs in the vicinity of the 100-N Area, Hanford townsite, and 300 Area (DOE/RL-2010-11, 
Hanford Site Groundwater Monitoring and Performance Report for 2009).  Today, seeps from 
the 100-N Area have diminished due to declining water-table elevations, a consequence of the 
end of operations at the 105-N Reactor, which have reduced discharge from the springs.  In 
addition, effluent from the 105-N Reactor was discharged to trenches and cribs near the river.  
Contaminants from the 100 Area trenches and cribs have impacted groundwater that discharges 
to the river.  
 
Groundwater contamination exists beneath the Hanford Site and along the Columbia River 
shoreline and near-shore river where groundwater mixes with the surface soils and 
Columbia River water (DOE/RL-2004-37).  The following are the primary contaminants 
associated with the 100, 200, and 300 Area groundwater plumes (DOE/RL-2010-11; Data 
Summary Report [WCH-398]):   
 
 100 Area plumes:  Hexavalent chromium, carbon-14, strontium-90, tritium, trichloroethene 

(TCE), and nitrate 
 
 200 Area plumes:  Carbon tetrachloride, chromium, technetium-99, tritium, uranium, 

iodine-129, nitrate, and TCE 
 
 300 Area plumes:  Nitrate, tritium, and uranium. 
 
2.5.7 Limited Overland Flow 

While the most significant historic transport mechanism was direct discharge of the single-pass 
cooling water, historic overland flow was also associated with reactor operations.  Historic 
information, including aerial photographs, clearly shows water seepage from the reactor cribs 
and trenches flowing across the land surface and discharging directly into the Columbia River.  
While this transport mechanism is no longer active, it is assumed that overland flow was a 
significant source of Hanford Site contaminants to the river during operations.  Hanford Site 
contaminants that reached the river during single-pass cooling water operations (1943 to 1972) 
via this transport mechanism have migrated downriver.  
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2.6 NON-HANFORD SITE SOURCES OF CONTAMINANTS 

In addition to Hanford Site releases, there are numerous other sources of river contaminants, both 
naturally occurring and anthropogenic.  This section summarizes potential current and historical 
contaminant sources upriver of the Hanford Site and other contributing influences within the RI 
area (i.e., global, municipal, industrial, agricultural, and commercial sources).   
 
2.6.1 Upriver/Industrial Sources 

While the presence of dams upriver from the Hanford Site currently limits the transport of 
contaminants from upstream sources, the magnitude and duration of historical and current 
discharges may provide a potential for long-range transport to the Hanford Reach.   
 
Contributions of contaminants to the Columbia River may come from direct sources to the river 
or indirect sources.  Examples of direct and indirect sources include mining operations, smelting, 
pulp and paper production, runoff from cities and agricultural areas, municipal and industrial 
wastewater treatment plants, nuclear weapons production and atmospheric testing, and other 
activities that release materials that ultimately reach the river.   
 
Mining operations at the Teck Cominco Mine in Trail, British Columbia, located 16 km (10 mi) 
north of the U.S./Canadian border, began in 1890, with smelter operations beginning in 1896 
along the headwaters of the Columbia River.  These operations began prior to the construction of 
any dams along the Columbia River.  The lead and zinc smelter on the banks of the 
Columbia River at the Trail facility dumped an estimated 10 million to 20 million tons of slag 
into the river.  The facility released dissolved iron, manganese, zinc, copper, lead, arsenic, 
cadmium, and mercury via liquid effluent and as solids in the form of slag, a smelting byproduct 
(WHC-SA-1989-FP, Sediment Quality and Ecorisk Assessment Factors for a Major River 
System).  The EPA Region 10 contends that the Trail smelter is the largest source of metals 
pollution to Lake Roosevelt, a reservoir created when the river was impounded behind 
Grand Coulee Dam in 1937.  In 2006, an EPA study of sediment samples concluded that the 
portion of the lake from Inchelium, Washington, upstream to the Canadian border already 
qualified for Superfund listing because of hazards to aquatic life from heavy metals 
(CH2MHILL 2006, Phase I Sediment Sampling Data Evaluation, Upper Columbia River Site, 
CERCLA RI/FS [Draft Final]).  Metal contaminants flow down the river into Lake Roosevelt.  
The EPA is currently undertaking an RI/FS of the Upper Columbia River/Lake Roosevelt, which 
encompasses the stretch of the Columbia River from the Canadian border to Grand Coulee Dam 
and surrounding upland areas.  This study, which includes the collection of surface water, 
sediment, and fish tissue samples, is discussed further in Section 2.6.  Contaminants from these 
historical discharges may also exist downstream in the Hanford Site RI area. 
 
Other smelting operations have taken place in Northport, Washington (EPA 2004a, EPA to 
Investigate Upper Columbia River Pollution).  The Celgar pulp mill in Castlegar, 
British Columbia, was a primary source of historical loading of dioxins and furans to the upper 
Columbia River (EPA 2004b, Sediment Sampling Approach and Rationale, Upper 
Columbia River).  Alcoa’s aluminum smelter facility in Wenatchee, Washington, is currently the 
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only major U.S. industrial NPDES-permitted facility located upstream of the Hanford Site.  It 
may contribute the following contaminants to the Columbia River:  fluoride, aluminum, copper, 
benzo(a)pyrene, cyanide, oil, and grease (WCH-201; WCH-91, Columbia River Component 
Data Evaluation Summary Report).  There are also nine municipal treatment plants that 
discharge effluent to the river upstream of the Hanford Site (WCH-91, WCH-201).   
 
The Bunker Hill Superfund Site, located in the Coeur D’Alene River Basin in northern Idaho, 
has a long history of mining and metals-processing activities dating to more than 100 years ago.  
The U.S. Department of the Interior identified more than 1,000 mining or milling-related features 
in the region surrounding the South Fork of the Coeur D’Alene River, and it is estimated that 
approximately 62 million tons of mine tailings have been discharged to the Coeur D’Alene River 
Basin since mining began (EPA 2010).  The entire Coeur D’Alene River Basin includes the 
Upper Basin, the Lower Basin, Lake Coeur D’Alene, and a portion of the Spokane River where 
the lake drains into Washington State. 
 
The Spokane River, a tributary to the Columbia River, has elevated levels of polychlorinated 
biphenyls (PCBs) and metals.  The Spokane River flows 179 km (111 mi) from 
Lake Coeur d’Alene, Idaho, to Lake Roosevelt, which was created in the Columbia River by the 
completion of the Grand Coulee Dam in 1941.  Some of the sources of contamination to the 
Spokane River include the following:   
 
 Mining waste and the associated metals that may have been transported downstream from the 

Coeur d’Alene River Basin to the Spokane River. 
 
 Midnite Mine, an open-pit uranium mine, operated along the Spokane River in the 

Selkirk Mountains of eastern Washington from the mid-1950s until 1981 and contributed 
contaminants upriver of the Hanford Site.  Elevated levels of radioactivity (primary uranium) 
and heavy metals mobilized in acid mine drainage pose a potential threat to human health 
and the environment (EPA 2010, Site Description:  Midnite Mine, Washington).   

 
 Kaiser Trentwood, an aluminum plant, discharged PCBs to the Spokane River in excess of 

2 kg/day in the early 1990s and as late as 2000 (Serdar et al. 2006, Spokane River PCBs Total 
Maximum Daily Load, Water Quality Improvement Report, June). 
 

 The Spokane Wastewater Treatment Plant discharged 0.25 kg/day of PCBs in 2001 
(Serdar et al. 2006). 

 
As indicated above, there are a number of industrial and municipal discharges that have likely 
impacted surface water and sediments within the RI study area.  
 
2.6.2 Global Sources 

Worldwide atmospheric nuclear testing contributed to radionuclide contaminants in surface 
waters and ultimately to sediments throughout the Pacific Northwest.  Fallout from atmospheric 
testing by the United States, Russia, and China contributed significantly to radionuclide levels in 
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the environment (WDOH 1994, Special Report; Radioactivity in Columbia River Sediments and 
Their Health Effects).  The fallout materials consisted primarily of radionuclides such as 
cesium-137 (half-life of 30.07 years) and strontium-90 (half-life of 28.78 years) (WDOH 1994).  
Strontium and cesium are also associated with Hanford Site operations.  The Soviet nuclear 
reactor accident at Chernobyl in 1986 also produced detectable levels of iodine-131 and 
cesium-137 in precipitation in the Pacific Northwest (WDOH 1994).  Various radionuclides have 
been detected in surface and sediment samples collected from reference/background locations, as 
discussed further in Section 3.8.  
 
2.6.3 Naturally Occurring Sources 

Naturally occurring chemical and radiological contaminants associated with the chemical 
composition of bedrock and soil features in the Columbia River basin are present in sediment 
and surface water (EPA 910-R-02-006).  For example, aluminum, arsenic, barium, cadmium, 
manganese, and elemental uranium have been detected in sediment and surface water samples 
collected from background (upriver) locations.  In addition, radionuclides such as uranium-234 
and uranium-238 have also been detected in background samples.   
 
While these elements and radionuclides are naturally occurring in the environment as a result of 
local geochemistry, their presence in sediment and surface water upstream of the Hanford Site 
may not necessarily be representative of only naturally occurring conditions, and may in part be 
related to upstream or other non-Hanford Site sources (e.g., industrial, agricultural, or mining), 
as previously described.  The nature and distribution of contaminants related to these sources in 
the Upriver/Reference Area sampling locations are inconsistent with the Hanford Site-wide CSM 
and are therefore not believed to be Hanford Site related (e.g., as a result of atmospheric 
transport and deposition). 
 
2.6.4 Municipal/Urban Sources 

Municipal and urban activities contribute as point and nonpoint sources of contamination to the 
river.  Other NPDES-permitted discharges to the Columbia River include stormwater, minor 
industrial process wastewater, contact and noncontact cooling waters, treated waters, and 
construction sites.  Effluents from municipal sewage treatment plants also contribute to waste 
loading within the Columbia River system.  A total of 41 municipal sewage treatment plants 
were identified in 2005 that discharge effluent to the Columbia River (WCH-201). 
 
Urban contributions including unpermitted residential, municipal, and commercial stormwater 
runoff; use of fertilizers and pesticides; and septic sewage systems are some of the potential 
sources of contamination from communities along the banks of the Columbia River.  Stormwater 
runoff can contain a number of contaminants such as pesticide and weed control products, 
contamination from leaking transformers, hydraulic and lubricating fluids, petroleum products, 
metals, polycyclic aromatic hydrocarbons (PAH), and deicing salts.  Runoff containing naturally 
occurring contaminants such as uranium also contributes to river contamination (WCH-201, 
Becker 1990). 
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2.6.5 Agricultural Sources 

By the 1920s, major irrigation projects along the Columbia River and tributaries operated with 
the benefit of federal programs.  In 1948, the Columbia Basin Project began transporting 
Columbia River water by canal to the more than 600,000 acres of farms in central Washington 
(CCRH 2007, Promoting the Study of the Columbia River Basin History).   
 
Agricultural activities are a potentially significant source of contaminants to the river.  Water 
from the irrigation returns in the Hanford Reach has been periodically sampled; identified 
contaminants include nitrogen, phosphate, copper, uranium, pesticides, and suspended solids 
(Ecology 1981, Irrigation Return Flow Quality South Columbia Basin Irrigation District 
May - August 1980; Data Summary Report [WCH-398]). 
 
Sampling of irrigation return water from Franklin County and associated irrigation-related seeps 
entering the Columbia River, opposite the Hanford Site, have measured total uranium values of 
8.6 pCi/L (PNL-7500 1990, 1988 Hanford Riverbank Springs Characterization Report).  
Uranium is commonly present in phosphate-based fertilizers and is a natural constituent that 
weathers from some types of rocks in the region.  In recent years, total uranium concentrations in 
the Hanford Reach have been elevated along the Franklin County shoreline.  Previous studies 
have indicated these elevated concentrations are likely the result of groundwater seepage and 
surface water from irrigation returns that contain naturally occurring and anthropogenic uranium 
(PNL-7500). 
 
2.6.6 Commercial and Recreational Sources 

Recreational and commercial activities on the Columbia River also contribute contamination to 
surface water and sediments via marinas, boats, or other recreational watercraft.  Discharge of 
bilge and ballast water, engine oil, spills, and materials associated with boat and shipyard 
maintenance are potential sources of contamination.  These sources may contain old paint 
scrapings (e.g., lead), anti-foulants (e.g., copper), solvents, oil and grease, fuels, PCBs, and 
cleaning agents.  Pilings, docks, and bulkheads associated with marine structures treated with 
creosote, chromated copper arsenate, or copper zinc arsenate are other potential sources of 
contamination. 
 
 
2.7 RIVER INVESTIGATION AND ASSESSMENT ACTIVITIES 

Previous investigations and assessments of the Columbia River include those conducted for the 
RCBRA, CRCRA, and other environmental assessment and monitoring programs operated by 
DOE, EPA, and other entities.  Studies most relevant to the Hanford Site Study Area are briefly 
summarized in the following subsections.   
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2.7.1 RCBRA Investigations 

The groundwork for the RCBRA (i.e., 100/300 Area studies) was initiated in the spring of 2003.  
Work conducted to support the risk assessment effort included defining the basis and 
assumptions of work scope (DOE/RL-2003-61, 100 Area and 300 Area Component of the River 
Corridor Baseline Risk Assessment:  Basis and Assumptions on Project Scope); development of 
a work plan (DOE/RL-2004-37); public and stakeholder participation; identification of issues 
through a series of agency and stakeholder interviews; identification of data quality objectives 
(DQOs) (BHI-01757, DQO Summary Report for the 100 Area and 300 Area Component of the 
RCBRA); development and implementation of a sampling and analysis plan (SAP) 
(DOE/RL-2005-42, 100 Area and 300 Area Component of the RCBRA Sampling and Analysis 
Plan); and completion of the River Corridor baseline human health and ecological risk 
assessment.   
 
The purpose of the RCBRA is two-fold:  (1) to evaluate human health and ecological risks 
resulting from conditions subsequent to the implementation of the remedial actions in the 
100 Area and 300 Area of the Hanford Site and (2) to use results to support risk management 
decision making and to support development of RODs for River Corridor areas. 
 
The RCBRA focused on the potential risk from post-remediation conditions in operational areas, 
historical townsites, riparian areas adjacent to operational areas, and related groundwater plumes 
emerging in the near-shore river environment (DOE/RL-2005-37, Status of Hanford Site Risk 
Assessment Integration, FY 2005; DOE/RL-2004-37).  Known emergent groundwater 
contaminant plume areas were evaluated as part of the RCBRA investigation. 
 
After completion of the initial RCBRA sampling effort, an additional study was identified to 
complete data gaps of various locations, media types, and potential contaminants.  The primary 
purpose of the subsequent assessment was to evaluate risks from current concentrations of 
chemicals and radionuclides in the riparian and near-shore aquatic zones between operational 
areas in the 100 Area and 300 Area.  This included evaluating areas from emerging 200 Area 
groundwater plumes (under current conditions), slough and backwater areas, and habitats found 
predominantly in areas between reactor and operational areas (DOE/RL-2005-42).   
 
Between October 2005 and December 2006, field sampling and surveys of soil, sediment, 
surface water, porewater, groundwater (well water), and fish tissue (sculpin and sucker) were 
conducted.  Results of this assessment have been included in Rev. 0 of the RCBRA 
(DOE/RL-2007-21).  Fish tissue results from the RCBRA investigation are briefly discussed in 
Section 3.6.4.5. 
 
2.7.2 Columbia River Component Investigation 

The October 2007 Columbia River Component Data Gap Analysis (WCH-201) was conducted to 
review the adequacy of the existing surface water and sediment data set from the 
Columbia River, with specific reference to the use of the data in future site characterization and 
baseline risk assessments.  The goal was to determine if there were sufficient data to characterize 
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the current effects of Hanford Site operations on the Columbia River.  The Data Gap Analysis 
identified site analytes and potential data gaps as well as the study area boundaries for the 
Columbia River RI.  The field investigation program for the RI was developed collaboratively by 
DOE, EPA Region 10, Ecology, and other stakeholders, and was based on the outcome of the 
DQO process (WCH-265, DQO Summary Report for the Remedial Investigation of Hanford Site 
Releases to the Columbia River) to address the data needs identified in the Data Gap Analysis 
report (WCH-201).  The rationale for the sampling approach and strategy are detailed in the 
RI Work Plan (DOE/RL-2008-11).   
 
The RI Work Plan was implemented from the fall of 2008 to the summer of 2010, entailing the 
collection of more than 2,000 environmental samples consisting of surface water, porewater, 
sediment, island soil, and fish tissue.  The RI field activities associated with the collection of 
these samples are documented in the following reports: 
 
 WCH-352, Field Summary Report for Remedial Investigation of Hanford Site Releases to the 

Columbia River, Hanford Site, Washington:  Collection of Surface Water, River Sediments, 
and Island Soils 
 

 WCH-380, Field Summary Report for Remedial Investigation of Hanford Site Releases to the 
Columbia River, Hanford Site, Washington:  Collection of Surface Water, Pore Water, and 
Sediment Samples for Characterization of Groundwater Upwelling 
 

 WCH-387, Field Summary Report for Remedial Investigation of Hanford Site Releases to the 
Columbia River, Hanford Site, Washington:  Collection of Fish Tissue Samples.   

 
Collection activities and evaluation of the resultant data are described in detail in the Data 
Summary Report (WCH-398).  The data assessment process and resulting data qualification 
actions are described in WCH-381, Data Quality Assessment Report for the Remedial 
Investigation of Hanford Site Releases to the Columbia River, Hanford Site, Washington. 
 
The data from the RI sampling efforts, in addition to historical data collected under the RCBRA 
and other sampling programs, have been used to evaluate the nature and extent of past releases of 
Hanford Site contaminants to the Columbia River and to support this baseline HHRA as well as 
the SLERA.  Data specifically relevant to the CRCRA are further discussed in Section 3.0. 
 
2.7.3 Upper Columbia River/Lake Roosevelt River Media Sampling 

In 2005, EPA led a Phase I sampling program in which sediment, porewater, and fish tissue 
samples were collected in the Upper Columbia River.  This program was conducted as part of the 
Upper Columbia River RI/FS and was designed to update the preliminary CSM for sediment, 
gather data in support of the human and ecological risk assessments, and support issuance of an 
updated fish advisory for Lake Roosevelt (CH2MHILL 2006; CH2MHILL 2007, Phase I Fish 
Tissue Sampling Data Evaluation, Upper Columbia River Site, CERCLA RI/FS (Final).  
Sediment samples were analyzed for various parameters including metals, semivolatile organic 
compounds (SVOCs), pesticides/PCB Aroclors, and dioxins and furans.  Additionally, fish tissue 
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samples from walleye, rainbow trout, whitefish, largescale sucker, and burbot were collected and 
analyzed for a variety of chemical parameters.  These analyte lists were based on historical 
information about upstream facilities, industry-related chemical literature, and information about 
releases, as well as results from previous investigations and the preliminary CSM.   
 
Using the Phase I data, EPA prepared a screening assessment in response to public concern 
regarding the safety of recreating on beaches along the Upper Columbia River.  The results were 
reported in the Screening-Level Risk Assessment for Recreational Use of Beaches, Upper 
Columbia River, Remedial Investigation and Feasibility Study, Draft, dated August 2006 
(EPA 2006).  Results of this assessment indicated that arsenic and lead in beach sediment were 
present at levels exceeding human health risk-based screening criteria, and that a baseline HHRA 
was warranted. 
 
The constituents of interest in sediment were identified during the data evaluation that is 
documented in CH2MHILL (2006).  These constituents of interest included the following: 
 
 Metals:  Antimony, arsenic, cadmium, chromium, copper, iron, lead, manganese, mercury, 

nickel, uranium, and zinc 
 

 Chlorinated pesticides:  2,4-dichlorodiphenyldichloroethylene (2,4-DDE), 
2,4-dichlorodiphenyltrichloroethane (2,4-DDT), 4,4-dichlorodiphenyldichloroethane 
(4,4-DDD), 4,4-DDE, 4,4-DDT, and aldrin 
 

 PCBs:  Aroclor-1016 and Aroclor-1260 
 

 Dioxins and furans:  2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8 TCDD) toxicity equivalent 
and 14 congeners 
 

 PAH:  Benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, 
chrysene, dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene. 

 
The following analytes were selected as preliminary constituents of interest in fish during the 
Phase I Fish Tissue Sampling Data Evaluation (CH2MHILL 2007): 
 
 Metals:  Aluminum, arsenic, cadmium, chromium, copper, iron, lead, nickel, selenium, 

uranium, zinc, and mercury 
 
 PCBs:  Total PCBs 
 
 Dioxins and furans:  2,3,7,8-tetrachlorodibenzofuran (2,3,7,8 TCDF). 
 
Barium was included as a preliminary constituent of interest to help to illustrate potential 
differences in species-specific exposure and accumulation.   
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Syracuse Resource Corporation, on behalf of the EPA, prepared the Human Health Risk 
Assessment Work Plan for the Upper Columbia River Site Remedial Investigation and Feasibility 
Study, dated March 2009 (EPA 2009).  Syracuse Resource Corporation found several 
environmental media for which the currently available Lake Roosevelt data may not be adequate 
to support reliable risk calculations in a baseline HHRA.  The preliminary risk estimates 
evaluated in the work plan are intended to be used to guide future data collection efforts and 
prioritize data needs for the baseline HHRA.  As identified in the Upper Columbia River Work 
Plan for the Remedial Investigation and Feasibility Study dated December 2008 prepared by 
Teck Cominco American Incorporated and modified by EPA (EPA 2008), additional studies and 
supplemental data collection will be required to meet the data needs for the HHRA.  Subject to 
EPA approval, the following field and laboratory studies were planned for 2009 and 2010, 
including collection of additional surface water, sediment and fish tissue samples, as well as 
conductance of recreational and Tribal resource use surveys and an evaluation of upstream 
sources of contamination.  
 
A 2009 beach sediment study was also designed for Teck Cominco American Incorporated to 
ensure that the nature and extent of contamination in exposed beach surface and subsurface 
sediments is sufficiently well characterized to allow a reliable evaluation of potential risks to 
humans who may be exposed via direct contact (ingestion and dermal).  The study, the sampling 
for which was initiated in 2009, is intended to expand and augment information provided by 
prior investigations, which include EPA’s Phase I investigation and other historical studies of 
exposed sediments along the Upper Columbia River.   
 
2.7.4 Columbia River Basin Fish Tissue Sampling 

In 1994, the EPA and Columbia River Inter-Tribal Fish Commission’s (CRITFC’s) member 
tribes initiated a survey of contaminants in fish tissue in the Columbia River Basin.  The 
contaminant survey was designed by a multi-agency group including the CRITFC, Ecology, the 
Washington State Department of Health, the Oregon Department of Environmental Quality and 
Health, the Confederated Tribes of Warm Springs, the Yakama Nation, the Confederated Tribes 
of the Umatilla Indian Reservation, the Nez Perce Tribe, the U.S. Geological Survey, and the 
U.S. Fish and Wildlife Service.  Sample collection took place between 1996 and 1998 with the 
help of CRITFC’s member tribes and staff from federal and state agencies.  The results of this 
study were published by EPA in 2002, in EPA 910-R-02-006, Columbia River Basin Fish 
Contaminant Survey 1996-1998.   
 
A total of 281 samples of fish and fish eggs were collected from the Columbia River Basin from 
5 anadromous species (Pacific lamprey, smelt, coho salmon, fall and spring chinook salmon, and 
steelhead) and 6 resident species (largescale sucker, bridgelip sucker, mountain whitefish,  
rainbow trout, white sturgeon, and walleye).  The following four types of samples were 
collected:  whole-body with scales, fillet with skin and scales, fillet without skin (white sturgeon 
only), and eggs.  All the samples were composites of individual fish, except white sturgeon.  
The number of fish in a composite varied with species, location, and tissue type.  Eleven samples 
of eggs were collected from steelhead and salmon.  
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The fish tissues were analyzed for pesticides, metals, PCB Aroclors, PCB homologues, dioxin 
and furan congeners, and other organic chemicals.  The results of the study showed that all 
species of fish had some levels of chemicals in their tissues and in the eggs of salmon and 
steelhead.  Of the 132 chemicals analyzed in this study, DDE, PCBs, zinc, and aluminum had the 
highest detected concentrations in most of the fish tissues sampled throughout the basin.   
 
The distribution in contaminant type and concentration across sample stations was variable, 
although fish collected from the Hanford Reach of the Columbia River and the Yakima River 
tended to have higher concentrations of organic chemicals than other study sites. 
 
Using EPA’s risk assessment models, fish tissue analytical results were used to estimate 
noncancer hazard indices and cancer risks from fish ingestion.  For adults, hazard indices and 
cancer risks were lowest for the general public at the average ingestion rate and highest for the 
CRITFC member tribes at a higher ingestion rate.  
 
Chemicals that contributed the most to the hazard indices and cancer risk are the persistent 
bioaccumulative chemicals (PCBs, DDE, chlorinated dioxins, and furans) as well as inorganic 
constituents including arsenic and mercury.  Many of the chemical residues in fish identified in 
the EPA study were not unlike levels found in fish from other studies in comparable aquatic 
environments in North America.  The concern raised in the Columbia River Basin also gives rise 
to a much broader issue for water bodies throughout the United States.  The results of the EPA 
study, therefore, have implications not only for tribal members but also for the general public.  
 
Results from this study are briefly summarized and compared to fish tissue data from the RI in 
Section 3.6.4.5. 
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3.0 DATA EVALUATION 

The objective of the data evaluation is to present the relevant sampling data used in the baseline 
HHRA, discuss the use of such data, discuss the nature and extent of constituents, and select the 
COPCs for each medium (e.g., island soil, sediment, surface water, and fish tissue).  The COPCs 
are the chemicals and radioisotopes that are carried through the quantitative risk assessment.  
 
In addition to samples collected from the Hanford Site Study Area (i.e., 100 Area, 300 Area, and 
Lake Wallula Sub-Areas), samples have been collected from the Upriver Sub-Area, major 
tributaries to the Columbia River (i.e., Snake, Yakima, and Walla Walla Rivers), and agricultural 
drainage wasteways/irrigation return channels to document the concentration of constituents that 
may be present in these media, but whose presence is unrelated to Hanford Site releases.  This 
data evaluation therefore also includes a discussion of the island soil, sediment, surface water, 
and fish tissue data that have been collected within the study area with respect to concentrations 
of contaminants observed in reference areas.   
 
 
3.1 THE COLUMBIA RIVER COMPONENT DATABASE AND 

HUMAN HEALTH RISK ASSESSMENT DATA SET 

A significant amount of historical environmental data exist for the Columbia River, dating back 
to the 1940s and reflecting a number of individual state and federal monitoring programs and 
studies.  These data have been extensively examined and a subset, considered as usable for 
characterization purposes, has been compiled into an electronic database referred to as the 
“CRC database” (WCH-64, Existing Source Information Summary Report Compilation/ 
Evaluation Effort:  December 2004 to September 2005, Columbia River Component of the River 
Corridor Baseline Risk Assessment; WCH-91, Columbia River Component Data Evaluation 
Summary Report).   
 
The data used for the HHRA, identified herein as the “HHRA data set,” were drawn from a wide 
variety of sources, reflecting the high level of monitoring and assessment historically associated 
with the Columbia River and the Hanford Site.  The final data set used for this HHRA, presented 
in electronic format in Appendix B, is composed of island soil, sediment, surface water, and fish 
tissue data collected during the remedial investigation (“RI” data), which were collected between 
2008 and 2010 as part of the RI field effort, and select “historical” sediment and surface water 
data, which were collected as part of other studies conducted between 2000 and 2007 (see 
Section 3.3).  The data from these two time periods are described separately in Section 3.2 
(2008 to 2010 data) and Section 3.3 (pre-2008 data).  Because both recent and historical data are 
combined, the HHRA data set is expanded from that described in the Data Summary Report 
(WCH-398), which focused exclusively on the more recent RI data.  The number of samples 
included in the HHRA data set (from 2000 to 2010) by area and medium is summarized in the 
table below.  
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Medium 
Upriver/ 

OCI 
Samples a 

100 Area Sub-Area 
Samples a 

300 Area Sub-Area 
Samples a 

Lake Wallula Sub-Area 
Samples a 

Total 
(Not Including 

OCI) 2000 - 2007 2008 - 2010 2000 - 2007 2008 - 2010 2000 - 2007 2008 - 2010 

Surface water 53 27 45 46 19 6 20 163 

Sediment 126 0 133 2 160 21 156 472 

Soil  10 0 29 0 48 0 b 0b 77 

Fish tissue c 30 0 35 0 35 0 31 101 
a Includes duplicate samples. 
b No islands were sampled in this sub-area; thus, no island soil data are available.  
c With the exception of sturgeon, fish samples were obtained from a composite of multiple individual fish.  Fish samples were further 

divided by tissue type:  fillet, liver/kidney, viscera (sturgeon only) and carcass.  Viscera data were not used in this human health risk 
assessment and these samples are therefore not reflected in the number of samples listed in this table. 

OCI = other contributing influences, i.e., reference areas 

 
 
3.2 2008 TO 2010 REMEDIAL INVESTIGATION DATA 

As part of the Columbia River RI, a large and comprehensive field program was conducted 
during the years 2008 to 2010 to document conditions in the surface water, sediment, soil, and 
fish tissue of the Columbia River adjacent to, upstream, and downriver from the Hanford Site.  
This effort was conducted in accordance with DOE/RL-2008-11, Remedial Investigation Work 
Plan for Hanford Site Releases to the Columbia River (RI Work Plan), which produced a 
comprehensive data set that reflects the use of the common collection techniques, analytical 
methods, laboratories, staff, and other parameters that could otherwise introduce variability 
between unrelated sampling programs.  In consequence, the RI program produced a high-quality 
and consistent data set that provides an accurate depiction of current conditions in the 
Columbia River, as discussed in WCH-381, Data Quality Assessment Report for the Remedial 
Investigation of Hanford Site Releases to the Columbia River, Hanford Site, Washington, 
June 2010.  The RI data set thus forms the primary basis of the risk assessment data set used to 
support both the HHRA and the SLERA.  However, as described in Section 3.1, the HHRA data 
set also includes select historical data collected between 2000 and 2007.   
 
The RI data, described in detail in the Data Summary Report (WCH-398), were obtained from 
samples from the Columbia River, as well as from islands and along left-bank (facing downriver) 
shorelines and right-bank areas outside of the RCBRA study area, as previously discussed in 
Section 1.0.  The RI data collection effort was composed of three separate components:  
 
 2008 to 2009 Surface water, sediment, and soil sample collection 
 
 2010 Groundwater upwelling investigation (co-located porewater, surface water, and 

sediment sample collection) 
 
 2009 to 2010 Fish tissue sample collection. 
 
The scope of the 2008 to 2010 RI sampling program was based on the outcome of the DQO 
process (WCH-265, DQO Summary Report for the Remedial Investigation of Hanford Site 
Releases to the Columbia River) to address the data needs.  The rationale for the sampling 

Exhibit 12c



DOE/RL-2010-117 

Data Evaluation Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume II, Part 1:  Baseline Human Health Risk Assessment 
September 2012 3-3 

approach and strategy are detailed in the RI Work Plan (DOE/RL-2008-11).  Appendix A to the 
RI Work Plan is the SAP that describes the sampling activities.  Requirements for sampling 
methods, sample handling and custody, and analytical methods are detailed in WCH-286, 
Sampling and Analysis Instructions for the Remedial Investigation of Hanford Site Releases to 
the Columbia River (SAI).  The RI Work Plan, SAP, and SAI directed the sample collection 
methods and locations.  
 
The 2008 to 2010 RI field activities associated with the collection of sediment, river water, and 
island soil are documented in WCH-352, Field Summary Report for Remedial Investigation of 
Hanford Site Releases to the Columbia River, Hanford Site, Washington (Collection of Surface 
Water, River Sediments, and Island Soils).  WCH-352 provides a description of the sampling 
locations, identification of samples collected, and a description of modifications and additions 
made to the SAP. 
 
In addition, a groundwater plume upwelling survey was completed to delineate areas of 
groundwater plume upwelling into the Columbia River for subsequent sampling.  During 
Phase III of that study, co-located porewater, surface water, and sediment samples were collected 
from 49 stations identified previously in the RI as being areas of groundwater upwelling.  The 
groundwater upwelling field activities and data collection are documented in WCH-380, Field 
Summary Report for Remedial Investigation of Hanford Site Releases to the Columbia River, 
Hanford Site, Washington:  Collection of Surface Water, Pore Water, and Sediment Samples for 
Characterization of Groundwater Upwelling.  
 
The RI field activities associated with the collection of fish tissue samples are documented in 
WCH-387, Field Summary Report for Remedial Investigation of Hanford Site Releases to the 
Columbia River, Hanford Site, Washington:  Collection of Fish Tissue Samples.  
 
While detailed information about the RI sampling program methodology and results is contained 
in the documents listed above, a brief summary of the data collected is provided below, by 
medium.  Section 3.6 describes the nature and extent of contaminants detected in the various 
media. 
 
3.2.1 Remedial Investigation Island Soil Sample Collection 

Island soil samples represent sediment that has historically been transported during high river 
conditions from other portions of the river onto islands.  Island soil samples were collected from 
the Upriver Sub-Area, 100 Area Sub-Area, and 300 Area Sub-Area, specifically Island 3, 
Locke Island, White Bluffs, Homestead Island, Wooded Island, Johnson Island, Island 19 
(Gull Island), and an unnamed island in Wanapum Pool (Upriver reference).  These samples 
were collected from areas above the normal zone of inundation and were composed of soil to a 
maximum depth of 9 cm (0.3 ft) below the soil surface.  No island soil samples were collected 
from islands within the Lake Wallula Sub-Area.  
 
The sampling approach for island soils was similar to a stratified-random sampling design.  
For island soils, the target “population” is the river-transported sediments from the Hanford 
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Study Area.  To ensure that samples were representative of this population, a single-cell sample 
grid was established prior to sample collection.  Samples were collected at random locations 
within each grid cell.  This random sampling enhances the representativeness of these samples 
for the population. 
 
A total of 87 island soil samples were collected as part of the RI and used in the HHRA. 
 
3.2.2 Remedial Investigation Sediment Sample Collection 

Sediment sampling consisted of the collection of sediment from varying water depths in the river 
channel, shoreline sediment, and sediment cores.  Sediment was also collected as part of the 
groundwater upwelling investigation.   
 
A stratified random approach was used for the design of the sediment sampling program.  
Because most of the river bottom consists of coarse to medium gravel, a fine-grained sediment 
survey was conducted prior to the selection of sample locations to identify depositional areas 
where fine-grained material is present in quantities sufficient for sampling.  The survey was 
conducted by sonar, which was initially verified by petite ponar sediment collection to verify the 
accuracy of the technique.  In the subsequent RI, all sediment samples were collected within 
these pre-identified areas of fine-grained sediment deposition, which comprise the population 
“strata” for statistical purposes.   
 
To ensure that samples are representative of the sediment at each location, sampling locations 
must be positioned within a sampling grid designated as part of the sample design.  Because of 
the nonhomogeneous distribution of fine-grained sediment within the river, however, each area 
of fine-grained deposits was considered to be a single cell from a sample design grid, and the 
exact location of sample collection was selected at random from within the cell.   
 
A total of 598 sediment samples were collected as part of the RI and used in the HHRA.  
 
“Shallow” sediment samples were collected from shallow water, less than 1.8 m (6 ft) in depth.  
The samples consisted of the upper 10 cm (4 in.) of sediment near island and river shorelines, 
and from the shallow areas of irrigation returns, tributary deltas (Yakima, Snake, and 
Walla Walla), and other depositional areas between the Hanford Site reactors and McNary Dam.  
 
“Deep” sediment samples were collected in deep water, in areas where water depth was greater 
than 1.8 m (6 ft).  These samples consisted of the upper 10 cm (4 in.) of sediment from deep 
water areas of the Columbia River, as well as depositional areas upriver of the Yakima River 
confluence and downriver of the Walla Walla River confluence. 
 
Shoreline sediment samples were collected from downriver islands and along the left 
(non-Hanford Site) bank within the Hanford Site Study Area.  These samples were collected 
from the lower riparian zone, defined as the area devoid of terrestrial vegetation and inundated 
on a daily basis by water-level fluctuations.  
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Shallow sediment core samples were collected using a vibracore drilling tool in selected 
sediment deposits that were generally thinner than 3 m (10 ft) thick in total.  Sampled sediment 
deposits potentially date back to reactor operations and were located at selected reactor water 
intake structures at the 100-B/C, 100-K, 105-N, and 100-D Reactors; the head end of the 
Lake Wallula pool (near the 300 Area); and the Yakima and Snake River deltas.  
 
Deep cores were completed at water depths of up to 27 m (90 ft) with anticipated thick sediment 
sequences greater than 3 m (10 ft) thick.  Deep sediment cores were collected from areas in 
Lake Wallula (Port Kelley, Hat Rock, and just upriver of McNary Dam) where sediment deposits 
may date back to the era of reactor operations.  Core samples were collected at depths up to 
3.4 m (11.3 ft) below the sediment-water interface. 
 
Lastly, sediment was collected as part of the groundwater upwelling investigation.  These 
samples are not considered statistically random samples; they are “judgmental samples” meant to 
focus on specific areas of concern, as described in the RI Work Plan (DOE/RL-2008-11).  
Sediment was collected from the top 10 cm (4 in.) of sediment in areas previously determined to 
be the zone where Hanford Site groundwater plumes discharge to the surface water of the 
Columbia River.  These samples, which were collected within the discharge plume, are 
designated as “groundwater upwelling” in the database and are co-located with porewater and 
surface water samples.  
 
3.2.3 Remedial Investigation Surface Water Sample Collection  

Surface water samples were collected from the 100 Area Sub-Area (reactor areas); 
300 Area Sub-Area; recreational locations (parks and boat launches); Lake Wallula; 
McNary Dam; irrigation returns; and tributary deltas at the Yakima, Snake, and 
Walla Walla Rivers.  Upriver Reference samples were collected from above Priest Rapids Dam.  
The target population was considered to be upriver surface water above Priest Rapids Dam, and 
sample locations were identified at random within this area.  Within the river, surface water 
samples were collected at approximately two-thirds of the depth of the water column, and within 
the irrigation wasteways samples were collected approximately 15 cm (6 in.) from the surface.   
Within each of these areas, samples were collected in a stratified random method, so as to be 
representative of the area of interest. 
 
Two surface water sampling events (fall and spring) were conducted.  The fall sampling event 
occurred between October 16 and November 13, 2008, and the spring sampling event occurred 
between June 1 and 9, 2009.  
 
In addition to these surface water samples, several judgmental or focused samples were 
collected.  These were deep samples taken near sediment and in areas of groundwater upwelling.  
Three deep surface water samples were collected during RI field sampling activities directly 
above the riverbed within Lake Wallula, downriver of the Walla Walla River confluence, and 
behind McNary Dam.  Surface water samples were also collected as part of the groundwater 
upwelling investigation.  For this evaluation, surface water was collected from within a foot of 
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the sediment surface in areas of documented plume release.  Sediment and porewater samples 
were collected at the same locations.  
 
A total of 216 RI surface water samples were collected for the RI and used in the HHRA.  The 
vast majority of these samples were collected in a random manner; a small fraction are focused 
samples.  Thus, the final data set is a mixture of sample types.  For purposes of characterizing 
human health risk, only unfiltered (i.e., total) metals data, rather than filtered, were considered 
relevant to and used in the HHRA.  This is consistent with EPA guidance (EPA/540/1-89/002, 
Risk Assessment Guidance for Superfund, Volume I:  Human Health Evaluation Manual 
[Part A], Interim Final) for potable water supplies.  The Columbia River is a potable source of 
water for a number of communities.  The use of only total metals data (e.g., unfiltered), however, 
is a conservative assumption; the water from the river is treated and filtered prior to its 
distribution as a municipal potable supply (e.g., Richland).  
 
3.2.4 Remedial Investigation Fish Tissue Sample Collection  

In accordance with the SAP (DOE/RL-2005-42), specimens of the following six fish species 
were collected as part of the fish sampling program: 
 
 Common carp (Cyprinus carpio) 
 Mountain whitefish (Prosopium williamsoni) 
 Walleye (Stizostedion vitreum) 
 Smallmouth bass (Micropterus dolomieui) 
 Bridgelip sucker (Catostomus columbianus) 
 White sturgeon (Acipenser transmonatnus). 
 
These six fish species are year-round resident fish that reflect a range of trophic levels and have a 
higher rate of harvest and consumption among the local population.  As described in the 
RI Work Plan (DOE/RL-2008-11), salmon were not sampled as part of this study because they 
spend a majority of their life cycle in the ocean as opposed to the Hanford Site Study Area and 
therefore are not representative of local river conditions.  
 
The numbers of fish tissue samples collected during the 2009 to 2010 sampling event and used in 
the HHRA data set are shown in the table below.  
 

 Carp Whitefish Walleye Bass Sucker Sturgeon 

Upriver Sub-Area 

Individual fish 21 27 25 25 25 5 

Composites 5 5 5 5 5 0 

Number of samples 5 5 5 5 5 5 

100 Area Sub-Area 

Individual fish 25 25 26 25 25 9 

Composites 5 5 6  5 5 0 

Number of samples 5 5 6 5 5 9 

300 Area Sub-Area 

Individual fish 25 27 25 25 25 10 

Composites 5 5  5 5 5 0 

Number of samples 5 5 5 5 5 10 
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 Carp Whitefish Walleye Bass Sucker Sturgeon 

Lake Wallula Sub-Area 

Individual fish 25 26 27 25 25 6 

Composites 5 5  5 5 5 0 

Number of samples 5 5 5 5 5 6 

Total number of 
samples per species 

131 20 20 21 20 20 30 

 
For all species except sturgeon, fish tissue samples were composite samples composed of tissue 
from approximately five fish.  Generally, five samples of each fish species were collected from 
each sub-area, and each sample included separate fillet, carcass (which included the head and 
skeleton of the fish), and combined liver and kidney tissue for analysis.  For carp, sufficient 
tissue mass was available to obtain separate liver and kidney samples.  Fillet samples for all of 
these species except sturgeon were prepared with the skin on, since skin for these types of fish is 
often left on during preparation and consumed. 
 
Sturgeon samples were not composited, and thus samples represent tissue from individual fish.  
Sturgeon fillet samples were collected with the skin off, and separate liver and kidney samples 
were prepared.  Twenty-five sturgeon were collected from the 100 Area, 300 Area, and 
Lake Wallula Sub-Areas, while five reference sturgeon were collected from upriver of 
Wanapum Dam.  
 
For both the Study Areas and the Reference Area, fish samples were obtained from where they 
were available, rather than at specific sampling points.  The constraints of fish sampling make it 
impractical to conduct sampling in a statistically random fashion.  The degree to which fish 
collections are representative of the population of fish is unknown.  Thus, the fish sample 
analytical results are considered to be suitable for statistical comparisons. 
 
Analytical results from the RI fish tissue study were used to support the HHRA.  
 
3.2.5 Remedial Investigation Analytical Methods and Reported Results 

As detailed in the Data Summary Report (WCH-398), samples from all media were analyzed for 
a wide variety of constituents.  Analyses varied somewhat by medium and sampling objective, 
but typical analyses for most constituents included metals, hexavalent chromium, total petroleum 
hydrocarbons (TPH), PCBs (as Aroclors and individual PCB congeners), pesticides, 
radionuclides, VOCs, and SVOCs.  Surface water samples included both dissolved and total 
metals analysis.  All fish tissue samples were analyzed for PCB congeners, metals, pesticides, 
and radionuclides.  Fillet and carcass samples were analyzed for total inorganic arsenic (TIAS) in 
addition to total arsenic.  Sturgeon samples were also analyzed for methyl mercury and 
hexavalent chromium.  Specific analytical details for all medium types are provided in the Data 
Summary Report (WCH-398).  Table 3-1 presents a general summary of parameters analyzed for 
each medium.  
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Fish tissue results are reported in wet weight; all other solid media results are reported in dry 
weight.  Sediment results were received from the laboratory in wet weight and converted to dry 
weight using percent moisture data, as described in the Data Summary Report (WCH-398).  
The RI effort produced a large, consistent, and high-quality data set focused specifically on the 
needs of the risk assessment.  For this reason, these RI data formed the bulk of the data used to 
evaluate river conditions in the HHRA.  However, historical data were also reviewed for 
usability in the risk assessment; the data incorporated from these sources are described in the 
following section. 
 
 
3.3 PRE-2008 HISTORICAL DATA  

Pre-2008 historical data were compiled into a single database as part of the effort for the 2007 
CRC data gap analysis (WCH-201, Columbia River Component Data Gap Analysis).  The 
combined database created for the data gap analysis consisted of data from the following 
sources:  
 
 The original CRC database 
 
 U.S. Army Corps of Engineers (ACOE) data 
 
 2003 to 2006 data used to support the RCBRA 
 
 Mid-Columbia River sediment data provided by the EPA Region 10 Watershed Restoration 

Unit on June 8, 2007  
 
 Annual reports from Pacific Northwest National Laboratory (PNNL) through 2009.  
 
As described in WCH-201, the original CRC database was a compilation of data obtained from 
the detailed data collection effort conducted as part of WCH-64 and WCH-91.  As part of those 
efforts, data were obtained, reviewed, and selected by a team composed of researchers from 
universities, PNNL, WCH, and a Native American consulting firm through a process that 
involved extensive review and input by DOE, Trustees, and regulators.  The extensive details of 
the data collection and evaluation method are provided in those documents, particularly 
WCH-64, and specific decisions about what data to include or exclude were made by those 
researchers.  Data quality was categorized into tiers, and only Tier I data, the highest quality 
category, were retained for use in the SLERA and this HHRA.  
 
Prior to use, the historical data set for each medium was reviewed on a sample-by-sample basis 
to identify samples appropriate for use in the risk assessments.  For all media, samples were 
omitted if they were collected from outside the boundaries of the study area (Section 1.2) or 
included in the RCBRA evaluation of the near-shore area of the river.  Other factors used to 
select historical samples are described by medium, below.  Historical data exist for sediment, 
surface water, and fish tissue, but not soils, in the area of study. 
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3.3.1 Historical Sediment Data 

Sediment sample results were reviewed for the period 1990 through 2007 to determine 
comparability and consistency with the RI data set.  Specific characteristics that were reviewed 
included data reporting practices (e.g., consistent units, nomenclature issues, duplicate reports), 
categories of constituents analyzed and detected, the relative number of samples, and the 
frequency of detection (FOD) and concentration of constituents relative to the RI data set.  This 
evaluation was conducted separately for the 1990 through 2007 data set as well as for the more 
recent subset of 2000 through 2007 analytical results.  The goal of the separate evaluations was 
to determine if sediment conditions, as reflected by the historical data, had remained consistent 
over the last 20 years or had changed enough to warrant the use of more recent data.  
 
In general, the analysis showed that the sediment data from 2000 and later were more 
comparable in concentration and detected constituents to the RI data than the older data from 
1990 to 2000.  This reflects the river as a dynamic system, where daily flow changes and 
periodic flooding continually transport material and, in general, realign the sediment 
characteristics with the changing array of Hanford and non-Hanford Site discharges that 
influence sediment chemical composition.  Certain constituents, such as various heavy metals, 
appeared to have declined in concentration, presumably due to a reduction in upstream mining 
activities.  In addition, the process of radioactive decay will naturally reduce the concentrations 
of short-lived radionuclides over time.  The results of the data review show that river conditions 
for the last 10 years have been relatively consistent, and suggest that conditions reflected by the 
older (pre-2000) sediment data no longer exist in the river.  For this reason, only historical 
sediment data from 2000 forward were retained for use in the HHRA, since these data were 
shown to be more representative of current conditions in the river than data from 10 or more 
years ago.  
 
In summary, the historical sediment data used for the HHRA consisted of selected data from year 
2000 through 2007. 
 
3.3.2 Surface Water Historical Data Review 

Surface water analytical results were reviewed in a manner similar to that of sediment with 
regard to sample location and data characteristics.  As with sediment, surface water records were 
reviewed on a sample-specific basis, and some samples were removed due to locations or sample 
content.  Samples removed from the data set consisted of samples not collected from the 
Columbia River or nearby tributaries; samples collected from Hanford Site Study Area springs, 
seeps, sloughs, or other source areas; and samples from the right bank of the Columbia River in 
the Hanford Site Study Area (which was addressed as part of the RCBRA).  
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For this review, surface data collected prior to the year 2000 were not included in either the 
review or the resulting risk assessment data set, for the following reasons:  
 
 As an inherently transient medium, surface water most accurately reflects recent conditions 

and current influences on water quality.  Thus, current river conditions, and resulting risks, 
are more accurately estimated by the use of recent surface water data. 

 The results of the sediment analysis suggest that conditions in the river have remained 
relatively consistent over the last 10 years.  Thus, surface water from this time period is 
expected to be similarly consistent, and so these historical data were included to provide a 
robust data set that captures a variety of seasonal and flow conditions.  
 

Thus, historical surface water samples from 2000 through 2007 were included in the HHRA 
data set. 
 
3.3.3 Fish Tissue Historical Data Review 

Fish tissue has been a part of monitoring at the Hanford Site for many years, resulting in a wide 
variety of species and fish tissue in the database of historical samples.  As mobile and relatively 
long-lived components of the river biota, fish may reflect the conditions in both surface water 
and sediment during the years they live in the river and may be appropriate monitors of 
bioaccumulative constituents over time.  Thus, while the analytical results from a large number 
of fish samples collected as part of the RI comprise the bulk of the data set, selected historical 
fish tissue samples were evaluated for inclusion in the HHRA as well.  
 
Within the historical fish tissue data set, there is considerable inconsistency in species evaluated, 
tissue type (whole body, fillet, skin on, skin off, etc.), and analytes.  Additionally, multiple 
collection and analysis approaches, as well as variability in bioaccumulation among species and 
age of specimen, have introduced significant variability in analytical results.  Because of these 
inconsistencies, it was determined that these older data were not suitable for combining with the 
RI fish tissue data set and not usable in assessing current or future human health risks from fish 
ingestion in the HHRA.   
 
The RI fish sampling program was specifically designed to support the HHRA and provided a 
consistent sampling and analysis approach among species, tissue types, and analytes.  Therefore, 
fish tissue data from only 2009 to 2010 were used in this HHRA. 
 
 
3.4 SUMMARY OF RISK ASSESSMENT DATA 

As described above, the data used for this HHRA are composed largely of the data produced by 
the 2008 through 2010 RI sampling, supplemented as appropriate by historical sediment and 
surface water data collected from 2000 and later.  To summarize, the data spans for each medium 
are shown in the following table.   
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Medium Data Set Date Range  

Surface water  2000 - 2010 

Sediment  2000 - 2010  

Island soil  2008 - 2010 

Fish tissue  2009 - 2010  

 
The location of all surface water, sediment, island soil, and fish tissue samples used in the 
HHRA is provided in Appendix C. 
 
The appropriateness of using statistical methods on the HHRA data set was considered.  
Inferential statistical methods are typically specified for use with random samples.  The sample 
design of the data set for each media (soils, sediment, surface water, and fish tissue) was 
reviewed to identify any influence the sample design and data set characteristics, described in 
Section 3.2, may have on the statistical outcome.  Sample design is reviewed by medium below.  
 
Soils were randomly collected from a single-cell grid in general areas of interest; they were 
collected in a manner similar to a stratified random sampling design.  The strata are composed of 
the separate islands, within which the sample locations were randomly identified.  Not all islands 
were sampled; however, the data are suitable for use in statistical analyses.  
 
The sediment samples collected during the RI were from locations randomly selected within 
general areas of interest.  Sediment samples were collected according to a stratified random 
design, with the depositional areas targeted for sampling representing the individual “strata” for 
analysis.  This data set also includes historical samples; these are judgmental samples, also called 
‘focused’ samples in the RI Work Plan (DOE/RL-2008-11).   
 
Surface water samples in the Upriver Sub-Area were collected according to a random design, 
where sample locations were selected at random from within the area upriver of Priest Rapids 
Dam.  Within the downriver sub-areas, samples were collected at random from within general 
areas of interest, which were typically areas where data were lacking.  The surface water data set 
also includes focused samples.  These are historical data, samples collected near groundwater 
upwelling, and samples collected proximate to the sediment.  All these sample locations are 
described in detail in the RI Work Plan (DOE/RL-2008-11). 
 
Due to the sampling practice of obtaining fish from where they were available rather than at 
specific sampling points (see Section 3.2.4), and the use of the same approach in both Study and 
Reference areas, these samples are considered to be suitable for statistical comparisons.   
 
The influence of the focused samples on the entire data set was considered.  Concentrations in 
focused samples are assumed to be higher than elsewhere, since these areas consisted of reactor 
outfalls, groundwater plume discharge areas, and other locations of known or suspected 
contaminant presence.  Under these circumstances, the effect of including focused samples in the 
otherwise random data set would be to over-estimate the magnitude of the means and variances 
in the Study Area data.  When comparing Study Area data to Reference data, this potential bias 
would increase the chance that the null hypothesis (that samples in the two groups come from the 
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same underlying population) would be rejected.  Thus, concentrations between Study Area and 
Reference/OCI are more likely to be designated as different, when in fact they may be the same.  
This introduces bias of a conservative nature.  Additionally, targeting areas of known 
contamination will bias high estimates of exposure, resulting in overestimation of risk.  Thus, the 
conservative bias introduced through the sampling program is considered to be acceptable for 
purposes of characterizing exposure and risk.   
 
 
3.5 METHODOLOGY FOR DATA USE AND EVALUATION   

The general treatment of the HHRA data is summarized in the following subsections. 
 
3.5.1 Interpreting Analytical Results 

Analytical results used in this HHRA are based on the results reported by the analytical 
laboratory.  There are two types of results that are used in the risk assessment:  detect and 
nondetect (i.e., censored) results.   
 
3.5.1.1  Chemical Analysis.  For nonradionuclides, each result involves a laboratory 
reporting limit (LRL) (this may also be referred to in laboratory reports as an estimated 
quantitation limit).  The LRL is the lowest concentration that can be reliably reported within 
the specified limits of precision and accuracy during routine laboratory operating conditions 
and is unique to each sample and compound (SW-846, Test Methods for Evaluating Solid 
Wastes, Physical/Chemical Methods).   
 
Note that the LRL is a value different from the instrument detection limit (IDL) and 
method detection limit (MDL).  The IDL is a concentration equivalent to an instrument 
signal due to the analyte of interest that is equal to a multiplier of the standard deviation of 
a series of replicate measurements of a reagent blank’s signal, measured at the same 
response (SW-846).  In effect, the IDL determines the baseline background “noise” of an 
analytical instrument for the specific analyte of interest.  The IDL determinations are 
typically made using reagent water and do not incorporate any potential effects or the 
components on the analytical instrument (i.e., matrix effects).  The IDL is then typically 
used to estimate a likely MDL.   
 
The MDL is the minimum concentration of a constituent that can be measured and reported 
with 99% confidence that the analyte concentration is greater than zero.  The MDL is 
determined from analysis of a given matrix type containing the analyte at a level derived 
from the IDL (SW-846).  It is standard laboratory practice to perform MDL studies with 
spiked reagent water or simple solid matrix materials (e.g., silica sand).  However, MDLs 
are unique to a method and not a particular sample. 
 
The laboratories providing data for this report use limits of detection to define the 
detect/nondetect decision point during analyses, in accordance with the National 
Environmental Laboratories Accreditation Conference 2003 Standard (EPA/600/R-04/003).  
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Limits of detection are derived from MDLs adjusted for potential real-life sample effects 
on the analytical process.  Analytical results reported as detected below the LRL reflect the 
presence of the analyte but with less precision and/or accuracy than results reported at or 
above the LRL.  These results are flagged to identify the as lower precision/accuracy 
values. 
 
The LRLs are sample-specific and are highly matrix-dependent; as a result, the LRL of a 
given sample may be 5 to 10 times higher than the MDL.  For many analytes, the base LRL 
analyte value is selected as the lowest nonzero standard in the calibration curve.  For 
reporting of actual sample results, base LRLs are adjusted if necessary to account for 
sample-specific parameters (e.g., initial aliquot quantity, conversion to dry-weight reporting, 
additional instrument dilutions).  For nonuniform matrices, such as sediment in particular, the 
LRLs within a sample group may vary substantially; it is not uncommon to have individual 
sample results within a sample delivery group with a 10-fold difference in LRLs.  
 
For chemical data used in this risk assessment, positive chemical results are those results 
reported at or above the limit of detection, and nondetect results (U-qualified) are reported at the 
LRL.  The LRL is used in generating statistics for nondetect results. 
 
3.5.1.2  Radionuclide Analysis.   Radionuclides are reported relative to a minimum detectable 
activity (MDA) rather than an LRL.  The MDAs are established based on analytical detector 
baseline instrument activity (background).  The MDA establishes a statistical confidence that 
radionuclide activity is present in the sample (i.e., detected versus not detected).  Radionuclide 
analytical results can be positive, negative, or zero.  Results above the MDA are treated as 
detected, results below the MDA as nondetected (i.e., censored).  Positive results below the 
MDA and negative results were used without modification in a manner similar to that of detected 
results in generating the various statistics employed in the HHRA. 
 
3.5.2 Units 

Nonradionuclide chemical results are presented in units of micrograms per liter (µg/L) for 
aqueous media and milligrams per kilogram (mg/kg) for solid media.  For the solid media, island 
soil and sediment results are expressed on a dry-weight basis, whereas fish tissue results are 
expressed on a wet-weight basis.   
 
Radionuclide results are presented in units of activity (pCi) per volume in liters (L) for aqueous 
media (porewater and surface water) or units of activity (pCi) per mass in gram (g) for solid 
media (soil, sediment, and fish tissue).  Although radionuclide results are expressed on an 
activity (mass or volume) basis, the results are colloquially referred to as “concentrations” in this 
report.  
 
3.5.3 Data Qualifiers 

Sample results include various levels of data validation.  With the exception of samples qualified 
as rejected (“R”-flagged), all U- (nondetect) and J- (estimated) qualified data were considered to 
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be usable for purposes of risk assessment.  Data that had been qualified as “rejected” during the 
data quality assessment process were omitted from the data sets.  The data assessment process 
and resulting data qualification actions for the RI data set are described in WCH-381.  Sample 
results qualified in any other way (e.g., estimated values qualified with a “J”) were used as 
reported in this statistical analysis.  
 
3.5.4 Duplicate Samples 

Duplicate samples (or split samples) are two samples taken from the same medium and sample 
locations and are processed and analyzed identically.  Duplicates are collected as a means of 
evaluating sample reproducibility.  Relative percent difference (RPD) between the concentration 
in the primary and duplicate samples is used to evaluate reproducibility.  As discussed in the 
Data Quality Assessment Report (WCH-381), the majority of the RPDs calculated (86%) were 
within the evaluation criteria.   
 
Where both a primary and duplicate sample was collected, results from only the primary sample 
were used.  There is the potential for a concentration to be higher in the duplicate sample than in 
the primary sample.  However, because the number of duplicate samples was relatively small 
compared to the total number of samples within the entire HHRA data set, and RPDs were 
within acceptable limits within the overall data set, the exclusion of duplicate results is unlikely 
to bias sample results.    
 
3.5.5 Duplicate Analyses 

Where a constituent was analyzed in a particular sample via more than one analytical method 
(e.g., naphthalene may be analyzed by VOC and/or SVOC analyses), the maximum detected 
result or minimum LRL among the various results was used as the representative concentration 
for that constituent (i.e., the value used for a sample in calculating statistics, such as the 
arithmetic mean).   
 
For radionuclides analyzed by both gamma spectroscopy and plate methods (e.g., uranium-235, 
uranium-238, thorium-228, and thorium-232), the values reported for the plate analysis were 
used in the lieu of the gamma values, because the plate methods had overall lower MDAs and, 
consequently, fewer censored results. 
 
3.5.6 Censored Data (Chemical Constituents) 

Censored data (i.e., results reported as nondetected at or above the LRL) were evaluated as part 
of the HHRA.   
 
Use of censored results in generating summary statistics is often problematic as the 
constituent may be present at levels just below the LRL or may not be present at all.  Sample-
specific reporting limits potentially may be elevated relative to typical LRLs among other 
sample results and, in some cases, may even be reported as higher than detected results.  
Consequently, reporting limits of censored results were evaluated with respect to maximum 
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detected concentrations within a medium as well as the DQOs set forth in the RI Work Plan 
(DOE/RL-2008-11).  Nondetect results were determined to be adequate for use in the HHRA.  
Where a large number of elevated LRLs were present within a medium, a discussion of this 
condition was addressed in the uncertainty analysis (Section 7.0).   
 
Use of censored data in derivation of summary statistics and EPCs (i.e., arithmetic mean, 
95% upper confidence limit [UCL] of the mean) is treated by a process described in Section 
3.5.8 and uses EPA-published methods that are included in the latest version of the EPA ProUCL 
software program.  
 
3.5.7 Polychlorinated Biphenyl Congener and Dioxin/Dibenzofuran Data 

In the 2008 to 2009 RI sampling event, PCBs were analyzed for in various media via two 
different methodologies:  one provides results for individual Aroclor mixtures (e.g., Aroclor-
1260), while the other provides results for PCB congeners.  Congener analysis is a more 
sensitive analytical method than Aroclor analysis that provides more accurate quantification of 
PCB concentrations, and has lower detection limits.  Although Aroclors were infrequently 
detected among samples, PCB congeners were detected in all samples analyzed for this 
parameter.  Rather than evaluate each of the 209 PCB individual congeners, results from PCB 
congeners were combined to calculate total PCB concentrations for use in the HHRA.  
 
Polychlorinated biphenyls may be categorized as either “dioxin-like” or “nondioxin-like” in their 
toxicity.  Congener results were used to calculate a total “dioxin-like” PCB concentration and a 
total “nondioxin” PCB concentration for each sample.  Dioxin-like PCBs are those congeners 
that exhibit a toxicological mode of action common to chlorinated dibenzo-p-dioxins and 
dibenzofurans.  Nondioxin-like PCB congeners were assumed to have similar toxicity and mode 
of action to PCB Aroclors, as further discussed in Section 5.0.  
 
When calculating a total “dioxin-like” PCB concentration, it is assumed that each congener has a 
toxicity equivalent to some fraction of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), the most 
toxic TCDD.  Individual congener concentrations (per sample) are first multiplied by a toxicity 
equivalency factor (TEF), if available, to calculate a weighted congener concentration.  The 
dioxin TEFs for PCB congeners used in this HHRA are the values published by the World 
Health Organization (Van den Berg et al. 2006, “The 2005 World Health Organization 
Reevaluation of Human and Mammalian Toxic Equivalency Factors for Dioxins and Dioxin-
Like Compounds”).  These values, summarized in Table 3-2, are recommended for use in risk 
assessments by both EPA/100/R-10/005, Recommended Toxicity Equivalence Factors (TEFs) for 
Human Health Risk Assessments of 2,3,7,8-Tetrachlorodibenzo-p-dioxin and Dioxin-Like 
Compounds, and by Evaluating the Toxicity and Assessing the Carcinogenic Risk of 
Environmental Mixtures Using Toxicity Equivalency Factors (Ecology 2008).  The individual 
TEF-weighted congener concentrations are then summed together to calculate a weighted “total 
TCDD equivalent” concentration.  The PCB congeners without assigned TEFs are categorized as 
“nondioxin-like” and are not weighted with a TEF; rather, the individual congener results are 
summed to calculate a “Total Nondioxin PCB” value.  
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Some of the historical sediment samples were analyzed for individual chlorinated dibenzo-p-
dioxins and dibenzofurans (CDDFs).  As with PCBs, CDDF results for individual dioxins/furans 
were TEF weighted and summed to generate a total TCDD equivalent concentration in each 
sample.  The TEFs are summarized in Table 3-2.  In order to differentiate between dioxin-like 
PCBs and CDDFs in this HHRA, the TCDD equivalent concentration of PCBs is called “Total 
Dioxin-Like PCBs.” 
 
Individual congener or CDDF results reported as not detected (i.e., censored results) were 
included in the derivation of TCDD equivalent concentrations using Kaplan-Meier (KM) 
statistics rather than using simple substitution approaches.  The KM method is not based on any 
assumptions about data distribution and is useful in addressing variable reporting limits 
(Helsel 2010, “Summing Nondetects:  Incorporating Low-Level Contaminants in Risk 
Assessment”).  See Section 3.5.8 for further discussion of this statistical method. 
 
3.5.8 Summary Statistics 

Data from each medium sampled (island soil, sediment, surface water, and fish tissue) were 
compiled and statistically summarized across the Hanford Site Study Area (i.e., 100 Area, 
300 Area, and Lake Wallula Sub-Areas).  Sets of summary statistics were calculated for all 
constituents detected at least once per medium and are presented in Tables 3-3 through 3-6 for 
sediment, surface water, island soil, and fish tissue (all species and tissue types), respectively.  
Tables 3-7 through 3-12 present summary statistics for individual fish species.  The basic 
summary statistics that were calculated for each detected constituent included measures of 
detection frequency (number of detected samples, number of samples analyzed, FOD that 
equates to number detected/number analyzed), the arithmetic mean, the range of detected values, 
and location of the maximum detected concentration.  Statistical analyses were completed using 
JMP® Version 8.0.2 (JMP), a commercially available statistical package by SAS Institute, Inc.  
The data obtained from the sampling events described in Sections 3.2 and 3.3 were downloaded 
from the HHRA database into either Microsoft® Access® or Excel® for initial processing and 
quality assurance checks, and then further analyses were completed in JMP. 
 
The statistical methods used to calculate measures of central tendency were dependent on the 
number of samples collected and the FOD of each constituent.  For constituents with a FOD of 
100% in a given medium and river sub-area (and species, for fish tissue), standard statistical 
methods were used to calculate the mean. 
 
Parametric statistical tests (e.g., two-sample t-test) assume, as a theoretical basis, that the two 
populations be normally distributed and have equal variances.  Nonparametric tests do not 
require assumptions about the nature of the underlying distribution (e.g., normality).  Parametric 
tests can therefore be more powerful, especially with environmental data that typically do not 

                                                 
® JMP is a registered trademark of SAS Institute Inc. 
® Microsoft, Access, and Excel are registered trademarks of Microsoft Corporation in the United States and/or other 
countries. 
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follow a normal distribution.  For this evaluation, a mix of both parametric (where supported) 
and nonparametric tests were used, based on the underlying distribution of the data. 
 
For constituents with the FOD between 30% and 100%, summary statistics were calculated using 
the KM estimation method.  The KM method is used frequently in survival analysis for 
“right-censored” data, but can be successfully applied to “left-censored” data typical of 
environmental data sets (Helsel 2005, Nondetects and Data Analysis:  Statistics for Censored 
Environmental Data; Helsel 2010).  Left-censored data sets result from the inability to accurately 
report results below the practical quantitation limit.  The KM method has a number of 
advantages over other methods (such as substitution methods, regression on order statistics, or 
maximum likelihood estimation) for calculating summary statistics for data sets with left-
censored values.  The KM method is nonparametric and therefore does not rely on the data set 
conforming to a specific underlying distribution, which is often the case for environmental data 
such as those evaluated herein.  Additionally, the KM method is capable of being computed for 
data sets with multiple LRLs. 
 
JMP® Version 8.0.2 implements the KM method through the use of a survival statistics platform.  
The statistical output includes estimates of the mean, standard error, 25th percentile, the median 
(50th percentile), and the 75th percentile.  Some or all of these statistics may not be calculated for 
analytes where the FOD is very low (<5%) or when the number of samples is very small (<5).   
 
Methods for calculating summary statistics when greater than 70% to 80% of the data are 
nondetects are generally considered unreliable or biased (Antweiler and Taylor 2008, 
“Evaluation of Statistical Treatments of Left-Censored Environmental Data Using Coincident 
Uncensored Data Sets:  I. Summary Statistics”; Helsel 2005).  In cases where the FOD of a 
constituent was less than 25%, an evaluation of the constituent was made based on a comparison 
of observed LRLs or MDAs and maximum detected concentrations.  KM statistics were 
calculated and are presented in these cases.  However, for low-frequency (i.e., 25% or fewer 
detects) data sets, KM statistics were not used for  comparative statistical analyses (see 
Section 3.8.1.4). 
 
Statistical summaries sometimes required computation of 95% UCL of the mean concentration 
(95% UCL).  The 95% UCL calculations for the appropriate data sets for each medium of 
concern were generated using the EPA Technical Support Center for Monitoring and Site 
Characterization’s ProUCL program, Version 4.00.05 (EPA/600/R-07/038, ProUCL 
Version 4.00.05 User Guide).  This program computes an appropriate UCL of the unknown 
population mean using a distinct probability distribution (e.g., normal, lognormal, gamma) 
and/or an appropriate nonparametric method (EPA/600/R-07/038).  Since this program calculates 
multiple parametric/nonparametric UCL values, the program-recommended UCL was used, 
unless more than one UCL was recommended.  In such instances, the maximum UCL was 
selected.  This approach is consistent with that described in the EPA Office of Emergency and 
Remedial Response document OSWER 9285.6-10, Calculating Upper Confidence Limits for 
Exposure Point Concentrations at Hazardous Waste Sites.  ProUCL outputs are provided in 
Appendix D. 
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3.6 SUMMARY OF ANALYTICAL RESULTS 

This section contains a description by environmental medium of the analytical results for the 
Hanford Site Study Area (i.e., 100 Area, 300 Area, and Lake Wallula Sub-Areas).  Upriver and 
reference data are used in the HHRA to determine reference conditions; these data are addressed 
later in Section 3.8. 
 
3.6.1 Sediment 

Sediment analytical results for samples collected from 2000 to 2010 (all depths) are summarized 
in Table 3-3.  This table shows constituents that were detected in at least one sample in sediment.  
Up to approximately 480 samples were collected per class of constituents (i.e., VOCs, SVOCs, 
PCBs, pesticides, metals/inorganics, and radionuclides), with most samples analyzed for heavy 
metals and radionuclides.   
 
Of the VOCs, only acetone, toluene, and methylene chloride were detected in sediment, with 
methylene chloride being most prevalent (FOD of 25%).  Both acetone and toluene were 
detected at much lower frequencies.  The highest concentrations of acetone and methylene 
chloride were observed in the 100 Area Sub-Area at different river miles; the highest 
concentration of toluene, the other VOC detected, was observed in a sample collected from the 
Lake Wallula Sub-Area.  All detected concentrations of VOCs were less than 1 mg/kg.  Note that 
these constituents are typical laboratory contaminants.  However, since no contamination was 
noted for the laboratory blank samples that corresponded to these samples, VOC sediment results 
were accepted as valid and usable for purposes of this HHRA. 
 
Semivolatile organic compounds, such as phthalates and PAHs, were detected at a relatively low 
frequency (<5% of samples) and concentration (up to 2 mg/kg).  Total petroleum hydrocarbon 
fractions (diesel range organics and high boiling motor oil) were detected in up to 40% of 
samples analyzed and at concentrations up to approximately 700 mg/kg.  In general, SVOC 
concentrations were highest in the Lake Wallula Sub-Area; their presence is likely attributed, at 
least in part, to the high volume of recreational and commercial boating that occurs in this stretch 
of river, as well as roadway runoff and other anthropogenic sources of these types of 
contaminants. 
 
Chlorinated pesticides (such as aldrin, heptachlor, and DDT) were detected at a relatively low 
(typically less than 10%) FOD at concentrations generally less than 0.1 mg/kg.  Total PCBs (via 
congener analysis) were detected in 100% of sediment samples analyzed for PCBs.  The highest 
reported dioxin-like PCB and nondioxin-like PCB concentrations occurred in samples from the 
Lake Wallula Sub-Area, with nondioxin-like PCBs approximately five orders of magnitude 
greater than the dioxin-like PCBs.  Total nondioxin-like PCB concentrations in all samples 
across all sub-areas were less than 0.01 mg/kg.  A review of the congener distribution, presented 
in the Data Summary Report (WCH-398), shows a similar fingerprint among samples in the 100 
Area and 300 Area Sub-Areas, suggesting a similar source of PCBs to and/or similar degradation 
pattern within the river.  Lake Wallula Sub-Area samples showed a slightly different pattern of 
congener distribution (WCH-398), which may be due in part to preferential sediment deposition 
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and input from major tributaries within this sub-area.  TCDD (as Total TCDD equivalents) was 
detected in 63% of sediment samples at concentrations in the parts-per-trillion range.  As with 
PCBs and pesticides, the highest TCDD concentrations were observed in the Lake Wallula 
Sub-Area.  These data suggest a non-Hanford Site source of PCBs, dioxins, and pesticides to 
the river. 
 
Metals were detected in most sediment samples.  With the exception of antimony, bismuth, 
hexavalent chromium, selenium, silver, thallium, tin, and elemental uranium, metals were 
typically detected at a FOD at or greater than 50%.  In general, the detected concentrations 
spanned approximately one to two orders of magnitude, and there does not appear to be an 
overall consistent pattern in contaminant distribution or concentration, although the highest 
concentrations were often observed in Lake Wallula sediment.  Higher levels of known 
Hanford Site-related contaminants such as chromium, elemental strontium, and elemental 
uranium were observed in 100 Area and 300 Area Sub-Areas. 
 
With the exception of cobalt-60, uranium isotopes, and cesium-137, most radionuclides were 
detected infrequently across the sub-areas.  In shallow sediment, the levels of radionuclides such 
as plutonium, tritium, and uranium-238 are elevated in certain sub-areas within the Hanford Site 
Study Area and typically occur in the 100 Area and 300 Area Sub-Areas.  Sediment core samples 
collected at depths greater than 0.3 m (1 ft) below the sediment-water interface from behind 
McNary Dam and at the head of Lake Wallula showed elevated concentrations of other 
radionuclides, such as cobalt-60 and europium-154, suggesting historical burial by sediment 
deposition and accumulation.  
 
3.6.2 Surface Water 

Table 3-4 presents a statistical summary of surface water data.  As discussed, metals statistics 
presented in this table are based on unfiltered metals data.  Similar to sediment results, VOCs 
and SVOCs were detected infrequently and at relatively low concentrations in surface water, 
whereas PCBs and metals/inorganics were detected at a relatively high frequency.  
 
Chlorinated VOCs (e.g., TCE, 1,2-dichloroethane) were highest in the 100 Area and 300 Area 
Sub-Areas.  Note that of the recent surface water data (2008 to 2010), no VOCs were detected in 
any samples. 
 
Detected SVOCs consisted of several PAHs, bis-2-ethylhexylpthalate, di-n-butylphthalate, and 
TPH ranges (diesel and motor oil).  The highest concentrations of TPH were observed in 
Lake Wallula, similar to sediment, whereas PAH concentrations were higher in the 100 Area and 
300 Area Sub-Areas.  It is likely that boat traffic in Lake Wallula is the likely source of TPH, as 
the highest concentrations were observed at samples collected by a marina. 
 
No PCB Aroclors were detected in any surface water sample.  Polychlorinated biphenyl 
congeners were detected in all four samples analyzed, however, at varying concentrations.  
Similar to the pattern observed in sediment samples, the types and concentrations of PCB 
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congeners detected are generally similar across the sub-areas (WCH-398).  Highest total PCB 
concentrations were observed in the Lake Wallula Sub-Area. 
 
Metals and other inorganic constituents such as nitrate and sulfate were detected in most surface 
water samples, at concentrations generally spanning one to two orders of magnitude.  The 
distribution of detections and concentrations was variable among samples, although chromium, 
nitrate, and sulfate concentrations are somewhat elevated in the 100 Area and 300 Area 
Sub-Areas relative to levels observed downriver in Lake Wallula.  The types of inorganics and 
the levels observed in the 100 Area and 300 Area Sub-Areas may potentially be related to the 
discharge of the nitrate and chromium groundwater plumes in this area of the river.  The elevated 
nitrate concentration at sample location HL357 (B1L848) at RM 344 is likely associated with 
discharges from the fish aquaria in the 331 Life Sciences Laboratory in the 300 Area.  However, 
there are numerous other (non-Hanford Site) sources of these constituents to the river, such as 
upstream industrial sources and adjacent agricultural sources, as well as naturally occurring 
geochemistry. 
 
With the exception of strontium-90, tritium, and uranium isotopes, radionuclides were detected 
infrequently, in only 1% to 4% of all surface water samples.  Highest levels of cobalt-60 and 
plutonium isotopes were observed in individual samples from the Lake Wallula Sub-Area, 
whereas maximum levels of other radionuclides occurred in either the 100 Area or 300 Area 
Sub-Areas.  The positive results for the single Lake Wallula sample (LW-2SW) in which 
plutonium-238 and plutonium-239/plutonium-240 were detected may potentially reflect 
plutonium adsorbed to particles of suspended sediment in the surface water sample.  Since this 
sample was collected approximately 0.3 m (1 ft) off the river bottom, the very act of sampling 
may have resuspended particles from the underlying fine-grained sediment.  It is noted that 
americium-241 was not detected above the MDA in this sample and that the ratio of 
plutonium-238 to plutonium-239/plutonium-240 in this sample is not consistent with that 
produced at the Hanford Site, suggesting that plutonium may be related to atmospheric testing 
rather than to reactor production.  This is further supported by the fact that plutonium-239/ 
plutonium-240 was also detected in a sample (WBW-1SW-F; fall 2008) from the WB-5 
irrigation return/wasteway (a Reference/OCI location), although at a lower activity level 
(0.234 pCi/L).  Tritium levels in the 300 Area Sub-Area downstream of the Hanford townsite are 
elevated in an area of a known plume discharge.   
 
3.6.3 Island Soil 

Island soil data are summarized in Table 3-5.  Fewer analytes were detected in soil than in either 
surface water or sediment, although the pattern and prevalence of constituents detected in this 
medium was similar to that observed in the other media. 
 
No VOCs were detected in island soil samples.  With the exception of TPH, SVOCs were 
detected in only 4% of samples analyzed and at concentrations less than 1 mg/kg.  Total 
petroleum hydrocarbon was detected in relatively higher numbers of soil samples and at higher 
concentrations; however, neither TPH nor SVOCs showed a discernible spatial pattern.  
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Chlorinated pesticides were detected infrequently in soil and at concentrations in the 
parts-per-billion range.  DDE was the most prevalent pesticide.  As with SVOCs, no spatial 
pattern was observed. 
 
Polychlorinated biphenyls were detected in each soil sample analyzed for congeners.  Total PCB 
concentrations were highest in 300 Area Sub-Area samples, although the range in concentrations 
was relatively small, less than an order of magnitude.  A review of congener patterns among soil 
samples shows similarities in congener distribution among all samples (WCH-398). 
 
Most metals analyzed were detected in all samples.  The pattern of prevalence was similar to that 
noted for sediment.  In general, the range of observed concentrations for most metals was small, 
spanning less than an order of magnitude.  Maximum concentrations were distributed across the 
multiple islands, although most often occurred on Johnson Island and Locke Island.  According 
to the Data Summary Report (WCH-398), many of the detected soil metals concentrations were 
within the range of background soil concentrations published by Ecology (Ecology 1994, 
Natural Background Soil Metals Concentrations in Washington State).  Note that the arsenic 
concentrations observed in island soil samples are higher than those of Reference samples, but 
within the range of concentrations observed for sediment.  Furthermore, the levels of arsenic in 
soil observed in island soils are consistent with background arsenic levels published by Ecology 
(1994), suggesting that arsenic in this medium may potentially be naturally occurring or at least 
present at levels consistent with local conditions.   
 
Nine radionuclides were detected in soil.  Of these, cesium-137 and uranium isotopes were 
detected most frequently (90% to 100% of samples), whereas the others were detected in less 
than 10% of samples.  Highest levels of most radioisotopes were found on samples collected 
from Johnson Island.  However, the levels of radioisotopes detected in island soil samples were 
generally similar to or lower than those found in adjacent sediment samples.   
 
Johnson Island soils are more similar to sediments than to upriver soil samples.  The islands 
within the Reach and 300 Sub-Area are typical braided stream sequences (e.g., sediment 
redeposits during high water events).  Because of very different river morphology above 
Wanapum Dam, the Upriver island soils are more similar to upland soils than to reworked 
sediments.  The upriver island soil data (10 samples total) were available for this evaluation, and 
so the relatively few upriver sample results from an island with a dissimilar soil morphology and 
geological origin may not fully characterize reference conditions in island soil within the 
100 Area and 300 Area Sub-areas.  
 
3.6.4 Fish Tissue 

Fillet, carcass, liver/kidney, and viscera samples were collected from six fish species under the 
RI sampling program.  Samples were analyzed for pesticides, PCBs, metals, and radionuclides, 
which are potentially bioaccumulative constituents.  A comprehensive presentation of these data 
by tissue type and species is presented in the Data Summary Report (WCH-398) and is briefly 
summarized in this section.  Fillet, carcass, and liver/kidney are considered to be the consumable 
portions of fish, whereas viscera is not.  Therefore, only fillet, carcass, and liver/kidney fish 
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tissue data were used in this HHRA.  However, fillet is preferentially consumed, whereas carcass 
(e.g., pin bones) and organ meat are assumed to comprise only a small fraction of the total 
amount of fish consumed by humans.  Viscera data were not considered to be relevant to the 
HHRA, which evaluates the dietary ingestion of finfish.   
 
Table 3-6 of this report presents a statistical summary of fish data combined into one data set 
(i.e., all species and tissue types, except for viscera) for the 100 Area, 300 Area, and 
Lake Wallula Sub-Areas.  Fillet data were used to select COPCs for fish as a medium of concern, 
as later discussed in Section 3.7.  The statistical summaries of the individual fish species data for 
the combined tissues, fillet, and carcass are presented in Tables 3-7 through 3-12, for bass, carp, 
sturgeon, sucker, walleye, and whitefish, respectively.  Additionally, data for select constituents 
detected in individual fish species are provided in Figures 3-1 through 3-25.  These box plot 
figures are reproduced from Appendix A of the Data Summary Report (WCH-398) and depict 
the detected concentration (indicated by an open circle, “o”) or, if nondetect, the LRL (indicated 
by an “x”) of a constituent for each sample within each sub-area.  For those constituents for 
which the FOD and/or sample size was adequate, box and whisker plots were generated to 
display measures of central tendency and the spread of the data.  The boxes represent the 25th to 
75th interquartile range, with the median represented as the horizontal line within the box.  Points 
falling outside of the “whiskers” represent potential outliers in the data set.1   
 
Analytical results for classes of constituents analyzed are discussed in the following sections.  
Note that all fish tissue data are presented on a wet-weight basis in units of mg/kg for chemical 
constituents and pCi/g for radionuclides. 
 
3.6.4.1  Chlorinated Pesticides.  Select chlorinated pesticides, including DDD, DDE, DDT, and 
several hexachlorocyclohexane (HCH) isomers, were detected relatively frequently in fish tissue 
samples with respect to other pesticides.  Figures 3-1 through 3-3 present the concentrations of 
DDE, which was detected most frequently among the chlorinated pesticides, in fish fillet, 
carcass, and liver/kidney for the individual species.  In general, concentrations of pesticides in 
fish tissue were 1 mg/kg (wet weight) or lower.  Liver and kidney samples had the highest levels 
of pesticides, and maximum concentrations were often observed in the sturgeon, whitefish, and 
walleye.  However, there was no pattern observed in the data set to suggest that levels were 
elevated in a particular species or sub-area on a consistent basis.   
 

                                                 
1 The whiskers extend to the outermost data point falling within 1.5 times the interquartile range (the range between 
the 25th and 75th quartiles). 
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Figure 3-1.  Box Plot of DDE in Fish Fillet. 

 
 = detected above laboratory reporting limit  

 
 

Figure 3-2.  Box Plot of DDE in Fish Carcass. 

 
 = detected above laboratory reporting limit  
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Figure 3-3.  Box Plot of DDE in Fish Liver/Kidney.  

 
 = detected above laboratory reporting limit  

 
 
3.6.4.2  Polychlorinated Biphenyls.  Polychlorinated biphenyl congeners were detected in each 
of the fish tissue samples analyzed.  Concentrations of PCBs were variable, ranging over 
approximately two orders of magnitude.  Figures 3-4 through 3-6 present the levels of total PCBs 
in fish fillet, carcass, and liver/kidney, respectively, for the individual species.  Polychlorinated 
biphenyl levels were generally higher in carcass and liver/kidney and lowest in fillet.  A review 
of individual congener data in fish tissue shows that show a similar pattern of congener 
distribution exists across species and sub-area and reflects patterns observed in sediment 
(WCH-398).  
 
3.6.4.3  Metals.  Numerous heavy metals were detected in fish tissue samples.  The range of 
detected concentrations often spanned two orders of magnitude across species and tissue types, 
reflecting the variability inherent in this data set.  Tables 3-7 through 3-12 present statistical 
summaries of the various metals detected in fish tissue samples by species.  Individual fish 
species data for a subset of detected metals considered among the more toxic of the analytes are 
described in the following subsections.  
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Figure 3-4.  Box Plot of Total PCB Congeners in Fish Fillet.  

 
x = not detected above laboratory reporting limit 
 = detected above laboratory reporting limit  

 
 

Figure 3-5.  Box Plot of Total PCB Congeners in Fish Carcass. 

 
x = not detected above laboratory reporting limit 
 = detected above laboratory reporting limit  
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Figure 3-6.  Box Plot of Total PCB Congeners in Fish Liver/Kidney.  

 
x = not detected above laboratory reporting limit 
 = detected above laboratory reporting limit  

 
 
3.6.4.3.1  Arsenic.  Arsenic exists in fish tissue in two forms:  inorganic and organic (such as 
arsenobetaine).  The common organic forms of arsenic in tissue are generally not considered 
toxic, unlike inorganic forms (e.g., As3+, As5+) of arsenic (ATSDR 2007, Toxicological Profile 
for Arsenic).  Therefore, fish tissue samples were analyzed for both total arsenic and for TIAS; 
inorganic arsenic results are used in estimating health risks from fish ingestion exposure, as 
further described in Section 4.2.2.4.3.  
 
Figures 3-7 through 3-9 present the levels of total arsenic in fish fillet, carcass, and liver/kidney, 
respectively, for the individual species.  For fillet samples, the results indicate that total arsenic 
was detected in only sturgeon and whitefish, although it should be noted that the reporting limits 
of results for other fish species samples in many instances exceeded the detected concentrations 
in these two species.  Total arsenic concentrations in carcass and liver/kidney samples were 
generally consistent with those observed in fillet.  
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Figure 3-7.  Box Plot of Total Arsenic in Fish Fillet. 

 
x = not detected above laboratory reporting limit 
 = detected above laboratory reporting limit  

 
 

Figure 3-8.  Box Plot of Total Arsenic in Fish Carcass. 

 
x = not detected above laboratory reporting limit 
 = detected above laboratory reporting limit  
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Figure 3-9.  Box Plot of Total Arsenic in Liver/Kidney. 

 
x = not detected above laboratory reporting limit 
 = detected above laboratory reporting limit  

 
 
Figures 3-10 and 3-11 depict TIAS concentrations detected in fish tissue samples of fillet and 
carcass, respectively.  Results show that inorganic arsenic was detected most often in carp, 
sucker, and walleye, less often in sturgeon and bass, and not detected in whitefish.  
Concentrations of TIAS were variable, highest in carp tissue samples and lowest in bass and 
sucker.  In general, the range of detected concentrations in all fish was narrow, spanning a factor 
of approximately two.  
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Figure 3-10.  Box Plot of Total Inorganic Arsenic in Fish Fillet. 

 
x = not detected above laboratory reporting limit 
 = detected above laboratory reporting limit  

 
 

Figure 3-11.  Box Plot of Total Inorganic Arsenic in Fish Carcass. 

 
x = not detected above laboratory reporting limit 
 = detected above laboratory reporting limit  
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3.6.4.3.2  Cadmium.  Figures 3-12 through 3-14 depict cadmium concentrations detected in fish 
tissue samples of fillet, carcass, and liver/kidney, respectively.  Cadmium was detected at a low 
frequency, or not at all, in fish fillet and carcass samples, with the exception of carp.  Upriver 
carp fillet samples also had the overall highest mean concentration among species and sub-areas, 
although the means across species and sub-areas were generally within a factor of two.  
Cadmium levels in fillet/carcass samples in any of the Hanford Site Study Area (100 Area, 
300 Area, and Lake Wallula Sub-Areas) were similar to (or lower than) those in Upriver 
locations.  Cadmium was detected in 100% of liver and kidney samples and at much higher 
concentrations than those observed in other tissue types.  Note that many of the nondetect results 
for cadmium in fillet and carcass tissues have reporting limits much higher than the few detected 
results (as discussed in Section 3.5.1, LRLs are sample-specific).  However, these reporting 
limits were used in the HHRA.  Uncertainties associated with inclusion of elevated LRLs are 
discussed in Section 7.0.  
 
 

Figure 3-12.  Box Plot of Cadmium in Fish Fillet.  

 
x = not detected above laboratory reporting limit 
 = detected above laboratory reporting limit  
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Figure 3-13.  Box Plot of Cadmium in Fish Carcass.  

 
x = not detected above laboratory reporting limit 
 = detected above laboratory reporting limit  

 
 

Figure 3-14.  Box Plot of Cadmium in Fish Liver/Kidney. 

 
 = detected above laboratory reporting limit  
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3.6.4.3.3  Chromium.  Figures 3-15 through 3-17 depict concentrations of total chromium in 
fillet, carcass, and liver/kidney samples, respectively, from the six fish species.  Chromium was 
detected in most of the tissue samples analyzed, at variable concentrations.  Chromium 
concentrations are generally higher in fillet and carcass samples, relative to those of liver and 
kidney.  The spread of detected concentrations was greatest in the bass and whitefish samples, in 
which concentrations were also the highest.  Hanford Site Study Area concentrations of 
chromium are generally consistent with those of Upriver samples, with the exception of bass, 
which had higher concentrations in the Lake Wallula Sub-Area.   
 
 

Figure 3-15.  Box Plot of Chromium in Fish Fillet. 

 
x = not detected above laboratory reporting limit 
 = detected above laboratory reporting limit  
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Figure 3-16.  Box Plot of Chromium in Fish Carcass.  

 
x = not detected above laboratory reporting limit 
 = detected above laboratory reporting limit  

 
 

Figure 3-17.  Box Plot of Chromium in Fish Liver/Kidney.  

 
x = not detected above laboratory reporting limit 
 = detected above laboratory reporting limit  
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Hexavalent chromium concentrations in fish fillet samples are depicted in Figure 3-18.  Only 
sturgeon fillet and carcass samples were analyzed for this parameter, and hexavalent chromium 
was detected only in fillet samples.  Hexavalent chromium in fillets was detected from all 
sub-areas, including Upriver, with the highest concentrations detected in samples collected from 
the 300 Area Sub-Area.  
 
 

Figure 3-18.  Box Plot of Hexavalent Chromium in Fish Fillet.  

 
x = not detected above laboratory reporting limit  
 = detected above laboratory reporting limit  

 
 
The hexavalent chromium results are consistent with total chromium results for sturgeon fillet 
samples in that concentrations were slightly higher in the 100 Area and 300 Area Sub-Areas than 
in either the Upriver or Lake Wallula Sub-Areas.  However, fewer tissue samples were collected 
in the Upriver and Lake Wallula Sub-Areas, and so these higher concentrations in the 100 and 
300 Area Sub-Areas may simply reflect the variability within a larger sample size.  The presence 
of detected concentrations of hexavalent chromium in Upriver fish tissue samples could suggest 
that there may be sources of chromium and hexavalent chromium to the river that are unrelated 
to the Hanford Site. 
 
However, it is also possible that these results are positively biased, and the detected 
concentrations may represent false-positives.  Although hexavalent chromium is the most 
biologically active species of chromium (Langard and Costa 2007, “Chromium,” in Handbook 
on the Toxicology of Metals), this form is not anticipated to substantially accumulate in 
biological tissue, since upon uptake it will be reduced to the trivalent form through oxidation 
with organic matter (EPA 2003; ATSDR 2000, Toxicological Profile for Chromium; Langard 
and Costa 2007).  Furthermore, it is unlikely that trivalent chromium is converted to 
hexavalent chromium in biological systems (EPA 2003).  Sample extraction methods could 
potentially oxidize trivalent chromium back to hexavalent chromium, thus confounding 
accurate quantitation of this constituent (Applied Speciation 2011, “Hexavalent Chromium 

Exhibit 12c



DOE/RL-2010-117 

Data Evaluation Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume II, Part 1:  Baseline Human Health Risk Assessment 
September 2012 3-35 

Speciation Analysis”).  Because of this, it is believed that the hexavalent chromium detects are 
actually false-positives.  As such, the analytical results for hexavalent chromium in fish tissue are 
deemed not representative and are not carried through the quantitative risk assessment. 
 
3.6.4.3.4  Lead.  Lead concentrations in fish tissue are presented in Figures 3-19 through 3-21 
for fillet, carcass, and liver/kidney tissue samples, respectively.  Overall, lead was infrequently 
detected in fish tissue, and the lead levels were variable among species, tissue type, and sub-area.  
Lead was detected in only walleye, carp, and whitefish fillet samples, with the highest 
concentration observed in whitefish.  In carcass, the maximum lead concentration was observed 
in sturgeon and carp, at concentrations up to 2.5 mg/kg.  On average, bass had the lowest mean 
carcass concentrations of lead. 
 
 

Figure 3-19.  Box Plot of Lead in Fish Fillet.  

 
x = not detected above laboratory reporting limit 
 = detected above laboratory reporting limit  
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Figure 3-20.  Box Plot of Lead in Fish Carcass.  

 
x = not detected above laboratory reporting limit 
 = detected above laboratory reporting limit  

 
 

Figure 3-21.  Box Plot of Lead in Fish Liver/Kidney. 

 
x = not detected above laboratory reporting limit 
 = detected above laboratory reporting limit  
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Liver and kidney sample results (Figure 3-21) indicate concentrations generally similar to those 
of fillet, although at a lower FOD.  Lead was detected more frequently and at higher levels in 
carcass samples, with concentrations ranging up to 2.5 mg/kg.  Because lead preferentially 
accumulates in bone, this difference in lead levels among the three tissue types is expected.  
 
3.6.4.3.5  Mercury.  Total mercury concentrations in fish tissue are presented in Figures 3-22 
through 3-24 for fillet, carcass, and liver/kidney samples, respectively.  Total mercury was 
detected in nearly 100% of all samples.  Highest concentrations were detected in walleye fillet 
samples from Upriver and the 100 Area Sub-Area and in sturgeon liver and kidney samples 
collected from the 100 and 300 Area Sub-Areas.  The lowest overall concentrations were 
observed in whitefish and bass samples, although the range of detected concentrations within 
these species overlapped with those observed in other species.   
 
In addition to total mercury, sturgeon fillet samples were analyzed for methylmercury 
(Figure 3-25).  Results from this analysis show that methylmercury comprises most of the total 
mercury load.  See Section 4.2.2.4.4 for further discussion on this analyte.   
 
 

Figure 3-22.  Box Plot of Mercury in Fish Fillet. 

 
x = not detected above laboratory reporting limit 
 = detected above laboratory reporting limit  
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Figure 3-23.  Box Plot of Mercury in Fish Carcass.  

 
x = not detected above laboratory reporting limit 
 = detected above laboratory reporting limit  
 
 

Figure 3-24.  Box Plot of Mercury in Fish Liver/Kidney.  

 
 = detected above laboratory reporting limit  
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Figure 3-25.  Box Plot of Methylmercury in Fish Fillet.  

 
 = detected above laboratory reporting limit  

Note:  Methylmercury was analyzed in only six sturgeon fillet samples, from 
Lake Wallula, 300 Area and Upriver.  100 Area Sub-Area sturgeon samples 
were not analyzed for methyl mercury. 

 
 
3.6.4.4  Radionuclides. Only six radionuclides (carbon-14, cesium-137, plutonium-239, 
plutonium-240, strontium-90, technetium-99, and tritium) were detected in fish tissue samples 
collected within the Study Area.  The FOD for any of these elements was 2% and lower.  
Figures 3-26 through 3-43 present analytical results for the radionuclides detected at least once in 
fish tissue samples collected from within the 100 Area, 300 Area and Lake Wallula Sub-Areas.  
As with other classes of contaminants, there was no strong pattern in radionuclide presence or 
concentration in tissue type, species, or sub-area.  In general, there were only a few isolated 
detections observed in fish tissue samples, and many of the detected concentrations were similar 
to the sample MDAs, suggesting a high bias for false-positive results.  In most instances, these 
sporadic occurrences of radionuclides do not coincide with areas of known radionuclide 
contaminant plume discharge areas.  While most of the detected concentrations were observed in 
the Hanford Site Study Area (100 Area, 300 Area, and Lake Wallula Sub-Areas), some 
radionuclides, such as plutonium-239/plutonium-240 (whitefish fillet) and uranium isotopes 
(carp liver), were also detected in Upriver fish tissue samples. 
 
Because of the very low FOD of radionuclides in fish tissue, radionuclide results were further 
evaluated to determine whether the results were likely valid and should be included in the 
quantitative HHRA.  A review of the laboratory data packages has been conducted by WCH and 
DOE, as well as the analytical laboratory (Eberline Analytical Services) that performed the work.  
Factors considered in this evaluation included the FOD, the magnitude of the detected activity 
relative to the sample MDA, the tissue type in which the radionuclide was detected, the 
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consistency between the result and results for abiotic media, the location the samples were 
collected, and any other information that may be useful in making this determination.  
  
There is always the potential for a truly random event to cause an unexpected detect.  Most 
commonly, a small highly contaminated particle from an internal or external source is included 
in the analytical preparation.  Random electrical “noise” can also be interpreted as a detection.  It 
is also possible that a contaminated laboratory planchet may have been used, which would not be 
identified as part of quality assurance/quality control reviews or tests.  Unexpected detects are 
rarely confirmed on reanalysis, and a specific cause is rarely identified.   
 
For reasons discussed in the following subsections, data for all detected radionuclides in fish 
tissue, with the exception of carbon-14, were deemed to be likely false-positive results and were 
not used for quantitative evaluation in this HHRA.  However, uncertainties associated with the 
exclusion of the fish tissue radionuclide data, relative to cumulative risk, are discussed in 
Section 7.0. 
 
3.6.4.4.1  Carbon-14.  Figures 3-26 through 3-28 present box plots of carbon-14 found in fish 
fillet, carcass, and liver/kidney samples, respectively.  As indicated in these plots, this 
radionuclide was detected very infrequently and inconsistently among species.  One sucker 
sample (100SA-SUCKER 4) collected from the 100 Area Sub-Area had detected carbon-14 
concentrations in both fillet (6 pCi/g) and carcass (8 pCi/g) samples.  This sample was collected 
from RM382 by the 100-K Reactor area.  The highest detected carbon-14 concentration 
(141 pCi/g), however, was observed in a whitefish carcass sample from Lake Wallula 
(LWSA-WF5).  Other detected concentrations were either within or slightly greater than the 
range of MDAs reported for all samples. 
 
It is unlikely that three false-positives would occur in samples from the same fish composite, as 
was found for the 100 Area sucker sample.  However, the tissue samples were actually run in 
two different preparation batches and were the only detects in either batch, which further argues 
that the carbon-14 results are not false-positives.  The fish composite sample consisted of fish 
caught near RM382 along the Hanford shoreline and adjacent to the 100-K Reactor area, which 
has a known carbon-14 plume.  Because there is some consistency of carbon-14 detects in the 
100SA-Sucker sample, carbon-14 was therefore carried through the quantitative HHRA. 
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Figure 3-26.  Box Plot of Carbon-14 in Fish Fillet. 

 
x = not detected above MDA 
 = detected above MDA  

 

 

Figure 3-27.  Box Plot of Carbon-14 in Fish Carcass. 

 
x = not detected above MDA 
 = detected above MDA  
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Figure 3-28.  Box Plot of Carbon-14 in Fish Liver/Kidney. 

 
x = not detected above MDA 
 = detected above MDA  

 
 
3.6.4.4.2  Cesium-137.  Figures 3-29 through 3-31 show results for cesium-137 in fish tissue.  
This radionuclide was detected in only one sample (300SA-WF4, whitefish liver/kidney) at an 
activity (0.358 pCi/g) within the range of reported MDAs.  This sample was collected in the 
300 Area Sub-Area at RM 350. 

 
Because cesium-137 was detected in only one single sample at an activity within the range of 
MDAs reported for all nondetect results, it is assumed that this result is likely a false-positive.  
Therefore, this radionuclide was not retained for further quantitative evaluation in the HHRA. 
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Figure 3-29.  Box Plot of Cesium-137 in Fish Fillet. 

 
x = not detected above MDA 

 
 

Figure 3-30.  Box Plot of Cesium-137 in Fish Carcass. 

 
x = not detected above MDA 
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Figure 3-31.  Box Plot of Cesium-137 in Fish Liver/Kidney. 

 
x = not detected above MDA 
 = detected above MDA  

 

 
3.6.4.4.3  Plutonium-239/Plutonium-240.  Figures 3-32, 3-33, and 3-34 present box plots of 
plutonium-239/plutonium-240 results for fish tissue.  

 
Plutonium-239/plutonium-240 was detected in only one fillet sample within the Study Area, in a 
sample composited from five bass caught in the area of Coyote Island across from the 
100-K Reactor area.  This reported bass fillet composite sample result of 0.916 pCi/g is greater 
than five times the MDA (0.14 pCi/g), which suggests a low potential for a counting-based false-
positive.  A low potential for a counting-based false-positive is also supported by the analytical 
error values associated with the results (0.28 pCi/g; errors are a fraction of the result).  A review 
of other analytical information in the data package (sample volumes, counting times, associated 
analytical batch quality control samples) shows no deviations from routine analytical processing.  
This sample was processed as part of a large analytical batch, and no other anomalous results 
were noted in other reported results.  Analytical batch blanks were within control limits, and the 
lack of significant detectable activity in the other samples in the batch indicates no systemic 
contamination control issues at the laboratory.   
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Figure 3-32.  Box Plot of Plutonium-239/Plutonium-240 in Fish Fillet.  

 
x = not detected above MDA 
 = detected above MDA  

 
 

Figure 3-33.  Box Plot of Plutonium-239/Plutonium-240 in Fish Carcass. 

 
x = not detected above MDA 
 = detected above MDA  
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Figure 3-34.  Box Plot of Plutonium-239/ Plutonium-240 in Fish Liver/Kidney. 

 
x = not detected above MDA 

 
 

Regarding a potential source for the plutonium, the data do not point to a specific source.  From 
the data, the plutonium-239/plutonium-240 to plutonium-238 ratio is greater than 4.4/1 (based on 
the MDA of plutonium-238).  This would imply a low-exposure (weapons-grade production) 
source (long exposure in reactors, as is typical for power production, yields much lower 
plutonium-239/plutonium-240 to plutonium-238 ratios, and plutonium-238 can predominate) 
(BNWL-478, High Exposure Plutonium Studies Analyses of Shippingport Fuel).  The lack of a 
detectable result (i.e., the result was reported as a nondetect at the MDA) for americium-241 also 
suggests an anomalous plutonium result.  Americium-241 is normally detected when plutonium 
is detected, particularly for longer exposure fuels (i.e., 105-N Reactor, or much more so in power 
reactors) (PNL-6866, Technical Basis for Internal Dosimetry at Hanford).  The lack of an 
americium-241 detection could result from three potential sources:  (1) separation by biological 
or environmental chemical processes of the elements, (2) extremely low exposures (very little of 
this type material was generated at the Hanford Site), or (3) the plutonium result is an analytical 
anomaly.  The result appears to be anomalous based on the reported activity of americium-241 
relative to observed plutonium-239/plutonium-240 activities in fish samples from other studies. 
 
Note that plutonium-239/plutonium-240 values of 0.289 and 0.031 pCi/g (wet weight) were also 
reported for a composite fillet sample (J18J07, SDG K1618) from five whitefish caught upriver 
of Priest Rapids Dam (i.e., in the Upriver Sub-Area) in the vicinity of Beverly.  The presence of 
plutonium-239/plutonium-240 in Upriver samples further suggests that these results may be 
false-positives.  In the Upriver whitefish samples, the detected plutonium-239/plutonium-240 
activities were very close to the reported MDA and within a range that has high potential to be 
considered as counting-based false-positives.  The reported concentration for the composite 
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whitefish fillet sample was 0.289 pCi/g, compared with an MDA of 0.276 pCi/g.  The reported 
concentration for the composite whitefish carcass sample was 0.031 pCi/g, just slightly above the 
sample MDA of 0.03 pCi/g.  The fillet results are further suspect due to the magnitude of activity 
detected relative to those observed in other studies (BNWL-1867, Ecological Behavior of 
Plutonium and Americium in a Freshwater Ecosystem.  Phase I.  Limnological Characterization 
and Isotopic Distribution; Emery et al. 1978, “The Ecological Export of Plutonium from a 
Reprocessing Waste Pond”; Emery et al. 1981, “Potential Radionuclide Dose from Eating Fish 
Exposed to Actinide Contamination”), and the presence of this radionuclide in fillet but not bone 
or carcass, where it is expected to preferentially accumulate (ATSDR 2010, Toxicological 
Profile for Plutonium). 
 
The detected result is also inconsistent with results observed in other studies, and suggests that 
the result is suspect. In the mid-1970s, PNNL performed research (BNWL-1867; Emery et al. 
1978, 1981) at the 216-U-10 pond evaluating the ecological behavior of transuranic elements in a 
freshwater ecosystem.  This pond supported a population of goldfish.  In subsequent years, 
studies were performed to establish the food chain transfer of plutonium in algae, sunfish, and 
bass.  Sediment concentrations of plutonium-239/plutonium-240 were on the order of 1 to 
>1,000 pCi/g dry weight.  Because the pond was very shallow, the exposure of goldfish to 
plutonium was very high.  Of all the biological components of the pond, algal floc had the 
highest concentrations of plutonium and this formed the basis of the food web for the goldfish 
that lived and reproduced there in huge numbers.   
 
Average muscle concentrations in the goldfish from the pond were 0.89 pCi/g, and most of the 
activity was found in the gut.  Comparable levels of americium-241 were also found.  In the 
studies with bass and sunfish, maximum measured fillet concentrations were 0.013 pCi/g for 
plutonium-239/40.  When compared to available fish data at that time, the fish from this pond 
had the highest reported plutonium-239/plutonium-240 concentrations in the world (Emery et al. 
1981). 
 
The finding of a single detect of plutonium-239/plutonium-240 in a composite sample of bass 
fillet does not appear realistic in the context of these previous studies.  The 216-U-10 pond fish 
lived in an environment where plutonium-239/plutonium-240 activities were at least 100 times 
greater than those in the Columbia River, and yet plutonium-239/plutonium-240 in fish tissue 
never reached levels similar to that found in the reported samples from the Columbia River.  
Plutonium is not known to preferentially accumulate in muscle tissue (ATSDR 2010).   
 
The fact that plutonium-239/plutonium-240 was not detected in either carcass or liver/kidney 
samples in this single fish sample further supports that the fillet result is a false-positive.  The 
lack of correlation among muscle, carcass, liver, and kidney results, in conjunction with other 
information discussed above, form the basis for elimination of these data from further 
quantitative evaluation in the HHRA.  
 
3.6.4.4.4  Strontium-90.  Figures 3-35, 3-36, and 3-37 present box plots of the analytical results 
for strontium-90 in fish tissue samples.  Strontium-90 was detected in only one bass fillet sample 
(100SA-BASS2) from the 100 Area Sub-Area. 
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Figure 3-35.  Box Plot of Strontium-90 in Fish Fillet. 

 
x = not detected above MDA 
 = detected above MDA  

 
 

Figure 3-36.  Box Plot of Strontium-90 in Fish Carcass. 

 
x = not detected above MDA 
 = detected above MDA  
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Figure 3-37.  Box Plot of Strontium-90 in  
Fish Liver/Kidney. 

 
x = not detected above MDA 
 = detected above MDA  

 
 

Similar to plutonium, the single detected strontium-90 result found in each tissue type appears 
anomalous and suspect.  In fish tissue, strontium-90 was detected in only one fillet sample at an 
activity of 1.55 pCi/g and only three times in total out of all fish tissue samples analyzed 
(FOD <1%).  
 
The activity reported in the bass fillet sample is at least 2.5 times higher than any activity 
reported in carcass, liver/kidney, or even viscera samples.  Furthermore, there was no 
consistency in strontium-90 detection in species or tissue type.  Three of the detects were found 
in the 100 Area Sub-Area, over a stretch of approximately 23 km (14 mi).  In addition to the bass 
fillet sample, strontium-90 was reported in a carp carcass sample (J196C2) and in whitefish 
liver/kidney (J18K12) at activities of 0.558 pCi/g and 0.392 pCi/g, respectively.  The only other 
fish tissue sample in which strontium-90 was detected was in a sturgeon viscera sample collected 
from Lake Wallula (J195W0; 0.456 pCi/g).  However, viscera data were not evaluated in this 
HHRA. 
 
Strontium is known to preferentially accumulate in bone tissue (ATSDR 2004, Toxicological 
Profile for Strontium).  However, three of the detected results occurred in nonbone tissue, and 
the highest detect occurred in bass fillet.  Note that the maximum strontium-90 detection 
occurred in the same tissue sample in which the maximum plutonium-239/plutonium-240 
detection was found, further suggesting that sample contamination and/or laboratory error may 
have biased the results. 
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Strontium (both elemental and radioactive forms) is abundant in surface water at the Hanford 
Site.  The highest historical groundwater concentrations of strontium-90 have been noted in the 
100-N Reactor area, and a known strontium-90 plume discharges to the river adjacent to the 
100-N Reactor area near RM 379.  Strontium-90 was detected at a lower frequency (26%) in 
sediment within the Hanford Site Study Area.  One would anticipate that were this radionuclide 
readily accumulating in fish tissue, it would be prevalent at a higher FOD or on a more consistent 
basis within a species than what was observed in fish tissue samples.  
 
Based on this evaluation, strontium-90 results in fish tissue samples were not retained for further 
quantitative evaluation in the HHRA. 
 
3.6.4.4.5  Technetium-99.  Fish tissue results for technetium-99 are presented in Figures 3-38 
through 3-40.  Technetium-99 was detected in only 1 of 347 fish tissue samples collected from 
the Study Area.  This radionuclide was detected in a bass sample collected from the 300 Area 
Sub-Area (300SA-BASS5) at an activity of 0.327 pCi/g.  Technetium-99 was also detected 
above the MDA in a sucker sample obtained from the Upriver Sub-Area at a slightly higher 
activity (0.489 pCi/g, URSA-SUCKER 5).  Both detected results are within a factor of two times 
the MDA in corresponding liver/kidney samples.  
 
 

Figure 3-38.  Box Plot of Technetium-99 in Fish Fillet. 

 
x = not detected above MDA 
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Figure 3-39.  Box Plot of Technetium-99 in Fish Carcass. 

 
x = not detected above MDA 
 = detected above MDA  

 
 

Figure 3-40.  Box Plot of Technetium-99 in Fish Liver/Kidney. 

 
x = not detected above MDA 
 = detected above MDA  
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Because technetium-99 was detected in only one bass liver/kidney sample from the Study Area, 
at an activity similar to the MDA of other samples and lower than the activity reported for the 
Upriver sucker sample, it is suspected that this result may be a false-positive.  Therefore, this 
radionuclide was eliminated from further quantitative evaluation in the HHRA. 

 
3.6.4.4.6  Tritium.  Tritium results for the six fish species are presented in Figure 3-41 for fillet, 
Figure 3-42 for carcass, and Figure 3-43 for liver and kidney samples.  In fillet, tritium was 
detected in only one bass sample collected from Lake Wallula (LWSA-Bass4).  The reported 
activity of 6.25 pCi/g slightly exceeded the MDA of 5.49 pCi/g from the corresponding sample.  
In other tissues, tritium was detected in three 300 Area Sub-Area samples (whitefish carcass, 
300SA-WF4, and sturgeon liver/kidney, STURGEON-17 and STURGEON-18) and one Upriver 
carp carcass sample (URSA-CARP4).  
 
 

Figure 3-41.  Box Plot of Tritium in Fish Fillet. 

 
x = not detected above MDA 
 = detected above MDA  
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Figure 3-42.  Box Plot of Tritium in Fish Carcass. 

 
x = not detected above MDA 
 

 

Figure 3-43.  Box Plot of Tritium in Fish Liver/Kidney. 

 
x = not detected above MDA 
 = detected above MDA  
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Activities reported for fillet and carcass results were similar, ranging from 6.25 to 6.54 pCi/g.  
Activities reported in liver/kidney samples were higher, ranging from 9.54 to 15 pCi/g; both of 
these results were qualified as estimated values (J-qualifiers).   
 
With respect to other media, analytical results for tritium in Study Area samples are somewhat 
consistent.  Tritium levels in surface water in the 300 Area Sub-Area downstream of the Hanford 
townsite are elevated in an area of a known plume discharge.  The Study Area fish carcass and 
liver/kidney samples in which tritium were detected were also obtained from the 300 Area Sub-
Area, at RM 350 for whitefish and at RM 347 for sturgeon samples.  However, there is no known 
corresponding tritium source for the bass fillet sample, which was composited from five fish 
caught near RM 338 along Leslie Groves Park in Richland, nor for the Upriver sample carp 
sample result, which was similar in magnitude to the 300 Area whitefish carcass tritium result.  
Because of this, tritium fish analytical results are not carried through the quantitative risk 
assessment; instead, exclusion of these data and implications for addressing health risk are 
discussed in the Uncertainty Analysis (Section 7.0). 
 
3.6.4.5  Comparison of RI Fish Tissue Results to Results from Other Fish Studies.  As 
discussed in Section 2.6, other fish studies have been conducted in the Columbia River.  The fish 
tissue results from the CRC RI were compared to previously collected data from the following 
studies: 
 
 EPA 910-R-02-006, Columbia River Basin Fish Contaminant Survey 1996-1998 

 
 DOE/RL-2005-42, 100 Area and 300 Area Component of the RCBRA Sampling and Analysis 

Plan 
 

 CH2MHILL 2007, Phase I Fish Tissue Sampling Data Evaluation, Upper Columbia River 
Site, CERCLA RI/FS (Final). 
 

Note that fish analytical results from these other studies were not used in this HHRA to quantify 
health risk from fish consumption, as discussed in Section 2.6.  The CRC RI fish study was 
designed with the specific goal of providing a data set appropriate for evaluation of human fish 
consumption.  Rather, the comparison discussed in this section is provided to the reader for 
additional information about the nature and distribution of fish body burdens within the 
Columbia River.  This discussion is intended to provide an overall context of other fish tissue 
analytical results from the river.   
 
These previous river investigation studies were summarized in Section 2.6.  Although fish 
species, sample types (e.g., fillet, liver, carcass), analytical methods, and sample preparation 
methods were not identical among the studies, preventing a direct comparison of results to those 
of the CRC RI, general observations are summarized below for select constituents, including 
DDE, PCBs, arsenic, cadmium, lead, and mercury.  In general, results from all of the studies are 
similar with regard to the types of constituents detected, their prevalence, and relative magnitude 
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of concentration.  Elevated concentrations of similar constituents are seen from the CRC RI and 
these other studies. 
 
3.6.4.5.1  EPA/CRITFC Survey.  In 1994, the EPA and CRITFC’s member tribes initiated a 
survey of contaminants in fish tissue in the Columbia River Basin.  Sample collection took place 
between 1996 and 1998 and the results of this study were published by EPA in 2002, in 
EPA 910-R-02-006.   
 
A total of 281 samples of fish and fish eggs were collected for the EPA/CRITFC study from 
5 anadromous species (Pacific lamprey, smelt, coho salmon, fall and spring chinook salmon, and 
steelhead) and 6 resident species (largescale sucker, bridgelip sucker, mountain whitefish,  
rainbow trout, white sturgeon, and walleye).  The following four types of samples were 
collected:  whole-body with scales, fillet with skin and scales, fillet without skin (white sturgeon 
only), and eggs.  All the samples were composites of individual fish, except white sturgeon.  The 
number of fish in a composite varied with species, location, and tissue type.  Eleven samples of 
eggs were collected from steelhead and salmon.  
 
While analytical methods and sample preparation were not identical between the CRC RI Data 
Summary Report (WCH-398 [2008 to 2010]) and EPA 910-R-02-006, and therefore cannot be 
directly compared, the following general observations are provided: 
  
 Species collected.  Both studies sampled resident species, including sucker, whitefish, 

sturgeon, and walleye.  The EPA study also included anadromous fish species (as discussed 
above), whereas the RI sampling did not because their life cycle includes primarily nonriver 
habitat (i.e., ocean).  

 
 Sample preparation.  Both studies composited fish tissue prior to analyses.  However, 

sample preparation techniques were generally dissimilar.  This is a major obstacle to a direct 
comparison of results from the two studies.  The EPA study sampled primarily whole fish 
and fish eggs, while the CRC RI study collected individual samples from fillet, carcass, and 
organs.  The fillet samples that were collected by EPA do, however, appear to have been 
prepared in a manner similar to that of the RI study, and thus some of these results may be 
directly compared.   

 
 Sample analysis.  Fish tissue samples from the CRC RI were not analyzed for either dioxins 

or furans as they were in the EPA study.  Additionally, EPA analyzed PCBs by Aroclors and 
a subset of the 209 PCB congeners, whereas the CRC RI study analyzed all 209 PCB 
congeners.  Because of differences in the analytical methodologies used in the two studies to 
evaluate PCBs, direct comparison between total PCB concentrations in fish tissue may not be 
appropriate.  However, both studies did report that the highest concentrations of total PCBs 
in fish tissue were found in whitefish.   

 
The comparison of minimum and maximum detected concentrations in fish fillet (with skin on, 
with the exception of sturgeon) by species for both studies is presented below for select 
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constituents, where a direct comparison may be possible:  DDE, PCBs, arsenic, cadmium, lead, 
and mercury.   
 

Species Study 
DDE PCBs a Arsenic Cadmium Lead Mercury 

Min Max Min Max Min Max Min Max Min Max Min Max 

Sturgeon b 
1996-1998 0.1 1.4 0.12 0.15 0.64 <0.004 0.006 <0.01 0.029 0.038 0.43 

2009-2010 0.041 0.833 0.088 0.4 0.32 1.1 0.036 0.053 ND 0.0134 0.612 

Whitefish 
1996-1998 0.008 0.91 0.19 0.051 0.14 <0.004 0.014 <0.01 0.026 <0.049 0.14 

2009-2010 0.0736 0.592 0.0658 3.74 0.21 0.36 0.038 0.055 1.59 1.59 0.015 0.099 

Walleye 
1996-1998 0.044 0.052 0.03 0.29 0.4 ND <0.01 <0.01 0.16 0.2 

2009-2010 0.0135 0.655 0.0123 0.598 ND 0.047 0.047 0.26 0.26 0.098 0.721 

Smallmouth 
bass 

1996-1998 0.48 1.2 -- 0.11 0.17 ND 0.01 0.055 0.38 0.47 

2009-2010 0.0118 0.239 0.0226 0.233 ND 0.035 0.051 ND 0.035 0.122 

NOTE:  Concentrations in mg/kg, wet weight.   
a 1996-1998 data for average concentration of total aroclors (1242, 1254, 1260).  2009-2010 data for total PCB congeners.  1996-1998 data from 

EPA 910-R-02-006, Columbia River Basin Fish Contaminant Survey 1996-1998.  
b Data presented for sturgeon without skin; fillet only. 
-- = indicates no data available ND = constituent was not detected 
> = constituent not detected above given reporting limits PCB = polychlorinated biphenyl 
DDE = dichlorodiphenyldichloroethylene 
 

The DDE concentrations from the EPA study ranged from a minimum of 0.008 mg/kg in 
whitefish samples to a maximum of 1.4 mg/kg in sturgeon.  The range from the CRC RI data was 
similar, although slightly lower for smallmouth bass.  Overall, the 1996 to 1998 levels were 
slightly higher than those of the CRC RI.   
 
For PCBs, the average of the total Aroclors (Aroclor-1242, Aroclor -1254, and Aroclor -1260) 
from 1996 to 1998 (no ranges provided) was compared to the average total PCB results from the 
CRC RI samples (the total PCB concentration is equivalent to the sum of the detected 
congeners).  For all species, mean concentrations reported in the CRC RI were generally within 
an order of magnitude of the mean concentrations reported by EPA. 
 
Arsenic concentrations from the EPA study ranged from a minimum of 0.051 mg/kg in whitefish 
to a maximum of 0.64 mg/kg in sturgeon.  Results from the RI were similar, ranging from 
nondetect in walleye and smallmouth bass to a maximum concentration of 1.1 mg/kg in sturgeon.  
The CRC RI arsenic levels for sturgeon and whitefish were slightly higher than those reported in 
the EPA study, whereas the walleye and smallmouth bass results were lower. 
 
Cadmium concentrations from the EPA study ranged up to 0.014 mg/kg, with highest 
concentrations reported in whitefish.  Fish samples from the RI were generally up to eight times 
higher, ranging from 0.035 mg/kg in smallmouth bass to 0.055 mg/kg in whitefish.  Maximum 
concentrations for all four species were higher in the RI samples than the EPA samples. 
 
Lead concentrations from the EPA study ranged from nondetect in sturgeon, whitefish, and 
walleye to 0.055 mg/kg in smallmouth bass.  Concentrations reported in the RI ranged from 
nondetect in sturgeon and smallmouth bass to 0.26 and 1.59 mg/kg in walleye and whitefish, 
respectively.  Within a particular species, CRC RI concentrations were higher for whitefish and 
walleye and lower for sturgeon and smallmouth bass. 
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Mercury concentrations from the EPA study ranged from nondetect in whitefish to 0.47 mg/kg in 
smallmouth bass.  During the CRC RI, concentrations ranged from 0.013 mg/kg in sturgeon to 
0.72 mg/kg in walleye.  Within a particular species, concentrations detected in RI samples were 
up to approximately four times higher than those found in the EPA study for sturgeon and 
walleye, but were lower for whitefish and smallmouth bass. 
 
Overall, for a given contaminant, with the exception of DDE, the highest concentrations were 
detected in the samples collected during the RI.  Of the constituents evaluated, results of only 
PCBs and cadmium were higher during the CRC RI sampling across all species evaluated.  DDE, 
arsenic, lead, and mercury maximum concentrations within an individual species were higher 
during the EPA study for some constituents and higher during the CRC RI for other constituents, 
reflecting the overall variability observed in fish tissue data in both studies. 
 
3.6.4.5.2  RCBRA.  Sculpin and juvenile sucker tissue samples (liver, kidney, and whole 
organism samples) were collected under the SAP (DOE/RL-2005-42).  Data for the RCBRA 
study were collected between 2005 and 2007, with supplemental fish tissue sampling in 2008.  
For the CRC RI, bridgelip sucker tissue samples (carcass, liver/kidney, and fillet) were collected 
in 2009 and 2010; however, sculpin were not collected as part of the CRC RI.   
 
The minimum and maximum detected concentrations in sculpin and juvenile sucker liver and 
kidney tissue samples from the RCBRA are presented below for select constituents.  These 
results are compared to the bridgelip sucker results (i.e., liver/kidney tissue composite) from the 
CRC RI.  
 
Although a direct comparison is not possible because the preparation of tissue samples differs, 
these results are included for general observations in the concentrations of arsenic, cadmium, 
lead, and mercury in the liver and kidney fish tissue samples.  Because the RCBRA study did not 
include fillet samples, no comparison of fillet results is presented.  The sculpin data are included 
in the table for informational purposes only.  A comparison is not made because sculpin were not 
collected for the CRC RI. 
 

Species Study 
Tissue 
Type 

Arsenic Cadmium Lead Mercury 

Min Max Min Max Min Max Min Max 
Bridgelip 
sucker 

CRC RI 
Liver/ 
kidney 

ND ND 0.709 3.7 ND ND 0.014 0.054 

Juvenile 
sucker 

RCBRA Kidney 3.2 4.1 0.18 2.8 ND ND ND ND 

Juvenile 
sucker 

RCBRA Liver ND ND 0.14 0.36 ND ND ND ND 

Sculpin RCBRA Kidney 0.77 1.7 0.42 2.7 1.3 3.1 0.05 0.12 

Sculpin RCBRA Liver 0.72 1.6 0.33 4 0.3 0.75 0.02 0.19 

NOTE:  Concentrations in mg/kg, wet weight. 

CRC = Columbia River Component 
ND = constituent was not detected 
RCBRA = River Corridor Baseline Risk Assessment 
RI = remedial investigation 

Source of RCBRA data:  Tables 6-28, 6-29, 6-34, and 6-35 of DOE/RL-2007-21, Rev. 0. 
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Arsenic was detected in only two of nine sucker kidney tissue samples from the RCBRA, but 
was not detected in any of the sucker liver/kidney composite samples from the CRC RI.  The 
reporting limits for arsenic for sucker liver/kidney samples from the CRC RI were generally 
between 0.5 mg/kg and 1 mg/kg (see Figure 3-9). 
 
Cadmium was detected in eight of nine kidney sucker tissue samples and in four of seven sucker 
liver tissue samples from the RCBRA at slightly lower concentrations than the CRC RI.  
Cadmium concentrations in liver/kidney sucker samples from the CRC RI were generally within 
the range of concentrations observed in the RCBRA study sculpin and sucker samples.  
 
Neither lead nor mercury was detected in any of the kidney or liver samples from the RCBRA.  
Lead was not detected in the liver/kidney samples from sucker collected for the CRC RI.  
Mercury was detected in the CRC RI samples at concentrations lower than those reported for the 
sculpin samples. 
 
The PCB Aroclors and DDE were analyzed for only in whole organism juvenile sucker and 
sculpin samples from the RCBRA, which are not directly comparable to the CRC RI tissue 
samples.  Relevant points of comparison are as follows:   
 
 Of eight samples of suckers analyzed for PCB Aroclors, only Aroclor-1254 was detected in 

one sample at a concentration of 0.0057 mg/kg.  In the sculpin whole organism tissue. 
samples, Aroclor-1254 was detected in three samples at concentrations ranging from 
0.024 mg/kg to 0.025 mg/kg.   
 

 Aroclor-1260 was detected in one sculpin sample at 0.015 mg/kg.   
 
 Total PCB concentrations (based on congener analysis) in sucker samples from the CRC RI 

study were generally higher, with most of the observed concentrations within a range of 
approximately 0.25 to 0.5 mg/kg (e.g., see Figure 3-4).  
  

 DDE was detected in seven of the eight sucker whole organism samples from the RCBRA at 
concentrations ranging from 0.013 mg/kg to 0.071 mg/kg.  In sculpin, DDE was detected in 
34 of 35 samples at concentrations ranging from 0.0055 mg/kg to 0.29 mg/kg.  In the CRC 
RI sucker tissue samples, DDE concentrations ranged from 0.0849 mg/kg in fillet samples to 
a maximum of 1.49 mg/kg in the carcass. 

 
As reported in the RCBRA HHRA (DOE/RL-2007-21), tissue concentrations of these 
contaminants in sculpin captured in the near-shore environment as part of the RCBRA 
investigation are either comparable to or below concentrations in various game fish reported in 
EPA/910/R-02/006 and EPA 2007, “Recommendations for Human Health Risk-Based Chemical 
Screening and Related Issues at EPA Region 10 CERCLA and RCRA Sites.”  However, PCB 
and DDE concentrations found in the CRC RI study appear generally higher than those reported 
in these studies.  Again, this comparison should be interpreted with caution, since the analytical 
and sampling methods may vary greatly among all of these fish tissue studies. 
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3.6.4.5.3  Lake Roosevelt/Upper Columbia River.  The September/October 2005 Phase I fish 
tissue sampling program in Lake Roosevelt conducted as part of the Upper Columbia River 
RI/FS was designed to gather data to support (1) human and ecological risk assessments and 
(2) analyses to consider issuance of an updated fish advisory for Lake Roosevelt 
(CH2MHILL 2007).  As part of this program, 198 fish composite samples were collected from 
walleye (whole body, offal [e.g., internal organs], and fillet samples), rainbow trout (whole body, 
offal, and fillet samples), whitefish (whole body samples only), largescale sucker (whole body 
samples only), and burbot (whole body samples only) at six locations between the U.S./Canadian 
border and Grand Coulee Dam.   
 
While the Lake Roosevelt results cannot be directly compared with the fillet, carcass, kidney, 
and liver results from the CRC RI due to the way the fish tissue samples were segregated prior to 
analysis, they are presented below for informational purposes.  Because this study was conducted 
in an area upriver of the Hanford Site Study Area, the results from this study may be used as an 
additional line of evidence in elucidating “background” contaminant body burden of various 
contaminants that have accumulated in fish tissue. 
 
The following analyses were conducted during the Lake Roosevelt sampling event:  target 
analyte list metals, PCB Aroclors, dioxins and furans, PCB congeners, inorganic arsenic, percent 
lipids, and percent moisture.   
 
General conclusions of Phase I fish tissue sampling include the following (CH2MHILL 2007): 
 
 Tissue concentrations of cadmium, copper, lead, nickel, and uranium were greatest in the 

largescale sucker, with concentrations tending to be higher in the most upstream portions of 
the site (near the U.S./Canadian border).  Zinc was also elevated in largescale suckers and 
mountain whitefish, particularly in the most upstream area (i.e., Reach 1). 

 
 Tissue concentrations of arsenic were three to five times higher in burbot compared to other 

species.  Total arsenic tissue concentrations in burbot increased downstream (i.e., higher in 
the lake-like portion of the site). 

 
 Mercury was detected in tissues of all species evaluated, with the highest concentrations in 

walleye, burbot, and largescale suckers.  The elevated concentrations in walleye and burbot 
are consistent with their feeding habits (i.e., both are higher trophic-level consumers that feed 
on other fish).  There is a significant downstream increase in mercury tissue concentrations. 

 
 Total PCB tissue concentrations (as Aroclor) were similar for walleye, wild and hatchery 

rainbow trout, whitefish, and burbot.  Concentrations in largescale suckers were about 
2.5 times higher than other species. 

 
Because no whole fish or offal samples were analyzed as part of the CRC RI, these Phase I 
results cannot be directly compared with the fillet, carcass, kidney, and liver results from the 
CRC RI.  Analytical results from fillet samples are the only sample types that can be directly 
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compared between the Upper Columbia River RI/FS and this CRC RI; however, the only fish 
species common to both the Upper Columbia River and CRC RI studies with fillet analysis is 
walleye.  A comparison of arsenic, cadmium, lead, and mercury results for walleye fillet samples 
is provided below.  Phase I fish tissue data are from Tables 3-9 and 3-32 of CH2MHILL (2007).  
Pesticides were not analyzed for in the Phase I samples. 
 

Species Study 
Tissue 
Type 

Arsenic Cadmium Lead Mercury 

Min Max Min Max Min Max Min Max 

Walleye CRC RI Fillet ND ND 0.047 0.047 0.259 0.259 0.098 0.721 

Walleye Phase I Fillet 0.06 0.18 0.005 0.0054 0.005 0.062 0.181 0.417 

NOTE:  Concentrations in mg/kg, wet weight. 

CRC = Columbia River Component 
ND = constituent was not detected 
RI = remedial investigation 

 
Arsenic was detected in walleye fillet samples from the Phase I study at a mean concentration of 
0.11 mg/kg.  Arsenic was not detected in the 22 walleye fillet samples collected for the CRC RI; 
however, the reporting limits from the CRC RI walleye fillet samples were higher than the 
detected concentrations from the Phase I study.   
 
Cadmium was detected in only one walleye fillet sample from the CRC RI at a concentration 
almost an order of magnitude higher than the Phase I maximum detected concentration.  
Similarly, the one detection of lead of 0.259 mg/kg from CRC RI walleye fillet sample was 
approximately 50 times higher than the maximum concentration reported in the Phase I study. 
 
Mercury concentrations from the Phase I study had a mean concentration of 0.267 mg/kg.  
Mercury was detected at similar concentrations in the walleye fillet samples from the CRC RI, 
with a mean concentration of 0.263. 
 
3.6.4.5.4  Summary.  In summary, although the results of these three studies are not directly 
comparable to those of the CRC RI due to differences in sampling methodologies and target 
analytes, the following general observations are provided.  Heavy metals such as cadmium and 
mercury are routinely detected in fish samples at levels generally similar to those observed in the 
CRC RI, with some exceptions.  PCBs and chlorinated pesticides such as DDE are also prevalent 
in fish tissue.  It is interesting to note that there is not a large difference in the concentrations of 
these types of contaminants in fish tissue despite, in some instances, over a decade between 
sampling events, attesting to the environmental persistence of organochlorine compounds. 
 
 
3.7 SELECTION OF CONTAMINANTS OF POTENTIAL CONCERN 

Contaminants of potential concern are selected from among the analytes detected in each 
environmental medium and constitute those constituents for which risk is quantitatively 
evaluated.  Selection of the appropriate COPCs is useful in streamlining the risk assessment 
process to focus on potentially significant risk drivers and for making remedial action decisions.  
Contaminant of potential concern selection should occur through a process that is deliberate, 
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systematic, and based on established selection criteria (EPA/540/1-89/002).  This section 
describes the approach developed to identify and focus the COPCs identified for the risk 
assessment evaluation.   
 
The COPC selection process is consistent with EPA guidance pertaining to selection of COPCs 
for risk assessment (EPA/540/1-89/002) and the approach specified in the RI Work Plan.  This 
process generally follows the approach discussed by the Tri-Parties during meetings held in 
January through April 2008 for the RCBRA (DOE/RL-2007-21, Rev. 0).  However, because the 
exposure media for the Columbia River consist largely of sediments and surface water rather 
than upland soils, the approach has been modified to reflect the characteristics of the data set for 
those media.  The selection process presented herein reflects that presented in the RI Work Plan 
(DOE/RL-2008-11) as well as subsequent discussions with the Tri-Parties. 
 
The COPC refinement process includes a number of complementary steps and criteria, including 
consideration of a pre-selected list of contaminants that will be excluded or included, spatial 
distribution, and an evaluation of potential toxicity through a comparison of concentrations to 
risk-based screening criteria. In addition, the approach for COPC refinement outlines a process for 
distinguishing COPCs based on a statistical comparison of Hanford Site data to data collected from 
background or reference, to identify which COPCs are potentially related to or relatively elevated 
at the Hanford Site (this process is further described in Section 3.8).   
 
The quantitative methods used as part of the statistical analysis provide valuable information for 
the included analytes and also provide a sound technical basis for eliminating less relevant 
analytes from the quantitative risk assessment.  Figure 3-44 provides an overview of the COPC 
selection process.  Each step of this process is discussed in the following subsections. 
 
3.7.1 Consideration of Inclusion and Exclusion List Constituents 

The COPC refinement process includes consideration of a pre-selected list of contaminants that 
are to be automatically excluded (“exclusion list” contaminants) from the risk assessment or 
included for further evaluation (“inclusion list” contaminants).  The Inclusion and Exclusion 
Lists recognize and take advantage of the knowledge gained through decades of Hanford Site 
characterization and cleanup work that has preceded this assessment.   
 
The use of automatic inclusion and exclusion lists has a number of advantages and 
disadvantages.  The use of inclusion lists ensures that key Hanford Site contaminants are more 
likely to be retained as COPCs and evaluated in the risk assessment.  As indicated in the previous 
section, inclusion list constituents were not ruled out as COPCs based on low FOD but instead 
were carried through to the next step (i.e., comparison to benchmarks). 
 
Exclusion lists, on the other hand, save time and money by eliminating from the assessment 
constituents acknowledged to present negligible risk or that are known to be unrelated to 
Hanford Site releases (e.g., essential nutrients).  However, exclusion of these contaminants may 
potentially underestimate risks if such constituents are present in elevated concentrations.  Each 
of these lists is discussed in the following subsections. 
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Figure 3-44.  Contaminant of Potential Concern Refinement  
Process Flow Diagram for All Media.   
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3.7.1.1  Exclusion List Constituents.  Table 3-13 provides a summary of the exclusion list 
constituents that have been excluded as COPCs per the RCBRA (DOE/RL-2007-21, Rev. 0).  
These analytes have been excluded from consideration as COPCs in the river corridor by 
agreement among the Tri-Parties and based on relevant Hanford Site data.  Primary reasons for 
excluding these contaminants include the following: 
 
 Short (less than 3 years) half-life for radionuclides 
 Essential nutrient status 
 Water quality parameters such as alkalinity 
 Physical measurements such as grain size or temperature 
 Radionuclides known to be ubiquitous due to background sources (e.g., potassium-40). 
 
Separate exclusion lists have been developed for upland waste sites and groundwater 
contaminant plumes.  Constituents listed in Table 3-13 were not evaluated further in this HHRA.   
 
3.7.1.2  Inclusion List Constituents.  Inclusion list analytes were preferentially retained for 
further evaluation for all media and subareas in which they were detected at least once, based on 
evaluation of the commonly reported analytes in waste site cleanup reports or based on the most 
prevalent contaminants in the groundwater plumes.  The analytes included as COPCs per the 
RCBRA (DOE/RL-2007-21, Rev. 0) are summarized in Table 3-14 and are based on soil and 
groundwater analytical results from the Hanford Site.  This list includes analytes known or 
expected to be associated with former operations and activities at the Hanford Site, and which 
may or may not be detected in river media.  Constituents that were detected at least once in a 
medium (i.e., regardless of FOD) and are listed on the “inclusion list” in the RCBRA were 
further screened relative to risk-based benchmarks (see Section 3.7.3) to determine whether these 
constituents should be included as COPCs.   
 
An exception to this process is that related to inclusion list radionuclides in fish tissue.  As 
discussed in Section 3.3.6.4.4, the sporadic detections of five radionuclides (cesium-137, 
plutonium-239/plutonium-240, strontium-90, technetium-99, and tritium) are suggestive of the 
presence of false-positives.  Because these results were considered unrepresentative of true-
positive results, these five radionuclides were excluded as COPCs from the HHRA.   
 
3.7.2 Consideration of Detection Status 

Detected analytes are the focus of COPC refinement.  Constituents detected very infrequently or 
never detected are assumed to pose a relatively low health risk relative to more frequently 
detected constituents.  Constituents that were never detected in a medium were not considered as 
COPCs and not carried through the quantitative risk assessment.  Constituents detected in fewer 
than 5% of samples, where 20 or more samples were analyzed, were evaluated further to 
determine whether they should be retained as COPCs, with the exception of inclusion list 
analytes (see Section 3.7.1).  This additional evaluation, which is generally consistent with EPA 
risk assessment guidance (EPA/540/1-89/002), considered spatial distribution and magnitude of 
concentration relative to  human health screening benchmarks or other criteria.  The evaluation 
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of nondetect or low frequency constituents is further discussed in Section 7.0, the uncertainty 
analysis.  
 
3.7.3 Comparison of Upper-Bound Concentrations to Screening Criteria 

The next step of the COPC selection process is a comparison of upper-bound concentrations of 
an analyte to human health risk-based screening criteria.  This comparison was conducted as a 
means of focusing the COPC list on constituents that are the most toxicologically relevant to 
human health.  All inclusion list compounds were carried through this screening process.  All 
non-inclusion list analytes present at a FOD greater than 5% were also carried through this step, 
as indicated in Figure 3-44.  
 
In accordance with the RI Work Plan, the 95% UCL of the mean concentration (or maximum, 
where a UCL could not be calculated due to low number of samples or low FOD) of each 
relevant analyte was compared to a variety of medium-specific human health risk-based 
screening criteria.  This concentration screening approach is consistent with EPA risk assessment 
guidance (EPA/540/1-89/002).  Constituents with a 95% UCL (or maximum) concentration 
exceeding the screening criteria were identified as COPCs that were then carried through the 
quantitative HHRA.  Conversely, constituents with 95% UCL or maximum concentrations below 
these conservative benchmarks are assumed to pose relatively negligible risk and not evaluated 
further in the HHRA.   
 
The human health benchmarks that were used to select COPCs for surface water, island soil, 
sediment, and fish tissue include both risk-based concentrations, which reflect potential health 
effects, as well as other regulatory standards and criteria, as available.  The selection of the 
appropriate criteria relies on the EPA Region 10 Memorandum dated April 17, 2007 
(EPA 2007), which provided recommendations for human health screening at EPA Region 10 
CERCLA and RCRA sites.  As per this memorandum, risk-based screening values for 
noncarcinogenic effects were adjusted downward by a factor of 10 to reflect a hazard quotient of 
0.1; cancer-based values were based on 1 x 10-6 cancer risk and were not adjusted.  A summary 
of the benchmarks to be considered in this evaluation is presented below by medium.  
Summaries of the benchmarks considered in this process are provided in Table 3-15 (sediment 
and soil), Table 3-16 (surface water), and Table 3-17 (fish tissue).   
 
For each constituent, risk-based or regulatory criteria from a variety of sources, including both 
EPA and Ecology, were reviewed, and then the lowest potentially relevant value from among 
these individual sources was chosen as the final human health screening value.  This value was 
then compared to the 95% UCL (where a 95% UCL could be calculated) concentration for each 
analyte detected at an FOD >5% (when at least 20 samples were analyzed for that constituent) in 
sediment, island soil, or surface water data collected from the study area.  Constituents with 
95% UCL concentrations exceeding the human health-based benchmarks were retained as 
COPCs to be carried through the quantitative risk assessment.  For cases in which a benchmark 
was not available for a particular constituent, the benchmark for another constituent that was 
structurally similar to the chemical of interest was used, as appropriate (EPA/540/1-89/002).  If a 
reasonable surrogate was not available, then the constituent was excluded as a COPC but was 
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addressed qualitatively in the uncertainty analysis (Section 7.0).  Screening values were, 
however, available for most detected contaminants. 
 
The following sections discuss the benchmarks for each environmental medium.  
 
3.7.3.1  Sediment and Soil.  Directly applicable human health criteria for sediment or island 
soils under a recreational or subsistence fishing exposure scenario have not been identified.2  
Therefore, to be protective, available human health-based benchmarks for residential exposures 
to soils were used as screening criteria for both sediment and island soil.  The use of residential 
soil benchmarks for the evaluation of nonresidential soil/sediment exposures is likely very 
conservative, because the frequency of access to and contact with island soils and sediments is 
expected to be much lower than those for soils in a residential setting.  Furthermore, some of the 
exposure pathways considered in soil benchmarks (e.g., produce ingestion for radionuclides) are 
not relevant for recreational exposure scenarios.  Nevertheless, these benchmarks were used as 
conservative screening criteria for selection of sediment and island soil COPCs in order to refine 
the COPC selection process.  The soil benchmarks were drawn from the following sources:   
 
 OWSER 9355.4-24, Supplemental Guidance for Developing Soil Screening Levels for 

Superfund Sites. 
 

 EPA/540/R95/128, Soil  Screening Guidance:  Technical Background Document. 
 
 ORNL, 2012, “Regional Screening Levels for Chemical Contaminants at Superfund Sites,” 

screening level/preliminary remediation goal website.  Regional screening levels for 
residential soil were used.  Regional screening levels were available for both chemical and 
radiological constituents. 

 
 Ecology, 2012, Ecology Cleanup Levels and Risk Calculation (CLARC) Searchable 

Database, Method B Unrestricted Land Use Values for Soil.  The lower of noncancer- and 
cancer-based values was applied. 
 

 EPA/540-R-00-006, Soil Screening Guidance for Radionuclides, Technical Background 
Document, “Table D.1, Generic (No Accounting for Decay) Soil Screening Levels for 
Radionuclides,” was used in this comparison.  The minimum value between direct ingestion 
of soil and external radiation exposure was applied.  

 
Table 3-15 summarizes these benchmarks for island soil and sediment.   
 
3.7.3.2  Surface Water.  Surface water in the stretch of the Columbia River comprising the 
study area is used for both recreational purposes (i.e., boating, fishing, swimming) and, after 
filtering and treatment, as a drinking water source for various municipalities (e.g., Richland).  

                                                 
2 The freshwater sediment benchmarks identified to date are either focused exclusively on protection of ecological 
biota or are stated to be protective of both human health and ecological receptors and, thus, are not directly relevant.  
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For surface water, the following criteria were considered as relevant criteria: 
 
 ORNL, 2012, “Regional Screening Levels for Chemical Contaminants at Superfund Sites” 

screening level/preliminary remediation goal website.  Values for residential tap water were 
used.  Regional screening levels were available for both chemical and radiological 
constituents. 

 
 EPA 2009, National Recommended Water Quality Criteria.  Values for “consumption of 

water and organisms” were used.  These criteria are available only for chemical constituents. 
 
 EPA 822-S-12-001, 2012 Edition of the Drinking Water Standards and Health Advisories.  

Values for maximum contaminant levels (MCLs) were used if available; if not available, then 
Health Advisories were used (EPA 822-S-12-001).  Radiological drinking water MCLs for 
radioisotopes were obtained from EPA/540-R-00-006. 

 
 Ecology CLARC Searchable Database, Method B Surface Water Standards and Method B 

Groundwater Standards (Ecology 2012).  The lower of noncancer- and cancer-based values 
was applied.  CLARC values are available for only chemical constituents. 

 
Surface water benchmarks are summarized in Table 3-16. 
 
3.7.3.3  Fish Tissue.  Fish screening criteria consisted of EPA regional screening levels for fish 
(ORNL 2012).  These levels were adjusted to account for the enhanced fish consumption rate of 
the Avid Angler scenario (see Section 4.0).  Fish screening levels are summarized in Table 3-17.   
 
The fish data set was evaluated for COPC selection in two different ways, although the same 
overall approach was used to select fish tissue COPCs in either case.  The initial analysis 
supported the assessment of all fish species (combined).  For this approach, data from all fish 
species were combined from across all three sub-areas and evaluated for COPC selection for fish 
as a single exposure medium.  The second analysis supported the assessment of ingestion risks of 
individual fish species.  In this analysis, each of the six fish species was evaluated separately and 
COPCs selected for each fish species.  
 
Fillet, carcass, and liver/kidney analytical results were used to select fish tissue COPCs.  
However, the majority of the fish consumption diet is assumed to come from fillet, and the risk-
based screening levels are based on consumption rates for a diet assumed to consist primarily of 
fillet.  Carcass and liver/kidney only comprise a small fraction of the total fish diet.  For a typical 
angler, who mainly eats fillet, it was assumed that a small fraction of carcass (5%) could be 
inadvertently consumed along with fillet, from pin bones, etc.  Native American groups may use 
bones for soup as well as consume liver and kidney, although fillet comprises most of their fish 
diet (Harris and Harper, 1997 and 2004).  Therefore, carcass and liver/kidney comparison 
concentrations (i.e., 95% UCL or maximum) were multiplied by a factor of 5% to account for the 
small percentage of the total diet that these tissues comprise.  This adjusted concentration was 
then compared to the screening criterion to select COPCs. 
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The selection of fish tissue COPCs based on all species is shown in Tables 3-21 through 3-23.  
For the six individual fish species (bass, carp, sturgeon, sucker, walleye, and whitefish), the 
COPC selection process is shown in Tables 3-24 through 3-35, respectively. 
  
3.7.4 Summary of Contaminants of Potential Concern 

Tables 3-18 through 3-20 summarize the selection process for each COPC based on this 
screening comparison for sediment, island soil, and surface water, respectively.  Fish COPC 
selection for all species combined is presented in Tables 3-21 through 3-23, and for individual 
species in Tables 3-24 through 3-35.  These tables show for each detected constituent basic 
summary statistics, 95% UCL and maximum concentrations, the final human health screening 
values, and the rationale for COPC inclusion or exclusion. 
 
Note that for the purposes of identifying COPCs, the summary statistics and 95% UCLs (or 
maximum concentrations) used in the screening comparison for each medium were based on 
combined data from all three sub-areas.  Sediment statistics included both shallow and deep 
(core) sediments.  The combination of such data allowed for a robust data set per medium and 
more accurate determination of the 95% UCL (by reducing intra-media variability).  
 
Table 3-36 provides a summary of COPCs for soil, sediment, surface water, and fish tissue (all 
species combined).  Table 3-37 summarizes the COPCs selected for the individual fish species.  
As indicated in that table, the following observations can be made: 
  
 VOCs and SVOCs were identified as COPCs for only one medium:  surface water. 

 
 Island soil and sediment had comparable lists of COPCs, due to use of the same conservative 

screening benchmarks and similar nature/distribution of detected analytes. 
 
 Metals and radionuclides were most consistently selected as COPCs across all four media. 
 
 Fish tissue had the highest number of COPCs compared to other media, with metals and 

PCBs/pesticides comprising the COPCs. 
 
These COPCs are the constituents that were carried through the quantitative risk assessment.   
 
 
3.8 EVALUATION OF REFERENCE CONCENTRATIONS 

There are a number of sources unrelated to the Hanford Site releases that may potentially release 
contaminants to the Columbia River and contribute to cumulative health risk.  Therefore, it is 
important to understand the contribution of these sources when evaluating risk.  To accomplish 
this, data collected from the Hanford Site Study Area were compared to data collected from 
Reference areas (e.g., Upriver or tributaries or wasteways) that drain into the Columbia River, 
and were considered along with information about Hanford Site releases as well as local and 
regional sources of contaminants.  The end result of this process was a determination of whether 
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a COPC was either “consistent with Reference” (i.e., a Reference COPC) or “not consistent with 
Reference” (i.e., a Study Area COPC) conditions.   
 
The approach for COPC refinement includes a process for identifying those COPCs that are 
present at concentrations consistent with those in Reference areas using statistical comparisons.  
This process is consistent with guidance pertaining to selection of COPCs for risk assessment 
(EPA/540/1-89/002, Part A, Chapter 5, “Data Evaluation”).  Additionally, analytical results were 
evaluated with respect to results reported in other published studies and databases, and 
considered along with process knowledge, history, and fate and transport information specific to 
the Hanford Site.  
 
Note that this HHRA did not eliminate any COPCs from further evaluation based on these 
comparisons with reference concentrations (RfCs).  Rather, these comparisons were used to 
classify COPC as either “not consistent with Reference” (Study Area COPC) or “consistent with 
Reference” (Reference COPC), such that the FS ultimately performed, if necessary, for the 
Hanford Site Study Area can focus on Site areas/constituents that may pose excess risks above 
and beyond baseline conditions.   
 
It is also important to note that the objective of the Study Area-Reference comparison is to 
evaluate whether Study Area concentrations of COPCs are higher than, lower than, or consistent 
with those of Reference/OCI areas.  This evaluation does not attribute the presence of a COPC 
directly to a Hanford Site source, although potential sources of contaminants are discussed where 
relevant.  Thus, the presence of a constituent designated as a “Study Area” COPC is not 
necessarily related to Hanford Site releases; conversely, a constituent designated as a 
“Reference” COPC is not necessarily related solely to other anthropogenic or natural sources of 
contaminants. 
 
3.8.1 Reference Comparison Approach 

3.8.1.1  Reference Data Set.  Contaminants unrelated to Hanford Site releases have been 
introduced into the Hanford Site Study Area by various sources, such as mining industries 
located upriver from the Hanford Site, irrigation returns, and locations where other rivers enter 
the Columbia River (collectively termed “other contributing influences” or “OCIs”). 
The potential current and historical contaminant sources upriver of the Hanford Site and in OCIs 
within the study area are described in detail in the RI Work Plan (DOE/RL-2008-11) and 
WCH-91, and include the following: 
 
 Upriver sources – Mining operations, smelting, pulp and paper production, runoff from 

cities and agricultural areas, municipal and industrial wastewater treatment plants, 
atmospheric testing, and other activities that have released materials that reach the river.   
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 Global contributing sources – Worldwide atmospheric nuclear testing contributed to 
radionuclide contaminants in surface waters and ultimately to sediments throughout the 
Pacific Northwest.  Associated contaminants consist primarily of radionuclides such as 
cesium-137 and strontium-90, along with shorter lived radionuclides such as cerium-141, 
zirconium-95/niobium-95, and ruthenium-103/106.  

 
 Naturally occurring sources – The following naturally occurring inorganic elements and 

radionuclides have been detected at background sediment locations:  antimony, arsenic, 
barium, cadmium, manganese, nickel, potassium, uranium, zinc, uranium-234, uranium-238, 
and potassium-40.  Aluminum, arsenic, barium, cadmium, manganese, elemental uranium, 
tritium, uranium-234, and uranium-238 have been detected in surface water samples from 
Reference locations.   

 
 Municipal/urban sources – NPDES-permitted discharges to the Columbia River include 

stormwater, minor industrial process wastewater, contact and noncontact cooling waters, 
treated waters, and construction sites.  Urban contributions including unpermitted residential 
and commercial stormwater runoff, residential use of fertilizers and pesticides, and septic 
sewage systems are some of the potential sources of contamination from communities along 
the banks of the Columbia River.   

 
 Agricultural sources – Water from the irrigation returns in the Hanford Site Study Area has 

been sampled, and contaminants include nitrogen, phosphate, copper, uranium, and 
suspended solids.  Uranium is commonly present in phosphate-based fertilizers and is a 
natural constituent that weathers from some types of rocks in the region.  Historical pesticide 
applications on agricultural land may have resulted in releases of arsenic, lead, and 
chlorinated pesticides to the Columbia River and its tributaries. 

 
 Commercial/recreational vessels – Recreation and commercial activities on the 

Columbia River contribute contamination to surface water and sediments via marinas, boats, 
or other recreational watercraft, and discharge of bilge and ballast water, engine oil, spills, 
and materials associated with boat and shipyard maintenance. 

 
 Anadromous fish returns – Fish throughout the world have body burdens of PCBs, 

pesticides, mercury, and other constituents known to biomagnify.  Because the 
Columbia River provides spawning habitat to a variety of anadromous fish species, the return 
and death of these fish may potentially act as a source of such contaminants to the 
Columbia River (Rice and Moles 2006, Assessing the Potential for Remote Delivery of 
Persistent Organic Pollutants to the Kenai River in Alaska; Krummel et al. 2005, 
“Concentrations and Fluxes of Salmon-Derived Polychlorinated Biphenyls (PCBs) in 
Lake Sediments”). 

 
Sediment, surface water, island soil, and fish tissue data from the Hanford Site Study Area were 
compared to separate Reference/OCI data that consisted of samples collected from a subset of 
Reference/OCI areas.  The Reference/OCI data set was different for each sub-area:  wasteways 
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and tributaries that empty directly into or upstream of the Hanford Site Study Area were included 
as part of the Reference/OCI data set, as well as all samples from the Upriver Sub-Area.  
Table 3-38 summarizes the locations at which Reference/OCI samples were collected and used. 
 
As described above, the Reference data set for all sub-areas includes a small number of samples 
from wasteways and irrigation returns, which convey runoff from agricultural fields located near 
the Columbia River.  Because water and sediment of wasteways and irrigation returns may 
contain higher concentrations of some constituents than other Reference areas, the potential 
exists that inclusion of these analytical results may bias the Study Area-Reference comparison 
such that Reference area concentrations may be inflated and COPCs may be erroneously 
identified as Reference COPCs, when in fact they may be at higher concentrations in the Study 
Area.   
 
To evaluate the potential effects of including wasteway and irrigation return data in the 
Reference data set, a Wasteway Supplemental Analysis (Appendix N) was conducted to 
determine whether including wasteway and irrigation return (WW/IR) data in the Reference data 
set had any effect on the findings or outcome of the Study Area-Reference comparison.   
 
The results of this evaluation indicate that inclusion of the WW/IR data does not impact 
designation of a COPC as a Reference COPC.  In nearly all instances, the detected 
concentrations of COPCs in the WW/IR data set were within or below those of other reference 
locations, including upriver areas and major tributaries.  Where WW/IR concentrations were 
higher than those of Upriver and major tributary (UR/MT) locations, exclusion of WW/IR results 
from the comparative analysis did not result in a change from a COPC’s status as a Reference 
COPC.  Therefore, inclusion of the WW/IR does not change the conclusions of the HHRA.  Full 
details of this evaluation can be found in Appendix N. 
 
Reference/OCI samples were collected for four media:  sediment, surface water, soil, and fish 
tissue.  The sediment Reference/OCI samples were all “shallow” samples, collected from depths 
of 0 to 30 cm (0 to 12 in.) below the sediment/water interface.  Soil and fish tissue Reference/ 
OCI samples were collected only in the Upriver Sub-Area (upstream of RM 388, Vernita 
Bridge).  
 
Samples collected in the Upriver Sub-Area are shown in Table 3-39 for sediment, surface water, 
soil, and fish tissue.  Sediment and surface water Reference/OCI samples for the 100 Area 
Sub-Area are shown in Table 3-40.  Table 3-41 presents the Reference/OCI surface water and 
sediment samples in the 300 Area Sub-Area, and Table 3-42 contains this information for the 
Lake Wallula Sub-Area.   
 
Summary statistics for the Reference/OCI data set are presented in Tables 3-43 through 3-60.  
These tables contain the number of samples, FOD, minimum, maximum, mean, and sampling 
location of maximum.  All summary statistics are presented for only the constituents identified as 
COPCs in Study Area media.  Sediment, soil, and surface water statistics are shown in 
Tables 3-43 through 3-45, respectively.  The fish tissue data are presented for all species, 
combined in Tables 3-46 through 48 (fillet, carcass, and liver/kidney, respectively) and for the 
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individual fish species in Tables 3-49 through 3-60.  These data are presented in this manner, 
since health risk from fish is addressed using two different approaches (across all species and by 
individual species).  More discussion related to these approaches is provided in subsequent 
sections in this chapter. 
 
3.8.1.2  Study Area Data Set.  The “Study Area” analytical data used in the comparative 
analysis is the same HHRA data set described previously in Sections 3.2 and 3.3 and includes 
analytical results from the 100 Area, 300 Area, and Lake Wallula Sub-Areas (i.e., the 
Hanford Site Study Area).  The data from each sub-area were compared to data from the 
appropriate Reference/OCI data set specific to each sub-area.   
 
In the following sections, the methodology used to compare analytical results between the 
Hanford Site Study Area and the Reference/OCI area is described and then the results of those 
comparisons are presented.  
 
3.8.1.3  Methodology to Select Study Area and Reference COPCs.  Figure 3-45 depicts the 
process used to determine whether a COPC was classified as either a Study Area COPC or a 
Reference COPC.  In general, the following questions were asked to make this determination:   
 
1. Are there enough data to conduct a statistical analysis that will indicate whether COPC 

concentrations in the Study Area are elevated with respect to those in the corresponding 
Reference Area? 
 

2. If there are adequate data, is there a statistically significant difference between concentrations 
observed in the Study Area relative to Reference/OCI areas? 
 

3. If there are few data or positive (i.e., detected) results, are Study Area concentrations 
generally consistent with or higher than those in Reference areas and/or levels cited in 
published studies? 
 

4. Is there other information that would indicate or suggest that the COPC is related to reference 
conditions or to the Hanford Site? 

 
3.8.1.4  Statistical Comparison.  For each COPC in each medium (island soil, sediment, surface 
water, and fish tissue), two-sample statistical tests were used to compare concentrations of the 
constituents between Study Area and Reference/OCI locations, where adequate data were 
available (i.e., FOD >25%, n>4 samples).  The specific test used for comparisons, described 
below and shown as a flow diagram in Figure 3-45, was dependent on characteristics of the 
Study Area and Reference/OCI data sets. 
 
 If there were no detections of a constituent in either the Study Area and/or the OCI data set, 

no statistical comparison of means was made.  Other information was used to make the 
determination. 
 

Exhibit 12c



DOE/RL-2010-117 

Data Evaluation Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume II, Part 1:  Baseline Human Health Risk Assessment 
September 2012 3-72 

Figure 3-45.  Study Area to Reference Comparison Flow Diagram. 

 

 
 
 
 If there were no censored results for a given COPC in both the Study Area and Reference 

data sets and the sample size (n) was greater than four, the Shapiro-Wilk test was used to test 
whether the distribution of the data sets approximated a normal distribution.  If both data sets 
were normally distributed, a Student’s t-test was used to compare the data sets.  If either the 
Study Area or Reference/OCI data set was not normally distributed, a nonparametric 
Wilcoxon Rank-Sum test was used to compare the two data sets. 
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 If either the Study Area or Reference/OCI data set contained at least one censored value for a 
given constituent, the data sets were compared using a Generalized Wilcoxon Test 
(Kalbfleisch and Prentice 1980, The Statistical Analysis of Failure Time Data).  This is a 
nonparametric test that tests the null hypothesis that the Study Area and Reference/OCI 
concentrations are the same and is a recommended approach over substitution methods for 
censored values (Helsel 2005).  As with a standard Wilcoxon Rank-Sum test, the comparison 
is made between the sum of the ranks of the data in each data set.  The Generalized Wilcoxon 
Test assigns an estimated rank to those data below the detection limit.  This statistical test 
does not rely on a specific data distribution (e.g., is nonparametric) and addresses the fact 
that concentrations below a specific value (the reporting limit) are not known.  This test is 
implemented in JMP’s survival statistics platform, which was used to generate KM summary 
statistics (see Section 3.5.8).  Standard comparative statistics were not calculated for data sets 
with more than 75% nondetect values and less than four detected sample results, as noted 
above.  A qualitative analysis, as described below, was performed. 

 
Statistical analyses were completed using JMP® Version 8.0.2.  The input data set used in this 
analysis is the same as that described in Section 3.4. 
 
The results of the statistical comparisons were used as an initial assessment of whether certain 
COPCs are present at concentrations elevated in the Hanford Site Study Area with respect to 
Reference/OCI areas.  The null hypothesis being tested as part of the statistical comparisons is 
that analyte concentrations are the same between the Reference/OCI and Study Area locations.  
The alternative hypothesis is that these concentrations are different.  An alpha (α), or Type I 
error rate, of 0.05 was used to determine if Study Area and Reference/OCI concentrations were 
significantly different.  Setting α to 0.05 means that there is 95% confidence that the Study Area 
concentrations are different from Reference/OCI concentrations.  Two-tailed statistical tests, 
described above, resulting in a p-value of less than 0.05 indicated Study Area concentrations are 
significantly greater or significantly less than Reference/OCI concentrations.  Using an α of 0.05 
provides a trade-off between Type 1 error (“false positive”) and Type 2 error (“false negative”).  
 
Appendix E provides the output for these statistical comparisons.  Tables in this appendix 
include results of the Shapiro-Wilk distribution test, Generalized Wilcoxon Test, Wilcoxon 
Rank-Sum, and Student’s t-test. 
 
The statistical p-values represent the answer to the null hypothesis (Ho):  “Do the samples from 
the Reference/OCI areas and the Study Area sub-areas come from the same underlying 
population?”  If the p-value is statistically significant, (i.e., less than 0.05), then the null 
hypothesis is rejected (i.e., false) and it is concluded that the samples come from different 
underlying populations.  In those cases, the “different underlying populations” may have higher 
concentrations in the Reference/OCI data set or the Study Area data set.  If the p-value is greater 
than 0.05, then the null hypothesis is not rejected and it is concluded that the samples come from 
the same underlying population.  In such cases, the Study Area data are considered “consistent 
with Reference” because there is no statistical difference between the Reference and Study Area 
data sets.   
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Therefore, a COPC is considered “consistent with Reference” for two different statistical 
conditions:  (1) if the p-value is less than 0.05 and the Reference/OCI mean is higher than the 
Study Area mean and (2) if the p-value is greater than 0.05.  This second condition means there 
is no statistical difference between the Study Area and Reference/OCI mean concentrations and 
that the COPC is then considered to be consistent with Reference.  
 
Thus, constituents detected at concentrations in the Study Area that are statistically significantly 
lower than concentrations in Reference/OCI areas, or are not significantly different from 
Reference/OCI concentrations are considered Reference/OCI-related and are categorized as 
Reference COPCs.  If the p-value is less than 0.05 and the Study Area mean is greater than the 
Reference mean, however, then the COPC is considered “not consistent with Reference” and is 
categorized as a Study Area COPC. 
 
3.8.1.5  Qualitative Evaluation.  Across all media, there were constituents that had an 
insufficient number of detects for the statistical results to be considered valid (i.e., if greater than 
75% of results were nondetect) or had a very low sample size, less than or equal to five.  For this 
sub-set of constituents, a qualitative process was developed to determine if the Study Area data 
were consistent with Reference/OCI concentrations.  For constituents with an FOD of less than 
25% and/or a sample size less than or equal to four detected results, the qualitative analysis 
focused on detected results.  A flow diagram of the decision-making process employed for this 
qualitative evaluation is presented in Figure 3-45.   
 
The criteria used in determining consistency with Reference concentrations are as follows: 
 
 COPC concentrations in Study Area samples are generally lower than or similar to those in 

Reference Area samples.  As a rule of thumb, where maximum and mean concentrations 
were similar (i.e., the maximum was within a factor of two and the means were similar) in 
both data sets, a COPC was considered to be consistent with Reference.  In some instances 
where Reference data were all nondetect, Study Area concentrations were evaluated with 
respect to the LRLs/MDA of Reference samples.  If the maximum detected concentration in 
the Study Area was less than the LRL/MDA, then other information, such as typical 
background levels, was used in making the determination of Study Area or Reference COPC. 

 
 COPC concentrations in soil, sediment, surface water, and fish tissue in the Study Area are 

similar to typical “background” values presented in published literature or databases.  
Sources of background concentrations included the Agency for Toxic Substances and 
Disease Registry Toxicological Profiles (www.atsdr.cdc.gov), U.S. Geological Survey values 
for western U.S. soils (Shacklette and Boerngen 1984, Element Concentrations in Soils and 
Other Surficial Materials of the Conterminous United States), Ecology (1994), and 
Ecology’s Environmental Information Management database (fish tissue concentrations.  
Available online at http://www.ecy.wa.gov/eim/).  Overall, this reference was used to 
evaluate a very small number of compounds, since adequate site-specific Reference/OCI 
information was available. 
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 A COPC is not associated with Hanford Site releases, based on historical information on 
releases, Hanford Site soil and groundwater data, and/or fate and transport characteristics of 
the COPC. 

 
If a constituent was determined to be consistent with Reference, then that constituent was 
identified as a “Reference COPC.”  Otherwise, the COPC was identified as a Study Area COPC.  
Note that assignment of a constituent to this category indicates only that the constituent is 
present at levels higher than those of Reference/OCI areas and does not indicate that the 
constituent’s presence is necessarily attributable to Hanford Site releases.  Results of these 
comparisons are discussed by sub-area in Section 3.8.2. 
 
3.8.1.6  Fish Tissue Evaluation.  The Reference comparison for the fish tissue components 
(fillet, liver/kidney and carcass) poses a challenge because multiple species were analyzed 
separately, and sample sizes for each sub-area were small relative to those of abiotic media.  
Additionally, because fish consumption risks were evaluated for individual fish species as well 
as all species combined (see Section 4.0 for discussion), two separate Reference comparisons 
were required for fish tissue: 
 
1. All species combined by tissue type (i.e., fillet, carcass, liver/kidney), by sub-area within the 

Hanford Site Study Area 
 

2. Each individual species by tissue type (fillet and carcass) within the Hanford Site Study 
Area. 

 
Furthermore, fish are mobile and may swim among the various sub-areas as well as in 
tributaries to the Columbia River and may therefore accumulate contaminants from locations 
outside of the Study Area.  Likewise, fish within the Hanford Reach may swim to upriver or 
downriver locations transporting contamination accumulated in the Hanford Reach.  Therefore, 
the Reference evaluation took into consideration factors other than tissue concentration alone.   
 
The criteria described above in previous sections were used to identify Study Area and Reference 
COPCs in fish tissue.  Where an adequate number of detected results for both Study Area and 
Reference populations existed, comparative statistical tests were conducted to determine whether 
the two populations were statistically different.  Constituents determined to have a statistically 
higher mean concentration in Study Area data sets were categorized as Study Area COPCs; 
conversely, constituents with a statistically lower mean, or no significant difference between 
means, were categorized as Reference COPCs.   
 
For the qualitative evaluation, straight-forward comparisons of maximum and mean fish tissue 
concentrations were conducted.  However, the analytical results for the Study Area and 
Reference data sets did not always support this type of evaluation due to discrepancies in 
reporting limits, FOD, and other factors.  Therefore, the Reference status of sediment and surface 
water COPCs was also used to assist in determining whether a constituent was a Study Area or 
Reference COPC.  In some instances, a COPC present in fish was not identified as a COPC in 
abiotic media (e.g., lead).  A statistical comparison for abiotic media was then conducted to 
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determine whether the constituent was consistent with Reference conditions in surface water and 
sediment, as an additional line of evidence.  Results of all statistical analyses are presented in 
Appendix E.  Constituents determined to be consistent with Reference in surface water or 
sediment were identified as Reference COPCs in fish tissue. 
 
Lastly, published information on regional fish tissue concentrations was used as another line of 
evidence in determining whether a COPC was related to the Study Area or consistent with 
Reference conditions.  For published background fish tissue concentrations, contaminant levels 
in fish tissue were obtained from Ecology’s Environmental Information Management 
database (http://www.ecy.wa.gov/eim/).  Database queries were performed on a 
contaminant-by-contaminant basis.  Results meeting the following criteria were included in the 
data set used for the analysis: 
 
 Data for only freshwater locations were used; saltwater/estuarine locations were excluded 
 Only "fillet" or "muscle" tissue type data were included 
 Only detected results were used in the evaluation. 

 
The resulting data set includes freshwater bodies from all counties in Washington State but does 
not include data from the Hanford Site Study Area.  Fish species include common variants of 
bass, burbot, carp, catfish, crappie, perch, pikeminnow, rockfish, salmon, sculpin, sturgeon, 
sucker, sunfish, tonguefish, trout, walleye, whitefish, and other species.  Summary statistics 
(minimum, maximum, mean, median, 75th percentile, and number of results) were then obtained 
on these data using Microsoft Excel (2003); these statistics are summarized for select metals in 
the following table.  
 

Constituent 
Number of 
Detected 
Results 

Minimum 
Concentration 

Maximum 
Concentration 

Median 
Concentration 

75th 
Percentile 

Mean 
Concentration 

Arsenic (total inorganic) 9 0.002 0.01 0.004 0.01 0.004 

Cobalt 151 0.001 0.71 0.02 0.04 0.04 

Lead 309 0.001 4.60 0.03 0.08 0.12 

Mercury, total 1,944 0.0001 1.92 0.11 0.22 0.17 

Vanadium 111 0.01 4.16 0.04 0.15 0.12 

Zinc 400 2.1 71 6.81 12 9.27 

NOTE:  Concentrations are reported in milligrams per kilogram wet weight. 

 
Note that these alternative background statistics were not used solely as a determinant of whether 
a contaminant was identified as either a Study Area or Reference COPC.  These values were 
used only as an additional line of evidence to support the Reference analysis decision, where 
site-specific background data were deemed inadequate to make such a conclusion. 
 
Finally, the fish tissue evaluation sometimes yielded conflicting results for a given COPC among 
the multiple tissue types (e.g., the COPC may be classified as a “Study Area COPC” in fillet, but 
a “Reference COPC” in carcass and liver/kidney).  Because of this, the determination was made 
to base the final fish tissue classification decision on the results for fillet, because this tissue type 
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comprises the vast majority of the fish ingested (>90%).  The only instances where this approach 
was not used was for constituents that were not identified or detected as COPCs in fillet but were 
found only in other tissue types.  Summary tables are provided that indicate the outcome of the 
reference comparison for each tissue type, and the final decision made for fish, all tissue types, 
considered as one complete medium.  Uncertainties associated with this approach, and 
implications for the conclusions of the risk assessment, are further discussed in Section 7.0. 
 
Results of the Study Area to Reference comparisons are presented in the following section. 
 
3.8.2 Results for Study Area and Reference Contaminant of Potential Concern 

Comparison 

Study Area to Reference comparisons were made for all COPCs in all media according to 
sub-area.  In addition, a separate evaluation of individual fish species across the Hanford Site 
Study Area was made, as described in the previous section.  Results for each sub-area and 
medium are presented in tables containing the number of detected results, total N (number of 
samples analyzed), FOD, and maximum detected concentration for Study Area and 
Reference/OCI locations.  Where comparative statistical tests were conducted, the p-value from 
the statistical test is presented to indicate if there is a statistically significant difference between 
the means of the Study Area and Reference data sets.  If this p-value is significant (less than 
0.05), then the location with the higher concentration is listed.  The second to last column of the 
tables indicates whether the Study Area COPC is deemed as consistent or inconsistent with 
Reference data, and the final column contains the rationale for that answer.  Overall, many of the 
COPCs in all media appear to be consistent with Reference conditions.  
 
Subsections 3.8.2.1 through 3.8.2.3 discuss results of the Reference Comparison for the 
100 Area, 300 Area, and Lake Wallula Sub-Areas, respectively.  Subsection 3.8.3.4 presents 
results of the Reference comparison for individual fish species for the Hanford Site Study Area. 
 
3.8.2.1  100 Area Sub-Area.  The results of the Study Area to Reference comparisons for the 
100 Area Sub-Area are presented in Tables 3-61 through 3-63, for surface water, sediment, soil 
and fish tissue (fillet; all species combined), respectively.  Results for abiotic media are as 
follows: 
 
 In surface water (Table 3-61), all COPCs with the exception of fluoride were identified as 

Reference COPCs.  Fluoride was identified as a Study Area COPC, because the mean Study 
Area concentration was statistically higher than that of the Reference/OCI Area; however, 
note that the maximum detected concentration of fluoride in the Study Area was actually 
lower than that detected in Upriver areas. 

 Sediment (Table 3-62) has five COPCs not consistent with Reference data and therefore were 
identified as Study Area COPCs:  hexavalent chromium, uranium (elemental), cobalt-60, 
europium-152, and technetium-99.  The judgment for all these COPCs is based on a 
qualitative evaluation, and each of these constituents was detected at relatively low frequency 
(1% to 27%).  Technetium-99, in particular, is an inclusion list constituent and was detected 
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in only 1 of 95 sediment samples in the Study Area.  Therefore, the inclusion of these 
constituents as Study Area COPCs is based primarily on results for only a few sample 
locations; levels at most of the Study Area sample locations are similar to those of Reference 
areas. 

 
 Island soil (Table 3-63) has three COPCs identified as Study Area COPCs:  arsenic, 

chromium, and carbon-14.  Arsenic and chromium are present at concentrations statistically 
greater than those of Reference areas.  The classification of carbon-14 (an inclusion list 
constituent) as a Study Area COPC is based on a qualitative evaluation because all Reference 
data are nondetects.  However, this radionuclide was detected in only 1 of 29 island soil 
samples. 

 
 Fish tissue results for all species are presented in Tables 3-64 through 3-66 for fillet, carcass, 

and liver/kidney, respectively. Table 3-67 provides a summary of the reference comparison 
outcome for each tissue type.  Fish tissue has a number of chlorinated pesticides and PCBs 
that were retained as Reference COPCs in fillet, although in some instances had higher Study 
Area concentrations in carcass and/or liver and kidney samples.  Note that none of these 
constituents was retained as a COPC in abiotic media, with the exception of PCBs in surface 
water.  These types of constituents are ubiquitous in animal tissue world-wide due to their 
strong tendency for environmental persistence and biomagnification through the food web.  
PCBs in abiotic media were determined to be consistent with Reference conditions.  The fact 
that these contaminants were either not detected in surface water or sediment (such as the 
case for many of the pesticides) or were detected at concentrations consistent with those of 
Reference areas (PCBs) throughout the Hanford Site Study Area suggests that these COPCs 
in fish tissue are consistent with Reference conditions.  Reference area sediment and surface 
water concentrations were higher than those in the 100 Area Sub-Area.  Therefore, these two 
classes of COPCs (pesticides and PCBs) were designated as Reference COPCs in fish tissue 
for the 100 Area Sub-Area.   

 
With the exception of mercury and uranium, nonradionuclide detected metal COPCs in the 
100 Area were present at concentrations lower than those of Reference areas, consistent with 
fillet concentrations from other waterways located within Washington, or were present in 
surface water/sediment at concentrations consistent with Reference conditions.  Mercury was 
found consistent with Reference conditions in abiotic media.  Uranium (elemental) was 
identified as a Study Area COPC in sediment. 
 
The only radionuclide retained as a COPC in fish tissue, carbon-14, was identified as a Study 
Area COPC.  As previously discussed, carbon-14 was only sporadically detected in fish 
tissue.  Note that carbon-14 was identified as consistent with Reference in sediment. 

 
Table 3-68 summarizes the Study Area to Reference comparisons across the four media for the 
100 Area Sub-Area.  There is a general consistency across media for a COPC to be classified as 
either a Reference or Study Area COPC.  Within sediment, surface water, and fish tissue, most 
metals were categorized as Reference COPCs.  As discussed, PCBs and pesticides in fish tissue 
were identified as Reference COPCs.  Pesticides were not a COPC in any of the abiotic media; 
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nondioxin PCBs were identified as a Reference COPC in surface water and were not a COPC in 
either sediment or soil. 
 
3.8.2.2  300 Area Sub-Area.  The 300 Area Sub-Area results for the statistical and qualitative 
comparison between Study Area and Reference locations are presented in Tables 3-69 through 
3-74 for surface water, sediment, soil, and fish tissues.  Results of these comparisons indicate the 
following: 
 
 In surface water (Table 3-69), there are five identified Study Area COPCs:  three are VOCs 

(1,1,2-trichloroethane, 1,2-dichloroethane, and chloroform) and two are metals (thallium and 
fluoride).  Each of the VOCs was detected at a low frequency (6% to 8% of samples).  
However, they may potentially be associated with VOCs that discharge to the river (as 
evidenced by upwelling data) at RM 343-344; furthermore, none was detected in any 
Reference area samples.  Both thallium and fluoride had statistically greater means in the 
300 Area Sub-Area when compared to those of the Upriver Sub-Area.  The remaining 
Reference COPCs include bis-2-ethylhexylphthalate,  nondioxin PCBs, arsenic, chromium, 
and lithium.  Study Area concentrations of these contaminants were lower than those of 
Reference/OCI areas. 

 
 Sediment (Table 3-70) has five Study Area COPCs, all of which are inclusion list 

constituents that are present at levels higher than those of Reference/OCI areas.  These 
include hexavalent chromium and four radionuclides:  cobalt-60, europium-152, 
technetium-99, and tritium.  All these classifications are based on qualitative analyses, as 
either there was an insufficient FOD for statistical tests to be valid or Reference/OCI data 
were not available (such as for tritium).  Other constituents were present at levels lower than 
those of Reference/OCI areas. 

 
 For island soils (Table 3-71), five constituents were identified as Study Area COPCs.  These 

include arsenic, chromium, cobalt-60, europium-152, and strontium-90.  Cesium-137, which 
may be potentially related to fallout from atmospheric testing, and the other nonradioactive 
metals were determined to be present at levels lower than or consistent with those of 
Reference areas.  All of the radionuclides identified as Study Area COPCs were detected at 
relatively low frequencies.  

 
 In fish tissue (all species combined; Tables 3-72 through 3-74 for individual tissue types, and 

Table 3-75 for a summary of all tissue types), heptachlor epoxide, lithium, mercury, uranium, 
and carbon-14 are identified as Study Area COPCs.  In general, the concentrations observed 
in 300 Area fish tissue were similar to those of Reference areas.  Fillet concentrations of 
pesticides and PCBs were lower in 300 Area fish samples relative to Upriver, but some of 
these constituents were higher in 300 Area liver/kidney samples.  Arsenic, cadmium, and 
cobalt concentrations were similar to or lower than those of Upriver areas across all tissue 
types. 

 
Study Area and Reference COPCs in all media in the 300 Area are summarized in Table 3-76.   
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3.8.2.3  Lake Wallula Sub-Area.  The Study Area to Reference comparisons for the Lake 
Wallula Sub-Area was conducted for surface water, sediment, and fish tissue.  There were no 
islands sampled from within Lake Wallula, and therefore no comparison was conducted for 
island soils.  The surface water and sediment results are presented in Tables 3-77 and 3-78, 
respectively.  Fish tissue results (all species) are presented in Tables 3-79 through 3-81 for fillet, 
carcass, and liver/kidney, respectively; Table 3-82 presents a summary of the Reference 
comparison results for fish across all tissue types.  Results of these comparisons indicate the 
following: 
 
 In surface water (Table 3-77), only two COPCs were identified as Study Area COPCs (i.e., 

not consistent with Reference):  TPH (diesel-range) and plutonium-239/plutonium-240.  TPH 
was identified as a Study Area COPC based on a qualitative evaluation; this constituent was 
not detected in any Reference/OCI samples. 

 
Plutonium-239/plutonium-240 is an inclusion list constituent and was classified as a Study 
Area COPC based on qualitative analyses, due to very low FOD; the single detection of 
plutonium-239/plutonium-240 in the Study Area (out of 19 samples) was 5 times higher than 
the single detect observed in the Reference area.  It is intriguing that plutonium was also 
detected in the Reference Area, suggesting that atmospheric deposition from nuclear fallout 
may be a potential source.  Additionally, because the single surface water sample in Lake 
Wallula, in which plutonium isotopes were detected (LW-2SW), was collected from the 
bottom of the water column near the river bed, it is likely that this detection in an unfiltered 
sample reflects suspended sediment rather than dissolved-phase plutonium. 

 
Bis-2-ethylhexyl phthalate, PCBs, and all metals were found to be present at lower 
concentrations in the Study Area relative to the Reference area and therefore are considered 
as Reference COPCs.  

 
 In sediment (Table 3-78), there are only four identified Study Area COPCs considered as not 

consistent with Reference:  hexavalent chromium, cobalt-60, europium-152, and 
europium-154.  Note that a qualitative comparison was conducted for these four COPCs due 
to the limited number of detections.  Europium-154, for example, is an inclusion list 
constituent and was detected in only 1 of 123 samples and at an activity equivalent to the 
maximum MDA of Reference area samples.  The remaining COPCs are all consistent with 
Reference.  

 
 The fish tissue comparison results are presented in Tables 3-79 through 3-81 and summarized 

in Table 3-82.  As with the 300 Area Sub-Areas, nearly all chlorinated pesticides, except for 
heptachlor epoxide, and all PCBs were designated as Reference COPCs.  Also similar to the 
100 Area, heptachlor epoxide was detected only in liver/kidney, and at concentrations only 
marginally higher in Study Area samples.  For metals, Study Area concentrations were 
lower than or consistent with those observed in Reference areas, with the exception of 
uranium.  Uranium was identified as a Study Area COPC in fish carcass, because it was 
detected more frequently and at higher concentrations in Lake Wallula samples, as compared 
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to Upriver samples.  Carbon-14 was the only radionuclide identified as a COPC in fish tissue; 
this constituent was categorized as a Study Area COPC. 
 

Table 3-83 presents a summary of the Study Area to Reference comparison for Lake Wallula for 
all media.  A pattern similar to the other sub-areas is seen in Lake Wallula COPCs—most metals 
are Reference COPCs across media, whereas most radionuclides are Study Area COPCs.   
 
3.8.2.4  Individual Fish Species Evaluation.  The comparison to Reference for six individual 
fish species was completed for fillet and carcass COPCs.  (Because this evaluation was 
conducted for the “avid angler” scenario, further described in Section 4.0, and this receptor is 
assumed to ingest only fillet and carcass, no evaluation of liver/kidney data was required.)  There 
are two tables for each species, for fillet and carcass:  Tables 3-84 and 3-85 for bass; Tables 3-86 
and 3-87 for carp; Tables 3-88 and 3-89 for sturgeon; Tables 3-90 and 3-91 for sucker; 
Tables 3-92 and 3-93 for walleye; and Tables 3-94 and 3-95 for whitefish.  Because a relatively 
low number of tissue samples were available for the Reference area (generally about five 
samples per species), only a limited number of COPCs are classified based on statistical tests.  
The remaining COPCS are classified based on a qualitative evaluation.  The method for 
classifying a COPC as Reference for a species with data for two different tissues was as follows.  
First, the quantitative or qualitative comparisons were conducted.  If the COPC was present in 
fillet, then the Reference or Study Area designation for the fillet was applied to the carcass.  If a 
carcass COPC was not present in the fillet, then the designation was based on the quantitative or 
qualitative evaluation for carcass.  Table 3-96 presents a summary of the Reference comparison 
across all species and tissue types. 
 
Table 3-97 summarizes the Reference and Study Area COPCs across all fish species.  In 
sturgeon and walleye, all pesticides and PCBs are designated as Reference COPCs.  Sucker is the 
only species for which PCBs are designated as Study Area COPCs.  Beta-HCH is a Study Area 
COPC in bass and sucker; delta-HCH is a Study Area COPC in carp; and endrin is a Study Area 
COPC in whitefish.  For the metals, all metals are Reference COPCs in bass.   
 
Tin in carp is the only Study Area COPC for this species.  The only Study Area metal COPC in 
sturgeon is mercury.  Lithium is the only designated Study Area metal COPC in sucker.  
Whitefish has the most metal COPCs designated as Study Area:  antimony, mercury, selenium, 
and tin.  Carbon-14 is the only radionuclide COPC in fish tissue; it is designated as a Study Area 
COPC in carp, sucker, and whitefish. 
 
3.8.3 Study Area to Reference Comparison Conclusions 

The Study Area to Reference comparison was performed by sub-area for surface water, 
sediment, island soil, and fish tissue (all species, combined).  Additionally, a Study Area to 
Reference comparison was conducted for individual fish species within the Hanford Site Study 
Area, as described above.   
 
Table 3-98 presents a summary of the Study Area-Reference determinations across all media 
(soil, sediment, surface water and fish tissue, all species combined).  This table shows how the 
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classification of a COPC as either a Reference or Study Area COPC varies across the various 
environmental media.  The following observations can be made about the various contaminant 
classes: 
 
 Chlorinated VOCs are Study Area COPCs in surface water in the 300 Area Sub-Area; these 

constituents are not COPCs in any other sub-area or medium.  Note that chlorinated VOCs 
such as trichloroethene and tetrachloroethene have not been detected in the most recent 
rounds of surface water samples (i.e., 2008-2009). 

 
 Chlorinated pesticides were identified as COPCs only in fish tissue; in the abiotic media, 

these constituents were infrequently detected and at low concentrations.  With the exception 
of heptachlor epoxide, all other chlorinated pesticides in fish are identified as Reference 
COPCs. 

 
 PCBs were identified as COPCs only in surface water and fish tissue (all sub-areas).  In 

surface water, PCBs are classified as Reference COPCs.  Although not COPCs in sediment, 
PCBs in this medium are present at levels consistent with reference conditions throughout the 
Study Area. 

 
 Fluoride is a COPC in surface water and is present at levels consistent with Reference in 

Lake Wallula but not in either the 100 or 300 Area Sub-Areas. 
 

 Numerous metals are COPCs in all media.  With the exception of arsenic, chromium, 
hexavalent chromium, lithium, mercury, thallium, and uranium (elemental), all other metals 
are identified as Reference COPCs.  Arsenic is a Study Area COPC only in island soil; it is a 
Reference COPC in other media.  As discussed previously, because the arsenic 
concentrations observed in island soil samples are within the range of concentrations 
observed for sediment (which in turn are consistent with Reference sediment concentrations) 
and because the levels of arsenic in soil observed in island soils are consistent with 
background arsenic levels published by Ecology (1994), it is likely that arsenic in this island 
soil may potentially be naturally occurring or at least present at levels consistent with local 
conditions.  However, the existing data set does not allow that conclusion to be made; 
therefore, arsenic was conservatively retained as a Study Area COPC in island soil. 

 
 The following radionuclides have been identified as COPCs in various media and sub-areas:  

carbon-14, cesium-137, cobalt-60, europium-152, europium-154, 
plutonium-239/plutonium-240, strontium-90, technetium-99, and tritium.  These 
radionuclides, with the exception of cesium-137, have been identified as Study Area COPCs.  
Cesium-137 was identified as a Reference COPC in all sub-areas and media.  The presence 
of this radionuclide is assumed to be attributed primarily to atmospheric fallout from 
previous nuclear testing.  
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In summary, many of the COPCs in Columbia River media are identified as Reference COPCs, 
with only select metals, VOCs, and radionuclides identified as Study Area COPCs.  These 
conclusions are consistent with the CSM, which indicates a number of natural and anthropogenic 
non-Hanford Site sources of contaminants to the river.  Volatile organic compounds, chromium, 
and radionuclides, however, are documented contaminants at the Hanford Site. 
 
In the subsequent sections of this HHRA, a COPC that has been classified as not consistent with 
Reference is referred to as a “Study Area COPC,” and a COPC that has been classified as 
consistent with Reference is referred to as a “Reference COPC.”  Cumulative noncancer hazard 
and cancer risk associated with Study Area and Reference COPCs are further discussed in 
Section 6.0. 
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4.0 EXPOSURE ASSESSMENT 

The objective of the exposure assessment is to estimate the types and magnitude of potential 
exposures to COPCs present at or migrating from the Hanford Site.  Exposure is quantified for a 
subset of the human populations potentially exposed to contaminated media via specific 
exposure pathways based on current and likely future potential land use.  The exposure estimates 
are first calculated using COPC-specific EPCs and receptor-specific exposure parameters and 
then combined with toxicity information to characterize the potential risk to human receptors.  
The approach for selection of these exposure scenarios and exposure parameters considered 
previously issued scoping documents (e.g., DOE/RL-2004-49); the RCBRA (DOE/RL-2007-21); 
and numerous meetings, workshops, and discussions with the Tri-Parties and various 
stakeholders during the development of the RI Work Plan (DOE/RL-2008-11).   
 
The exposure assessment was conducted in a manner consistent with EPA risk assessment 
guidance (e.g., EPA/540/1-89/002, Risk Assessment Guidance for Superfund, Volume I:  Human 
Health Evaluation Manual [Part A], Interim Final; EPA/600/P-95/002Fa, Exposure Factors 
Handbook, Volume I:  General Factors;  EPA/600/P-95/002Fb, Exposure Factors Handbook, 
Volume II:  Food Ingestion Factors; EPA/600/P-95/002Fc, Exposure Factors Handbook, 
Volume III:  Activity Factors; EPA/540/R-99/005, Risk Assessment Guidance for Superfund, 
Volume I:  Human Health Evaluation Manual [Part E, Supplemental Guidance for Dermal Risk 
Assessment], Final).  For each identified human receptor at each exposure point, complete or 
potentially complete exposure pathways were identified based on Hanford Site activities and 
uses, and the presence of COPCs in environmental media.  Age groups that represented the 
longest or most intense exposure periods were selected to be adequately protective of all stages 
of a human receptor’s life. 
 
All but one scenario included evaluation of both central tendency exposures (CTEs) and 
reasonable maximum exposures (RMEs) to provide both central and upper-bound estimates of 
potential health risks.  The EPA guidance recommends evaluation of the CTE and RME 
scenarios to provide information on the range of potential risks to each human receptor; 
however, the need for remedial action is typically based on the risks estimated under the RME 
scenario.  Only one scenario based on upper-bound (i.e., RME) EPCs was evaluated for the 
Yakama Nation scenario.  This approach, including most exposure assumptions, is in general 
agreement with the document Yakama Nation Exposure Scenario for Hanford Site Risk 
Assessment, Richland, Washington (Ridolfi 2007) and was conducted in accordance with the RI 
Work Plan (DOE/RL-2008-11).  
 
The exposure assessment discusses the relevant exposure pathways and human receptors through 
a CSM.  The CSM identifies relevant exposure points, representative data, and EPCs and 
presents the physiological exposure parameters, activity factors, and equations used to quantify 
exposures to COPCs in the various environmental media. 
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4.1 EXPOSURE SCENARIOS/CONCEPTUAL SITE MODEL 

Complete and potentially complete exposure pathways are identified and quantitatively evaluated 
as part of the HHRA.  A complete exposure pathway, which links COPCs in an environmental 
medium to a human receptor, consists of the following elements: 
 
 A source and mechanism of chemical release 
 A retention or transport medium 
 A point of potential human contact (exposure point) 
 An exposure route (e.g., dermal contact, ingestion, or inhalation). 
 
Human exposure may be direct (i.e., the receptor contacts the COPC in the affected medium such 
as air, water, or soil) or it may be indirect, involving exposure to chemicals via the food chain 
(e.g., one may ingest COPCs via consumption of fish that have accumulated contaminants from 
surface water or sediments) or through external irradiation.   
 
4.1.1 Conceptual Site Model 

The CSM identifies the sources of contamination and the environmental transport and exposure 
pathways between contaminant sources and applicable receptors by using historical information 
and existing data.  Figure 4-1 provides a CSM summary of contaminant sources, 
transport/migration pathways, potential human receptors, and potentially complete exposure 
pathways.  The current CSM reflects a subset of historical information and available analytical 
data (discussed in Section 3.0), as well as discussions with federal and state regulators and other 
interested parties.   
 
The primary media of concern in the Hanford Site Study Area include surface water, porewater, 
sediment, and island soil that have been impacted by both on- and off-site sources of 
contaminants, as well as naturally occurring elements.  Some of the contaminants in these media 
have also accumulated in fish tissue.  Hanford Site sources are primarily related to historical 
cooling water discharges and ongoing groundwater plume migration and discharge to the 
Columbia River.  As discussed in Section 2.0, off-site sources of contamination that are 
unrelated to the Hanford Site are located upriver, within the Hanford Reach, and downriver of 
the Hanford Site and include both natural sources (such as the result of local geochemical 
conditions); discharges associated with various industrial discharges; agricultural run-off; and a 
variety of other nonpoint source discharges, such as roadway runoff, fugitive dust, atmospheric 
deposition, and discharges from commercial and recreational watercraft.  Potential contaminants 
of concern include organic compounds, inorganic elements, and radionuclides.   
 
The Columbia River is widely used for recreational purposes such as boating, wading, 
swimming, fishing, and water-skiing.  Numerous beaches, boat ramps, and wildlife viewing 
areas are located throughout the Hanford Site Study Area.  The Hanford Reach National 
Monument consists of a 77-km (48-mi) stretch of the Columbia River and federally owned 
riparian lands.  Below the Monument’s southern boundary, recreational use is widespread 
throughout the next 80 km (50 mi) of the McNary Dam impoundment (e.g., Lake Wallula).   
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Figure 4-1.  Conceptual Exposure Model. 
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Numerous islands are located within the Hanford Site Study Area.  Most of these islands are 
owned by federal or state agencies and are designated as conservation/recreation areas.  Many of 
the islands (or portions of the islands) are entirely submerged during periods of high water and 
consequently subject to depositional/erosional forces.  
 
In addition to recreational use, surface water of the Columbia River is used for river 
navigation/transportation; hydropower; and as a domestic, agricultural, and industrial water 
supply.  The city of Richland also relies on filtered/treated river water as its source of public 
drinking water; the Richland Pumphouse, a primary treatment system, is located near RM 340.  
The river also provides essential habitat for a variety of resident and migratory fish and wildlife.  
 
Based on regional land use and beneficial water use, the following exposure scenarios have been 
developed:  
 
 Avid Angler scenario includes both adults and older children (i.e., older than 6 years of age) 

who engage in fishing activities. 
 

 Casual User is an adult or child who uses the river for seasonal recreational purposes. 
 

 Yakama Nation scenario includes local and regional tribes who have ties to the 
Hanford Reach and surrounding lands and use the river on a regular basis.1 
 

 Hypothetical Future Upland Resident scenario in which a child and adult may be routinely 
exposed to sediments from only those portions of the Columbia River that currently have 
dredged channels and that, at some point in the future, may be placed in upland residential 
areas.  This scenario also assumes that the hypothetical resident may use surface water as a 
potable water supply. 
 

These scenarios reflect the receptors most likely to have the longest and/or most comprehensive 
exposures to any of the four river media relevant to human exposures:  sediment, surface water, 
island soil, and fish tissue2.  Accordingly, evaluation of these different receptor groups is 
assumed to be protective of other lesser exposed receptors, such as occasional visitors.  The 
approach for selection of these receptors also considered previously issued scoping documents 
(e.g., DOE/RL-2004-49) and the RCBRA (DOE/RL-2007-21) as well as numerous meetings, 
workshops, and discussions with the Tri-Parties and various stakeholders.   
 
As discussed, the HHRA for the Columbia River evaluates only riverine exposures and does not 
address potential exposure scenarios associated with upland areas of the Hanford Site.  The 
HHRA does, however, include a screening-level evaluation of hypothetical residential exposure 
to sediments assumed to be dredged from the Columbia River channel and placed on upland 

                                                 
1 The Confederated Tribes of the Umatilla Indian Reservation (CTUIR) scenario, although relevant to the Columbia 
River Corridor, is evaluated separately in the RCBRA.  
2 Although contaminants have been identified in porewater, this medium is not considered to be relevant to human 
exposure scenarios. 

Exhibit 12c



DOE/RL-2010-117 

Exposure Assessment Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume II:  Baseline Human Health Risk Assessment 
September 2012 4-5 

areas with no restrictions on use assumed3, as requested by Ecology.  In addition, the HHRA also 
includes a screening-level assessment of potable water use of (unfiltered/untreated) 
Columbia River surface water.  This evaluation of hypothetical future residential use is provided 
in Appendix A.  Each of these scenarios is described in more detail below.   
 
4.1.1.1  Avid Angler Scenario.  The Avid Angler scenario includes both adults and older 
children (older than age 6) who frequently engage in fishing activities in and along the Columbia 
River.  The Avid Angler could potentially be exposed to contaminants through consumption of 
fish from the river.  Other potential routes of exposure to contaminated sediment, island soil, 
and/or surface water include incidental ingestion, dermal contact, external irradiation, and dust 
inhalation while fishing, wading, and/or boating in the river.  Because finfish will likely be 
brought home, fish ingestion for a young child (aged 1 to 7 years) was also evaluated in this 
HHRA; however, it is assumed that a young child would not likely be actively fishing.   
 
4.1.1.2  Casual User Scenario.  The Casual User is an adult or child who uses the Columbia 
River for seasonal recreational purposes.  This scenario includes adults and children who may 
swim, waterski, boat, wade, camp, or participate in other similar types of recreational activities 
along the Columbia River.  Potential routes of exposure to contaminated sediment, island soil, 
and/or surface water for this receptor include incidental ingestion, dermal contact, external 
irradiation, and dust inhalation during these recreational activities.   
 
4.1.1.3  Yakama Nation Scenario.  The Yakama Nation scenario includes local and regional 
tribes who have ties to the Hanford Reach of the Columbia River and surrounding lands.  This 
scenario evaluates subsistence fishing-related exposures for the Yakama Nation.  Potential routes 
of exposure to COPCs in contaminated sediment, island soil, and/or surface water include 
incidental ingestion, dermal contact, external irradiation, and dust inhalation during a variety of 
activities including boating, fishing, wading, or other cultural activities.  Other potentially 
relevant routes of exposure, such as hunting and tribal use of sweat lodges, are being assessed as 
part of the RCBRA and are not evaluated in this report.   
 
The Yakama Nation receptors could also potentially be exposed to COPCs through consumption 
of fish from the river.  For this assessment, it is assumed that the majority of their daily diet 
consists of finfish (e.g., bass, walleye) caught from the Hanford Site Study Area in the 
Columbia River.  This scenario is consistent with the Yakama Nation Exposure Scenario for 
Hanford Site Risk Assessment, Richland, Washington (Ridolfi 2007).  
 
4.1.1.4  Hypothetical Future Resident (Upland Exposures) Scenario.  At the request of 
Ecology, the HHRA evaluated a scenario in which a child and adult may be routinely exposed to 
dredged sediments removed from within existing navigational channels where the ACOE has 
authority to dredge (e.g., 14 ft [+2] mean low water) and placed in upland residentially zoned 
areas.  These are the only receptors identified for which (hypothetical) exposure to dredge spoils 
(e.g., sediments) may occur.  Potential routes of exposure for this scenario include dermal 

                                                 
3 This assessment was performed via comparison of dredgeable sediment concentrations to WAC 173-340, “Model 
Toxics Control Act – Cleanup,” and other potentially relevant benchmarks (see Appendix A).  
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contact with and incidental ingestion of sediment (as soil), as well as the inhalation of dust.  
Additionally, because constituents in the dredged sediment may leach into groundwater, there is 
the potential for hypothetical future residents to ingest or dermally contact (leachable) 
constituents that have migrated to groundwater.  
 
It should be noted that past dredging projects in the Columbia River conducted by the ACOE 
required extensive permitting and evaluations of “beneficial use” of dredged sediments to ensure 
that the ultimate disposition of dredge spoils would not pose risks to future potential 
receptors/users of such materials, for both human and ecological receptors.   
 
In addition to sediment exposures, this scenario included an evaluation of (hypothetical) surface 
water use for potable purposes.  Although the Columbia River is currently used as a source of 
potable water for the City of Richland, filtered and treated water from the river is routinely 
monitored prior to its distribution and meets federal drinking water standards (MCLs), as 
required by the Safe Drinking Water Act.  Therefore, although the river water within the 
Hanford Reach is not currently used as a potable supply, and the downstream user (City of 
Richland) filters, treats, and tests the water prior to its distribution and use, this hypothetical and 
very conservative scenario in which untreated river water is used as a residential drinking water 
supply was included.   
 
Both the drinking water and dredged sediment exposure pathways (i.e., “Hypothetical Future 
Resident” receptor scenario) were evaluated through a simplified screening-level evaluation in 
the HHRA.  Rather than generate cumulative risk estimates for this hypothetical future scenario 
(as was conducted for the recreational and Tribal scenarios), sediment and surface water data 
were directly compared to medium-specific benchmarks protective of residential exposure 
pathways.  This evaluation is presented in Appendix A. 
 
Table 4-1 summarizes the receptors and exposure pathways to be evaluated in the HHRA and 
indicates the type of analysis conducted (either comparative or quantitative).  In addition, these 
receptors and relevant pathways are illustrated in Figure 4-2.  
 
Although there is the potential for recreational users to engage in hunting activities along the 
Columbia River, an “Avid Hunter” scenario (i.e., waterfowl hunter and consumer) was not 
evaluated within this river-focused HHRA.  The rationale for exclusion of this scenario is that 
this HHRA focuses exclusively on river-related exposure scenarios.  Because of the anticipated 
relatively small risk presented by waterfowl hunting (and consumption) as compared to other 
pathways of exposure (such as fish ingestion), this waterfowl hunter exposure scenario was not 
evaluated in this HHRA.  Furthermore, the Yakama Nation scenario evaluated herein assumed a 
protein diet subsisting almost completely of fish caught from the Hanford Site Study Area.  
A comprehensive “Avid Hunter” scenario is included in the RCBRA (DOE/RL-2007-21), which 
evaluates risk for broad-area, upland exposure scenarios.  As described in the RCBRA, this 
receptor is assumed to hunt for and consume upland game (deer, gamebirds) and may also 
include waterfowl.   
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Figure 4-2.  Summary of Human Receptors Evaluated in the 
Baseline Human Health Risk Assessment. 

  
 
 
4.2 EXPOSURE POINTS AND EXPOSURE POINT CONCENTRATIONS   

An exposure point is the distinct location and medium where a receptor may come into contact 
with contaminants.  Exposure points are related to both the potential for exposure and the 
concentrations of contaminants in a medium.  The Columbia River is used for a variety of 
purposes, especially recreational ones.  There are a number of beaches, boat ramps, and parks 
located along the banks of the river in Lake Wallula and lower reach of the 300 Area and, 
consequently, some portions of the river are easily accessible by foot.  The entire Hanford Site 
Study Area is accessible by boat.  Therefore, there is a potential for exposure along much of the 
Hanford Site Study Area under the recreational exposure scenario.  
 
An EPC is the concentration of a COPC representative of an exposure point and is used in 
conjunction with receptor-specific and chemical-specific parameters to quantify noncancer 
hazard and cancer risk.  Exposure points and EPCs are discussed in the following subsections. 
 
4.2.1 Evaluation of Distinct Exposure Points 

Exposure point concentrations are calculated for each exposure point.  It is important to 
understand the distribution of contaminant concentrations with respect to exposure potential 
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prior to calculating EPCs, in order to avoid diluting out “hot spots,” which could potentially 
underestimate exposure and associated risk (see Section 7.0 for more discussion on under- and 
overestimating potential risk).  However, it should be recognized that the EPCs used to estimate 
risk are typically designed to address the variability of the underlying analytical concentration; 
for example, the EPC for reasonable maximum exposures is the 95% UCLs of the mean 
(meaning that there is only a 5% probability that the true mean would be higher) or the 
maximum detected concentration.  See Section 4.2.2 for further discussion of the calculation of 
EPCs.  
 
As described previously, the Hanford Site Study Area was divided into three sub-areas as per the 
RI Work Plan, based on sources of contamination and overall contaminant distribution.  These 
sub-areas include 100 Area (RM 387 to RM 366), 300 Area (RM 365 to RM 340), and Lake 
Wallula (RM 339 to RM 292)4.  A number of environmental samples have been collected from 
these three sub-areas.  Each sub-area encompasses approximately 24 km (15 mi) to more than 
32 km (20 mi) of the Columbia River.  
 
For this evaluation, the three sub-areas that make up the Hanford Site Study Area were further 
assessed to identify any unique exposure points, i.e., areas with relatively elevated contaminant 
concentrations and/or increased potential for exposure.  The ultimate purpose of this evaluation 
is to determine whether it is appropriate to evaluate each sub-area as a single exposure point or 
whether areas of elevated contaminant concentrations exist within each sub-area, which would 
warrant that such points be evaluated as distinct exposure points.   
 
The surface water, sediment, and island soil data described in Section 3.0 were reviewed by 
sub-area to determine if spatial patterns exist indicating a distinct exposure point (i.e., an area of 
elevated concentrations).  Initially, analytical results were plotted by constituent from each 
medium and then patterns examined within and across media.  The preliminary review consisted 
of addressing the following issues/questions: 
 
 Are elevated concentrations present in a single sample or are there multiple samples with 

similar concentrations from the same or adjacent locations? 
 

 Are elevated concentrations more than 10 times the mean concentration for that sub-area? 
 

 Do locations of elevated concentrations occur for similar constituents in sediment and surface 
water? 
 

                                                 
4 Although the Reference locations (i.e., Upriver Sub-Area and OCIs) are part of the RI study area and are used to 
evaluate Reference/OCI conditions in the river (as discussed in Section 3.8), the focus of the HHRA is on potential 
health risks associated with exposures within the Hanford Site Study Area (RM 292 to RM 387).  Therefore, risks 
estimates were not evaluated for Reference areas.  However, and as described in more detail in Section 3.8, risks for 
both “Reference” and “Study Area” COPCs were quantified for each of the three sub-areas within the Hanford Site 
Study Area.  
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 Do any sample locations represent an area with unique exposure potential?  For example, is 
the area locally accessible (such as a beach) or does it currently have limited access 
(e.g., continuously inundated)? 
 

These criteria were developed with two purposes in mind:  first, to be relevant to potential 
human exposure; and second, to capture a representative picture of the spatial distribution of 
COPCs.  This evaluation resulted in the decision to divide each sub-area into two separate 
exposure points, designated as either A or B (e.g., 100-A and 100-B).  For all sub-areas, the “B” 
designation is applied to the portion of the sub-area where elevated concentrations meeting the 
criteria described above were identified.  In other words, the “B” designation represents a 
potential “hot spot” or area of increased contaminant levels, whereas the “A” designation 
encompasses all other locations within that sub-area.  The results of this evaluation and the 
rationale for identification of each exposure point are presented in the following subsections.   
 
Many analytes in surface water, sediment, and soil were examined for consistency with the 
criteria presented above along the entire length of the Study Area.  In surface water, the COPC 
analytes included metals such as arsenic, chromium, hexavalent chromium and thallium, PAHs, 
and radionuclides.  Except for chromium, throughout the entire length of the Study Area the 
concentrations of all other analytes varied by less than an order of magnitude and frequently by 
less than 50%.   
 
For sediment, the COPC analytes evaluated included metals such as arsenic, chromium, 
hexavalent chromium, and uranium; and radionuclides such as cesium-137, cobalt-60, europium-
152, and europium-154.  Of this array of compounds, only four COPCs exhibited significant 
spatial variation: chromium, hexavalent chromium, cesium-137, and europium-152.  
Concentrations of the remaining compounds, similar to surface water, were either fairly 
consistent, varying by much less than an order of magnitude, or had very few samples detected 
above the reporting limit.  Contaminants of potential concern examined in island soil included 
metals such as arsenic and cadmium; and radionuclides such as carbon-14, cesium-137, 
cobalt-60, europium-152, and strontium-90.  Only one analyte, europium-152, exhibited 
substantial spatial variation; concentrations of all others varied by less than an order of 
magnitude or were infrequently detected above the reporting limit.  
 
Each sub-area and the analytes that exhibited spatial variation meeting the criteria discussed 
above are presented below. 
 
4.2.1.1  100 Area Sub-Area.  The data from sediment, surface water, and island soils in the 
100 Area Sub-Area were evaluated for spatial anomalies.  For this portion of the Hanford Site 
Study Area, the distinct exposure point is based on sediment and surface water data, since the 
island soil data showed no discernible spatial variation.   
 
In the sediment data set, the only constituents showing a spatial variation that meet the criteria 
identified above (Section 4.2.1) are total chromium, hexavalent chromium, and the radionuclides 
cesium-137 and europium-152.  Total chromium has the highest concentrations in the 100 Area 
Sub-Area between RM 378 and RM 369, with three samples ranging in concentration from 
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122 to 275 mg/kg.  The three elevated total chromium results are clearly shown in Figure 4-3.  
The value at RM 369 (275 mg/kg) exceeds by a factor of 10 the mean concentration for the 
100 Area Sub-Area (25.8 mg/kg).  Hexavalent chromium concentrations are approximately four 
to eight times higher in two samples at RM 378 and RM 373 relative to other samples.  
Figure 4-4 illustrates the hexavalent chromium results from the 100 and 300 Area Sub-Areas 
with the highest reported concentrations.   
 
In surface water (of the 12 metals identified using the criteria presented above), only total 
chromium and nickel revealed a different pattern of concentration across the Hanford Site 
Study Area.  The highest chromium concentrations are at RM 378 in the 100 Area Sub-Area.  
These results are shown in Figure 4-5.  This location corresponds to the same location of 
elevated chromium concentrations in the sediment data.  The maximum concentration of nickel 
is at RM 378 in the 100 Area Sub-Area, tracking with the chromium maximum concentration; 
however, it does not exceed the human health benchmark. 
 
Based on location of the elevated chromium concentrations in sediment and surface water and 
nickel in surface water, RM 378 to RM 369 is considered a distinct exposure point and is 
designated exposure point 100-B.  The remaining portion of the 100 Area Sub-Area, RM 387 to 
RM 379 and RM 368 to RM 366, is designated as exposure point 100-A.  For each distinct 
exposure point, the EPCs for sediment, surface water, and island soil are based on data from 
sampling locations within this range.  The location of the samples used in the calculation of 
EPCs for exposure point 100-A along with the associated river mile are presented in Table 4-2; 
Table 4-3 shows the same information for exposure point 100-B. 
 
4.2.1.2  300 Area Sub-Area.  In the 300 Area Sub-Area, sediment, surface water, and island soil 
data were reviewed.  In this sub-area, the distinct exposure point is based on island soil, 
specifically, Johnson Island. 
 
In the sediment data set, there is a single elevated value for hexavalent chromium of 17.3 mg/kg 
at RM 357.  This sampling location is in a slough off the main river channel and on the east bank 
(opposite the Hanford Site) of the river.  All other hexavalent chromium samples in the 300 Area 
Sub-Area are generally less than 2 mg/kg.  Concentrations of total chromium in the 300 Area 
Sub-Area show no areas of elevated concentrations, with levels consistently between 9 and 
30 mg/kg.  Therefore, this singular sample at RM 357 is certainly elevated, but is not considered 
a distinct exposure point.  
 
Across the 300 Area Sub-Area, the surface water data did not exhibit spatial variability meeting 
the criteria described in Section 4.2.1.  The metal data were either low concentrations or were of 
low FOD.  For the inorganic constituents nitrate, nitrite, and sulfate, there was not a distinct 
pattern to the data.  Similarly, no hot spots were identified for radionuclides.  
 
In island soils, the distribution of concentrations of metals was identified using the 
criteria presented above.  None of the metal results exhibited a distinct spatial pattern.   
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Figure 4-3.  Sediment – Total Chromium. 
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Figure 4-4.  Sediment – Hexavalent Chromium. 
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Figure 4-5.  Surface Water – Chromium. 
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 When reviewing the radionuclides, only europium-152 showed a strong distinct pattern in the 
300 Area Sub-Area at RM 345 (Johnson Island; see Figure 4-6).  Uranium-233/uranium-234 also 
had an elevated concentration at this same location.  None of the SVOCs (pesticides, TPH, 
PCBs) resulted in a distinct pattern. 
 
Johnson Island is considered a distinct exposure point location based on the elevated soil 
concentrations of cadmium and europium-152 and is labeled exposure point 300-B.  In creating 
this distinct exposure point, sediment data and soil collected from Johnson Island are used to 
calculate the EPCs for 300-B.  Exposure point 300-A covers the remainder of the 300 Area 
Sub-Area from RM 365 to RM 340, with the exclusion of Johnson Island.  For surface water, 
there are fewer sampling locations adjacent to Johnson Island, and therefore an EPC for this area 
adjacent to the island was not calculated.  Surface water sampling locations are used to calculate 
surface water EPCs for both 300-A and 300-B.  Tables 4-4 and 4-5 present the sampling 
locations used in the calculation of EPCs for exposure points 300-A and 300-B, respectively. 
 
4.2.1.3  Lake Wallula Sub-Area.  Surface water and sediment data were evaluated for spatial 
variability in the Lake Wallula Sub-Area.  (The Lake Wallula Sub-Area does not contain any 
islands that were sampled.)  The shoreline (shallow) sediment data from Lake Wallula show 
higher concentrations than either the 100 or 300 Area Sub-Areas for two metals, mercury and 
strontium, and two radionuclides, cesium-137 and europium-152.  The elevated radionuclide 
concentrations occur at the farthest end of Lake Wallula, adjacent to McNary Dam, RM 296 to 
RM 292.  Both cesium-137 and europium-152 concentrations meet the criteria for a distinct 
exposure point.  These results are presented in Figures 4-7 and 4-8.  The surface water data 
showed minimal variation with sampling location.  Thus, RM 296 to RM 292 of Lake Wallula is 
designated as exposure point B (LW-B), and the remainder of Lake Wallula (RM 339 to 
RM 297) is designated as exposure point A (LW-A).  The sampling locations that represent 
exposure points LW-A and LW-B are shown in Table 4-6 and Table 4-7, respectively. 
 
4.2.1.4  Summary of Exposure Points.  Figures 4-9 through 4-11 show the exposure points 
identified as a result of evaluation of spatial trends in contaminant presence and concentration.  
Two distinct exposure points were identified for each sub-area: 
 
 100 Area:  Exposure point 100-A represents much of this sub-area.  Exposure point 100-B 

represents elevated chromium concentrations in sediment and surface water at RM 378 to 
RM 369. 
 

 300 Area:  Exposure point 300-A represents most of this sub-area.  Exposure point 300-B 
represents elevated radionuclide and metal concentrations in soils on Johnson Island and the 
near-shore sediments surrounding this island. 
 

 Lake Wallula:  Exposure point LW-A represents RM 339 to RM 297.  Exposure point 
LW-B represents elevated radionuclide concentrations in shallow (upper 0.2 m [0.5 ft]) 
sediment between RM 296 and RM 292. 
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Figure 4-6.  Soils – Europium-152. 
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Figure 4-7.  Sediment – Cesium-137. 
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Figure 4-8.  Sediment – Europium-152. 
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Figure 4-9.  Map of Distinct Exposure Points, 100 Area A and B. 
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Figure 4-10.  Map of Distinct Exposure Points, 300 Area A and B. 
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Figure 4-11.  Map of Distinct Exposure Points, Lake Wallula Area A and B. 
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4.2.2 Exposure Point Concentrations 

Exposure point concentrations are estimates of the chemical concentrations in environmental 
media at an exposure point to which a potential receptor is likely to be exposed under current and 
reasonable foreseeable future activities and uses.  Exposure point concentrations were calculated 
for each exposure point identified within the Hanford Site Study Area using the relevant data 
within the HHRA data set, as previously discussed.  This data set includes surface water, 
sediment, island soil, and fish tissue data up through the 2010 sampling events.  
 
As discussed, this HHRA includes an evaluation of two conditions of exposure:  CTE and RME.  
The CTE condition is representative of the average member of the exposed population and the 
average (arithmetic mean) concentration of the COPCs.  The RME is representative of that 
portion of the population that experiences the greatest potential for exposure, based on 
characteristic behaviors and upper-bound concentrations of COPCs.  The same toxicity values 
were used to assess both CTE and RME scenarios; refer to Section 5.0 for a description and the 
basis of these data.  The CTE and RME estimates of risk provide the risk manager with a range 
of risk estimates to help capture and illustrate the potential variability in the estimation of risk. 
As previously described, only the one condition (based on RME EPCs and assumptions provided 
in Ridolfi 2007) is provided for the Yakama Nation receptor group.   
 
In general, the process for deriving EPCs, as described in the following sections, follows EPA 
guidance (e.g., EPA/540/1-89/002; OSWER 9285.6-10, Calculating Upper Confidence Limits 
for Exposure Point Concentrations at Hazardous Waste Sites; and EPA/600/R-07/038, ProUCL 
Version 4.00.05 User Guide).  When determining the appropriate metric to use as the EPC, the 
factors considered included the number of available sample results per exposure unit, prevalence 
of censored data, and available and appropriate statistical method(s) that would provide 
reasonable estimates of mean and upper-bound exposures. 
 
The decision logic for choosing an appropriate statistical method was based on the number of 
detected samples and the statistical distribution of the available results for the spatial scale of 
interest.  In general, the arithmetic mean concentration was used as the EPC for CTE and the 
95% UCL of the arithmetic mean concentration was used as the EPC for RME scenarios, in 
accordance with the RI Work Plan (DOE/RL-2008-11).  Use of the mean and upper bound on the 
mean provides a reasonable estimate for exposures anticipated to occur on a chronic basis in 
each exposure point and captures uncertainties inherent with estimating a “true” average 
(EPA/540/1-89/002).  
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As previously discussed in Section 3.5.8, the EPA software ProUCL (Version 4.00.05) 
(EPA/600/R-07/038) was used to calculate means and 95% UCLs.  For analytes with a small 
number of detected sample sizes (ń'), calculation of the mean and the 95% UCL can be 
problematic, however, because of the low number of samples and corresponding statistical 
variability.  Therefore, for COPCs with detected concentrations (n') less than four, the CTE and 
RME were selected according to the following conditions: 
 
 n' = 1; the detected result was used as the EPC for both CTE and RME 

 n' = 2; the maximum detected result was used as EPC for both CTE and RME 

 n' = 3 or 4; the mean was used as EPC for CTE, and the maximum detected concentration 
was used as the EPC for RME. 

Constituents not detected within a particular exposure point were not considered to be relevant 
COPCs for that exposure point; therefore, EPCs were not generated for those constituents.  
 
When the number of detected concentrations was five or greater and the total number of samples 
exceeded the number of detected samples, the following method was used.  Analytical results 
that are below the concentration which the laboratory considers the reliable lower limit of the 
method are referred to as nondetects.  For those samples, the laboratory reports the lower limit of 
detection and assigns a qualifier (“U”) to the result.  These nondetect results are referred to as 
censored data.  The true value of the nondetect result may range from nearly zero (i.e., the 
constituent is absent in a sample) up to laboratory’s detection limit (i.e., the constituent is present 
but at a level that cannot be quantified).   
 
When calculating the mean or the UCL, it is necessary to estimate a value within that range so 
that the mean and UCL are not biased by the detection limits of nondetect results.  One method 
recommended by EPA to calculate substitute values for the detection limits is the KM)estimation 
technique (EPA/600/R-07/038).  This is a nonparametric approach for estimating the mean and 
standard deviation.  Information on the equations for this calculation can be found in 
EPA/600/R-07/038.  For all data sets with less than 100% FOD, the KM technique was used for 
the mean and standard error.  These parameter estimates were then used in the calculation of a 
UCL.   
 
ProUCL performs various distribution fitting evaluations of the data set and then computes a 
UCL in accordance with the best fit distribution.  Occasionally, the data do not fit any 
distribution particularly well.  In such cases, ProUCL computes UCLs for different distributional 
assumptions and/or parametric or bootstrap resampling algorithms.  In such cases, the maximum 
UCL computed was used for the RME estimate. 
 
The following sections describe the data sets and present the EPCs for each medium.  For all 
media and analytes, the tables contain information on FOD (number of detected results and total 
number of samples), the CTE EPC, and the basis for that estimate; and for the RME estimate, the 
maximum detected concentration, UCL value, and basis of the UCL from the ProUCL output. 
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The following discussion presents the EPCs for each medium and distinct exposure point.  The 
backup for these data are the ProUCL outputs, contained in Appendix D.  
 
4.2.2.1  Sediment.  The sediment data set used to calculate EPCs is for shallow surface 
sediments, assumed to be representative of sediments that individuals using the Columbia River 
could logically be exposed to during recreational or fishing-related activities.  Sediment 
samples were generally collected from 0 to 30 cm (0 to 12 in.) below the surface, as described 
in Section 3.0.  In cases where specific depth of a sample was unavailable, this sample was 
assumed to be representative of shallow sediment.   
 
This sediment data set also includes samples representative of varying water depths.  Sediment 
data from areas of deep water (i.e., over 1.8 m [6 ft]) were included within the EPC data set, 
assuming that, even though under current conditions a receptor may not be exposed to such 
sediments, there is the potential that scouring, mixing, and redeposition of sediments from these 
areas may result in potential exposure in the future.   
 
The CTE and RME concentrations were calculated for each distinct exposure point, as 
previously described.  Table 4-8 presents the CTE and RME estimates for the COPC in exposure 
point 100-A, and Table 4-9 presents the same data for exposure point 100-B.  Table 4-10 
contains the sediment EPC data for exposure point 300-A, which encompasses all sediment 
sampling locations on either bank of the Columbia River.  The exposure point 300-B is Johnson 
Island, and the sediment samples are only from that island and are shown in Table 4-11.  
Sediment EPCs for the Lake Wallula A and B exposure points are presented in Tables 4-12 and 
4-13, respectively. 
 
4.2.2.2  Surface Water.  Surface water EPCs are presented in Tables 4-14 through 4-18.  
Tables 4-14 and 4-15 are for the 100-A and 100-B exposure points.  As the 300-B exposure point 
consists of soils on Johnson Island, it was decided that a separate EPC for river water at this 
exposure point was not appropriate because of the limited number of surface water samples 
collected directly adjacent to the island.  Therefore, the surface water EPC is used for the dose 
calculations for exposure points 300-A and 300-B.  Table 4-16 contains the surface water EPCs 
for the 300 Area Sub-Area based on all samples collected within that section of the river.  The 
EPCs for the “A” and “B” exposure points of Lake Wallula Sub-Area are presented in 
Tables 4-17 and 4-18, respectively. 
 
4.2.2.3  Island Soils.  The following three exposure points within the Hanford Site Study Area 
contain islands:  100-B, 300-A, and 300-B.  The 100-B and 300-A exposure points contain 
multiple islands, so the EPC is based on samples collected on different islands (although not all 
islands in a sub-section were sampled).  These EPCs are presented in Tables 4-19 and 4-20, 
respectively.  The 300-B EPCs (Table 4-21) are based solely on samples from Johnson Island. 
 
4.2.2.4  Fish Tissue.  Fish ingestions risks were evaluated using two different approaches.  First, 
fish tissue data from all six species were aggregated together to generate EPCs for fish as an 
exposure medium.  This approach made no assumptions about preferential consumption of 
individual species types and was intended to evaluate general health risks associated with fish 
ingestion in each of the three sub-areas of the Hanford Site Study Area.  

Exhibit 12c



DOE/RL-2010-117 

Exposure Assessment Rev. 0        
 

 
Columbia River Component Risk Assessment 
Volume II, Part 1:  Baseline Human Health Risk Assessment 
September 2012 4-26 

 
The second approach entailed calculation of separate fish EPCs for each individual species as a 
means of evaluating comparative risk among the different fish species.  This second approach 
was applied to only the Avid Angler scenario (note that this is in addition to use of the first 
approach).  Because risk is directly proportional to exposure, the magnitude of difference in fish 
ingestion risks among the species for one receptor (i.e., the angler) may be applied to other 
receptors (i.e., the members of the Yakama Nation).  Thus, evaluation of ingestion risk related to 
consumption of individual fish species for only the Avid Angler scenario will streamline the 
HHRA while also allowing application of the results to the Yakama Nation exposure scenario. 
Note that although the fillet comprises most of the consumable portion of fish, there is potential 
for receptors to consume other portions such as organ meat, skin, and small bones.  Therefore, 
assumptions about the consumable fraction of each tissue type were made in this HHRA for the 
Avid Angler and Yakama Nation exposure scenarios.   
 
Each of these approaches is discussed further below.  Additionally, Sections 4.2.2.4.3 and 
4.2.2.4.4 provide a discussion of the treatment of arsenic and mercury speciation in fish tissue 
EPCs. 
 
4.2.2.4.1  Fish Exposure Point Concentrations:  All Species Combined.  For this approach, 
analytical results for all species were combined to generate fish tissue EPCs in each sub-area.  As 
discussed in Section 3.0, six species of fish were collected in each of the three sub-areas:  bass, 
carp, sturgeon, sucker, walleye, and whitefish.  These species were selected during RI Work Plan 
development as species representative of those frequently caught and consumed in the Study 
Area.  Note that salmon species comprise the majority of fish caught and consumed, particularly 
for Native American groups.  However, due to their anadromous nature (i.e., spending most of 
their lives in the ocean), salmonids were not included in the fish collection program. 
 
It is recognized that not all human receptors will consume all six species of fish, and that 
preferential consumption of certain fish species (such as bass or walleye) is likely to occur.  
However, pooling species increased the statistical sample size so that more robust statistical 
methods could be used.  Furthermore, evaluation of analytical results from fish tissue does not 
suggest that COPC levels are consistently elevated in one fish species with respect to another 
(see Section 3.6.4). 
 
Fish EPCs were generated for each of the three sub-areas.  There are two reasons for this:  first, 
fish are highly mobile; thus, it is not possible to say that fish caught at one location are only 
representative of the environmental conditions of that location.  Second, the number of fish 
collected in each of the three sub-areas (100 Area, 300 Area, and Lake Wallula) was not of 
sufficient number to allow sub-dividing them based on collection location.  Thus, analytical 
results from all fish samples collected within each sub-area are used in the calculation of the 
EPCs for that sub-area (i.e., 100 Area, 300 Area, and Lake Wallula).  The fish tissue samples for 
the 100 Area, 300 Area, and Lake Wallula Sub-Areas are shown in Table 4-22.  Although it is 
possible for fish to swim among the three sub-areas, fish EPCs were developed for each sub-area 
to retain general consistency with the approach used in generating EPCs for other media.  It is 
thus possible that the fish EPCs may not necessarily reflect an assigned sub-area.  However, 
given the size of each sub-area (length varies from approximately 40 to 80 km [25 to 50 mi]), 
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fish home range area, and preference for certain feeding holes for the species evaluated, it is 
likely that fish EPCs are representative of tissue concentrations within each sub-area.  
 
To generate fish EPCs (six species combined), the analytical results for the six fish species were 
first separated by tissue type (fillet, carcass, and liver and kidney).  Representative tissue 
concentrations were then calculated for each tissue type in each sub-area.  These representative 
concentrations were defined as either the 95% UCL or maximum detected concentration, 
depending on number of detected results (see Section 3.5.8).  Therefore, representative 
concentrations were calculated for fillet (which includes skin, except for sturgeon), carcass, and 
combined liver and kidney.  Individual results from liver and kidney samples for the sturgeon 
and carp, for which individual liver and kidney sample results were collected (rather than 
combined, as was conducted for other species), were pooled with the combined liver/kidney 
sample results from other fish species, since there are insufficient results for these individual 
organs to treat them separately.  Representative fish tissue concentrations for different tissue 
types are shown in different tables for each sub-area.  The representative concentrations for the 
100 Area Sub-Area are shown in Tables 4-23 through 4-25, for the 300 Area Sub-Area in 
Tables 4-26 through 4-28, and for the Lake Wallula Sub-Area in Tables 4-29 through 4-31. 
 
From these representative concentrations, separate fish tissue EPCs were calculated for the two 
human receptors assumed to consume fish:  the avid angler (adult, youth, and child) and 
members of the Yakama Nation (adult and child).  As discussed, it is assumed that each receptor 
will consume some fraction of each tissue type (fillet, liver/kidney, and carcass).  For each of 
these receptors, the EPC was therefore weighted by differing percentages of the fish tissue 
components, assuming that each human receptor ingests different portions of a fish.   
 
For the Yakama Nation scenario, it was assumed that 90% of total fish diet consisted of fillet, 
based on recommendations in Exposure Scenario for CTUIR Traditional Subsistence 
Lifeways (Harris and Harper 2004) and “A Native American Exposure Scenario” (Harris and 
Harper 1997).  The remaining 10% of the fish diet was assumed to consist of organ meat and 
carcass.  This remaining fraction was divided equally between these two nonfillet tissue 
components, assuming that 5% of the diet consisted of organ tissue and 5% consisted of carcass.  
For the avid angler, it was assumed that the fish diet consisted primarily of fillet (95%), with a 
small fraction (5%) consisting of carcass (to account for incidental ingestion of pin bones and the 
like) and that no organ meat would be ingested.  For both receptors, the fraction of tissue 
ingested was assumed to be consistent among all age groups evaluated (i.e., child, youth, and/or 
adult). 
 
Fish tissue EPCs for combined species are shown in Table 4-32 for the CTE and Table 4-33 for 
the RME.  Each table contains the EPC for all three sub-areas.  Note that the final EPC for fish 
ingestion is the same for each receptor within an individual sub-area rather than exposure point; 
for example, the fish ingestion EPC for a receptor in the 100-A exposure point is the same as that 
for a receptor in the 100-B exposure point.  As discussed, fish EPCs for combined species were 
generated based on sub-area and not individual exposure points, as was done for the abiotic 
media. 
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4.2.2.4.2  Fish Exposure Point Concentrations:  Individual Species.  As discussed in the 
previous section, fish EPCs were derived for individual fish species, in addition to EPCs derived 
for all species, combined.  This approach was used for evaluation of only the avid angler RME 
scenario, as discussed previously.  For this second approach, EPCs were generated for individual 
fish species to evaluate relative fish ingestion risks among the six species analyzed.   
 
Under the assumption that a receptor may catch and consume fish from anywhere along the 
Hanford Site Study Area, the fish tissue data for each species were aggregated across all three 
sub-areas.  Aggregation of fish tissue data increased the number of analytical results used to 
calculate EPCs by species, reducing intraspecies variability and providing a more robust estimate 
of the 95% UCL. 
 
For each fish species, a representative concentration (either a 95% UCL or maximum, 
depending on the number of detected results; see Section 3.5.8) was first calculated for each 
body part (i.e., fillet and carcass), as in the methodology described in Section 4.2.2.4.1.  
Because EPCs for individual species are used to evaluate only the Avid Angler scenario, in 
which a receptor is assumed to consume fillet and carcass, representative concentrations were 
generated for only these two tissue types.  Representative concentrations for fish tissue by tissue 
type and species are summarized in Tables 4-34 through 4-45.  A weighted species-specific 
fish tissue EPC was then calculated based on the assumption that the avid angler consumed 
95% fillet and 5% carcass.  Table 4-46 summarizes fish tissue EPCs (RME scenario) for each 
species.  Note that the COPCs for individual species may not mirror the COPCs for all species 
combined; this is because constituents were not consistently detected in all fish species. 
 
4.2.2.4.3  Arsenic Exposure Point Concentrations in Fish Tissue.  Arsenic exists in fish tissue 
in two forms:  inorganic and organic (such as arsenobetaine).  The common organic forms of 
arsenic in tissue are generally not considered toxic, unlike inorganic forms (e.g., As3+, As5+) of 
arsenic.  Therefore, in order to understand speciation of this metalloid in fish tissue, select fish 
tissue samples were analyzed for total arsenic and TIAS.  
 
Total arsenic was detected infrequently in fillet, carcass, and liver/kidney samples, and only in 
sturgeon and whitefish.  Arsenic concentrations in carcass and liver/kidney samples were 
generally consistent with those observed in fillet.  Liver/kidney concentrations ranged from 
0.2 to 1.6 mg/kg, with the highest concentration observed in a sturgeon sample collected from 
the 100 Area Sub-Area.  
 
Total inorganic arsenic was analyzed for in most fish species evaluated and detected at a greater 
frequency and in more fish species than total arsenic, due to lower LRLs as a result of 
differences in analytical methodologies between the two analyses.  Results show that inorganic 
arsenic was detected most often in carp, sucker, and walleye; less often in sturgeon and bass; and 
not detected in whitefish.  Sturgeon, however, is the only fish species in which both total arsenic 
and TIAS were consistently analyzed and detected.  In fillet samples, in which these two 
parameters were detected, TIAS comprised less than 1% of the total arsenic concentration, as 
shown in Table 4-47. 
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These sturgeon TIAS results are lower than published values for TIAS in sturgeon in the lower 
Columbia River, in which TIAS comprised approximately 2% to 18% of total arsenic in sturgeon 
(Lorenzana et al. 2009, “Arsenic in Seafood:  Speciation Issues for Human Health Risk 
Assessment”).  Studies of arsenic in fish from Lake Roosevelt, located upriver of the 
Hanford Reach showed that up to 30% of total arsenic in rainbow trout (whole body) and up to 
20% in fillet was in the inorganic form (CH2MHILL 2007).   
 
Liver/kidney samples were not analyzed for TIAS.  Therefore, TIAS concentrations were 
estimated from total arsenic values based on carcass and fillet results.  For this tissue type, it was 
assumed that TIAS comprised 1% of the total arsenic concentration for purposes of calculating 
arsenic fish tissue EPCs.  This assumption is supported by the analytical results.  Across all fish 
species, the mean TIAS concentration in fillet and carcass (combined) is 0.003 mg/kg, 
approximately 0.7% of the mean total arsenic concentration of 0.4 mg/kg (Table 3-6).   
 
4.2.2.4.4  Mercury Exposure Point Concentrations in Fish Tissue.  Most if not all of mercury 
in fish tissue is in organic form.  In the aqueous environment, inorganic mercury in sediments or 
adsorbed to particulate matter suspended in the water column is methylated by anaerobic bacteria 
into methyl mercury, the most bioavailable and toxic form of mercury.  It is this form of mercury 
that preferentially accumulates in fish tissue (ATSDR 1999, Toxicological Profile for Mercury).  
Total mercury was analyzed for and detected in nearly 100% of all fish tissue samples.  
 
Methyl mercury was analyzed in six sturgeon fillet and carcass samples within the Upriver, 
300 Area, and Lake Wallula Sub-Areas.  Methyl mercury concentrations in fillet samples were 
compared to total mercury concentrations in corresponding sturgeon fillet samples in Table 4-48. 
 
Methyl mercury comprises a subset of total mercury concentrations.  However, because different 
analytical methods are used to analyze total and methyl mercury, methyl mercury concentrations 
may exceed total mercury concentrations, yielding a ratio greater than 100%.  As shown in 
Table 4-8, methyl mercury accounts for most or all of the total mercury concentrations in 
sturgeon fillet tissue.  
 
Therefore, it was assumed that methyl mercury comprised 100% of the total mercury 
concentration in all fish tissue and the methyl mercury toxicity value was used to assess risk, as 
further described in Section 5.4.2.  Because total mercury was analyzed for in all fish species and 
tissue types, total mercury data rather than methyl mercury data were used to develop the fish 
tissue EPCs for this COPC. 
 
 
4.3 QUANTITATION OF EXPOSURE   

The quantitative exposure assessment describes a conservative estimate of exposure to a 
representative individual within a subpopulation (receptor group) based on the defined exposure 
scenarios.  The exposure dose therefore represents the amount of a COPC to which an individual 
receptor may come into contact.  It is a function of receptor-specific exposure assumptions and 
chemical-specific exposure parameters.  The material that reaches the receptor’s absorption 
barrier (such as the skin, lung, or gastrointestinal tract) is referred to as the applied dose (for 
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ingestion and inhalation exposures), while the absorbed (or internal) dose is defined as the 
amount of material that actually crosses the receptor’s exchange boundary. 
 
Exposure doses (or intakes) for chemical constituents are calculated as the daily amount of the 
chemical taken into the body per unit body weight per unit time (mg/kg-day; EPA540/1-89-002).  
The general equation used to estimate average daily doses (ADDs; for noncancer effects) and 
lifetime average daily dose (LADDs; for carcinogenic effects) is as follows: 
 

ADD (or LADD) = Total amount of COPC contacted/ingested  
Body weight * averaging period 

 
Exposure intakes are normalized to a receptor’s averaging period (in days).  Note that averaging 
time for noncarcinogenic compounds is equivalent to the exposure duration, whereas the 
averaging time for carcinogens is always equivalent to a 70-year (25,550-day) lifetime 
(EPA/540/1-89/002). 
 
For inhalation exposures, an average daily exposure (ADE; noncancer) and lifetime average daily 
exposure (LADE; carcinogenic effects) is used instead of intake (EPA/540-R-070-002).  Average 
daily exposures or LADEs are calculated, instead of ADDs or LADDs, to make them compatible 
with the inhalation dose-response values presented as Reference concentrations or unit risks (URs) 
(expressed in units of mg/m3 and [mg/m3]-1, respectively).  Exposures are then estimated by 
normalizing fugitive dust or vapor EPCs with averaging times as follows: 
 

ADE or LADE = Time-adjusted exposure concentration for airborne chemicals 
Averaging time 

 
The general intake equation for radiation intake is analogous to that for chemical exposures, 
except that averaging time and body weight are omitted and the dose is presented in units of 
activity (pCi) (EPA/540/1-89/002). 
 
Average daily doses, or LADDS for carcinogenic COPCs, are based on conservative exposure 
assumptions and factors developed in accordance with EPA risk assessment guidelines, Hanford 
Site-specific information, and other relevant guidance.   
 
Exposure doses were calculated using receptor-specific exposure variables and chemical-specific 
exposure parameters (e.g., the appropriate EPCs, anatomical and physiological parameters, 
absorption adjustment factors, skin permeability [Kp] coefficients) to calculate the 
chemical-specific doses or exposures for each receptor and pathway.   
 
All intake and exposure equations and parameters are provided in the following subsections. 
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4.3.1 Sources of Information for Exposure Parameters 

Exposure parameters describe physiological or behavioral aspects of each target receptor and 
will represent a mix of CTE and upper-bound exposure assumptions and recommendations from 
EPA risk assessment guidance, as well as professional judgment.   
 
For the purposes of this HHRA, both CTE and RME scenarios for each receptor group, with the 
exception of the Yakama Nation scenario, were evaluated.  As per the RI Work Plan 
(DOE/RL-2008-11, Section 4.6.5) and in accordance with Ridolfi (2007), only one scenario was 
evaluated for the Yakama Nation scenario, based on exposure parameters.   
 
Standard physiological exposure parameters, such as skin surface areas, body weights, and 
inhalation rates, were based on a receptor’s age range for both males and females and generally 
were the values recommended by EPA, as indicated in various guidance documents 
(e.g., EPA/600/P-95/002Fa, EPA/540/R-99/005). 
 
Several different resources were consulted for the casual user and avid angler scenarios.  
River usage parameters (e.g., time spent fishing or swimming) were taken from PNNL-13840, 
2001 Columbia River Recreation Survey – Implications for the Hanford Site Integrated 
Assessment.  For these recreational receptors, activity factors specific to the Columbia River 
recreational areas were used to estimate exposures.  For the casual user, exposure parameters 
specific to swimming, wading, and waterskiing were considered, since these are the types of 
activities frequently observed on the river.  For the Avid Angler scenario, the majority of anglers 
are assumed to participate in boat fishing (PNNL-13840) or fishing from banks; therefore, 
exposure factors reflect these types of activities. 
 
The Yakama Nation exposure parameters were taken primarily from the white paper titled 
Yakama Nation Exposure Scenario for Hanford Site Risk Assessment, Richland, Washington 
(Ridolfi 2007).  Values from DOE/RL-96-16, Screening Assessment and Requirements for a 
Comprehensive Assessment:  Columbia River Comprehensive Impact Assessment, and Harris and 
Harper (2004) were used for parameters not specifically included in the Yakama Nation report.   
 
The specific exposure parameters for all receptors proposed for quantitative evaluation in this 
baseline risk assessment are summarized in Table 4-49 for CTE and Table 4-50 for RME.  
Specific exposure parameters are further discussed by exposure pathway in Section 4.3.2.  
 
4.3.2 Calculation of Intake and Exposure 

The following subsections present the equations and parameters used to calculate chemical and 
radiological intakes/exposures.  Parameters unique to each exposure pathway are also described.  
Dose calculations for all receptors, as well as the equations and parameters used in calculating 
doses, are provided in Appendices F through L. 
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4.3.2.1  Soil and Sediment Ingestion.  Chemical intake via soil or sediment ingestion is 
calculated using the following equation: 
 

ADD/LADD (mg/kg-day) = (EPCs * IRs * EF * ED * C1)/(BW * AT) 
 
The equation for radionuclide intake (RI) excludes both body weight and averaging time, or 
 

RI (pCi) = (EPC * IRs * EF * ED * C2) 
 
where:   
 

EPCs = soil or sediment EPC (mg/kg or pCi/g) 
IRs = daily soil/sediment ingestion rate (mg of soil/day) 
EF = exposure frequency (days/yr) 
ED = exposure duration (yr) 
BW = body weight (kg) 
AT = averaging time (days) 
C1 = units conversion factor, 1E-06 kg/mg 
C2 = units conversion factor, 0.001 g/mg.   

 
Soil and sediment EPCs were described in Section 4.2 and generally represent the arithmetic 
mean (for CTE) or 95th UCL of the mean concentration (for RME). 
 
4.3.2.1.1  Soil Ingestion Rate.  It is assumed that a small amount of sediment or soil is 
inadvertently swallowed during wading, fishing, or swimming in the river.  For example, soil 
may adhere to hands, and then soil is transferred to the mouth while a receptor is eating.  Soil 
ingestion rates are typically higher in younger children than in older children and adults, due to 
increased hand-mouth activities.  
 
The EPA-recommended daily soil ingestion rates (EPA/540/1-89/002) were used for the Avid 
Angler and Casual User scenarios.  It was assumed that these rates were suitable for both soil and 
sediment exposures.  Children (<7) were assumed to ingest 100 mg (for CTE) or 200 mg (for 
RME) per day, whereas older children and adults were assumed to ingest 50 mg/day or 
100 mg/day (for CTE and RME, respectively) for recreational scenarios (Avid Angler and 
Casual User).  These values are EPA-recommended soil ingestion rates for adults and children.  
The recommended soil ingestion rates (200 mg/day for the adult and 400 mg/day for the child) 
from Ridolfi (2007) were used to evaluate the Yakama Nation scenario.  These enhanced 
soil/sediment ingestion rates are intended to reflect a more active lifestyle.   
 
For exposure points where a receptor was assumed to be exposed on a daily basis to both island 
soil and sediment, these upper-bound daily ingestion rates were split between these two media, 
so that on each day of exposure, one-half of the ingestion rate (e.g., 200 mg/day for the 
Yakama Nation child receptor) was assumed to be derived from soil exposure, and the other 
half was assumed to be derived from sediment exposure.  This approach was taken because the 
soil ingestion rates assume that a given amount of soil (regardless of source) is ingested on a 
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daily basis.  Therefore, assuming the full soil ingestion rate for both media would essentially 
result in the “double-counting” of risks from incidental ingestion of these media. 
 
With the exception described above, it was assumed that the entire daily ingestion rate of both 
sediment and soil ingestion was derived from each exposure point.  This is a reasonable although 
likely conservative assumption, given the active nature of recreational activities that are 
anticipated to occur and the length of time of each exposure event. 
 
4.3.2.1.2  Exposure Frequency.  Exposure frequency describes how many exposure events 
occur per a given time (in this case, a year).  For the CTE scenarios, the exposure frequency 
value of 47 days/yr was used for the Casual User and Avid Angler scenarios; this value is based 
on the average number of visits per year to the Columbia River, as reported in PNNL-13840, 
Table 4.4.  For the RME scenario, an exposure frequency of 58 days/yr was applied to both 
Casual User and Avid Angler receptors.  This value is based on the survey results published by 
PNNL-13840 (in Table 4.4) and represents the maximum number of visits per year to the 
Columbia River among various Washington counties and other areas.  For members of the 
Yakama Nation (both children and adults), the exposure frequency of 150 days/yr is that used in 
DOE/RL-96-16.  
 
4.3.2.1.3  Exposure Duration.  The exposure duration describes the length of time over which 
the receptor comes into contact with contaminants.  The child Casual User and child Avid Angler 
exposure duration of six years represents a child 1 < 7 years; the youth Avid Angler exposure 
duration represents an older child ages 7 < 14 years.  These exposure duration values were used 
to assess both CTE and RME for these receptors.  For the adult Avid Angler and Casual User, 
exposure durations of 9 and 30 years were used to evaluate CTE and RME, respectively.  These 
values are EPA-recommended values for residents (EPA/600/P-95/002Fc).  The exposure 
duration values of 6 years for the Yakama Nation child (1 < 7 years) and 70 years for the 
Yakama Nation adult scenarios are those values recommended by Ridolfi (2007). 
 
4.3.2.1.4  Body Weight.  The body weight of 16.6 kg for the child Casual User and Angler 
scenarios is based on the mean body weight of male and female children, ages 1 < 7 years 
(EPA/600/P-95/002Fa, Tables 7-6 and 7-7).  For the Avid Angler youth, the body weight of 
37 kg is the mean weight of males/females ages 7 < 14 years (EPA/600/P-95/002Fa).  The body 
weights for child members of the Yakama Nation (16 kg) are the EPA recommended value 
presented in OSWER 9285.6-03, Risk Assessment Guidance for Superfund Volume 1:  Human 
Health Evaluation Manual, Supplemental Guidance, “Standard Default Exposure Factors” 
Interim Final, and Ridolfi (2007).  For all adult receptors, the default mean body weight of 70 kg 
was used (EPA/540/1-89/002). 
 
4.3.2.2  Water Ingestion.  Chemical intake via water ingestion is calculated in a 
manner similar to that of soil/sediment, but includes an adjustment based on a receptor’s 
time spent in an activity.  Whereas soil/sediment ingestion is assumed to occur on a daily 
basis, water intake for recreational and fishing scenarios is assumed to occur on an hourly basis.   
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In this HHRA, the quantitative assessment of water intake is associated with incidental ingestion 
of surface water while swimming, wading, waterskiing, or engaging in other similar recreational 
activities in the river.  Water intake is described using the following equation: 
 

ADD/LADD (mg/kg-day) = (EPCw * IRw * ET * EF * ED * EV)/(BW * AT) 
 
The equation for radionuclide intake excludes both body weight and averaging time, or 
 

Radionuclide intake (pCi) = (EPCw * IRw * ET * EF * ED * EV) 
 
where:   

 
EPCw = surface water EPC (mg/L or pCi/L) 
IRw = water ingestion rate (L/hr) 
EF = exposure frequency (days/yr) 
ED = exposure duration (yr) 
ET = exposure time (hr/event) 
EV = event frequency (1 event/day) 
BW = body weight (kg) 
AT = averaging time (days). 

 
Exposure frequency and duration, body weights, and averaging times are the same values as 
those used to assess soil and sediment ingestion, as described in Section 4.3.2.1.  
 
Exposure time values of 4 hr/day and 6.1 hr/day, for CTE and RME, respectively, were used for 
the Casual User scenario (adult and child).  These values are based on the survey data from 
PNNL-13840 (Table 4.6) and represent the amount of time spent per trip when the primary 
activity is waterskiing and secondary activities are swimming and boating.  The CTE value 
represents the amount of time spent engaged in waterskiing, the primary activity, whereas the 
RME value is the total amount of time per trip.  It is likely that this “trip” time includes 
nonriverine activities such as walking to and from the car, unloading boats or other sporting 
equipment, potentially eating on upland areas on shore, etc. 
 
For the Avid Angler scenario, exposure time values of 6.1 hr/day (CTE) and 6.7 hr/day (RME) 
are based on survey data from PNNL-13840 (Table 4.6) and represent the amount of time spent 
engaging in fishing from a boat.  The CTE value represents the time spent fishing from a boat 
and the RME value represents total time spent per trip. 
 
For the Yakama Nation (both children and adults), the exposure time (7 hr/day) is that 
recommended by Ridolfi (2007). 
 
4.3.2.2.1  Water Ingestion Rate.  It is assumed that a small amount of river water is 
inadvertently swallowed during wading, fishing, or swimming in the river.  The ingestion rate for 
surface water for the Casual User and the Yakama Nation receptors is the default value for 
swimming (0.05 L/hr), as recommended by EPA/540/1-89/002, Exhibit 6-12.  The water 
ingestion rate for the Avid Angler is one-half the EPA default values (i.e., 0.025 L/hr).  As the 
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angler is engaged in fishing activities, this receptor is assumed to incidentally ingest only a 
minimal amount of river water while fishing.  These ingestion rates were used to evaluate both 
CTE and RME scenarios. 
 
4.3.2.3  Fish Ingestion.  Fish tissue intakes are calculated in a manner analogous to that of 
soil/sediment.  Chemical intake via fish ingestion is calculated using the following equation: 
 

ADD/LADD (mg/kg-day) = (EPCf * IRf * EF * ED * C1)/(BW * AT) 
 
The equation for radionuclide intake excludes both body weight and averaging time, or 
 

Radionuclide intake (pCi) = (EPCf * IRf * EF * ED * C2) 
 
where:   
 

EPCf = fish EPC (mg/kg or pCi/g) 
IRf = daily fish ingestion rate (mg of fish per day) 
EF = exposure frequency (days/yr) 
ED = exposure duration (yr) 
BW = body weight (kg) 
AT = averaging time (days) 
C1 = units conversion factor (1E-06 kg/mg) 
C2 = units conversion factor (0.001 g/mg). 

 
Exposure duration, body weights, and averaging times are the same values as those used to 
assess soil and sediment ingestion, as described in Section 4.3.2.1.  Unlike soil and water 
ingestion pathways, the ingestion rates for fish consumption are based on year-round, daily 
consumption.  Therefore, an exposure frequency of 365 days/yr was used for all receptors for 
evaluation of the fish ingestion pathway. 
 
For the Avid Angler CTE scenario, the daily fish ingestion rates reflect the 50th percentile value 
for “consumer only” intake of fish (0.443 g/kg-d, or 31 g/day, assuming a 70-kg body weight) in 
the western United States (EPA/600/P-95/002Fb, Table 13-27).  For the Avid Angler RME 
scenario, the daily fish ingestion rates reflect the 95th percentile value (3.73 g/kg-d, or 261 g/day) 
for consumer only intake of fish in the western United States (EPA/600/P-95/002Fb, 
Table 13-27).  This RME ingestion rate is almost 10 times the CTE ingestion rate for this 
receptor.  Fish ingestion rates for the Avid Angler scenario (CT and RME) incorporate an 11% 
preparation loss during cooking, as recommended by EPA/600/P-95/002Fb.  Age-specific fish 
ingestion rates are then calculated by multiplying the estimated rate (mg/kg-day) by the 
appropriate body weight for the receptor.  
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The Avid Angler fish consumption rates used in this HHRA were designed to be consistent with 
those used in the RCBRA.  However, recent EPA, Ecology, and Oregon Department of 
Environmental Quality (DEQ) guidance has been reviewed to determine whether the fish 
ingestion rates are consistent with updated guidelines.  These documents include the following: 
 
 EPA/600/R-090/052F, Exposure Factors Handbook:  2011 Edition 

 Ecology, 2012, Focus on Fish Consumption Rates: Reducing Toxics in Fish, Sediments and 
Water, Ecology Publication Number 12-10-005 

 OAR 340-041-0033, “Toxic Substances,” Oregon Administrative Rules, Chapter 340, 
Division 41, Rule 0033. 

Table 10-1 of the 2011 EPA Exposure Factors Handbook (EPA/600/R-090/052F) values for the 
general US population are higher for the CTE condition (45.5 g/d, or 0.65 g/kg-day) and lower 
for the RME (147 g/d, or 2.1 kg-g/day) condition.  The Ecology preliminary fish consumption 
rate range is 157 to  267 g/day.  The CTE value used in the HHRA is lower than the lower end of 
the Ecology range, but the RME in the HHRA is very close to the upper end of the range.  The 
Oregon DEQ has also recently revised the fish ingestion rate (175 g/day) used in deriving their 
water quality standard development (i.e., OAR 340-041-0033).  This rate is less than the RME 
value used in the HHRA, but higher than the CTE value. 
 
These results suggest that the CTE value in the HHRA may potentially  underestimate fish 
consumption exposure for general fish consumption.  However, the HHRA assumes that 100% 
of the fish consumed originates from the study area (which is likely a very conservative estimate) 
whereas both the EPA and Ecology values reflect fish consumption from a variety of sources, 
both recreational and commercial, for the general population.  The EPA (Table 10-5 of 
EPA/600/R-090/052F, Exposure Factors Handbook) also provides mean and 95th percentile 
rates of 10 and 42 g/day for the state of Washington, based on recreational consumption of fish, 
suggesting that the values used in the HHRA are highly conservative.     
 
The daily fish ingestion rates for members of the Yakama Nation (both children and adults) are 
those recommended in Ridolfi (2007).  These values reflect upper-bound values for the 
U.S. population for each age range and equate to approximately 363 and 519 g/day for the child 
and adult receptors, respectively.   
 
4.3.2.4  Dermal Contact with Soil or Sediment.  Absorption of a COPC via dermal contact 
with soil or sediment is calculated using the following equation: 
 

ADD/LADD (mg/kg-day) = (EPCs * SAs * AF * EF * ED * ABSd * C1)/(BW * AT) 
 
where:   
 

EPCs = soil or sediment EPC (mg/kg) 
SAs  = skin surface area for soil/sediment exposures (cm2) 
AF = skin-soil adherence factor (mg/cm2-day) 
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EF = exposure frequency (days/yr) 
ED = exposure duration (yr) 
ABSd = dermal absorption fraction (unitless) 
BW = body weight (kg) 
AT = averaging time (days) 
C1 = units conversion factor (1E-06 kg/mg). 

 
Exposure frequency and duration, body weights, and averaging times are the same values as 
those used to assess sediment and soil ingestion, as previously described in Section 4.2.3.1.  
Dermal absorption of radionuclides from soil/sediment is not considered a significant pathway 
by EPA (EPA540/1-89-002); instead, external radiation from a ground source is evaluated, as 
further described in Section 4.3.2.7. 
 
4.3.2.4.1  Skin Surface Area and Soil/Sediment Adherence.  Parameters unique to the dermal 
pathway include skin surface area and soil/sediment adherence factors (AFs).  
 
The soil and sediment skin surface area (SAs) value for all receptors assumes sediment or soil 
will contact exposed skin on the face, hands, forearms, lower legs, and feet 
(EPA/600/P-95/002Fa).  These are the areas of the body assumed to be exposed (not covered by 
clothing) and in contact with island soils or near-shore sediments.  Values are calculated 
according to age of receptor.  The EPA-recommended residential SAs of 2,800 cm2 and 
5,700 cm2 were used to evaluate soil and sediment dermal contact for children and adults 
(respectively) in all scenarios (EPA/540/R-99/005, Exhibit 3-5).  These values reflect the 50th 
percentile value for males and females, within the specific age group, for exposed skin on the 
face, hands, forearms, lower legs, and feet.  Because the youth angler receptor encompasses a 
different age range than those reflected in the EPA default values, a SAs of 4,015 cm2 was 
calculated for this receptor.  This value is the mean SAs based on 50th percentile values for males 
and females 7 <15 years old, for exposed skin on the face, hands, forearms, lower legs, and feet 
(EPA/600/P-95/002Fa, Table 6-4).  Skin surface area values for CTE were also used for RME, 
consistent with EPA guidance (EPA/540/R-99/005). 
 
Adherence factors describe the amount of soil or sediment that adheres to the skin following 
contact.  Adherence factors vary depending on the activity as well as soil type; adherence would 
be expected to be higher, for example, for high-intensity activities (such as playing in the dirt) 
than for passive recreational activities such as walking through a park.  Adherence factors are 
also weighted according to the area of skin exposed.  
 
The soil adherence factors for the Casual User child (0.04 mg/cm2-CTE; 0.2 mg/cm2-RME) and 
adult (0.01 mg/cm2-CTE and 0.07 mg/cm2-RME) used in this HHRA are the recommended AFs 
for residential settings (EPA/540/R-99/005, Exhibit 3-5).   
 
Because it is anticipated that a greater amount of sediment would adhere to skin, relative to 
(presumably drier) upland soil, higher AFs were used to evaluate sediment exposures.  The 
sediment AF of 0.2 mg/cm2 for the Casual User child, Yakama Nation child, and Avid Angler 
youth reflects the geometric mean AF for "children playing in wet soil" (EPA/540/R-99/005, 
Exhibit C-3).  This value was selected for both CTE and RME because the Columbia River 
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sediments are of a predominantly sandy matrix that does not absorb water like soils with a high 
organic content.  The AF of 0.1 mg/cm2 for "gardeners" was used for the adult Casual User and 
Avid Angler receptors (EPA/540/R-99/005, Exhibit C-3).  For the Yakama Nation adult receptor, 
the AF of 0.3 mg/cm2 for "reed gatherers" was used, since this was believed to be most 
analogous to the types of culturally based activities in which this receptor may engage 
(EPA/540/R-99/005, Exhibit C-3).  These dermal exposure values were applied to both CTE and 
RME scenarios. 
 
4.3.2.4.2  Dermal Absorption Fraction.  The routes of exposure and the exposure matrices 
upon which toxicological studies and resultant toxicity values are based are often different from 
the route of exposure and exposure matrix of a chemical at a particular disposal site.  This may 
result in different absorption rates and efficiencies.  The dermal absorption fraction from soil 
(ABSd) is used to account for these differences in the absorption of a chemical and allows for 
quantification of absorbed dose.  This assessment relied on chemical-specific dermal ABSd 
provided in Exhibit 3-4 of EPA/540/R-99/005.  For SVOCs without published ABSd (e.g., TPH, 
pesticides), a value of 0.1 (10%) was assumed, in accordance with EPA 2004 guidance 
(Page 6-1, EPA/540/R-99/005).  EPA does not recommend quantifying dermal exposure to 
constituents lacking ABSd.  Therefore, for VOCs and inorganic COPCs lacking published ABSd 
values, absorbed dose was not quantified.  Instead, this lack of absorption data and its impact on 
the HHRA conclusions is discussed in the uncertainty analysis (Section 7.0).  Dermal absorption 
fractions are summarized in Table 4-51. 
 
4.3.2.5  Dermal Contact with Water.  For surface water exposures, EPA-recommended 
equations (EPA/540/R-99/005) were used to estimate dermal absorption of COPCs for each 
exposure scenario.  Dermal absorption from water is a function of the concentration of the 
COPC, the chemical/physical properties of a COPC, as well as the receptor’s exposure time and 
skin surface area.  The general equation used to estimate dermal contact with COPCs in water is 
as follows: 

 
ADD/LADD (mg/kg-day) = (DAevent * SAw * EF * ED * EV)/(BW * AT) 

 
where:   
 

DAevent = absorbed dose per event (mg/cm2-event) 
SAw = skin surface area for water exposures (cm2) 
EF = exposure frequency (days/yr) 
ED = exposure duration (yr) 
EV = event frequency (1 event/day) 
BW = body weight (kg) 
AT = averaging time (days). 
 

For radionuclides, dermal absorption from water is generally not a significant exposure pathway 
relative to other pathways, with the exception of tritiated water vapor (EPA/540/1-89/002, 
Chapter 10).  However, tritium was not identified as a surface water COPC.  Therefore, radiation 
dose and intake from this pathway was not quantified in the HHRA.   
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As an intermediate step in the calculation of dermal groundwater exposures, the absorbed dose 
per event (DAevent) is first calculated.  This value takes into account physical properties of the 
chemical as well as the exposure time unique to each exposure scenario.  The equations used to 
calculate DAevent are those presented in EPA/540/R-99/005 (Equations 3.2, 3.3, and 3.4) and are 
provided in the dose calculations presented in Appendices F through K.  The Kp is a key 
parameter in estimating dermal absorption of chemicals in water.  Kp (cm/hr) represents the 
permeability of a chemical from an unspecified (aqueous) vehicle (such as groundwater) through 
the skin.  Published literature on experimentally measured or estimated values of Kp were used 
for constituents in groundwater (EPA/540/R-99/005).  Table 4-52 provides a summary of Kp 
values as well as other chemical-specific constituents used in the calculation of DAevent. 
 
Some constituents, such as PCBs and other lipophilic organics, have Kp values outside the 
effective prediction domain of the model used to estimate this parameter.  In such instances, EPA 
guidance suggests applying a fraction absorbed value to the Kp, which accounts for loss of a 
constituent due to desquamation of the skin (EPA/540/R-99/005).  Where a published fraction 
absorbed value existed and quantitative assessment was recommended by EPA (as indicated in 
Exhibit B-3 of EPA/540/R-99/005), this value was used to quantify aqueous dermal exposures.  
The EPA does not recommend quantifying dermal aqueous exposures for PCBs, dioxins, or 
PAHs (as indicated in Exhibit B-3 of EPA/540/R-99/005).  Therefore, dermally absorbed dose 
was not estimated for COPCs in water that belong to these classes of chemicals. 
 
4.3.2.5.1  Skin Surface Areas.  The skin surface area (SAw) values of 6,600 cm2 and 18,000 cm2 
used for the child and adult Casual User and Yakama Nation receptors, respectively, reflect the 
50th percentile value for males and females, according to age range, for exposed skin on the 
entire body (EPA/540/R-99/005, Exhibit C-1).  The SAw for the Casual User and Yakama Nation 
scenarios assumes whole body immersion; thus, it is a total body value.  The SAw value for Avid 
Angler receptor reflects the 50th percentile value for males and females, for exposed skin on the 
forearms, hands, face, lower legs, and feet (EPA/540/R-99/005, Exhibit C-1), analogous to what 
was assumed to be exposed to soil or sediment since this receptor spends the vast majority of 
time per trip on a boat.  Youth Avid Angler values are based on the mean SA values for male and 
female children ages 7<14 years (EPA/540/R-99/005, Exhibit C-1). 
 
Exposure frequency, time and duration, body weights, and averaging times are the same values 
as those used to assess water ingestion, as described in Section 4.3.2.2.  
 
4.3.2.6  Inhalation of Dust.  For inhalation pathways (i.e., inhalation of dust), a time-averaged 
concentration in air is used to estimate exposure and calculate risk, and so age-specific 
physiological parameters are not included in the calculation (EPA-540-R-070-002, Risk 
Assessment Guidance for Superfund, Volume I:  Human Health Evaluation Manual, Part F, 
Supplemental Guidance for Inhalation Risk Assessment, Final).  The equation for calculating 
dust inhalation exposure is as follows: 
 

ADE or LADE (mg/m3) = (EPCs * ET * EF * ED)/(PEF * AT * C3) 
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where:   
 

EPCs = soil EPC (mg/kg) 
ET = exposure time (hr/day) 
EF = exposure frequency (day/yr) 
ED = exposure duration (yr) 
PEF = particulate emission factor (m3/kg) 
AT = averaging time (days) 
C3 = units conversion factor (24 hr/day). 

 
Exposure frequency, time, duration, and averaging times are the same values as those used to 
assess other pathways, as described in previous sections.  The particulate emission factor of 
1.36 x 109 m3/kg is the default value provided in Equation 4-5 of OSWER 9355.4-24, 
Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. 
 
For radionuclides, inhalation risk uses an inhalation rate specific to the age range evaluated: 
 

Radionuclide intake (pCi) = (EPCs * InhR * ET * EF * ED)/(PEF * C3 * C4) 
 
where:   
 

EPCs = soil EPC (pCi/g) 
InhR = inhalation rate (m3/d) 
ET = exposure time (hr/day) 
EF = exposure frequency (day/yr) 
ED = exposure duration (yr) 
PEF = particulate emission factor (m3/kg) 
C3 = units conversion factor (24 hr/day). 
C4 = units conversion factor (0.001 kg/g). 

 
Inhalation of soil-borne (fugitive) dust is assumed to occur while the receptors may be visiting 
islands.  In reality, the majority of island soils are likely covered with some type of vegetation, 
which would likely limit the amount of (dry) soil that becomes airborne due to wind or other 
mechanical disturbance.  The inhalation rates for the casual user child (7.6 m3/day) and avid 
angler youth (14.4 m3/day) are age-weighted recommended inhalation rates from Table 5-23 of 
EPA/600/P-95/002Fa.  The inhalation rate for casual user and avid angler adults (13.25 m3/day) 
is the EPA-recommended inhalation rate for adults (EPA/600/P-95/002Fa).  The inhalation rates 
for Yakama Nation child (16 m3/day) and adult (26 m3/day) are the inhalation rates specified in 
Table 3 of Ridolfi (2007). 
 
4.3.2.7  External Radiation.  Dermal absorption of radionuclide COPCs is not a significant 
exposure pathway for radionuclides; rather, external radiation from a ground source is evaluated.  
The amount of radiation is a function of a receptor’s exposure time.  External irradiation is 
calculated according to the following equation: 
 

External radiation exposure (pCi-yr/g) = EPCs * ET * EF * ED/ (C3 * C5) 
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where:   
 

EPCs = soil EPC (pCi/g) 
ET = exposure time (hr/day) 
EF = exposure frequency (day/yr) 
ED = exposure duration (yr) 
C3 = units conversion factor (24 hr/day) 
C5 = units conversion factor (365 days/yr). 

 
Exposure frequency, time, and duration are the same values as those used to assess other 
pathways, as described in previous sections.   
 
4.3.3 Calculation of Radiation Dose 

The intakes and exposures described in the previous section for radionuclides are used to assess 
cancer risk.  In addition to risk, an annual radionuclide dose was calculated for each receptor. 
(Note that CERCLA is not a dose-based program; dose is calculated in this HHRA only to be 
consistent with past Hanford Site risk assessments and in keeping with applicable or relevant and 
appropriate requirements.)  
 
Radionuclide dose is calculated in a manner similar to intake for radionuclides, although it 
excludes the exposure duration term and is multiplied by a dose conversion factor (DCF): 
 

Internal dose-ingestion pathways (mrem/yr) = EPCs,f,w * IRs,f,w * EF * DCFing 
 

Internal dose-inhalation pathways (mrem/yr) = (EPCs * InhR * EF * ET * DCFinh)/(PEFC4) 
 

External irradiation exposure (mrem/yr) = (EPCs * ET * EF * DCFext) / (C3 * C5) 
 
where:   

EPC = Exposure point concentration in soil or sediment (s; pCi/g), fish (f; pCi/g) or 
water (w, pCi/L)  

IRs,f,w  = Ingestion rate of soil, sediment, fish  (g/day) or water (L/hour) 
ET = exposure time (hr/day) 
EF = exposure frequency (day/yr) 
Inh = inhalation rate (m3/hr) 
PEF = particulate emission factor (m3/kg) 
DCFing = dose conversion factor-ingestion (mrem/pCi) 
DCFinh = dose conversion factor-inhalation (mrem/pCi) 
DCFext  = dose conversion factor-external irradiation (mrem/yr per pCi/g) 
C3 = units conversion factor (24 hr/day) 
C4    = units conversion factor (0.001 kg/g) 
C5 = units conversion factor (365 days/yr). 
 

Dose conversion factors are used to convert a radionuclide concentration (activity per mass or 
volume) into a radiation dose.  Radionuclide DCFs, presented in Table 4-53, are both pathway 
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(inhalation, ingestion, external irradiation) and age-specific (1 year, 5 years, 10 years, 15 years, 
and adult).  These DCFs were obtained from the DOE’s RESidual RADioactivity (RESRAD) 
software (Version 6.5; October 2009) and are based on values provided in EPA-402-R-93-081, 
External Exposure to Radionuclides in Air, Water, and Soil, Federal Guidance Report No. 12; 
EPA 402-R-99-001, Cancer Risk Coefficients for Environmental Exposure to Radionuclides, 
Federal Guidance Report No. 13; and International Commission on Radiological Protection 
(ICRP) Publication 72, Age-Dependent Doses to the Members of the Public from Intake of 
Radionuclides Part 5, Compilation of Ingestion and Inhalation Coefficients.  The adult DCFs 
were used for all adult receptors.  For nonadult receptors (child and youth), age-weighted DCFs 
were calculated from the age-specific DCFs in accordance with EPA/402/R-99/001.  However, 
the child/youth receptors evaluated in this HHRA represent various ages that span different 
DCFs.  Therefore, to reflect the entire age range of each nonadult receptor, ICRP DCFs were 
age-weighted using the age ranges represented by each DCF category.  These weighting factors 
are summarized in the table below. 
 

Dose Conversion Factor Age 
Group and Corresponding Age 

Range 

Child 1 to 7 
Years Weighting 

Factor 

Youth 7 to 14 Years 
Weighting Factor 

Infant, 1:  Ages 1 to 2 1 0 
Child, 5:  Ages 2 to 7 5 0 

Older Child, 10:  Ages 7 to 12 0 5 
Teen, 15:  Ages 12 to 14 0 2 

 
For external irradiation, an effective dose equivalent  is calculated.  For ingestion and inhalation 
pathways, a committed effective dose equivalent is calculated.  Dose is calculated for each 
pathway and COPC and summed to generate a cumulative annual dose per receptor.  This 
cumulative annual radiation dose, termed total effective dose equivalent (TEDE), is then 
compared to an annual dose limit, as further discussed in Section 6.3.  Calculation of radiation 
dose is provided in Appendices F through L; radiation dose results are discussed in Section 6.0. 
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5.0 TOXICITY ASSESSMENT 

5.1 INTRODUCTION 

The toxicity assessment describes the relationship between the level of exposure and the 
likelihood and/or severity of an adverse effect.  In other words, the toxicity assessment quantifies 
the toxicity of each COPC using information obtained from published literature describing 
epidemiologic or toxicological studies.  The products of the toxicity assessment are the toxicity 
values used to predict the likelihood of adverse health effects in identified receptors at 
site-specific exposure levels.   
 
Toxicity information used in the HHRA was obtained for carcinogenic (i.e., cancer-causing) 
and/or noncarcinogenic (i.e., systemic) effects.  For each of the COPCs, toxicity values for the 
relevant exposure periods (i.e., chronic and/or lifetime) were selected according to the following 
hierarchy of references, as recommended by EPA (OSWER 9285.7-53, “Human Health Toxicity 
Values in Superfund Risk Assessments”) (see complete listing in Section 5.5): 
 
 Tier 1:  EPA Integrated Risk Information System (IRIS) On-Line Database (EPA 2012) 
 
 Tier 2:  EPA Provisional Peer Reviewed Toxicity Values, as provided by the EPA Superfund 

Health Risk Technical Support Center 
 
 Tier 3:  Other sources, including EPA/540/R-97/036, Health Effects Assessment Summary 

Tables, FY 1997 Update; California Environmental Protection Agency (CalEPA 2011); 
Agency for Toxic Substance Disease Registry (ATSDR); and other EPA regional and state 
hazardous waste site programs. 

 
Radionuclide cancer slope factors (CSFs) were obtained from the Health Effects Assessment 
Summary Table (HEAST):  Radionuclides (EPA 2001) and EPA 402-R-99-001, Cancer Risk 
Coefficients for Environmental Exposure to Radionuclides, Federal Guidance Report No. 13. 
 
Tables 5-1 through 5-6 summarize the toxicological values used in this HHRA.  In these tables, 
the sources of toxicological information for each COPC have been documented.  If no toxicity 
information was available for a particular COPC, a structurally similar compound was identified 
as a surrogate for that COPC, as appropriate, and the surrogate’s toxicity values were used to 
quantify risks.  Where appropriate surrogate compounds were not identified, risks for that 
particular constituent were not quantified but rather addressed qualitatively in the uncertainty 
analysis (refer to Section 7.0).  Toxicity values were available for most COPCs.  The 
uncertainties associated with the toxicity values and surrogates employed in this risk assessment 
are further discussed in the uncertainty analysis (Section 7.0). 
 
Toxicity information is divided into three major categories:  (1) toxicity data associated with 
threshold (noncarcinogenic) effects, (2) toxicity data concerning carcinogenicity, and (3) the 
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absorption adjustment factors used to relate toxicity information identified from the literature to 
the exposure pathways evaluated for the Hanford Site.   
 
 
5.2 TOXICITY CRITERIA FOR NONCARCINOGENIC EFFECTS 

Noncarcinogenic effects, such as organ damage or reproductive effects, are evaluated by 
reference doses (RfDs) or RfCs.  Reference doses and RfCs are values developed by EPA or 
other entities and are based upon the assumption that there exists a threshold dose or 
concentration below which there will be minimal risk, if any, for adverse health effects.  These 
values provide a benchmark for the daily dose (or concentration) to which humans may be 
subjected without an appreciable risk of deleterious effects during a given period of exposure.  
Reference doses and RfCs also incorporate modifying and/or uncertainty factors to ensure they 
are protective even for sensitive subpopulations.   
 
Reference doses for oral and dermal exposure are presented in units of milligrams of 
contaminant per kilogram body weight per day (mg/kg-day), and RfCs for inhalation exposure 
are presented in milligrams of contaminant per cubic meter of air (mg/m3).  The chronic RfD and 
RfCs are conservative estimates of concentrations below which no adverse noncancer effects are 
expected to occur over long periods of exposure.  Subchronic RfDs and RfCs are designed to be 
protective of shorter duration exposures ranging from days to less than or equal to 7 years.  For 
this evaluation, chronic RfDs/RfCs were used for each receptor, regardless of the exposure 
period.  Use of the chronic value is a conservative approach for receptors with shorter term 
exposures, such as children or occasional recreational users. 
 
Medium-specific RfDs for food, soil, and water are available for manganese.  The 
pathway-specific RfD was applied as appropriate for each pathway evaluated.   
 
Table 5-1 provides a summary of the oral RfDs for each COPC at the Hanford Site.  Inhalation 
RfCs are provided in Table 5-2.  These tables also provide information on the species used and 
critical effects observed in the studies that formed the basis of the RfD or RfC, as well as 
uncertainty and modification factors that were applied in the derivation of the toxicity value. 
 
 
5.3 TOXICITY CRITERIA FOR CARCINOGENIC EFFECTS 

Previously, the EPA had developed a classification system for constituents based upon the 
strength of evidence that a constituent is a human carcinogen.  The classification system was 
defined as follows: 
 
 Group A - Human carcinogen 
 Group B - Probable human carcinogen 
 Group B1 - Limited human data are available 
 Group B2 - Sufficient evidence in animals and inadequate or no evidence in humans 
 Group C - Possible human carcinogen 
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 Group D - Not classifiable as to human carcinogenicity 
 Group E - Evidence of noncarcinogenicity for humans.   
 
In 2005, EPA identified a new method for classifying carcinogens by a weight-of-evidence 
narrative (EPA/630/P-03/001F, Guidelines for Carcinogen Risk Assessment).  Because EPA has 
not updated the classification system in its IRIS database for all COPCs at this time, the previous 
weight-of-evidence classification was retained for this report to maintain internal consistency. 
 
The EPA's Carcinogen Assessment Group reviews human, animal, and in vitro data regarding 
suspected chemical carcinogens and derives oral CSFs and inhalation unit risks (URs) for those 
chemicals determined to be known, probable, or possible carcinogens (Groups A, B, or C; 
however, a CSF or UR may not necessarily be derived for all of these known/probable/possible 
carcinogens).  Cancer slope factors are upper-bound estimates of the excess risk of developing 
cancer as a result of a period of continuous exposure to a chemical averaged throughout the 
course of a 70-year lifetime and are developed based on the assumption that there is no threshold 
level of exposure below which adverse effects will not be seen.  Cancer slope factors are 
generally derived using data from animal bioassays, although human data are used when 
available.  The excess carcinogenic risk for an experimental animal is then extrapolated to an 
expected excess carcinogenic risk for humans.  The resulting values are more likely to 
overestimate than to underestimate the potential risk.  A CSF has units of cancer risk 
per milligrams of chemical per kilogram of body weight per day 
[1/(mg chemical/kg body weight-day)] or 1/(mg/kg-day).  Table 5-3 summarizes oral CSFs for 
the COPCs identified at the site. 
 
The inhalation UR is the 95% UCL of the mean incremental lifetime cancer risk (ILCR) 
estimated to result from lifetime exposure to a contaminant if it is in the air at a concentration of 
1 g/m3.  Inhalation UR values are used in lieu of the chemical's slope factor when an estimate of 
a lifetime average concentration of the chemical is available.  Inhalation UR values are 
summarized in Table 5-4. 
 
5.3.1 Mutagenic Mode of Action Carcinogens 

Cancer risk typically has been associated with aging, resulting from extended exposure durations 
and prolonged latency periods.  However, exposures early in life can also result in the 
development of cancer.  As described in EPA/630/R-03/003F, Supplemental Guidance for 
Assessing Susceptibility from Early-Life Exposure to Carcinogens, evidence suggests that 
chemicals with a mutagenic mode of action, which would be expected to cause irreversible 
changes to DNA, would exhibit a greater effect in early-life versus later-life exposures.  
 
For carcinogens that are known to have a mutagenic mode of action, an age-dependent 
adjustment factor (ADAF) is applied to early-life exposures (EPA/630/R-03/003F).  The ADAF 
accounts for susceptibility differences between early- and later-life exposures and is applied to 
the CSF or inhalation UR.  For children under the age of 2, an ADAF of 10 is applied to cancer 
toxicity values; for children ages 2 through 15, an ADAF of 3 is applied, in accordance with 
EPA guidance.  
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For this site, ADAFs are applicable only to the child and youth scenarios, each of which 
encompasses age groups younger than 16 years.  Mutagenic COPCs identified for the site 
include hexavalent chromium, which is carcinogenic via the inhalation route of exposure.  
Therefore, age-weighted ADAFs for child and youth receptors were applied to the inhalation UR 
for hexavalent chromium in assessing risk due to inhalation of dust.  
 
Supporting calculations for ADAF-adjusted cancer risk estimates are presented along with the 
risk estimates generated for each exposure scenario, as discussed in the Section 6.0. 
 
5.3.2 Cancer Slope Factors for Radionuclides 

Cancer risk related to radionuclide exposure is evaluated using a CSF, which, like the CSF for 
chemical constituents, represents the average estimate of the lifetime risk of cancer associated 
with exposure to a specific concentration (or for radionuclides, activity) of a carcinogen in an 
environmental medium (EPA 402-R-99-001).  Cancer slope factors for radionuclides are 
available for different exposure pathways (ingestion, inhalation) and media (soil, water, food).  
A radionuclide CSF has units of cancer risk per activity (pCi)-1.  For the external irradiation 
pathway, the radionuclide CSF is presented in units of cancer risk per year per picocuries per 
gram.  Radionuclide CSFs, presented in Table 5-5, were obtained from HEAST:  Radionuclides 
(EPA 2001), which are based on values provided in EPA 402-R-99-001. 
 
 
5.4 DERMAL TOXICITY VALUES 

Toxicity values provided by Tier 1, 2, and 3 sources are typically based on an administered 
(e.g., oral) dose.  For dermal exposure pathways (i.e., contact with soil, sediment, or water), the 
absorbed dose is most relevant; however, the use of oral toxicity values without modification 
may potentially underestimate the potential risk.  Therefore, EPA recommends that oral toxicity 
values be adjusted where adequate information is available on gastrointestinal absorption 
efficiency, so that the dermal toxicity values reflect toxicity related to an absorbed rather than 
administered dose.  
 
Dermal toxicity values were derived from oral RfDs and oral CSFs using the gastrointestinal 
absorption fraction (ABS) values (ABSgi) and adjustment equations recommended in 
EPA/540/R-99/005, Risk Assessment Guidance for Superfund, Volume I:  Human Health 
Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment), Final.  Where 
no ABSgi was recommended for a particular COPC, an ABSgi of 100% was assumed (i.e., no 
adjustment was made), and the dermal RfDs and CSFs are estimated to be the same as the oral 
values.  A summary of ABSgi values and the derivation of dermal toxicity values are presented 
in Table 5-6. 
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5.5 CONSTITUENT-SPECIFIC TOXICITY VALUES 

The toxicity values used to evaluate several of the COPCs are worth noting individually, as 
discussed in the following subsections.  
 
5.5.1 Arsenic in Fish Tissue 

Environmental samples were analyzed for total arsenic.  Additionally, many of the fish tissue 
samples collected between 2009 and 2010 were analyzed for TIAS.  Because the forms of 
arsenic play a significant role in determining toxicity, it is important to understand the 
contribution of each chemical form of this COPC. 
 
Arsenic (As) exists in multiple forms in the environment:  in inorganic forms as arsenite (As+3) 
and arsenate (As+5), or in various organic forms.  Generally, As+3 is more toxic than As+5, and 
both inorganic forms are more toxic than organic forms of arsenic, according to the Agency for 
Toxic Substances and Disease Registry’s Toxicological Profile for Arsenic (ATSDR 2007). 
 
Once accumulated in organisms such as fish, arsenic is methylated and converted into organic 
forms such as arsenobetaine, monomethylarsonic acid (MMA), dimethylarsenic acid (DMA), 
and arsenocholine (collectively referred to as “fish arsenic”).   
 
In fish, more than 80% of total arsenic may be in an organic form (Lorenzana et al. 2009).  
Unlike mercury, which is highly toxic in its methylated form, the methylated forms of arsenic in 
fish tissue have generally been considered to be relatively nontoxic and are rapidly excreted 
(ATSDR 2007).  However, there are recent studies suggesting that the trivalent form of 
intermediate arsenic metabolites (specifically, MMA3+ and DMA3+) may be more toxic than 
inorganic forms (Yamanaka et al. 2004, Klaasen 2008).  Although IRIS provides toxicity criteria 
(RfD and CSF) for total arsenic (based on inorganic forms), none of the Tier 1-3 sources 
specifies toxicity criteria for organic forms of arsenic; therefore, the risk associated with organic 
arsenic may potentially be underestimated.   
 
Fish tissue data collected under the RI indicate that TIAS comprises only a very small fraction of 
total arsenic.  As discussed in Section 4.2.2.4.3, the arsenic EPC was calculated using TIAS data 
when available.  For liver/kidney, for which only total arsenic data are available, the assumption 
that 1% of total arsenic was in inorganic form was based on both literature values and site-
specific data.  Uncertainties associated with this assumption are further discussed in Section 7.2.  
The Tier 1 IRIS oral RfD and CSF values were used in conjunction with the TIAS EPCs to 
evaluate potential noncancer hazard and cancer risk from ingestion of TIAS in fish tissue. 
 
5.5.2 Mercury in Fish Tissue 

Mercury enters the environment typically in an inorganic form and is methylated by 
microorganisms once in soil or sediment.  This methylated form is preferentially accumulated by 
organisms and is considered to be more toxic than inorganic mercury.  Site-specific fish tissue 
data show that methyl mercury comprises nearly all of the total mercury load in fish tissue.  
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Therefore, the Tier 1 IRIS oral RfD for methyl mercury of 0.0001 mg/kg-day was used to 
evaluate health risks related to the fish ingestion pathway. 
 
5.5.3 Polychlorinated Biphenyls 

Polychlorinated biphenyls in all media were analyzed for either via Aroclor analysis 
(EPA Method 8082) or via congener analysis (EPA Method 1668).  Congener data are available 
for all media and were preferentially used over Aroclor data in this HHRA, because congener 
analysis potentially provides a more accurate quantification of total PCB concentrations.   
 
Polychlorinated biphenyls are represented in this HHRA by two individual calculated values:  
“total dioxin-like PCBs” and “total nondioxin PCBs.”  Derivation of these values was previously 
discussed in Section 3.0.   
 
The IRIS RfD and Tier 3 California Environmental Protection Agency RfC, CSF, and inhalation 
UR values for 2,3,7,8-TCDD were used to evaluate the “total dioxin-like PCBs,” whereas total 
PCB or Aroclor toxicity values presented in IRIS were used to evaluate “total non-dioxin PCBs,” 
as noted in Tables 5-1 through 5-4.  
 
5.5.4 Uranium 

A Tier 1 IRIS RfD of 0.003 mg/kg-day (based on soluble uranium salts) is available for uranium 
(EPA 2012).  This value was last revised in IRIS in 1989.  However, the RfD for uranium was 
recently reevaluated under the EPA’s Drinking Water Program in support of updating the MCL 
for this element as demonstrated in Radionuclides Notice of Data Availability Technical Support 
Document (EPA and USGS 2000).  This value of 0.0006 mg/kg is five times more stringent than 
the IRIS value.  This revised RfD was used conservatively to evaluate noncancer hazard from 
uranium exposures. 
 
5.5.5 Medium-Specific Toxicity Values for Cadmium and Manganese 

The IRIS provides separate food and water/soil RfDs for cadmium and manganese.  These values 
were applied to the relevant exposure pathways (soil/sediment ingestion, water (incidental) 
ingestion) as appropriate. 
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6.0 RISK CHARACTERIZATION 

Characterization of risk to human health is the estimation of the incidence and severity of the 
adverse effects that may potentially occur in a human population due to chemical and 
radionuclide exposures, expressed as risk estimates.  Risk estimates are based on the comparison 
of the results generated through integration of the exposure assessment and the toxicity 
assessment to relevant risk management criteria (e.g., EPA risk limits) and are indicative of the 
likelihood for adverse effects to occur.  The purpose of a risk characterization is to present 
numerical estimates of risk (of both cancer and noncancer effects) in a context that can be used 
to make remedial decisions.  Additionally, annual radiation dose is presented in this section for 
consistency with other Hanford Site risk assessments.  The results of the risk characterization are 
used to inform risk management decisions regarding the future need for remedial actions. 
 
Calculation of cumulative cancer risk and noncancer hazard estimates for each receptor and the 
relevant exposure pathways are summarized and compared to EPA risk limits (and for 
radionuclides, the annual radiation dose threshold), as described further in the following sections: 
 
 Evaluation of risks under both CTE and RME conditions  

 Identification of primary risk drivers (both COPCs in a specific medium and specific 
areas/locations) 

 Discussion of risks associated with Study Area COPCs relative to Reference COPCs.   

Evaluation of both the CTE and RME for a particular receptor permits a greater understanding of 
the potential range of exposures and risks that may occur for a variable population.  However, as 
previously indicated only one condition, based on RME EPCs, was evaluated for the Yakama 
Nation scenario.  
 
 
6.1 NONCANCER HAZARD 

Exposure to contaminants may potentially affect organ systems and developmental, reproductive, 
neurobehavioral, and other physiological functions.  Unlike potential cancer effects, these effects 
are assumed to have a threshold (or “safe”) dose, below which no effects are expected.  The 
potential for noncarcinogenic health effects is characterized by the HQ, which is the ratio of the 
estimated ADD (or exposure concentration, for inhalation pathways) and a toxicity value 
considered to be the level below which adverse health effects would not be observed (i.e., RfD or 
RfC): 
 

HQ = ADD/RfD (oral, dermal pathways) 
 

HQ = ADE/RfC (inhalation pathways) 
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To account for exposures that a receptor may receive from multiple chemicals and exposure 
routes, the cumulative noncancer hazard, known as the hazard index (HI), is calculated as the 
sum of the chemical-specific HQs, under the global assumption that effects from individual 
COPCs are additive.  As shown in the following two equations, the cumulative HI for a receptor 
is calculated by summing the route-specific HIs.  Route-specific HIs are calculated as the sum of 
all chemical-specific HQs: 
 

Total HIroute-specific =  HQchemical-specific 

 
Cumulative HIreceptor  =  HIroute-specific 

 
Route-specific HIs may also be broken down further by summing the cumulative risks for each 
target organ or adverse effect, if warranted, for cumulative HIs exceeding the noncancer hazard 
threshold.1  Separate doses/exposures and the resultant HIs are calculated for each receptor age 
group evaluated (i.e., young child, older child, or adult), since the averaging time over which 
noncancer effects are assessed is equivalent to the exposure duration, and thus these noncancer 
hazards are not summed across age groups (EPA/540/1-89/002, Risk Assessment Guidance for 
Superfund, Volume 1, Human Health Evaluation Manual [Part A] [Interim Final]).  
 
The cumulative HI for each receptor age group evaluated is then compared with a noncancer 
hazard threshold of 1, as per EPA guidance (OSWER Directive 9355.0-30, Role of the Baseline 
Risk Assessment in Superfund Remedy Selection Decisions) and Washington State Department of 
Ecology Model Toxics Control Act (MTCA) Cleanup Regulations (Ch.173-340-708).  If the HI 
for the RME condition is less than or equal to 1, then it is assumed that chemical concentrations 
of COPCs do not pose a risk of harm to human health, i.e., there is little concern that potential 
noncancer health effects will occur as a result of exposure, and that further response actions are 
not warranted.  
 
For this assessment, in addition to calculating cumulative noncancer hazard (i.e., summed risks 
for all COPCs across all pathways for each receptor scenario), noncancer hazards attributable to 
Reference COPCs are segregated from noncancer hazards attributed to Study Area COPCs.  
Differentiating Reference COPC risks from Study Area COPC risks is consistent with 
EPA guidance (OSWER 9285.6-07P, Role of Background in the CERCLA Cleanup Program) 
and the approved RI Work Plan (DOE/RL-2008-11), and will be used to focus remedial efforts.  
Study Area and Reference COPCs were identified and discussed in detail in Section 3.8.  Briefly, 
a Reference COPC is identified as a constituent (chemical or radiological) that is present at 
concentrations (or activity levels) consistent with or lower than the concentrations (or activity 
levels) observed in reference/OCI areas, whereas a Study Area COPC is identified as a 
constituent present at concentrations higher than those observed in reference/OCI areas. 
 
 

                                                 
1 Segregation of noncancer hazard by target organ was not conducted for this HHRA due to the magnitude of 
threshold exceedances by individual COPCs/pathways.  Because hazard from individual COPCs exceeds the 
threshold of one, there is no benefit to segregation of hazard indices by target organ. 

Exhibit 12c



DOE/RL-2010-117 

Risk Characterization Rev. 0 
 
 

 
Columbia River Component Risk Assessment 
Volume II, Part 1:  Baseline Human Health Risk Assessment 
September 2012 6-3 

6.2 CANCER RISK 

The potential for carcinogenic health effects is characterized as the ILCR.  The ILCR represents 
the incremental probability of an individual developing cancer over a lifetime as a result of 
exposure to a potential carcinogenic COPC and is calculated for carcinogenic chemicals as well 
as radioisotopes.  For a given constituent, the ILCR is the product of the quantified exposure and 
the measure of carcinogenic potency (i.e., CSF or UR): 
 

ILCR = LADD x CSF (oral and dermal pathways) 
 

ILCR = LADE x UR (inhalation pathways) 
 
The ILCR, which represents the probability of developing cancer related to potential exposures 
to carcinogenic COPCs evaluated in the risk assessment (distinct from the “background 
incidence” of cancer in the general population), is presented in scientific notation.  For example, 
the ILCR of a specific chemical might be expressed as 1 x 10-6 or one in one million, which 
means that the probability of an individual developing cancer due to lifetime exposure to that 
potentially carcinogenic COPC is one in one million.  
 
To account for exposures that a receptor may receive from multiple chemicals and radioisotopes 
the ILCRs for all COPCs are summed to calculate a route-specific ILCR (e.g., for incidental 
ingestion of surface water).  Analogous to the noncancer hazard described above, the cumulative 
ILCR for a receptor is then calculated by summing all of the route-specific ILCRs across 
relevant environmental media for each type of exposure, as demonstrated by the following 
equations: 
 

Total ILCRroute-specific = ILCRCOPC-specific 

 
Cumulative ILCRreceptor = ILCRroute-specific 

 
Because cancer risk is expressed as a probability averaged over a lifetime of exposure, the cancer 
risks for each receptor age group evaluated within a scenario (i.e., child and adult) are added 
together to calculate a cumulative lifetime cancer risk. 
 
The cumulative ILCR for a receptor is compared to EPA’s cumulative receptor cancer risk range 
of 10-6 to 10-4 (OSWER Directive 9355.0-30).  A cumulative risk limit of 1 x 10-5, which is the 
midpoint of EPA’s target risk range, has been promulgated as risk management criteria by the 
State of Washington (WAC 173-340-705 [4]).  Reasonable maximum exposure cancer risks that 
fall within or below this low-probability risk range are considered to be “de minimis” and 
essentially nonobservable relative to the background incidence of being eventually diagnosed 
with cancer in a population (which for the United States is approximately one out of two [or 
50%] for all sexes/races [SEER 2010]).  Remedial action is generally not warranted for 
cumulative cancer risks below 10-4 (OSWER Directive 9355.0-30).  Cumulative cancer risks 
exceeding the upper end of the target EPA ILCR range, however, may require a risk 
management decision point to determine if remedial action is warranted.   

Exhibit 12c



DOE/RL-2010-117 

Risk Characterization Rev. 0 
 
 

 
Columbia River Component Risk Assessment 
Volume II, Part 1:  Baseline Human Health Risk Assessment 
September 2012 6-4 

In Section 6.4, cancer risks attributable to radionuclides are discussed separately from chemical 
cancer risks, primarily due to differences in development of CSFs (EPA/540/1-89/002).  
However, cumulative cancer risks across both chemical and radiological COPCs are 
presented per receptor and compared to the EPA cancer risk range, in accordance with 
EPA guidance (OSWER 9200.4-18, Establishment of Cleanup Levels for CERCLA Sites with 
Radioactive Contamination). 
 
Similar to the process described above for noncarcinogenic hazard, cumulative cancer risks were 
also segregated with respect to Reference and Study Area COPCs in order to assess the relative 
contribution of risk resulting from local conditions within the Columbia River. 
 
The cancer risks presented in Section 6.5 are cumulative over a lifetime.  Risks are summed for 
each age subgroup within a receptor category.  Thus, the avid angler carcinogenic risk represents 
the sum of the child2, youth, and adult estimated risks, and provides an estimate of risks over a 
lifetime.  Risks for all individual receptors are presented in Appendix F. 
 
 
6.3 RADIONUCLIDE DOSE 

Although not considered a “risk” estimate, cumulative radiation doses were calculated for each 
receptor/exposure scenario as an additional risk endpoint to be evaluated.  Radiation doses for 
each exposure route (ingestion, inhalation, and external irradiation) and radionuclide COPC were 
summed to calculate the annual TEDE to an individual.  This radiation dose was then compared 
to a radiation dose threshold of 15 mrem/yr, in accordance with the RI Work Plan 
(DOE/RL-2008-11).   
 
The origin of this dose threshold was in guidelines published by the EPA for establishing 
cleanup levels for radionuclides under CERCLA that stated that 15 mrem/yr above background 
levels should generally be the maximum dose limit for humans (OSWER 9200.4-18).  Current 
EPA policy, however, states that cancer risk be used as a basis for CERCLA cleanup levels 
rather than radiation dose.  The DOE has also published health and safety orders related to 
identification of a radiation dose threshold, of which DOE Order 5400.5, Radiation Protection of 
the Public and the Environment, is most pertinent.  DOE Order 5400.5 requires the reduction of 
all DOE-source radiation doses to a level as low as reasonably achievable, below a primary dose 
threshold of 100 mrem/yr above background.  
 
Results of the baseline HHRA are presented by receptor in the following sections. 
 
 

                                                 
2 Child avid angler receptor is evaluated for only fish ingestion, as previously discussed in Section 4.0 of this report. 
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6.4 QUANTIFICATION OF CARCINOGENIC RISK AND 
NONCARCINOGENIC HAZARD ESTIMATES 

Cumulative risk estimates were calculated for all evaluated receptors, by medium and exposure 
pathway, and these cumulative noncancer hazard and cancer risk estimates were compared to the 
relevant EPA risk limits.  Both CTE and RME scenarios were evaluated for each receptor (with 
the exception of the Yakama Nation scenario, for which only one condition was evaluated).  
Cumulative noncancer HIs were compared to the EPA noncancer threshold of 1; cumulative 
ILCRs were compared to the EPA target risk range of  10-6 to 10-4.  The annual TEDE was 
compared to the radiation dose threshold of 15 mrem/yr.  As discussed, the HI of 1 and the ILCR 
of 10-4, based on the RME condition, are the bases for determining whether remedial actions are 
required (OSWER Directive 9355.0-30). 
 
Calculation of risk estimates for each receptor and the relevant exposure pathways is provided in 
Appendices F through L in electronic format.  Tables within these appendices (arranged by 
exposure point) show for each receptor the risk and hazard calculations by exposure route 
(i.e., dermal contact, ingestion, and dust inhalation) and by exposure medium (i.e., soil, 
sediment, surface water, and fish tissue).  Risk/hazard is then summed across media to derive 
cumulative risk and hazard.  Cumulative cancer risks and noncancer hazards for each receptor, as 
well as radiation dose, are discussed in the following sections and summarized in Tables 6-1 
through 6-84.  Table 6-85 presents a comprehensive summary of cumulative noncancer hazard, 
cancer risk, and radionuclide dose for all receptors and exposure scenarios.  
 
As described in the RI Work Plan (DOE/RL-2008-11), three types of cumulative risks are 
presented in the risk tables:  total risk, Reference risk, and Study Area risk.  The “total” risk 
number reflects risks posed by both “Study Area COPCs,” which are those constituents present 
in media within the Hanford Site Study Area at levels higher than those in reference/OCI areas, 
and “Reference COPCs,” which are those constituents identified in media within the 
Hanford Site Study Area at levels consistent with or lower than reference/OCI conditions.  
Section 3.8 discusses the evaluation of Reference concentrations and identification of Study Area 
and Reference COPCs for each medium.   
 
For each receptor, the COPCs and exposure pathways that contribute to the majority of risk at 
each exposure point are discussed.  For scenarios where cumulative hazard/risk exceeds the EPA 
risk management criteria (HI of 1 and/or ILCR of 10-4), “risk drivers” are also identified.  Risk 
drivers are those individual COPCs with concentrations resulting in a cumulative noncancer HI 
greater than 1 or a cumulative ILCR greater than 1 x 10-6.  
 
 
6.5 SUMMARY OF CUMULATIVE NONCANCER HAZARD AND 

CANCER RISK 

The following discussion presents the estimated noncancer hazards and cancer risks for all 
receptors exposed to a portion of the Columbia River identified as the Hanford Site Study Area, 
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which includes the 100 Area, 300 Area, and Lake Wallula Sub-Areas, located between 
Vernita Bridge and McNary Dam.  The receptors evaluated included the following: 
 
 Casual User:  This receptor represents a child and adult recreational user exposed to surface 

water, sediment, and island soil while engaged in various recreational activities (such as 
swimming, wading, or waterskiing). 

 Avid Angler:  This receptor represents a youth and adult avid angler exposed to surface 
water, island soil, and sediment while fishing, and a young child, youth, and adult who 
consume fish brought home. 

 Yakama Nation:  This receptor represents a Yakama Nation child and adult exposed to 
surface water, island soil, and sediment while engaged in fishing activities and consume fish 
from the Columbia River. 

Section 4.1 presented a detailed description of each of these three scenarios. 
 
As discussed in Section 4.2, each of the three sub-areas (100 Area, 300 Area, and Lake Wallula) 
was divided into two unique exposure points based on sections of the sub-areas that were 
identified as having elevated concentrations of certain COPCs.  Exposure points within the 
sub-area are identified as either “A” or “B”; for example, 100-A or 100-B.  Across all sub-areas, 
the “B” designation is used for the exposure point that was identified as having relatively 
elevated concentrations.  Separate noncancer hazard, chemical and radiation cancer risk, and 
radiation dose was calculated for each of the above human receptors at each exposure point; 
these calculations are presented in the following appendices: 
 
 Appendix F: 100-A 
 Appendix G: 100-B 
 Appendix H: 300-A 
 Appendix I: 300-B 
 Appendix J: LW-A 
 Appendix K: LW-B. 
 
An index is presented at the beginning of each of these appendices indicating the sets of tables 
relevant to each receptor.  Tables within each appendix are arranged by receptor scenario 
(e.g., 100-A child casual RME; 100-A adult casual user RME).  Within a particular scenario, 
tables are presented in which are calculated the following: 
 
 The dose/intake or exposure  
 Noncancer hazard and cancer risk by pathway 
 Noncancer hazard and cancer risk by medium 
 Annual radiation dose by pathway (if applicable) 
 Annual radiation dose by medium (if applicable). 
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Additionally, dose calculations, cancer risk, and noncancer hazard estimates for the consumption 
of individual fish species for the Avid Angler RME scenario are presented in Appendix L. 
 
For each exposure scenario, summaries of cumulative noncancer hazard, chemical cancer risk, 
radiation cancer risk, and annual TEDE are presented in Tables 6-1 through 6-84.  These tables 
show the individual pathway risks for the four types of endpoints evaluated (i.e., chemical HI 
and ILCR, radiological ILCR and annual TEDE).  Hazard, risk and dose results are presented by 
receptor for all exposure points under the RME assumption, followed by results for the CTE 
assumption, if applicable.  Table 6-85 presents a summary of HI, ILCR (chemical and 
radiological), and annual radiation dose for each receptor and exposure point.   
 
Hazard, risk and annual TEDE are also summarized in the following subsections across the six 
different exposure points in bar charts.  A bar chart is provided for each receptor and scenario 
(i.e., RME and CTE conditions) for each endpoint evaluated in the HHRA:  noncancer hazard, 
chemical cancer risk, radiation cancer risk, and annual TEDE.  When cumulative risk levels 
exceed risk management criteria, the “risk drivers” (i.e., constituents that comprise the majority 
of cumulative hazard or risk) are discussed in detail.   
 
Noncancer hazards are presented for the youngest age range evaluated in each scenario 
(e.g., child or youth), because younger receptors have a relatively higher level of exposure, due 
to proportionately higher skin surface areas, ingestion, and/or inhalation rates relative to body 
weight.  Therefore, evaluation of noncancer hazard for the younger age groups (e.g., child or 
youth) is conservatively protective of older age groups (e.g., youth or adult).  The calculated HIs 
for child or youth receptors exceed those calculated for adults, and because of this, only child or 
youth HI values are presented in this section.  However, as stated in the beginning of this section, 
noncancer HIs were calculated for each receptor age group evaluated.  These values are 
presented in Tables 6-1 through 6-83 for reference.   
 
Cancer risk and radiation dose estimates are presented across the full exposure duration of each 
scenario; therefore, results for individual receptor age ranges evaluated within an exposure 
scenario are added together (e.g., child and adult, or child, youth, and adult).  Chemical and 
radiation cancer risks are also summed together to calculate a cumulative ILCR for each 
receptor. 
 
This section also presents and discusses risks associated with each relevant exposure route 
(e.g., dermal contact) and medium (soil, sediment, surface water, or fish tissue) and identifies 
risk drivers, which are the COPCs and exposure pathways that comprise a majority of the 
cumulative hazard/risk.  This HHRA also segregates risks attributable to Reference COPCs 
(identified in the data evaluation, Section 3.0) from risks attributed to Study Area COPCs.  
Differentiating Reference COPC risks from Study Area COPC risks aids in focusing remedial 
action efforts, if warranted.  
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6.5.1 Casual User 

The Casual User scenario represents adults and children who frequent the shorelines and islands 
of the Columbia River for recreational purposes and engage in activities such as swimming, 
picnicking, wading, and/or waterskiing.  Relevant exposure pathways include direct contact with 
and incidental ingestion of sediment, surface water, and/or island soil.  In addition, inhalation of 
island soil (fugitive dust) was included in this evaluation.  As noted, island soil is a relevant 
exposure medium only in the 100-B, 300-A, and 300-B exposure points.  Both RME and CTE 
scenarios were evaluated for this receptor.  Sections 4.1 through 4.3 provide additional details on 
exposure pathways and parameters unique to the Casual User scenario.  
 
6.5.1.1  Noncancer Hazard.  HI calculations for the Casual User RME scenario are provided in 
Appendices F through L.  Cumulative RME HIs are presented for this receptor in Table 6-1 for 
100-A, Table 6-2 for 100-B, Table 6-3 for 300-A, Table 6-4 for 300-B, Table 6-5 for LW-A, and 
Table 6-6 for LW-B.  As discussed, noncancer hazards are presented for only the child 
Casual User, since the HIs for this age range are higher than those estimated for the adult. 
 
Figure 6-1 shows the cumulative noncancer HI for the child Casual User across the six different 
exposure points for the RME scenario.  Noncancer hazard, represented by the HI, account for 
cumulative exposures across all relevant exposure pathways, media, and COPCs.  This figure 
also shows the contribution from Study Area COPCs and Reference COPCs that were previously 
identified in Section 3.8. 
 
 

Figure 6-1.  Cumulative Noncancer Hazard for the Casual User Child,  
All Exposure Media:  Reasonable Maximum Exposure. 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

100-A 100-B 300-A 300-B LW-A LW-B

C
u

m
u

la
ti

v
e 

N
o

n
ca

n
ce

r 
H

az
ar

d

Sub-area

REFERENCE COPC

STUDY AREA COPC

 
 
 

Exhibit 12c



DOE/RL-2010-117 

Risk Characterization Rev. 0 
 
 

 
Columbia River Component Risk Assessment 
Volume II, Part 1:  Baseline Human Health Risk Assessment 
September 2012 6-9 

As indicated in Figure 6-1, the cumulative HIs in the 100 Area Sub-Area, 300 Area Sub-Area, 
and Lake Wallula Sub-Area exposure points are below the noncancer EPA and MTCA hazard 
threshold of 1, indicating that exposure to COPCs in sediment, island soil, and surface water is 
unlikely to result in adverse noncancer health effects.  Most of the hazard is related to several 
metals in surface water, sediment, and soil (see Appendices F through L).  Note that the metals 
that contribute most to cumulative hazard, which include arsenic, cobalt, thallium, lithium, 
and/or iron, are present at levels consistent with those of reference areas (i.e., are Reference 
COPCs).  
 
Central tendency exposure HIs for the casual user child are summarized in Tables 6-7 through 
6-12 for the six exposure points.  Figure 6-2 summarizes cumulative noncancer hazard across 
exposure points. 
 
 

Figure 6-2.  Cumulative Noncancer Hazard for the Casual User Child, 
All Exposure Media:  Central Tendency Exposure. 
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The HIs calculated for the CTE scenario are approximately two to three times lower than those 
estimated for the RME scenario.  None of the HIs estimated for individual exposure points 
exceeds the noncancer hazard threshold of 1, indicating that exposure to COPCs in impacted 
media is not anticipated to result in adverse health effects to recreational users.  Similar to the 
RME scenario, reference-related heavy metals in surface water, island soil and sediment are the 
largest contributors to noncancer hazard in all sub-areas.   
 
6.5.1.2  Cancer Risk.  Cumulative ILCRs were calculated for both chemical and radiological 
COPCs.  Although risks from both types of COPCs are ultimately summed together for a given 
receptor, risks due to chemical and radiological COPCs are presented and discussed separately in 
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the following subsections.  Cumulative cancer risks for chemical and radionuclide COPCs for the 
Casual User are then presented in Section 6.5.1.2.3. 
 
6.5.1.2.1  Chemical Cancer Risk.  Tables 6-1 through 6-6 present cumulative ILCRs at each 
exposure point for the child Casual User, RME, whereas Tables 6-13 through 6-18 present 
ILCRs for the adult Casual User, RME.  The Casual User scenario, however, reflects multiple 
age groups, including a child ages 1 through 6 years as well as an adult.  Therefore, cumulative 
lifetime cancer risks for chemical (i.e., nonradiological) COPCs estimated for the adult and child 
were added together.  Figure 6-3 depicts cumulative cancer risk, represented by the ILCR, for the 
Casual User (all ages, combined) across all exposure points, exposure pathways, and COPCs. 
 
 

Figure 6-3.  Cumulative Chemical Cancer Risk for the Casual User, 
All Exposure Media:  Reasonable Maximum Exposure. 
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As indicated in Figure 6-3, ILCRs estimated for all exposure points for the RME condition are 
within the EPA risk range of 10-6 to 10-4 and below the MTCA cumulative risk limit of 1 x 10-5.  
Highest cancer risk is in the LW-A exposure point (Tables 6-5 and 6-17), with nearly all of the 
risk attributed to arsenic in sediment (in which it is a Reference COPC).  Likewise, in the LW-B 
exposure point (Tables 6-6 and 6-18 for the child and adult), arsenic in both surface water and 
sediment comprises 100% of cumulative chemical cancer risk (see Appendix G).  The levels of 
arsenic in the Lake Wallula Sub-Area are consistent with Reference conditions.   
 
In the 100-A exposure point (Tables 6-1 and 6-13 for the child and adult, respectively; see 
Appendix F), none of the carcinogenic COPCs is a Study Area COPC.  Risks at this exposure 
point are primarily due to arsenic in sediment and, to a lesser extent, arsenic and PCBs in surface 
water; this exposure point had the lowest estimated cancer risks.  In the 100-B exposure point 
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(Tables 6-2 and 6-14; see Appendix G), approximately 65% of the cumulative chemical cancer 
risk is also related to arsenic in surface water and sediment.  Arsenic in each of these media is 
considered reference related.  However, the remainder of cumulative cancer risk in the 
100-B exposure point is attributable to arsenic in island soil.  Arsenic is a Study Area COPC in 
island soil in this exposure point.  
 
In the 300 Area Sub-Area (both 300-A and 300-B exposure points; see Tables 6-3, 6-4, 6-15, and 
6-16), arsenic is also the primary contributor to cumulative risk in surface water, island soil, and 
sediment for the Casual User scenario (Appendices H and I).  Note that, with the exception of the 
100 Area and 300 Area Sub-Areas, in which arsenic in island soil is a Study Area COPC, arsenic 
in other areas and media is reference related.  However, none of the cancer risks estimated for 
this receptor exceeds the EPA cancer risk range or MTCA cumulative cancer risk limit.   
 
The ILCRs for the CTE child Casual User scenario are summarized in Tables 6-7 through 6-12; 
ILCRs for the CTE adult Casual User scenario are summarized in Tables 6-19 through 6-24.  
Figure 6-4 depicts cumulative ILCRs across exposure points for the Casual User CTE scenario.   
 
 

Figure 6-4.  Cumulative Chemical Cancer Risk for the Casual User, 
All Exposure Media:  Central Tendency Exposure. 
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As shown in this figure, the relative magnitude of risks among exposure points and the 
contribution from Reference COPCs is similar to that of the RME condition, although the risks 
for CTE are approximately three-fold lower.  Most ILCRs are slightly at or above the lower 
(i.e., more stringent) end of the EPA risk range (10-6).  Absent risks from Reference COPCs, the 
cumulative ILCRs for all exposure points, as related to Study Area COPCs, would fall below the 
lower end of the EPA risk range (10-6). 
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6.5.1.2.2  Radiation Cancer Risk.  Radiation cancer risks, like chemical cancer risks, are 
presented as cumulative risk across multiple age groups.  Therefore, radiation cancer risks 
presented for the casual user in this section reflect both the child and adult receptor. 
 
Tables 6-1 through 6-6 and Tables 6-19 through 6-24 present radiation cancer risks calculated for 
the child and adult Casual User RME scenario.  Cumulative radiation cancer risks (adult and 
child) are summarized in Figure 6-5.  All calculated radiation ILCRs across exposure points are 
within the EPA risk range of 10-6 to 10-4.   
 
 

Figure 6-5.  Cumulative Radiation Cancer Risk for the Casual User, 
All Exposure Media:  Reasonable Maximum Exposure. 
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For most of the exposure points (excluding 300-B), Study Area radionuclide COPCs constitute 
the majority of cumulative radiation cancer risk.  In the 100-A exposure point (Tables 6-1 and 
6-13 for the child and adult, respectively), cobalt-60 and europium-152 (both Study Area 
COPCs) in sediment comprise the majority of total risk (Appendix F).  These two radionuclides, 
in addition to cesium-137 (a Reference COPC) in soil, are also primary contributors to risk from 
sediment within the 100-B exposure point (Tables 6-2 and 6-14 for the child and adult; also see 
Appendix G).   
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In the 300-A exposure point, Study Area COPCs cobalt-60 and europium-152 in sediment 
contribute the most to cumulative radiation cancer risk.  In the 300-B exposure point, however, 
Reference COPCs, in particular cesium-137, entirely comprise cumulative risk in sediment (see 
Tables 6-3 and 6-4 for the child and Tables 6-15 and 6-16 for the adult; Appendices H and I 
present risk calculations for 300-A and 300-B).  In 300-B island soil (primarily Johnson Island), 
the Study Area COPCs cobalt-60, europium-152, and strontium-90 also contribute to cumulative 
cancer risk.  
 
Europium-152 and cobalt-60 in the Lake Wallula Sub-Area (both LW-A and LW-B) are 
Study Area COPCs in sediment and collectively constitute the majority of the cumulative 
radiation risk in this sub area.  (See Tables 6-5 and 6-6 for the child, and Tables 6-17 and 6-18 
for the adult; see Appendices J and K for risk calculations for LW-A and LW-B, respectively.)  
However, absent all reference-related risks, the risks attributable to the Study Area-related 
radionuclides in all exposure points are below the upper end of EPA’s target risk range (10-4).   
 
Central tendency exposure risks for the casual user are summarized across exposure points in 
Figure 6-6.  Cancer risks for the child are presented in Tables 6-7 through 6-12.  Cancer risks for 
the adult are presented in Tables 6-13 through 6-24.  Individual risk calculations for each 
exposure point are presented in Appendices F through K. 
 
 

Figure 6-6.  Cumulative Radiation Cancer Risk for the Casual User, 
All Exposure Media:  Central Tendency Exposure. 
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As indicated in Figure 6-6, none of the radiation ILCRs calculated for each exposure point 
exceeds the lower end of the EPA cancer risk range (10-6).  COPCs that contribute to most of the 
cumulative risk under the CTE scenario are similar to those identified for the RME scenario.  In 
the 100-A and 100-B exposure points, most of the risk is attributed to Study Area COPCs and 
due to exposure to europium-152 and cobalt-60 in sediment.  In the 300 Area and Lake Wallula 
Sub-Areas, these radionuclides contribute to the majority of risk.  Cesium-137, a Reference 
COPC, also contributes to cumulative risk throughout all exposure points. 
 
6.5.1.2.3  Cumulative Cancer Risk.  Although radiation risks are described separately from 
chemical cancer risks, cumulative overall risk from both radionuclides and chemical cancer risks 
for the Casual User scenario are presented below to depict overall cancer risk for the 
Hanford Site Study Area, in accordance with EPA guidance (OSWER 9200.4-18).  These 
cumulative cancer risks (rounded to one significant figure) are presented in the table below for 
both RME and CTE scenarios. 
 

Cumulative Cancer Risk, 
Casual User Scenario - RME 

100-A 100-B 300-A 300-B LW-A LW-B 

Total ILCR-RME, all COPCs 7.E-06 7.E-06 7.E-06 8.E-06 8.E-06 1.E-05 

Total ILCR-RME, Study Area COPCs 3.E-06 4.E-06 4.E-06 4.E-06 3.E-06 6.E-06 

 
Cumulative Cancer Risk, 

Casual User Scenario - CTE 
100-A 100-B 300-A 300-B LW-A LW-B 

Total ILCR-CTE, all COPCs 1.E-06 1.E-06 2.E-06 2.E-06 2.E-06 2.E-06 

Total ILCR-CTE, Study Area COPCs 4.E-07 5.E-07 9.E-07 8.E-07 3.E-07 5.E-07 

 
Across all exposure points, chemical COPCs comprise the majority of cumulative cancer risk 
(approximately 55% to  70%).  In the 300 Area Sub-Area, chemical and radionuclide COPCs 
contribute approximately the equivalent amount to total risk.  In the LW-A exposure point, 
approximately 60% of the risk is attributable to chemical COPCs, whereas in LW-B, 60% of the 
risk is due to radionuclides.   
 
The summed radiation and chemical cancer risks for both the RME and CTE scenario at each 
exposure point are above the lower/more stringent end of the EPA target risk range (10-6), but do 
not exceed the upper end of the EPA target range of 10-4.  The CTE cumulative cancer risks are 
either at or slightly exceed the more stringent end of the EPA target risk range (10-6).  
Cumulative chemical cancer risks do not exceed the MTCA cumulative risk limit of 1 x 10-5. 
 
6.5.1.3  Annual Total Effective Dose Equivalent.  Dose calculations for the Casual User 
scenario are presented in Appendices F through K, and doses by exposure medium are 
summarized in Tables 6-1 through 6-6 for the child and Tables 6-13 through 6-18 for the adult.  
Annual TEDEs for the casual user, RME scenario, across all exposure points are summed in 
Figure 6-7.  These doses were compared to a 15 mrem/yr radiation dose threshold described in 
Section 6.3.  
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Figure 6-7.  Annual Total Effective Dose Equivalent for the Casual User,  
All Exposure Media:  Reasonable Maximum Exposure. 

 
 
 

As indicated in Figure 6-7, annual TEDE is well below the 15 mrem/yr dose threshold in all 
exposure points, with the maximum annual TEDE at LW-B.  In all exposure point areas except 
300-B, Study Area radionuclide COPCs in sediment (europium-152, cobalt-60, etc.) contribute 
to the majority of annual TEDE.  In 300-B (Johnson Island), europium-152 in island soil (a 
Study Area COPC) contributes to the majority (approximately 90%) of the annual TEDE, 
whereas carbon-14 and cesium-137 contribute to the majority of cumulative radiation dose from 
sediment.  Both carbon-14 and cesium-137 are Reference COPCs in sediment. 

 
Radiation doses for the CTE Casual User scenario are presented in Tables 6-7 through 6-12 for 
the child and Tables 6-19 through 6-24 for the adult.  Annual TEDE is summarized across 
exposure points in Figure 6-8. 
 
Similar to the RME scenario, the annualTEDE for each subarea is well below the radiation dose 
threshold of 15 mrem/yr, with over half of the dose accounted for by Study Area radionuclide 
COPCs.  Central tendency exposure doses are approximately two to four times lower than those 
estimated for the RME scenario.  
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Figure 6-8.  Annual Total Effective Dose Equivalent for the Casual User,  
All Exposure Media:  Central Tendency Exposure. 

 
 
 
6.5.2 Avid Angler 

The Avid Angler receptor is intended to represent individuals who use the Hanford Site Study 
Area for fishing and who subsequently bring home and consume their catch.  Risks were 
evaluated for three age ranges:  adult, youth (age 7 through 13 years), and child (age 1 through 
6 years).  Both the adults and youths were assumed to be exposed to surface water, sediment, and 
island soil (where present) in each of the sub-areas, as well as to consume fish caught in these 
areas.  The (young) child of the Avid Angler is assumed not to engage in fishing activities but to 
only consume the fish that is caught and is thus not exposed to the other (abiotic) media.  The 
adult and youth receptors are assumed to be on the river the same number of days per year and 
hours per day; thus, the difference in risks is due to the different exposure parameters related to 
body size and intake rates.   
 
As discussed, the Avid Angler scenario evaluated risk from fish consumption using two 
approaches.  The first approach evaluated risk/hazard assuming that all six fish species (for 
which analytical results are available) were consumed.  The second approach evaluated 
risk/hazard for the six individual fish species.  Results of both approaches are discussed in this 
section. 
 
Both RME and CTE scenarios were evaluated for this receptor.  Sections 4.1 through 4.3 provide 
additional details on exposure pathways and parameters unique to the Avid Angler scenario.  
Tables 6-25 through 6-27 present noncancer hazard, chemical, and radiation cancer risk and 
annual TEDE estimates for the child.  Results for the Avid Angler youth are presented in Tables 
6-28 through 6-33.  Adult Avid Angler results are presented in Tables 6-34 through 6-39.  
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The CTE summary risk summary tables for each receptor/exposure point follow the same order 
as that for the RME and are presented in Tables 6-40 through 6-54. 
 
6.5.2.1  Noncancer Hazard.  For noncarcinogenic hazards associated with exposure to all 
media, the youth has the highest exposure potential due to the lower body weight relative to 
other exposure parameters (such as intake rates).  Therefore, noncancer hazard is presented in 
this section for only the youth Avid Angler instead of the adult receptor.  Additionally, 
noncancer hazards are presented for the younger child who is only exposed via fish ingestion, 
since this receptor is assumed to not be exposed to abiotic media.   
 
The cumulative RME noncancer hazard for the Avid Angler youth receptor is shown in the 
following chart (Figure 6-9).  Noncancer hazard is presented in Tables 6-28 through 6-33 for 
each of the different exposure points. 
 
 

Figure 6-9.  Cumulative Noncancer Hazard for the Avid Angler Youth,  
All Exposure Media:  Reasonable Maximum Exposure. 
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The cumulative HIs across all exposure points exceed the risk management criteria of 1 by a 
factor of 10 to 100.  Reference COPCs account for the vast majority of total hazard for all 
exposure points, and the fish ingestion pathway (all species, combined) accounts for 
approximately 99% of the HI.  
 
As discussed in Section 4.0, due to the mobile nature of fish, the fish tissue EPC is calculated for 
an entire sub-area (i.e., 100 Area) rather than an individual exposure point within the sub-area; 
thus, there is no difference in the HI between the “A” and “B” exposure points for this pathway, 
which is why the cumulative noncancer HIs are virtually the same within each sub-area.  In all 
sub-areas, the COPCs that are the primary risk drivers, accounting for the vast majority 
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(over 98%) of the HI from fish ingestion, include PCBs, beta-HCH, dieldrin, cobalt, and lithium, 
which are all Reference COPCs, and mercury, a Study Area COPC for the 100 Area sub-area.  
Approximately 60-80% of the cumulative HI results from ingestion of PCBs (both dioxin and 
non-dioxin-like) in fish tissue.  Across all three sub-areas, dioxin-like PCBs contribute the most 
hazard (HQ of 64, or 44% for the 100 Area, HQ of 47, or 43% for the 300 Area, and HQ of 34, 
or 35% for Lake Wallula). 
 
The other COPC that comprises a substantial fraction of cumulative hazard is cobalt, which 
results in a HQ of 20 in the 100 Area, 13 in the 300 Area and 25 in Lake Wallula.  Cobalt is a 
Reference COPC across all three subareas. 
 
The picture for the youth and adult Avid Angler receptor changes dramatically when the abiotic 
(i.e., sediment, soil, and surface water) exposure pathways are examined separately from fish 
ingestion, as shown in Figure 6-10 (note differences in scale relative to Figure 6-9). 
 
 

Figure 6-10.  Cumulative Noncancer Hazard for the Avid Angler Youth,  
All Exposure Media Excluding Fish Tissue:   

Reasonable Maximum Exposure. 
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The cumulative HIs decrease by up to two orders of magnitude when fish ingestion is excluded, 
to a HI of approximately 0.1 or less across all sub-areas.   
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The CTE cumulative HIs for the Avid Angler youth for all media are shown in Figure 6-11.  (See 
risk result Tables 6-43 through 6-48 for the Avid Angler youth receptor.)  As with the RME 
assumption, noncancer hazard is greater than 1 in all sub-areas and attributable almost entirely to 
fish ingestion; however, the magnitude of the exceedance is much less.  The greatest total CTE 
HI is approximately 13 for the 100-A and 100-B exposure points, roughly an order of magnitude 
less than the HI calculated under the RME assumption for this area.  Fish tissue again accounts 
for 99% of the HI (see Tables 6-28 through 6-33) and PCBs (dioxin-like and nondioxin; both 
Reference COPCs in the 100 and 300 Areas) again account for approximately 80% of the HI.  
These two constituents are the only COPCs that result in a HQ greater than 1. 
 
 

Figure 6-11.  Cumulative Noncancer Hazard for the Avid Angler Youth,  
All Exposure Media:  Central Tendency Exposure. 
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When pathways other than fish are reviewed under the CTE assumption, no HIs exceed the 
noncancer hazard threshold of 1 in any sub-area, as shown in Figure 6-12.  These results indicate 
that exposure to COPCs in abiotic media is not anticipated to cause adverse noncancer health 
effects. 
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Figure 6-12.  Cumulative Noncancer Hazard for the Avid Angler Youth,  
All Exposure Media Excluding Fish Tissue:   

Central Tendency Exposure. 
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As seen in Figures 6-9 through 6-12, the fish ingestion pathway comprises the vast majority of 
cumulative noncancer hazard.  As discussed, the hazards estimated for this pathway reflect 
consumption of all six fish species (combined) evaluated in this HHRA.   
 
As previously discussed, a second approach was used to evaluate risk from the fish consumption 
pathway.  Noncancer hazards were evaluated for each individual fish species to understand 
interspecies variability and corresponding hazards associated with consumption of a particular 
species.  Fish EPCs for individual species are based on analytical results from the Hanford Site 
Study Area (i.e., 100 Area, 300 Area, and Lake Wallula Sub-Areas combined), as discussed 
previously in Section 4.2.2.4. 
 
Results of this analysis are presented in Tables 6-25 through 6-27 for all exposure points and 
summarized in Figure 6-13.  The cumulative noncancer hazards for each species (for the entire 
Hanford Site Study Area), are presented in this figure, represented by vertical bars.  Also 
included in this figure are the cumulative fish ingestion HIs estimated for all species (combined) 
for each sub-area for the child Avid Angler, as represented by horizontal lines (see Tables 6-25 
through 6-27).   
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Figure 6-13.  Cumulative Noncancer Hazard for the Avid Angler Child  
for Consumption of Individual Fish Species:   

Reasonable Maximum Exposure. 
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NOTE:  Horizontal lines represent the cumulative fish ingestion HI for the Avid Angler child, RME.  Cumulative fish ingestion 
HI for all COPCs is presented to the right of each horizontal line.   

COPC = contaminant of potential concern 
HI = hazard index 
RME = reasonable maximum exposure 

 
 
Cumulative HI is lowest for bass and highest for carp, as shown in Figure 6-13, and exceeds the 
HI threshold of one for all species.  Relative to the hazards estimated for consumption of all 
species in each of the sub-areas, results for individual species were varied (HI of 58 to 176), with 
three of the six species resulting in hazard within or above the range of HIs estimated for the 
combined species analysis (in which the HIs ranged from 95 to 142).  These results suggest that 
the hazards estimated for consumption of all species combined may potentially underestimate 
hazard associated with ingestion of certain individual species such as carp or whitefish, but may 
also overestimate the hazard for other species such as bass, sturgeon, or sucker.  
 
Polychlorinated biphenyls, chlorinated pesticides (notably, dieldrin), cobalt, lithium and mercury 
were risk drivers across all species.  Most of these constituents are Reference COPCs across the 
six species.  Of the Study Area risk drivers, cobalt and mercury contribute to a HI of 37 in 
sturgeon.  In sucker, primary Study Area risk drivers include PCBs (HI of 64).  In whitefish, 
antimony, dieldrin and mercury are the primary Study Area risk drivers. 
 
As seen for the combined species analysis, PCBs account for the majority of cumulative hazard, 
with the dioxin-like PCBs comprising most of the hazard from all PCB congeners, except in 
whitefish.  This species was the only fish species that had a higher HQ for non-dioxin-like PCBs 
(71 versus a HQ of 67 for dioxin-like PCBs).  Hazard quotients for dioxin-like PCBs range from 
23 in bass (versus a total PCB HQ of 40) to 82 in carp (versus a total PCB HQ of 142). 
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6.5.2.2  Cancer Risk. 
 
6.5.2.2.1  Chemical Cancer Risk.  The cumulative lifetime chemical cancer risks for the 
Avid Angler (sum of child, youth, and adult ILCRs) are presented in Figure 6-14.  (For a 
summary of risk results, see Tables 6-25 through 6-39.) 
 
 

Figure 6-14.  Cumulative Chemical Cancer Risk for the Avid Angler,  
All Exposure Media:  Reasonable Maximum Exposure. 
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Across all exposure locations, the EPA upper risk value of 10-4 is exceeded by an order of 
magnitude.  The relative proportion of total risk from Reference COPCs follows the same pattern 
as was seen for the noncancer HIs.  Specifically, Reference COPCs account for the vast majority 
of risk across all exposure points, with the fish ingestion pathway accounting for over 99% of the 
cumulative ILCR.   
 
Polychlorinated biphenyls, chlorinated pesticides, and arsenic are the COPCs that are the cancer 
risk drivers for the fish ingestion pathway across all sub-areas; these constituents are Reference 
COPCs across all three sub-areas.  Polychlorinated biphenyls collectively account for 
approximately 70% of the total cancer risk from fish in the 100 and 300 Area Sub-Areas and 
approximately 60% in the Lake Wallula Sub-Area.  Dioxin-like PCBs constitute approximately 
70-80% of cumulative risk from all PCB congeners, with ILCRs ranging from 2 x 10-3 in 
Lake Wallula to 3 x 10-3 in both the 100 and 300 Area sub-areas.  
 
Cancer risks without the fish ingestion pathway are shown in Figure 6-15.  This figure is based 
on the sum of the youth and adult receptor only, since the child receptor is assumed to be 
exposed via only the ingestion of fish.  As with noncancer hazard, the cumulative cancer risks 
decrease dramatically when the fish ingestion pathway is excluded, as shown in Figure 6-15.  
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Figure 6-15.  Cumulative Chemical Cancer Risk for the Avid Angler,  
All Exposure Media Excluding Fish Tissue:   

Reasonable Maximum Exposure. 
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The abiotic exposure pathway risks are all within the EPA’s target risk range of 10-6 to 10-4 and 
below the MTCA cumulative risk limit of 1x10-5.  When fish consumption is excluded, the 
majority of the cumulative chemical cancer risk is associated with reference-related 
(versus Study Area-related) COPCs at most exposure points.  In the 100-A exposure location, 
arsenic in surface water and sediment (Reference COPC in each medium) accounts for nearly all 
of the cancer risk for abiotic media.  In the 100-B exposure location, the only Study Area 
COPC-related risk is from arsenic in island soil, and the reference-related risk is due to arsenic in 
sediment.  The 300-A risks are almost equally divided between island soil and sediment, whereas 
in 300-B, island soil contributes to slightly more risk.  Arsenic accounts for the majority of risk 
in both media and locations and is a Study Area COPC in island soil and a Reference COPC in 
sediment.  In Lake Wallula, arsenic (Reference COPC) in sediment accounts for the most risk.  
 
The CTE cumulative cancer risks for all media are shown in Figure 6-16.  Calculated cancer 
risks exceed the MTCA risk limit of 1x10-5 as well as the upper end of EPA’s target risk range of 
10-4 in all exposure points. 
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Figure 6-16.  Cumulative Chemical Cancer Risk for the Avid Angler,  
All Exposure Media:  Central Tendency Exposure. 
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As under the RME assumption, risks from fish ingestion far exceed those of other media, with 
Reference COPCs in fish tissue accounting for the majority of risk.  The risk drivers under the 
CTE assumption are the same as for the RME assumption:  PCBs, chlorinated pesticides, and 
arsenic in fish tissue.  Each of these is a Reference COPC in all Sub-Areas. 
 
Figure 6-17 shows the CTE cumulative cancer risks for all other media, excluding fish tissue.  
These cumulative risks for soil, sediment, and surface water are all below the MTCA cumulative 
risk limit as well as the lower end of EPA’s target cancer risk range (10-6).  For the 100-B, 300-
A, and 300-B exposure locations, island soil, sediment, and surface water exposure pathways 
contribute similar levels of risk.  In Lake Wallula, surface water and sediment exposure 
pathways also contribute approximately equal amounts of risk.  Reference COPCs, most 
frequently arsenic in sediment, account for the majority of risk in all sub-areas.  
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Figure 6-17.  Cumulative Chemical Cancer Risk for the Avid Angler,  
All Exposure Media Excluding Fish Tissue:   

Central Tendency Exposure. 
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Figure 6-18 presents chemical cancer risk for the Avid Angler (all age groups), RME, for 
consumption of each individual fish species.  Fish (all species combined) ingestion risks from 
each of the three sub-areas are also presented in this figure for comparison. 
 
On a species-specific basis, chemical cancer risk associated with fish consumption varies within 
a factor of four.  Similar to that observed for the noncancer hazard (Figure 6-13), cancer risk was 
highest for carp, sturgeon, walleye, and whitefish, and lowest for bass and sucker, with ILCRs 
ranging from 2 x 10-3 to 8 x 10-3.  In all cases, cumulative cancer risk exceeded the MTCA 
cumulative risk limit as well as the upper end of EPA’s cancer risk range of 10-4.  With the 
exception of sucker, Reference COPCs (primarily PCBs and pesticides) contributed to most, if 
not all, of the cancer risk across species.  For sucker, PCBs were identified as Study Area COPCs 
and comprise the majority of cumulative cancer risk (ILCR of 2.7 x 10-3, or 93%).   
 
Polychlorinated biphenyls are the biggest cancer risk drivers among all species, with total ICLR 
from all congeners ranging from 1.5 x 10-3 in bass to 5 x 10-3 in carp.  Across all species, 
dioxin-like PCBs account for 70-80% of cancer risk related to all PCB congeners.  ILCR from 
dioxin-like PCBs ranged from 1 x 10-3 in bass to 4 x 10-3 in carp. 
 
Compared to risks derived for consumption of all species, the cancer risks calculated for 
individual species was within or below the range of ICLRs from across all three sub-areas 
(ILCRs of 6 x 10-3 to 1 x 10-2).  This indicates that the cumulative approach, wherein fish 
ingestion was evaluated for all species combined but assessed on a sub-area basis, may 
overestimate or underestimate potential carcinogenic risks for consumption of individual species.   
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Figure 6-18.  Cumulative Chemical Cancer Risk for the Avid Angler for  
Consumption of Individual Fish Species:   

Reasonable Maximum Exposure. 
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NOTE:  Horizontal lines represent the cumulative fish ingestion (all species combined) ILCR for the Avid Angler, RME.  
Cumulative fish ingestion ILCR for all COPCs is presented to the right of each horizontal line.  Note that in this case, the 
cumulative ILCRs for the 300 Area and Lake Wallula Sub-Area are both 5E-03.   

COPC = contaminant of potential concern 
ILCR = incremental lifetime cancer risk 
RME = reasonable maximum exposure 

 
 
6.5.2.2.2  Radiation Cancer Risk.  The cumulative radiological risks for the avid angler 
summed across all age groups and all media (abiotic and fish tissue) for the RME assumption are 
shown in Figure 6-19. 
 
Radiological cancer risks are below the upper end of EPA’s target risk range of 10-4 for all six 
exposure points.   
 
In the 100 Area sub-area, carbon-14 in fish tissue contributes to the majority of cumulative 
cancer risk, with an ILCR of 4 x 10-5, approximately 98% of the cumulative ILCR.  Risk 
attributed to carbon-14 in the 300 Area is similar to those presented by abiotic media.  
In Lake Wallula, carbon-14 in fish tissue constitutes approximately 75% of the cumulative 
radiation cancer risk.  
 
Of the abiotic media, the radionuclides that contribute to the majority of cumulative radiation 
risk in sediment in the 100 and 300 Area Sub-Areas include cobalt-60 and europium-152, which 
are both Study Area COPCs.  In Lake Wallula, europium-152 in sediment (Study Area COPC) 
constitutes the majority of risk at both exposure points.  Throughout the Hanford Site Study 
Area, cesium-137, a Reference COPC in island soil and sediment, also contributes to overall 
radiation cancer risk.   
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Figure 6-19.  Cumulative Radiation Cancer Risk for the Avid Angler,  
All Exposure Media:  Reasonable Maximum Exposure. 

 
 
 

Figure 6-20 depicts cumulative radiation cancer risk from only abiotic media.  As indicated on 
this figure, cumulative ILCRs across all exposure points are below the MTCA cumulative risk 
limit and within the EPA risk range. 
 
 

Figure 6-20.  Cumulative Radiation Cancer Risk for the Avid Angler,  
Abiotic Media:  Reasonable Maximum Exposure. 
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Figure 6-21 presents the cumulative radiation cancer risks under the CTE assumptions for 
exposure to all media.   
 
 

Figure 6-21.  Cumulative Radiation Cancer Risk for the Avid Angler,  
All Exposure Media:  Central Tendency Exposure. 

 
 
 

As with the RME scenario, the figure above depicts cumulative risk from both fish and abiotic 
media, and carbon-14 in fish tissue contributes to the majority of radiation cancer risk in both the 
100 Area and Lake Wallula sub-areas.  The CTE cumulative cancer risks are approximately an 
order of magnitude less than those calculated for the RME assumption.  Radiation cancer risk at 
all exposure points is within EPA’s target risk range.   
 
Figure 6-22 depicts cumulative radiation cancer risk from only abiotic media. 
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Figure 6-22.  Cumulative Radiation Cancer Risk for the Avid Angler,  
Abiotic Media:  Central Tendency Exposure. 
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Study Area COPCs account for the majority of risk at most exposure points.  In the 100-A, 
100-B, and 300-A exposure points, carbon-14, cobalt-60 and europium-152 contribute to most of 
the cumulative radiation risk, similar to the RME assumption.  In the 300-B exposure point, 
cesium-137, a Reference COPC in sediment and soil, drives the majority of radiation cancer risk.  
Europium-152 (a Study Area COPC) also contributes to cumulative risk from island soil.   
 
Cobalt-60, europium-154, and europium-152 in sediment are the COPCs that constitute most of 
the radiation risk in Lake Wallula.  These radionuclides are Study Area COPCs.  In LW-B, 
cesium-137, a reference COPC in sediment, also contributes to cumulative risk.  
 
At all exposure points, cumulative cancer risk from Study Area COPCs is less than the lower end 
of the EPA target risk range (10-6). 
 
Figure 6-23 presents radiation cancer risk for the Avid Angler (all age groups), RME, for 
consumption of each individual fish species.  Fish (all species combined) ingestion risks are also 
presented in this figure for comparison.  
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Figure 6-23.  Cumulative Radiation Cancer Risk for the Avid Angler for  
Consumption of Individual Fish Species:   

Reasonable Maximum Exposure. 

 
 
 
Carbon-14 was not detected in bass, sturgeon or walleye.  Radiation cancer risk from this COPC 
ranged from 2 x 10-6 in carp to approximately 4 x 10-5 in sucker and whitefish.  Radiation risks 
estimated for individual species were within or below the range of radiation cancer risks for the 
combined species analysis. 
 
6.5.2.2.3  Total Cancer Risk.  The total chemical and radiation cancer risks for the Avid Angler 
scenario, by exposure point location, are shown in the following table for the RME assumption. 
 

Cumulative Cancer Risk, 
Avid Angler:  RME 

100-A 100-B 300-A 300-B LW-A LW-B 

Total - fish ingestion pathway 6 x 10-3 6 x 10-3 5 x 10-3 5 x 10-3 5 x 10-3 5 x 10-3 

Total - abiotic pathways 6 x 10-6 6 x 10-6 6 x 10-6 7 x 10-6 6 x 10-6 1 x 10-5 

Total ILCR, all COPCs 6 x 10-3 6 x 10-3 5 x 10-3 5 x 10-3 5 x 10-3 5 x 10-3 

Total ILCR, study area COPCs 4 x 10-5 4 x 10-5 5 x 10-6 3 x 10-6 4 x 10-5 5 x 10-5 

 
For the RME assumption, cancer risks across all sub-areas exceed EPA’s target risk range and 
the MTCA cumulative risk limit by up to two orders of magnitude.  As discussed, nearly all of 
the risk is attributed to PCBs, pesticides, and carbon-14 for the fish consumption pathway.  
Cumulative risk for only abiotic exposure pathways, however, is within the EPA target risk range 
and below the MTCA risk limit. 
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For the CTE assumption, total cancer risks for chemical and radionuclide COPCs are shown in 
the table below. 
 

Cumulative Cancer Risk,  
Avid Angler:  CTE 

100-A 100-B 300-A 300-B LW-A LW-B 

Total - fish ingestion pathway 3 x 10-4 3 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 

Total - abiotic pathways 1 x 10-6 1 x 10-6 2 x 10-6 2 x 10-6 1 x 10-6 2 x 10-6 

Total ILCR, all COPCs  3 x 10-4 3 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 

Total ILCR, study area COPCs 2 x 10-6 2 x 10-6 1 x 10-6 7 x 10-7 2 x 10-6 3 x 10-6 

 
The CTE risks slightly exceed the upper bound of EPA’s target risk range (10-4 and are an order 
of magnitude higher than the MTCA cumulative cancer risk limit.  Absent the fish consumption 
pathway, cumulative risk for the CTE condition for abiotic pathways is within the EPA target 
risk range and below the MTCA risk limit. 
 
For both RME and CTE assumptions, chemical cancer risks associated with fish consumption 
account for nearly all of the cumulative risk for all exposure points, mainly due to PCBs and 
pesticides in fish tissue.  
 
6.5.2.3  Annual Total Effective Dose Equivalent.  The cumulative annual TEDE for the Avid 
Angler receptor is shown in Figure 6-24. 
 
 

Figure 6-24.  Annual Total Effective Dose Equivalent for the Avid Angler,  
All Exposure Media:  Reasonable Maximum Exposure. 
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Throughout the Hanford Site Study Area, all annual TEDEs are well below the annual radiation 
dose limit of 15 mrem/yr.  In the 100 Area and 300 Area sub-areas, most of the annual TEDE is 
attributed to carbon-14 in fish tissue.  The annual TEDEs for abiotic media are presented in 
Figure 6-25 below.  The annual TEDE for abiotic media in the 100 Area is approximately an 
order of magnitude lower than that for all media, including fish tissue.   
 
 

Figure 6-25.  Annual Total Effective Dose Equivalent for the Avid Angler,  
Abiotic Media:  Reasonable Maximum Exposure. 

 
 
 
Likewise, the cumulative annual TEDE at each exposure point for the CTE assumption, shown in 
Figure 6-26 for all media and Figure 6-27 for abiotic media, does not exceeds the radiation dose 
threshold of 15 mrem/yr. 
 
All annual TEDEs are less than 0.5, approximately 30 times below the 15 mrem/yr radiation 
dose threshold. 
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Figure 6-26.  Annual Total Effective Dose Equivalent for the Avid Angler,  
All Exposure Media:  Central Tendency Exposure. 

 
 
 

Figure 6-27.  Annual Total Effective Dose Equivalent for the Avid Angler,  
Abiotic Media:  Central Tendency Exposure. 

 
 

Exhibit 12c



DOE/RL-2010-117 

Risk Characterization Rev. 0 
 
 

 
Columbia River Component Risk Assessment 
Volume II, Part 1:  Baseline Human Health Risk Assessment 
September 2012 6-34 

Figure 6-28 presents the annual TEDE for the Avid Angler (all age groups), RME, for 
consumption of each individual fish species.  Fish (all species combined) ingestion risks are also 
presented in this figure for comparison.  
 
 

Figure 6-28.  Annual Total Effective Dose Equivalent for the Avid Angler for  
Consumption of Individual Fish Species:   

Reasonable Maximum Exposure. 

 
 
 
As shown in this figure, the annual TEDE related to ingestion of each evaluated species is well 
below the 15 mrem/yr radiation dose threshold. 
 
6.5.3 Yakama Nation 

The Yakama Nation scenario represents a hypothetical member of the Yakama Nation who 
routinely engages in activities related to subsistence fishing.  The Yakama receptor is assumed to 
have direct contact with surface water, island soil, and sediment while fishing, and is assumed to 
eat fish caught from the Hanford Site Study Area in the Columbia River on a routine basis.  As 
described in more detail in Section 4.3, the fish ingestion rate used for this scenario assumes that 
fish comprise the majority of this receptor’s diet.  This scenario, for which only one condition 
based on RME EPCs was evaluated, does not reflect residential or agricultural exposures and is 
intended to address only fishing-related exposures.  Additional details on the Yakama Nation 
scenario are presented in Sections 4.1 through 4.3. 
 
6.5.3.1  Noncancer Hazard.  Hazard index calculations for the Yakama Nation scenario are 
provided in Appendices F through L.  Cumulative HIs are presented for the Yakama Nation child 
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in Table 6-73 for 100-A, Table 6-74 for 100-B, Table 6-75 for 300-A, Table 6-76 for 300-B, 
Table 6-77 for LW-A, and Table 6-78 for LW-B.  As conducted for other receptors, noncancer 
hazards are presented for only the child age group, since the HIs for this age range (1 through 
6 years) are higher than those estimated for the adult. 
 
Figure 6-29 shows the cumulative noncancer HI for the Yakama Nation child across the six 
different exposure points.  Noncancer hazard accounts for cumulative exposures across all 
relevant exposure pathways, media and COPCs.  This figure also shows the contribution from 
Study Area COPCs and Reference COPCs that were previously identified in Section 3.8. 
 
 

Figure 6-29.  Cumulative Noncancer Hazard for the  
Yakama Nation Child, All Exposure Media. 

0

200

400

600

800

1000

1200

100-A 100-B 300-A 300-B LW-A LW-B

C
u

m
u

la
ti

v
e 

N
o

n
ca

n
ce

r 
H

az
ar

d

Sub-area

REFERENCE COPC

STUDY AREA COPC

 
 
 

The cumulative HI for all exposure points exceeds the threshold HI of 1, with HIs ranging from 
approximately 600 in the Lake Wallula Sub-Area to over 1,000 in the 100 Area Sub-Area (see 
Tables 6-73 through 6-78).  Nearly all of the hazard (>99%) is attributable to fish ingestion 
alone, and within that pathway, the majority of the total HI is due to PCBs (both dioxin-like and 
nondioxin-like) and cobalt, both of which are Reference COPCs in fish tissue across all exposure 
points.  Cumulative hazard resulting from PCBs alone resulted in a HI of 900 in the 100 Area 
sub-area, with smaller hazard in 300 Area and Lake Wallula (HQ of approximately 600 and 400, 
respectively).  As seen for the Avid Angler scenario, dioxin-like PCBs account for more than 
half of the cumulative HI from all PCB congeners, with the highest hazard (HQ of 469) present 
in the 100 Area, and the lowest (HQ of 240) in Lake Wallula.   
 
Ingestion of cobalt in fish resulted in a hazard quotient of 100 in the 100 Area, 80 in 300 Area 
and 200 in Lake Wallula.  Fish ingestion of most COPCs, however, generally resulted in a 
hazard quotient of 1 or greater at all exposure points.   
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Similar to that observed for the Avid Angler scenario, noncancer hazards related to the fish 
ingestion pathway alone dwarf noncancer hazard from other pathways by almost two orders of 
magnitude.  Risks from other media contributed very little to overall noncancer hazard.  
Figure 6-30 shows the cumulative HI for the Yakama Nation child for surface water, sediment, 
and island soil (where applicable), excluding the fish ingestion pathway. 
 
 

Figure 6-30.  Cumulative Noncancer Hazard for the Yakama Nation Child,  
All Exposure Media Excluding Fish Tissue. 
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As indicated in this figure, the HIs among all three sub-areas are similar, ranging from 
approximately 1 to 3.  Most of the risk in these areas is attributable to Reference COPCs (mainly 
cobalt, thallium, iron, and/or arsenic) in sediment and/or island soil (arsenic is a Study Area 
COPC in soil in the 300 Area Sub-Area only; as discussed, the 100-A, LW-A, and LW-B areas 
do not contain any islands).  Note that the cumulative HIs associated with Study Area COPCs are 
below 1 at all exposure points.  
 
6.5.3.2  Cancer Risk.  Cumulative ILCRs were calculated for both chemical and radiological 
COPCs.  Although risks from both types of COPCs are summed together for a given receptor, 
risks due to chemical and radiological COPCs are presented and discussed separately in the 
following subsections.  Cumulative cancer risks from both chemical and radiological COPCs for 
the Yakama Nation receptor are discussed in Section 6.5.3.2.3. 
 
6.5.3.2.1  Chemical Cancer Risk.  Tables 6-73 through 6-78 present cumulative ILCRs at each 
exposure point for the Yakama Nation child and Tables 6-79 through 6-84 present ILCRs for the 
adult receptor.  Cancer risk calculations for individual exposure pathways and exposure media 
are presented in Appendices F through K.  Because the Yakama Nation scenario encompasses 
both child and adult exposures, cancer risks from each age group are added together to derive 
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cumulative lifetime cancer risks.  Figure 6-31 depicts cumulative ILCRs for the Yakama Nation 
scenario across all exposure points, exposure pathways, and COPCs. 
 
 

Figure 6-31.  Cumulative Chemical Cancer Risk for the  
Yakama Nation Scenario, All Exposure Media. 
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Cancer risks across exposure points exceed the MTCA cumulative cancer risk limit of 1 x 10-5 

and the upper end of the EPA cancer risk range 10-4.  Similar to noncancer hazard, cumulative 
ILCRs are almost entirely related to fish ingestion; this pathway accounts for approximately 99% 
of cumulative cancer risk.  Primary risk drivers in fish tissue include PCBs, chlorinated 
pesticides such as dieldrin and DDE, and arsenic.  As previously described and as shown in the 
figure above, virtually all of this cancer risk is associated with Reference COPCs in fish tissue; 
of these, approximately 50% to 80% of the cumulative ILCR is related to PCBs, with the highest 
PCB-associated ILCR in the 100 Area sub-area.  Of the PCBs, dioxin-like PCBs accounted for 
the majority (70% to 80%) of the cumulative ILCR from all PCBs, resulting in an ILCR of 
1 x 10-2 for the 100 and 300 Area sub-areas and 9 x 10-3 for Lake Wallula. 
 
Other exposure pathways contribute to approximately 1% or less excess cancer risk.  Figure 6-32 
depicts cumulative cancer risk related to soil, sediment, and surface water exposures, excluding 
risks related to fish ingestion. 
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Figure 6-32.  Cumulative Chemical Cancer Risk for the Yakama Nation Scenario,  
All Exposure Media Excluding Fish Tissue. 
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As seen in Figure 6-32, cancer risk related to surface water, sediment, and/or soil exposures is at 
a level of 2 x 10-5 or greater in all exposure points, higher than the MTCA cumulative risk limit, 
with the highest cancer risk in the LW-A exposure point area.  However, no estimated cancer 
risk at any exposure point exceeds the upper end of EPA’s target risk range (10-4).  Cancer risk in 
the 100-A exposure point area and the Lake Wallula Sub-Area is entirely attributed to Reference 
COPCs; in particular, arsenic in sediment (see Tables 6-73, 6-77, and 6-78 for the child and 
Tables 6-79, 6-83, and 6-84 for the adult).  In the 100-B exposure point area, arsenic in soil 
comprises nearly all of the Study Area COPC risk for this exposure point.  In the 300 Area 
Sub-Area, chloroform in surface water and arsenic in island soil constitute the vast majority of 
Study Area COPC-related risks, whereas arsenic in sediment and surface water comprise nearly 
all of the Reference COPC-related risk.   
 
6.5.3.2.2  Radiation Cancer Risk.  Radiation cancer risks are presented as cumulative risk 
across multiple age groups.  For the Yakama Nation scenario, radiation cancer risks reflect both 
the child and adult receptor. 
 
Summaries of radiation cancer risks across media are presented in Tables 6-73 through 6-78 for 
the Yakama Nation child and Tables 6-79 through 6-84 for the Yakama Nation adult.  
Appendices F through K contain by exposure point the radiation cancer risk calculations by 
exposure pathway and medium.  Cumulative radiation cancer risks for both the adult and child 
are summarized in Figure 6-33.   
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Figure 6-33.  Cumulative Radiation Cancer Risk for the  
Yakama Nation Scenario, All Exposure Media. 

 
 
 

In the 100-A and 100-B exposure points, cumulative ICLRs exceed the upper end of the EPA 
target risk range.  Most of the radiation cancer risk is associated with ingestion of carbon-14 in 
fish tissue.  Carbon-14 in fish is also a primary risk driver for the 300-A and 300-B exposure 
points.  All calculated ILCRs across exposure points in the 300 Area and Lake Wallula sub-areas 
are within the EPA target risk range, ranging from approximately 2 x 10-5 in the LW-A and 
300-A exposure points to over 5 x 10-5 in the LW-B exposure point.   
 
Most of the cumulative radiation ILCR in abiotic media (see Figure 6-34 below) is attributable to 
various radionuclides in sediment, although radionuclides in island soil in the 300-B exposure 
point area (i.e., Johnson Island) are also significant risk drivers.  In the 100 Area exposure points, 
cobalt-60 and europium-152, both Study Area COPCs in sediment, contribute to the majority of 
cumulative risk.  Within the 300 Area, cesium-137 in soil contributes to approximately 50% to 
80% of the total risk related to island soil exposure pathways (ingestion, inhalation, and external 
irradiation).  Cesium-137 is a Reference COPC in soil.  In Lake Wallula, europium-152, 
europium-154, and cobalt-60 (Study Area COPCs) in sediment and cesium-137 (a Reference 
COPC) comprise all of the total risk for this medium. 
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Figure 6-34.  Cumulative Radiation Cancer Risk for the Yakama Nation Scenario,  
All Exposure Media Excluding Fish Tissue. 

0.0E+00

1.0E-05

2.0E-05

3.0E-05

4.0E-05

5.0E-05

6.0E-05

100-A 100-B 300-A 300-B LW-A LW-B

C
u

m
u

la
ti

v
e 

R
ad

ia
ti

o
n

 C
an

ce
r 

R
is

k

Sub-area

REFERENCE COPC

STUDY AREA COPC

 
 
 
6.5.3.2.3  Cumulative Cancer Risk.  Although radiation risks are described separately from 
chemical cancer risks, cumulative overall risk from both radionuclides and chemical cancer risks 
for the Yakama Nation scenario are presented below to depict overall cancer risk for the 
Hanford Site Study Area, in accordance with EPA guidance (OSWER 9200.4-18).  These 
cumulative cancer risks are presented in the table below for the Yakama scenario. 
 

Cumulative ILCR, Yakama Nation  100-A 100-B 300-A 300-B LW-A LW-B 

Total - fish ingestion pathway 3 x 10-2 3 x 10-2 3 x 10-2 3 x 10-2 2 x 10-2 2 x 10-2 

Total - abiotic pathways 5 x 10-5 5 x 10-5 5 x 10-5 6 x 10-5 5 x 10-5 1 x 10-4 

Total ILCR - Yakama Nation, all COPCs 3 x 10-2 3 x 10-2 3 x 10-2 3 x 10-2 2 x 10-2 2 x 10-2 

Total ILCR - Yakama Nation, study area COPCs 2 x 10-4 2 x 10-4 1 x 10-4 1 x 10-4 3 x 10-4 3 x 10-4 

 
Cumulative cancer risk for all COPCs exceeds the upper end of the EPA cancer risk range of 
10-4.  As previously described, all of the cumulative chemical cancer risk in fish tissue is 
attributable to Reference COPCs; however, most of the radiation cancer risk is related to 
carbon-14, a Study Area COPC in fish tissue.  Reference COPCs also generally account for the 
majority of cancer risk for abiotic media.  Absent the fish consumption pathway, cumulative 
cancer risks for abiotic media are within the EPA target risk range of 10-6 to 10-4 at each 
exposure point, although exceed the MTCA risk limit of 1 x 10-5, with the majority of risk 
related to radionuclides and arsenic in island soil and sediment. 
 
6.5.3.2.4  Total Effective Dose Equivalent.  Dose calculations are presented by exposure point 
in Appendices F through K, and radiation doses by exposure medium are summarized in 
Tables 6-73 through 6-78 for the child and Tables 6-79 through 6-84 for the adult.  Annual 
TEDEs for the Yakama Nation scenario across all exposure points are summed in Figure 6-35.   
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Figure 6-35.  Annual Total Effective Dose Equivalent for the  
Yakama Nation Scenario, All Exposure Media. 

 
 
 

Annual TEDE from all media is below the 15 mrem/yr radiation dose threshold at all exposure 
points.  In the 100-A/B exposure points, most of the annual TEDE is related to ingestion of 
carbon-14 in fish tissue.  Carbon-14 in fish tissue is attributed to approximately 50% of the 
annual TEDE in the 300-A/B exposure points.  
 
Figure 6-36 shows annual TEDE associated with only abiotic media.  Most of the annual TEDE 
in abiotic media is related to europium-152 and cobalt-60 in sediment, with the exception of 
exposure point 300-B.  In this exposure point, most of the  annual TEDE is related to inadvertent 
ingestion of island soil radionuclides on Johnson Island (annual dose of 0.4 mrem/yr for soil 
versus an annual TEDE of 0.6 mrem/yr for all media). 
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Figure 6-36.  Annual Total Effective Dose Equivalent for the Yakama Nation  
Scenario, All Exposure Media Excluding Fish Tissue. 

 
 
 
6.6 RISK CHARACTERIZATION SUMMARY  

Noncancer hazard and cancer risks evaluated for the three exposure scenarios (Casual User, 
Avid Angler, and Yakama Nation) reflect varying levels of exposures for typical activities that 
would be expected to occur along the Columbia River.  The Casual User represents recreational 
activities that primarily relate to swimming, picnicking, and wading along beaches.  The 
Avid Angler scenario reflects a fishing scenario where exposure to sediment, soil, and surface 
water is relatively minor, but fish consumption rates may be high with respect to that consumed 
by an average U.S. citizen that occasionally catches and consumes fish.  For example, the RME 
fish ingestion rate for the Avid Angler is approximately eight times higher than the CTE fish 
ingestion rate.  The Yakama Nation scenario reflects an even higher level of fishing-related 
activities than the Avid Angler (approximately 19 times higher than the CTE consumption rate 
and 2 times higher than the Avid Angler RME rate). 
 
Both RME and CTE were evaluated for the Casual User and Avid Angler scenarios, and there is, 
in general, an approximate two- to three-fold difference in estimated risk between these two 
conditions.  Primary differences relate to the frequency and duration of exposure, amount of soil 
or sediment inadvertently ingested, concentration in the exposure medium and, for the 
Avid Angler scenario, the amount of fish ingested.  These differences reflect variability in the 
population, but in both cases are intended to represent central tendency and upper-bound 
exposure potential.  Only one condition was evaluated for the Yakama Nation scenario, as 
provided by the Yakama Nation and in accordance with the RI Work Plan (DOE/RL-2008-11). 
 
Estimated risks for both the Avid Angler and Yakama Nation scenarios were dominated by the 
fish ingestion pathway, which accounted for approximately 99% of the cumulative cancer risk 
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and noncancer hazard.  Both RME and CTE risks estimated for these two receptors exceeded 
EPA risk limits by up to three orders of magnitude when all exposure pathways were included.  
Polychlorinated biphenyls, chlorinated pesticides, arsenic, cobalt, and mercury are the primary 
risk drivers within fish tissue.  Most of these constituents are Reference COPC across all 
exposure points, indicating that the concentrations of contaminants observed in the various fish 
species are, in general, similar to those observed in areas upstream of the Hanford Site.  Relative 
to risk associated with fish ingestion, the contribution to cumulative risk from Study Area 
COPCs is minor, especially for abiotic media. 
 
When comparing the results of the two approaches used to evaluate fish consumption risks, some 
patterns were observed related to risks estimated for individual fish species.  For chemical cancer 
risk, results indicate that cancer risk was lowest for bass and sucker and highest in carp.  For both 
chemical cancer risk and noncancer hazard in all species, risk was primarily due to PCBs, which 
are Reference COPCs across all exposure points.   
 
Notwithstanding the fish ingestion exposure route, risks from other abiotic media resulted in a 
noncancer hazard below the EPA threshold of 1 for the RME and CTE Recreational User and 
Avid Angler scenarios in all exposure points.  Cancer risks for these scenarios were also within 
the EPA cancer risk range of 10-6 to 10-4 and below the MTCA cumulative risk limit of 1 x 10-5 
in all areas.  Annual TEDE for all media was below the annual TEDE threshold of 15 mrem/yr. 
 
For the Yakama Nation scenario, noncancer hazards for all media other than fish tissue slightly 
exceeded the noncancer hazard threshold in all exposure points, with the highest HIs in the 
Lake Wallula Sub-Area.  Nearly the entire hazard at each exposure point, however, was 
attributable to Reference COPCs (primarily metals in sediment); for all exposure points, 
cumulative hazard from Study Area COPCs was below the threshold of one.  Cumulative cancer 
risk, exclusive of fish tissue, ranged from approximately 2 x 10-5 to 4 x 10-5; these risks are 
within EPA’s target risk range.  Nearly all of the cancer risk was attributable to arsenic in 
sediment, surface water, and soil.  Arsenic is a Reference COPC in sediment and surface water, 
but a Study Area COPC in island soil. 
 
Both CTE and RME cancer risks for the Casual User scenario were within or below the EPA 
cancer risk range of 10-6 to 10-4.  Noncancer hazard for the RME and CTE scenarios for this 
receptor were also below the threshold of one.  Radiation dose for the Casual User (both RME 
and CTE) was below the  annual TEDE threshold of 15 mrem/yr. 
 
Results from the risk characterization indicate that the risks related to exposure to surface water, 
sediment, and island soil are very small relative to that from fish ingestion, and the cumulative 
cancer risk associated with Study Area COPCs, for all receptors and at all exposure points, was 
within the EPA target cancer risk range of 10-6 to 10-4 at all exposure points.  As previously 
stated, fish ingestion comprised most of the cumulative risk; the primary risk drivers for fish 
ingestion included PCBs, chlorinated pesticides, arsenic, cobalt, and mercury.  PCBs, most 
pesticides and many heavy metals are Reference COPCs in fish tissue in all sub-areas and are 
present at levels similar to those in reference locations areas beyond or upstream of the Hanford 
Site Study Area.  For abiotic media, Reference COPCs account for the majority of noncancer 
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hazard and, in most cases, both chemical and radiation cancer risk in all sub-areas.  Arsenic in 
sediment within most of the exposure points accounted for over half of the cumulative cancer 
risk.  Of the radionuclides, carbon-14, cobalt-60 and europium-152, which are Study Area 
COPCs, constitute the majority of radiation cancer risk, although reference-related cesium-137, 
ubiquitous in all abiotic media, also contributed to cumulative cancer risk.   
 
Table 6-85 presents a summary of HI, ILCR, and  annual TEDE for each receptor and exposure 
point. 
 
 
6.7 SCREENING-LEVEL ASSESSMENT:  HYPOTHETICAL FUTURE 

RESIDENTIAL SCENARIO  

As a component of the HHRA, and at the request of Ecology, sediment data from areas of the 
Columbia River that could potentially be dredged in the future were compared to MTCA and 
other residential soil screening levels.  A discussion of this scenario was presented in Section 4.0.  
These screening-level comparisons are presented in Appendix A.   
 
Results indicate that arsenic, chromium, hexavalent chromium, lithium, fluoride, nondioxin 
PCBs, and several chlorinated VOCs exceeded human health surface water benchmarks in one or 
more sub-areas of the river.  A comparison of sediment EPCs to selected human health 
benchmarks for sediment in the Columbia River shows that EPCs of aluminum, arsenic, 
chromium, cobalt, iron, manganese, thallium, vanadium, cesium-137, and europium-152 exceed 
one or more sediment benchmarks. 
 
Many of the COPCs in surface water and sediment that exceeded benchmarks have also been 
identified as risk drivers in the baseline cancer risks and noncancer hazards calculated in 
Section 6.5 for the various human receptors evaluated in the HHRA.  As demonstrated in 
Section 6.5, arsenic, cesium-137, and europium-152 in shallow sediment and arsenic in surface 
water are primary risk drivers.  Of these constituents, only europium-152 is a Study Area COPC; 
the other constituents are Reference COPCs. 
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7.0 UNCERTAINTY ANALYSIS 

The uncertainty analysis is an important component of all risk assessments, because many of the 
input parameters may be highly variable and/or difficult to quantify.  This introduces uncertainty 
in the baseline risk assessment.  The uncertainty analysis identifies and evaluates the 
uncertainties associated with key parameters in the risk assessment, including the environmental 
concentrations, toxicity values, and exposure assumptions used to estimate the magnitude of 
exposure and to quantify health risks.  In general, assumptions are selected and intended to be 
conservative by design and therefore protective of human health.  However, because of 
numerous assumptions that are difficult to quantify, uncertainties in this baseline risk assessment 
may bias the risk result to either overestimate or underestimate risk to humans.   
 
Many assumptions incorporated into this HHRA are inherently conservative (i.e., protective of 
human health).  Therefore, the risk estimates presented in this report are generally more likely to 
overestimate rather than underestimate the potential risk.  A discussion of the uncertainty and 
conservatism associated with this HHRA is provided for each of the four risk assessment 
components (i.e., data evaluation, exposure assessment, toxicity assessment, and risk 
characterization) to facilitate an understanding of the inherent limitations and uncertainties 
associated with this HHRA.   
 
 
7.1 DATA EVALUATION 

In general, uncertainties associated with data evaluation include the methodologies used to 
collect the samples, the analyses conducted on samples collected, the overall number of samples 
that are collected, the COPC selection process, and the identification of Study Area and 
Reference COPCs.  Specific uncertainties relevant to the data evaluation are identified in 
Table 7-1.  Primary sources of uncertainty pertinent to this component of the risk assessment 
process are discussed in the following subsections. 
 
7.1.1 Analytical Data used in the HHRA 

Overall, there is a large body of environmental data available for the Hanford Site Study Area 
with which to estimate risk.  Specific to this HHRA, primary uncertainties related to the data set 
used in the baseline risk assessment include the combining of historical sediment and surface 
water data (from 2000 to 2007) with data collected in 2008 to 2010.  It is possible that the older 
data are not representative of current conditions, and if these data have higher or lower 
concentrations, then they could bias the EPCs accordingly.  Sediments in the Columbia River are 
continually being scavenged and redeposited along the entire length of the study area.  Historical 
surface water data have the greatest uncertainty, as this dynamic medium is always changing due 
to differing flow conditions and changing conditions of the watershed.  However, a review of the 
historical data used in this HHRA (collected between 2000 and 2007) suggests that surface water 
and sediment quality has not significantly changed over the past decade.   
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Some samples were collected from areas where historical information and/or modeling data 
indicated elevated concentrations of contaminants, such as groundwater upwelling areas.  The 
analytical results from these focused samples may potentially introduce a conservative bias (e.g., 
overestimate risk) into the overall dataset.  
 
Seasonal input of contaminants, particularly pesticides, from major tributaries may also influence 
contaminant concentrations in the Columbia River.  For example, concentrations of pesticides 
and PCBs could potentially increase during the summer and early fall months due to increased 
runoff and soil erosion from agricultural land or seasonally low water levels.  Overall, most of 
the surface water and sediment samples in the Lake Wallula Sub-Area, which receives sediment 
and surface water input from the Snake and Yakima Rivers as well as the contaminant load from 
upstream areas, were collected during the spring, summer, and fall months, suggesting that these 
data represent seasonal changes in surface water and sediment chemistry.  Likewise, sampling 
limitations for fish (such as mobility and/or habitat and feeding preferences of species, number 
of samples obtained, fish age/length, etc.) can introduce uncertainty into the risk assessment with 
regard to representativeness of the dataset.  Because Reference and Study Area samples were 
collected from similar timeframes, this seasonal influence is unlikely to impact the conclusion of 
the Study Area-Reference comparison. 
 
There is also some uncertainty associated with analytical results for radionuclides and other 
constituents that were detected relatively infrequently, particularly in fish tissue, where 
radionuclides were detected in only a few fish tissue samples, at a frequency of less than 1%.  
In most cases, there was no pattern observed in detection with respect to tissue type, location, or 
species, and there are instances where it is possible that the positive result is actually a 
false-positive due to laboratory contamination or instrument error, as discussed in Section 3.6.4.  
Although exclusion of these radionuclides in the quantitative HHRA may potentially 
underestimate cumulative risk, this bias is anticipated to be relatively low, given that 
infrequently detected constituents are not anticipated to have a significant impact on risk for 
long-term exposures.  
 
In some instances, the low FOD may be related in part to elevated LRLs for samples.  Reporting 
limits are unique to a sample and may be influenced by matrix interferences and other issues.  
Elevated reporting limits may potentially represent false-negatives; i.e., the constituent is not 
detected but is actually present in the medium at an undetectable concentration.  False-negatives 
could result in underestimating the number of true positive results.  Because FOD was used as 
one means of selecting COPCs and evaluating Reference conditions, the presence of false- 
negatives could potentially influence the outcome of these processes.  Some of the uncertainty 
associated with elevated reporting limits is reduced by inclusion of censored results in estimation 
of EPCs.  
 
7.1.2 Selection of Contaminants of Potential Concern 

Uncertainty is associated with the selection of COPCs from the total list of detected analytes.  
In the screening process, as described in Section 3.0, chemicals meeting specified criteria were 
not carried through (e.g., excluded from) the quantitative HHRA process.  Selection of COPCs 

Exhibit 12c



DOE/RL-2010-117 

Uncertainty Analysis Rev. 0 
 
 

 
Columbia River Component Risk Assessment 
Volume II, Part 1:  Baseline Human Health Risk Assessment 
September 2012 7-3 

streamlines the risk assessment process by focusing the HHRA on potentially significant risk 
contributors or drivers and thus provides the most useful information for making remedial action 
decisions.  The COPC selection process was consistent with EPA guidance pertaining to 
selection of COPCs for risk assessment (EPA/540/1-89/002, Risk Assessment Guidance for 
Superfund, Volume I:  Human Health Evaluation Manual [Part A], Interim Final) and followed 
the approach specified in the RI Work Plan (DOE/RL-2008-11).  The COPC refinement process 
included a number of complementary steps and criteria, including consideration of a pre-selected 
list of contaminants that were either not excluded or included, evaluation of spatial distribution 
and concentration, and an evaluation of potential toxicity through a comparison of concentrations 
to conservative risk-based screening criteria.  However, the exclusion of constituents as COPCs 
could cause the risk estimates to be biased low, although the magnitude of the bias is likely to be 
relatively small. 
 
Many of the constituents that were detected at low frequency (less than 5% if more than 
20 samples were analyzed) were eliminated as COPCs for soil, sediment, and surface water.  
Overall, the number of constituents eliminated by this process was small and not anticipated to 
significantly underestimate risk.  In most instances, the constituent was detected in only one 
sample.  Table 7-2 summarizes constituents in abiotic media and fish fillet that were eliminated 
due to low-frequency status (i.e., less than 5% detects of 20 or more sample results). 
 
Undetected analytes (i.e., never detected in a medium) were also excluded as COPCs.  To 
evaluate the potential magnitude/impact of the exclusion of these constituents, the analytical 
results (i.e., reporting limits) of nondetect constituents were evaluated with respect to human 
health screening criteria.  This comparison is presented in Appendix M, Table M-1 for surface 
water, Table M-2 for sediment, Table M-3 for island soil, and Table M-4 for fish tissue.  
Results from this comparison indicate that the instances where the majority of reporting limits 
exceeded benchmarks in abiotic media, the constituent was either a SVOC (particularly phenols 
and PAHs), a chlorinated VOC, or a pesticide.  As described below, due to their low prevalence, 
exclusion of these nondetected analytes is not anticipated to significantly bias risk estimates.   
 
Results are summarized as follows. 
 
 In sediment and soil, relatively few constituents had a high frequency of reporting limits 

exceeding benchmarks.  Constituents with reporting limits that consistently exceeded 
benchmarks mainly included SVOCs, such as PAHs.  Note that PAHs that were detected in 
these media were detected in only a few of the several hundred samples analyzed.   

 In sediment and soil, VOCs are unlikely to be retained in sediment due to the low organic 
carbon content of the sandy sediment substrate and high solubility and/or volatility of this 
class of compounds.  Therefore, the elevated reporting limits for sediment and soil are 
unlikely to produce a false-negative result (i.e., result is reported as nondetect when the 
constituent is actually present).  
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 In soil, only europium-152 had reporting limits consistently higher than benchmarks.  This 
radionuclide is an inclusion list constituent.  Its isotope, europium-154, was detected 
infrequently in sediment samples. 

 In surface water, SVOCs and several chlorinated VOCs had numerous reporting limits 
exceeding benchmarks.  However, none of these analytes are inclusion list analytes, and the 
general low prevalence of VOCs/SVOCs in surface water samples suggest that surface water 
results do not underestimate the presence of these constituents.  As a class of constituents, 
SVOCs (including pesticides) are not expected to be detected frequently in surface water due 
to their low water solubility. 

 In fish tissue, beryllium, toxaphene, and several radionuclides had reporting limits exceeding 
benchmarks 100% of the time.  Of the radionuclides, cobalt-60, europium-152, and 
uranium-235 are inclusion list constituents.   

For detected constituents, concentrations were also screened against various medium-specific 
benchmarks as a means of selecting COPCs.  The benchmarks used in this analysis for surface 
water, sediment, and soil are based on residential exposure scenarios (e.g., residential soil 
screening levels were used for sediment recreational exposures) and are generally conservative 
values to use as screening tools.  However, the assumptions underlying the fish tissue 
benchmarks (which use the consumption rate unique to the Avid Angler scenario) may be less 
conservative for the Yakama Nation scenario evaluated in this HHRA, which encompasses a 
relatively high fish ingestion rate (approximately twice that of the Avid Angler scenario) and 
assumes that, in addition to fillet, organ meat is also consumed.  The use of the Avid Angler 
ingestion rate for fish tissue benchmarks results in the exclusion of a few additional constituents 
as COPCs, which could potentially underestimate cumulative hazard and risk for the 
Yakama Nation scenario.  However, their exclusion does not change the outcome of the risk 
assessment, as the primary risk drivers in fish tissue (e.g., PCBs, mercury, pesticides) result in 
noncancer hazard and cancer risk exceeding risk management criteria.  
 
As provided for in the EPA risk guidance (EPA/540/1-89/002), the COPC selection process 
resulted in a number of constituents eliminated as COPCs. Some of these constituents at 
individual locations may be present at concentrations greater than Reference/OCI areas and, in 
some instances, greater than human health screening levels.  
 
In surface water, several contaminants not retained as COPCs in Table 3-20 have elevated 
concentrations in the surface water but were not included in the risk calculations.  These 
contaminants have elevated concentrations in specific locations, relative to upriver locations.  
Nonradiological and radiological surface water contaminants are summarized in Table 7-3.  
These results are noted as examples, because the concentrations at these locations either exceed 
risk-based levels for drinking water or surface water; or the concentrations are high enough that, 
when added (as risk or hazard quotient) with that of other contaminants having similar targets, 
could potentially influence the total risk and/or hazard levels.  Table 7-4 summarizes constituents 
in fish tissue that are also noted as examples because these contaminants have elevated 
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concentrations relative to upriver locations, and could potentially influence the total risk and/or 
hazard levels associated with fish consumption.   
 
The risk assessment, however, does not characterize risk for all contaminants detected on a 
point-by-point basis, but instead relies on estimates of exposure based on the 95% UCL, which 
takes into account point locations with elevated concentrations.  The UCL represents, with 95% 
confidence, the upper bound of true mean concentration, which is appropriate for characterizing 
long-term, chronic exposures for a population.  For surface water, which is a dynamic medium, 
characterization of risk based on a single sample result is not appropriate for evaluating long-
term exposures.  Therefore, although elimination of some detected contaminants as COPCs may 
underestimate risk, the overall effect is expected to be low and not influence the conclusions of 
the HHRA.  This allows the HHRA to focus on those constituents that present the greatest 
potential risk.   
 
7.1.3 Comparison to Reference Conditions 

Following the COPC selection process, COPCs from each of the sub-areas (100 Area, 300 Area, 
and Lake Wallula) were evaluated and identified as either “Reference COPCs” or “Study Area 
COPCs.”  It is worth reiterating that this evaluation determined only whether a COPC was 
present at (1) concentrations indistinguishable from Reference/OCI areas (“Reference COPC”) 
or (2) concentrations were elevated with respect to reference/OCI areas (“Study Area COPC”).  
Accordingly, the designation as a “Study Area COPC” does not necessarily indicate that the 
presence of that chemical is directly related to Hanford Site releases, but simply that the 
concentration was higher in that sub-area relative to RfCs.  This is described in more detail 
below.  Furthermore, these comparisons did not eliminate any COPCs from further evaluation in 
the baseline risk assessment, but were used to distinguish COPCs such that appropriate 
recommendations could be made for their further evaluation if they were found to be associated 
with excess risk. 
 
Contaminant concentrations from the three sub-areas of the Hanford Site Study Area were 
compared to contaminant concentrations from reference areas not impacted by the Hanford Site 
activities (i.e., Reference/OCI locations).  These locations were either upriver or were from OCIs 
such as tributaries and wasteways/irrigation ditches.  Two-tailed statistical tests were used for 
this comparison (see Section 3.8) to assess whether contaminant concentrations in the Study 
Area were higher or lower than those in Reference areas.  A one-tailed test could have been 
employed to assess only whether Study Area concentrations were higher than those of Reference.  
One-tailed tests generate p-values that are one-half that of the equivalent two-tailed test.  
Therefore, certain comparisons that resulted in a p-value of between 0.05 and 0.1 that were 
previously classified as Reference COPCs would have instead been classified as Study Area 
COPCs, as the p-value would now fall below the alpha threshold of 0.05.  This would potentially 
increase the cumulative risk/hazard attributed to Study Area COPCs.  A review of the statistical 
comparison tables presented in Section 3.0 indicates that the number of Reference COPCs with 
(1) a p-value between 0.05 and 0.1, and (2) mean concentrations higher in the Study Area (but 
not a statistically significant difference), but that would have been classified as Study Area 
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COPCs using a one-tailed test, is very small, and all of the occurrences are in fish tissue (mainly 
in carp carcass in the 300 Area and Lake Wallula).  These occurrences include the following: 
  
 Mercury:  300 Area fish carcass, carp fillet and carp carcass 
 Selenium:  Lake Wallula fish (all species combined) fillet 
 Beta-HCH:  Lake Wallula fish (all species combined)  carcass 
 Total nondioxin PCBs:  carp carcass 
 Total dioxin-like PCBs:  sucker carcass 
 
For COPCs with a low FOD or a low overall number of samples, qualitative analyses were 
performed to evaluate COPCs that are consistent with reference conditions.  Where use of 
statistical comparisons was not supported and there was no clear determination of whether a 
constituent was consistent with reference conditions, the OCI and Reference data were evaluated 
in detail and a protocol adopted to assign a constituent as either a Study Area or Reference 
COPC.  This protocol resulted in the determination that most COPCs were “consistent with 
Reference” and thus defined as “Reference COPCs.”  Although the assignment of a COPC to the 
Study Area or Reference category does not affect the total risk values (which reflect cumulative 
risk across all Study Area and Reference COPCs), this assignment could impact risk 
management decisions.  Misclassification of a COPC as a Reference COPC may result in 
elimination of a contaminant from future remedial actions.  Conversely, misclassification of a 
COPC as a Study Area COPC may potentially result in costly and ineffective remedial decisions. 
 
A case in point is PCBs, which were categorized as a “Reference COPC” throughout the 
Hanford Site Study Area in surface water, sediment, and fish, with the exception of sucker and 
100 Area and 300 Area nonfillet tissues.  It is widely accepted that PCBs are present globally, 
even in remote rural areas.  The data appear to support this conclusion for the Hanford Site 
Study Area.  
 
For example, PCBs were identified as a major risk driver in fish tissue.  However, evaluation of 
the distribution of PCB congener data (discussed in Section 3.5.7) showed that PCB composition 
was very similar among all sub-areas including OCIs and other Reference areas and that there 
was a relatively narrow range of detected concentrations along the entire river.  The conclusion 
was that PCBs in fish tissue and other media in the 100, 300, and Lake Wallula Area Sub-Areas 
were present at concentrations consistent with those in Reference/OCI areas.   
 
Because there are numerous sources, both natural and anthropogenic, of contaminants to the 
Columbia River, it is important to stress that a “Study Area COPC” may not be directly related to 
a Hanford Site release, but that the constituent is present only at relatively higher concentrations 
than in other areas of the river.  In some instances, few data were available to support standard 
comparative statistics, and so professional judgment was employed to identify a COPC as either 
“Study Area” or “Reference.”  (Refer to Section 3.8 for a more detailed discussion of COPC 
selection.)  This often occurred for pesticides in fish tissue that were infrequently detected, and 
often the magnitude of difference between Upriver and Study Area concentrations was very 
small. 
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Based on this assessment, the existing data set adequately characterizes potential exposures 
within the Hanford Site Study Area.  In this HHRA, uncertainty due to limited sample results or 
detection status has been offset by incorporating conservative assumptions into the exposure 
assessment and risk characterization when possible. 
 
 
7.2 EXPOSURE ASSESSMENT 

In general, estimation of EPCs (including calculation of arithmetic mean and UCL 
concentrations), characterization of current and reasonably foreseeable site activities and uses, 
and calculation of ADDs contribute most to the uncertainty in the exposure assessment 
component of the risk characterization.  To counter this uncertainty, health-protective exposure 
assumptions based on either site-specific information or conservative default values provided in 
EPA and other guidance were used to quantitatively evaluate potential risks posed by the 
Hanford Site.   
 
Perhaps one of the largest areas of uncertainty is that associated with estimating activity patterns 
for human recreational exposures.  In this HHRA, it is assumed that a receptor is exposed to an 
entire exposure point, which in this case may encompass an area much broader than what is 
typically encountered (such as a small beach or boat ramp) during each exposure event.  
Furthermore, although this HHRA relied on Columbia River survey data (PNNL-13840, 2001 
Columbia River Recreation Survey – Implications for the Hanford Site Integrated Assessment) 
for estimating recreational activity exposure factors (such as number of hours spent at the beach 
or number of trips made), these results may not always accurately reflect activity patterns for a 
specific portion of the population or for a discrete location such as a beach.   
 
Exposure point concentrations estimated for the Hanford Site Study Area represented a broad 
area of exposure, and so there is some uncertainty related to whether the EPC adequately 
characterizes the level of a COPC to which a receptor is routinely exposed.  However, each 
sub-area was divided into separate exposure points to allow distinct evaluation of areas with 
relatively elevated concentrations of COPCs.  Furthermore, for RME exposures, 95% UCLs or 
maximum concentrations were used as EPCs.  These upper-bound metrics are intended to 
conservatively estimate exposure throughout an area with variable levels of contamination.  In 
some instances, EPCs were based on only a few detected concentrations, among many nondetect 
results.  Overall, EPCs used in this assessment are conservative and likely overestimate risk. 
 
There is also some uncertainty in estimating EPCs in a dynamic system such as a river, where the 
nature, extent, and level of contamination may change over time as surface water continuously 
moves downstream and sediments are transported or buried.  Comparison of historical data to the 
data used in this HHRA suggests that concentrations of many contaminants like metals have 
decreased over the past two decades, and as some sources of contaminants, such as upstream 
mines, have been removed, one would anticipate this trend to continue.  Radionuclides degrade 
with time, and many of the radionuclide COPCs have a half-life of 30 years or less.  Over a 
30-year exposure duration, one would therefore expect the activity of radionuclides in surface 
water and sediment to decrease considerably.  Examples of this are shown in Table 7-5, which 
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presents the percentage of radionuclide COPCs remaining after 30 years, which is the exposure 
duration for the Casual User and Avid Angler scenarios.  Thus, use of current data to estimate 
EPCs for long-term scenarios likely overestimates risk. 
 
This HHRA is deterministic, relying on point estimates of exposure.  In general, a mixture of 
conservative and mid-range exposure assumptions were used in order to derive realistic, yet 
protective, estimates of exposure.  This risk analysis included evaluation of the RME for each 
receptor as well as evaluation of CTE conditions.  The RME exposure assumptions (including 
receptor-specific variables, such as ingestion rate of fish, soil, sediment, or water) reflect 
upper-bound or maximum values and are intended to be conservative, thus likely overstating 
risks for most of the general population.  Typically, the upper-bound assumptions used to 
quantify doses and risks for the RME scenario make it unlikely to underestimate risks for the 
evaluated receptors.   
 
Quantification of risk for both RME and CTE scenarios also provides insight on the variability in 
exposure that may be experienced by a particular receptor.  However, reliance on single-point 
estimates can potentially over- or underpredict exposure and, hence, estimated risk. 
 
Specific examples of uncertainty in the exposure assessment are presented in Table 7-6.  
 
 
7.3 TOXICITY ASSESSMENT 

The primary sources of uncertainty in the toxicity assessment are associated with toxicity values 
used to quantify risks.  These uncertainties include (1) extrapolation of toxicity information from 
effects observed at high doses to predict adverse effects at low concentrations/activity levels 
anticipated for human exposure to environmental contaminants, (2) use of toxicity information 
compiled from short-term exposure studies to predict the effects associated with long-term 
exposures (and vice-versa), (3) use of toxicity information from animal studies to predict likely 
effects in humans, and (4) use of toxicity information based on homogeneous animal populations 
or healthy human populations to predict the effects that are likely to be observed in the general 
population (including sensitive subgroups).  Human variability in response to chemical 
exposures may be dependent on numerous factors, and risks estimated for one population may 
not necessarily be protective or indicative of risks in a different population.  
 
However, the toxicity values used in the calculation of noncancer hazards and cancer risk 
estimates are, for many of the COPCs, very conservative values.  Reference doses and RfCs are 
derived using a number of safety factors (e.g., up to several thousand) and are developed in order 
to protect sensitive populations.  Therefore, the actual dose or concentration associated with a 
health effect is likely to be higher than the dose or concentration established by EPA for 
evaluating risk in most groups within the general population.   
 
However, toxicity values for other COPCs such as arsenic, hexavalent chromium, 
methylmercury, and radionuclides may be less conservative due to a number of factors.  In some 
instances, smaller uncertainty factors (which are protective factors applied to benchmark doses to 

Exhibit 12c



DOE/RL-2010-117 

Uncertainty Analysis Rev. 0 
 
 

 
Columbia River Component Risk Assessment 
Volume II, Part 1:  Baseline Human Health Risk Assessment 
September 2012 7-9 

account for uncertainties related to use of animal data, subchronic studies, and other factors) are 
used in the development of toxicity values.  In the case of methylmercury RfD 
(0.0001 mg/kg-day; IRIS 2012), this value was derived based on human epidemiological data 
using an uncertainty factor of ten to account for toxicokinetic variability in ingested dose 
estimation and pharmacodynamic variability and uncertainty (IRIS 2012; NRC 2000; Rice et al. 
2003).  Although a lower uncertainty factor reflects a higher confidence in the toxicity value, less 
protective assumptions used in the RfD’s derivation may result in a lower bias for estimates of 
noncancer hazard. 
 
In other cases, more recent studies suggest that a more conservative toxicity value is warranted.  
For example, the CSF for arsenic used in this HHRA (1.5 per mg/kg-day) is based on the IRIS 
review dated 1998 (EPA 2012).  However, more recent studies indicate that this value likely 
underestimates risk of internal cancers by approximately an order of magnitude 
(EPA/635/R-10/001; NRC 1999, 2001).  The IRIS carcinogenicity assessment is currently under 
development by EPA, which has proposed a potency factor of 25.7 per mg/kg-day, 
approximately 20 times more conservative than the current CSF.  
 
Radionuclide CSFs are based on human population data, dosimetry, and biokinetic models 
(EPA 2001) and represent central estimates of the mean, rather than upper-bound estimates 
characteristic of slope factors for nonradionuclides.  The linear dose-response used for chemical 
carcinogens was adapted from radiogenic exposures on human populations (EPA/402-R-99-001, 
1999 and 2002); therefore, there is less uncertainty associated with these cancer potency values, 
but these values may consequently be less conservative.  Additional uncertainties associated with 
the toxicity values used in this HHRA are summarized in Table 7-7. 
 
 
7.4 RISK CHARACTERIZATION 

Specific uncertainties in the risk characterization are summarized in Table 7-8.  The primary 
source of uncertainty in the risk characterization section is the assumption of simple additivity of 
toxicity when calculating cumulative risk across COPCs.  Equal weight is given to the toxicity of 
each COPC, even though the basis of the toxicity values may vary considerably, particularly for 
RfDs/RfCs that may have different confidence levels, different endpoints, and different modes of 
action.  In actuality, chemical mixtures may result in additive, synergistic, or antagonistic effects, 
or the toxicity of a constituent may even be independent of that of other constituents.  For 
chemical CSFs, which are based on 95% UCLs, simple additivity across COPCs may result in 
overestimates of risk.   
 
7.4.1 Uncertainty Related to Identification of Study Area and Reference 

Contaminants of Potential Concern 

There is some uncertainty associated with quantification of cumulative hazard and risk 
associated with Study Area and Reference COPCs.  As discussed in Section 3.8, all COPCs were 
designated as either Study Area or Reference COPCs, based on either a qualitative or 
quantitative evaluation of analytical results (i.e., the “reference comparison”).  Cumulative risk 
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was evaluated for all COPCs (both Study Area and Reference, combined), but was also discussed 
separately for Study Area and Reference COPCs.   
 
For the fish ingestion pathway, which evaluated consumption of three different tissue types 
(fillet, carcass, and liver/kidney), the reference comparisons sometimes yielded conflicting 
results among the multiple tissue types.  That is, Study Area concentrations of a constituent in 
one tissue type could be consistent with RfCs, while the concentrations in the two other tissue 
types may have been higher in the study area samples (e.g., see Tables 3-67, 3-75, and 3-82).  To 
resolve these discrepancies, the final COPC designation for fish tissue (considered as one 
complete exposure medium) was based on fillet results, since this portion of the fish is assumed 
to comprise the bulk of the diet (see Section 3.8.1.6).  This approach resulted in the 
categorization and evaluation of select constituents in fish carcass and liver/kidney as “Reference 
COPCs,” although they would otherwise be considered to be “Study Area COPCs” based on 
their concentrations in individual tissue types.  This approach may potentially result in an 
underestimate of the cumulative risk attributed to Study Area COPCs and an overestimate of risk 
attributed to Reference COPCs.  (This approach had no impact on overall cumulative risk, 
however.)  However, as indicated above, the relative consumption rate of these tissue types 
compared to fillet, is small (5% or less).  
 
The constituents for which this bias may exist (pesticides, PCBs, and metals) are highlighted in 
Tables 3-67, 3-75, and 3-82 for the 100 Area, 300 Area, and Lake Wallula, respectively.  Note 
that these constituents were not identified as Study Area COPCs in either sediment or surface 
water.  PCBs and pesticides are considered “legacy” pesticides that are persistent and ubiquitous 
at low levels throughout the world as a result of their past use in industrial and agricultural 
settings, such as those that exist adjacent to/along the Columbia River.  
 
For each of the three sub-areas, the following COPCs were designated as “Study Area COPCs” 
in carcass and/or liver and kidney, although not in fillet: 
 
 100 Area:  PCBs (nondioxin and dioxin-like), pesticides (beta and gamma-HCH, dieldren, 

and heptachlor), arsenic, cadmium, and cobalt.  The result of the reference comparison was 
based on a qualitative evaluation for most of the pesticides, arsenic. and cobalt. 

 300 Area:  Pesticides (delta- and gamma-HCH, dieldrin) and dioxin-like PCBs.  The result of 
the reference comparison for all of the pesticides was based on a qualitative evaluation. 

 Lake Wallula: Beta- and gamma-HCH, dieldren, and arsenic.  The results of the reference 
comparison for all but beta-HCH were based on a qualitative evaluation. 

To evaluate how the decision to classify these compounds as Reference COPCs (based on fillet 
concentrations) might bias cumulative risk for Study Area COPCs, hazard and risk related to 
fish consumption were calculated for both the Avid Angler and Yakama Nation scenarios for 
these specific COPCs in carcass and liver/kidney.  These calculations are presented in 
Appendix O, and the resulting hazard and chemical cancer risks are summarized in Table 7-9.  
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Cumulative hazard and risk from all Study Area and Reference COPCs (as identified in 
Section 3.8) are also summarized on this table for comparison.   
 
This evaluation indicates that the cumulative hazard and risk from Study Area COPCs1 may 
potentially be underestimated in the 100 Area and the 300 Area, primarily as a result of treating 
the identified PCBs, pesticides and metals in liver, kidney and carcass as Reference COPCs.  
Cumulative hazard from Study Area COPCs in Lake Wallula is only slightly underestimated as a 
result of classifying dieldrin and beta-HCH in liver/kidney as Reference COPCs.  However, 
when compared to cumulative risk from all COPCs (i.e., both Study Area and Reference), the 
contribution from these compounds in nonfillet tissue is relatively small (i.e., less than 15%).  
PCBs and pesticides (as Reference COPCs) in fillet comprise the majority of the hazard and 
chemical cancer risk.  Therefore, compared to overall cumulative risk, the decision to categorize 
several constituents in nonfillet tissues as Reference COPCs, despite their having higher 
concentrations in the Study Area, does not have an overall impact on the overall conclusions of 
the risk assessment. 
 
7.4.2 Uncertainty Related to Elimination of Detected Constituents as 

Contaminants of Potential Concern 

There is also some uncertainty associated with estimation of cumulative hazard and risk, due to 
elimination of detected constituents from the COPC selection process.  Cumulative risk 
addresses only COPCs that were quantitatively evaluated in the risk assessment.  Other detected 
constituents that were ruled out during the data evaluation process (due to low frequency or 
concentration below human health-based benchmarks, or presence on the exclusion list, 
for example) were not assessed as COPCs, and so risk related to these constituents is not 
accounted for.   
 
However, as illustrated in the discussion of risk in Section 6.0, typically only one or two 
contaminants (e.g., PCBs in fish, arsenic in soil/sediment) typically represent 80% or more of the 
cumulative hazard or risk.  Therefore, it is likely that excluding low-frequency or low-toxicity 
constituents will have little overall effect on the estimated risk value.  However, the risk 
characterization does focus on those constituents identified early on in the risk assessment that 
are prevalent, highly toxic, and/or most likely to pose a potential human health risk.   
 
Reliability of analytical results may also introduce uncertainty into assessing cumulative risk.  In 
some instances, suspected laboratory-induced data quality issues (e.g., cross-contamination) led 
to the elimination of five detected radionuclides (tritium, plutonium-239/240, strontium-90, 
cesium-137, and technetium-99) from the HHRA.  Six radionuclides were detected in fish tissue; 
of these, only carbon-14 was carried through as a COPC, because the analytical results for the 
other five radionuclides were suspected to be false-positives and so were deemed unusable for 
the HHRA (see Section 3.6.4.4).  If these radionuclides are actually present in fish tissue, 
however, their exclusion as COPCs could potentially underestimate cumulative cancer risk.  

                                                 
1 It is important to note that the reference comparison results do not impact the overall cumulative hazard or risk, 
which is calculated for all receptors and exposure points based on both Study Area and Reference COPCs. 
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Radiation cancer risk associated with consumption of these five radionuclides in fish tissue is 
calculated in Appendix O and is summarized in Table 7-10.  This table also summarizes the 
cancer risk associated with ingestion of carbon-14 in fish, as well as the cumulative cancer risk 
from all COPCs (chemical and radiological) evaluated in the HHRA. 
 
The ingestion of tritium, plutonium-239/240, strontium-90, cesium-137, and technetium-99 in 
fish tissue results in a cumulative cancer risk ranging from 1 x 10-5 in Lake Wallula to 4 x 10-3 in 
the 100 Area, based on the Yakama Nation scenario.  In the 100 Area, plutonium and 
strontium-90 in fillet are the primary risk drivers; and cesium-137 and tritium are the major risk 
drivers in the 300 Area and Lake Wallula, respectively.  These cumulative cancer risks are 
similar to or higher than those attributed to carbon-14 in fish tissue.  Relative to cumulative risk 
from all COPCs, however, risk from these radionuclides is much lower than that associated with 
PCBs and pesticides in all sub-areas.  Furthermore, it should be noted that these risks are in 
many instances based on maximum detected concentrations (or activities), where a constituent 
was rarely detected, and therefore may not realistically characterize long-term exposures.   
 
Additional uncertainties in the risk characterization are summarized in Table 7-6. 
 
 
7.5 UNCERTAINTY ANALYSIS SUMMARY 

As previously discussed in Sections 7.1 through 7.4, many of the assumptions and parameters 
used in this HHRA are intended to be conservative and therefore overestimate potential health 
risk.  As indicated in Section 6.0, the fish ingestion pathway contributes to nearly all of the risk 
for the Avid Angler and Yakama Nation scenarios.  Given the uncertainty regarding 
consumption rates specific to the Columbia River, use of upper-bound estimates of fish ingestion 
used in the HHRA likely overestimates risk for the Hanford Site Study Area.  Polychlorinated 
biphenyls, mercury, and other metals, and chlorinated pesticides in fish tissue are primary risk 
drivers.  These types of contaminants are prevalent in fish tissue in many waterbodies, due to 
their widespread historical use, atmospheric deposition, and, consequently, high prevalence in 
abiotic media.  Releases from the Hanford Site are not a major contributor of these COPCs, if 
at all.   
 
For other media, assumptions regarding how often a human receptor visits the river, and in what 
types of activities a human receptor would be anticipated to participate, largely influence the 
level of exposure and estimated risk.  Because this HHRA uses a deterministic approach (rather 
than evaluating a distribution of exposure) in assessing risk, the risks generated do not take into 
account all members of a population.  However, the point estimates of different physiological 
attributes, activity patterns, toxicity values, and EPCs used to characterize exposure and toxicity 
are designed to be protective of sensitive subpopulations or members of a population who are 
likely to have an enhanced exposure potential.  Also, both CTE and RME scenarios were 
evaluated for receptors other than the Yakama Nation scenario, for which only one scenario was 
provided.  Assessment of both CTE and RME helps to evaluate the potential range of health risk 
estimates, even though a deterministic approach was used in each.  Furthermore, when using 
high-dose toxicity data to predict risks for a chemical exposure at low doses or using animal data 
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to extrapolate to human populations, there is considerable uncertainty whether any disease will 
actually occur due to exposure, and may result in significant overestimate of potential risks.  
 
In light of these uncertainties, the risks calculated are estimated risks.  Therefore, it is 
emphasized that the risks generated in this evaluation are hypothetical, not actual, and are by 
design intended to be conservative (tend to overestimate actual risks).  By using this conservative 
approach in developing risk estimates, it is expected that the calculated risk estimates are likely 
to result in upper-bound estimates of actual Study Area-related risks/hazards.  Consequently, 
these estimates should be used to highlight areas of potential concern and to assist in providing 
practical risk management information rather than be considered as absolute estimates of health 
risks. 
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8.0 CONCLUSIONS 

The purpose of this baseline HHRA was to characterize the nature and magnitude of risk 
associated with exposure to chemical and radiological COPCs1 in surface water, sediment, island 
soil, and/or fish tissue, and to identify risk drivers that are attributed to the Hanford Site.  The 
Columbia River is widely used for various recreational and tribal purposes as well as a source of 
potable water for the City of Richland (following filtration and treatment).  Therefore, it is 
important to understand whether the presence of contaminants in river media poses a potential 
health risk to the human receptors that may be exposed at a level exceeding established EPA and 
MTCA risk management criteria.  In this HHRA, cumulative noncancer hazards and cancer risks 
were evaluated for three of the four receptor scenarios.  These included the following: 
 
 The Casual User scenario, which includes both adults and children who use the river for 

seasonal recreational purposes; 

 The Avid Angler scenario, which includes both adults and older children who engage in 
fishing activities and younger children who consume fish that are brought home; and 

 The Yakama Nation scenario, which includes local and regional tribes who have ties to the 
Hanford Site Study Area and surrounding lands. 

Additionally, at the request of Ecology, a comparative analysis was conducted in which sediment 
and surface water EPCs were compared to risk-based residential benchmarks.  This analysis was 
used to evaluate a hypothetical future residential scenario, which addressed hypothetical 
residential exposures to possibly dredgeable sediments from within Lake Wallula as well as 
exposures to river water (unfiltered and untreated) assuming its potential future use as a potable 
water source.  
 
 
8.1 RECREATIONAL AND TRIBAL SCENARIOS:  QUANTITATIVE RISK 

ASSESSMENT RESULTS 

For the Casual User and Avid Angler scenarios, both RME and CTE risks were evaluated in 
accordance with EPA guidance.  Only one scenario, based on exposure assumptions provided by 
Yakama Nation Exposure Scenario for Hanford Site Risk Assessment, Richland, Washington 
(Ridolfi 2007) and upper-bound EPCs, was estimated for the Yakama Nation scenario.  The risks 
evaluated for these three exposure scenarios – Casual User, Avid Angler, and Yakama Nation – 
reflect varying levels of exposures for typical activities that would be expected to occur along the 
Columbia River, ranging from swimming, picnicking, and water sports to subsistence fishing.   

                                                 
1 As described in this HHRA (see Section 3.0), this assessment included quantitative evaluation of potential health 
risks for COPCs that were classified as both “Study Area COPCs” (if the constituent concentrations within the 
Hanford Site Study Area were higher than those in Reference/OCI areas) and “Reference COPCs” (if constituent 
concentrations within the Hanford Site Study Area were consistent with or lower than those of Reference/OCI 
areas). 
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Potential noncancer hazards, chemical and radiation cancer risks, and annual TEDE were 
quantified for these three scenarios.  In addition to quantifying the cumulative hazard/risk for 
COPCs, the HHRA also separately evaluated the noncancer hazard and cancer risk associated 
with Study Area and Reference COPCs.  As previously discussed, because there are numerous 
sources of contaminants both natural and anthropogenic, a Study Area COPC may not 
necessarily be directly related to a Hanford Site release.  A Study Area COPC designation 
indicates only that the constituent is present at a concentration higher than that in reference/OCI 
areas of the river, and does not assign a specific source to the reported constituent. 
 
Table 6-85 summarized cumulative noncancer hazard, cancer risk, and radiation dose for RME 
and CTE conditions (if applicable) in the three evaluated receptors.  Noncancer hazards and 
cancer risks were compared to the following EPA and MTCA risk management criteria: 
 
 EPA and MTCA cumulative HI of 1 
 The EPA cancer risk range of 10-6 to 10-4 
 The MTCA cancer risk limit of 1 x 10-5. 
 
Additionally, annual TEDE was compared to a radiation dose threshold of 15 mrem/year.  For 
scenarios where cumulative hazard, risk or dose exceeded these risk management criteria, risk 
drivers were identified.  Risk drivers are the COPCs that resulted in an HI greater than 1 or an 
ILCR greater than 1 x 10-6. 
 
Results of the HHRA indicate that ingestion of certain recreational finfish species may pose a 
health risk exceeding both EPA and Ecology risk management criteria, and that noncancer 
hazards and cancer risks are primarily due to PCBs, pesticides, and several metals, which were 
detected in most, if not all fish tissue samples.  As discussed in Section 6.0, risk from the fish 
ingestion pathway alone contributed more than 99% of the cumulative risk for both the Avid 
Angler and Yakama Nation scenarios2.  The annual TEDE for these receptors (i.e., Avid Angler 
and Yakama Nation) was below the radiation dose threshold of 15 mrem/yr.   
 
In the three sub-areas (i.e., 100 Area, 300 Area, and Lake Wallula), the risk drivers in fish tissue 
that produced the highest risk estimates include PCBs, chlorinated pesticides, arsenic, cobalt, 
mercury, and carbon-14.  Among these, PCBs contributed up to 80% of the cumulative cancer 
risk.  Polychlorinated biphenyls were identified as Reference COPCs (as discussed in 
Section 3.8) across all sub-areas (for the combined species analysis) and in most of the individual 
fish species (except for sucker).  With a few exceptions, pesticides were also identified as 
Reference COPCs.  Mercury was identified as a Study Area COPC for the 100 Area and 
300 Area (combined species analysis) and in sturgeon and whitefish (individual species 
analysis).  
 

                                                 
2 The Casual User scenario did not include ingestion of fish, focusing instead on contact with sediment, surface 
water, and island soil during recreational activities. 
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Table 8-1 summarizes the Study Area COPCs that are risk drivers in fish tissue.  Carbon-14 was 
the only radionuclide consistently detected among fish tissue samples, although at an overall low 
frequency; carbon-14 was also only sporadically detected in abiotic media.  For other Study Area 
COPCs, such as mercury and PCBs, although mean concentrations of these types of constituents 
were statistically higher in the Study Area relative to upriver concentrations, this difference was 
oftentimes relatively small (e.g., the Study Area mean was marginally greater than that of 
Upriver, and the detected concentrations in the Study Area were within the range of detected 
Upriver concentrations).  Factors, such as small sample sizes or low FOD contribute 
considerable uncertainty into determining whether these contaminants in the Study Area are truly 
different from Upriver areas, or even regional concentrations.  The major risk drivers in fish 
tissue (particularly PCBs, pesticides, and mercury), and magnitude of risks, are similar to those 
identified in other risk assessments conducted along the Columbia River (see Section 3.6.4) as 
well as across the United States, reflecting the ubiquitous occurrence, environmental persistence, 
and prevalence of these types of contaminants.  
 
Noncancer hazards and cancer risks from abiotic media (i.e., surface water, sediment, and island 
soil) were substantially lower than those identified for the fish ingestion pathway for all 
receptors.  For the Casual User and Avid Angler scenarios, both CTE and RME cancer risks for 
abiotic exposure pathways were within or below the EPA cancer risk range of 10-6 to 10-4 and 
below the MTCA cumulative cancer risk limit of 1 x 10-5.  Noncancer hazard for the RME 
scenario for these receptors was at or below the EPA and MTCA noncancer HI of 1 in all 
sub-areas.  Radiation dose for these receptors was also below the radiation dose threshold of 
15 mrem/yr.   
 
The Yakama Nation receptor is assumed to have a higher level of exposure to river media than 
either the Avid Angler or Casual User receptors, and the estimated cumulative noncancer hazard 
and cancer risk for the Yakama Nation receptor are thus higher.  Excluding the fish ingestion 
pathway, noncancer hazard related to sediment, soil, and surface water exposures across all sub-
areas was above the EPA target risk HI of 1, primarily due to cobalt, thallium, iron, and arsenic 
in sediment and/or island soil.  With the exception of arsenic in island soil, these metals are 
Reference COPCs in both sediment and soil.  Cumulative cancer risk from abiotic media 
exceeded the MTCA cumulative cancer risk limit at each exposure point for the Yakama Nation 
scenario, although was within the EPA cancer risk range of 10-6 to 10-4.  For most exposure 
points, risk was primarily attributed to Reference COPCs, primarily associated with arsenic and 
cesium-137 in sediment.  Radiation dose for the Yakama Nation scenario was below the 
radiation dose threshold of 15 mrem/yr at all exposure points.   
 
Study Area COPCs that are identified as risk drivers in abiotic media are summarized in 
Table 8-2.  These risk drivers are based on the Yakama Nation scenario, which has the highest 
level of exposure among the three scenarios evaluated. 
 
The COPCs in abiotic media that contributed to the majority of risk for all receptors evaluated in 
this HHRA included arsenic in sediment and island soil, as well as several radionuclides 
including cesium-137, cobalt-60, and europium-152.  Cesium-137 is a Reference COPC in all 
media and in all sub-areas.  Arsenic is a Reference COPC in sediment, prevalent in all media at 
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relatively consistent concentrations throughout the Hanford Site Study Area as well as in 
Reference areas.  However, arsenic is categorized as a Study Area COPC in island soil in the 
100-B and 300-A/B exposure points, due to a higher concentration of this constituent on islands 
within the Hanford Site Study Area, relative to Reference locations.  This condition may be 
related to the fact that a relatively few Upriver (i.e., Reference) island soil samples were 
collected, preventing a more robust statistical analysis as well as potential dissimilarity of island 
soil types between Reference and the Hanford Site Study Area.  Hanford Site Study Area island 
soils are characteristic of reworked sediments, while the Reference Area soils appear to be more 
similar to upland soil as opposed to river sediments.  The concentrations of arsenic observed in 
island soil samples from 100 Area and 300 Area islands are similar to published background 
arsenic concentrations for the state of Washington (Ecology 1994), as well as to the 
concentrations observed in sediment throughout the Hanford Site Study Area and 
Reference locations.   
 
Cobalt-60 and europium-152, both Study Area COPCs, were reported at a relatively low FOD 
and at variable concentrations in sediment and island soils throughout the Hanford Site 
Study Area.  These findings may reflect the presence of minute, random particles from historical 
Hanford Site operations.   
 
 
8.2 HYPOTHETICAL FUTURE RESIDENTIAL SCENARIO: 

SCREENING-LEVEL EVALUATION RESULTS 

As part of this HHRA, EPCs were compared to Ecology and EPA surface/groundwater 
benchmarks, which included federal drinking water standards and human health risk-based 
screening levels for surface water.  This evaluation is presented in Appendix A.  The results of 
this comparison indicate that no COPC had an EPC exceeding federal drinking water standards, 
although all surface water COPCs had EPCs exceeding one or more of the other screening levels 
used in this comparison (such as EPA Regional Screening Levels for tap water).  The 300 Area 
exposure point had the most benchmark exceedances. 
 
At the request of Ecology, sediments within Lake Wallula shipping channels that may potentially 
be dredged in the future were also evaluated with respect to residential soil screening criteria, 
assuming that dredged sediments could be placed in upland areas.  The results of the screening 
level comparison are, in general, consistent with the findings of the quantitative risk assessment 
(i.e., COPCs that contributed to the majority of the risk, as identified in Section 6.0, were often 
the COPCs that exceeded residential soil benchmarks).   
 
As described in Appendix A, the benchmarks used in these comparisons were very conservative, 
not consistent with current or likely uses of these (untreated) surface water or sediments, and 
should not be inferred to represent the magnitude of the potential for human health risk.  Surface 
water that is used for potable purposes is treated prior to distribution by the cities in the 
immediate vicinity, and treated water meets federal drinking water standards.  Furthermore, any 
dredging activity within the Columbia River is highly regulated by both the ACOE and the state 
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of Washington.  Because of this, it is unlikely that contaminated sediments from the Hanford Site 
Study Area would be used in residential settings.   
 
 
8.3 UNCERTAINTIES IN THE RISK ASSESSMENT  

As discussed in Section 7.0, there are a number of uncertainties inherent in the analytical data, 
exposure assumptions, and toxicity values used to quantify human health risks.  In general, many 
of the assumptions and parameters used in this HHRA are intended to be conservative and 
therefore overestimate potential human health risk, particularly for the RME scenarios.  Perhaps 
one of the largest uncertainties is that related to fish consumption.  These uncertainties include 
the amount of fish caught within the Hanford Site Study Area and its consumption, the types of 
fish consumed, and portions (i.e., fillet, organs, or whole fish) of the fish typically prepared and 
eaten.   
 
 
8.4 OVERALL CONCLUSIONS 

This baseline HHRA provided a comprehensive assessment of potential health risks associated 
with recreational and Tribal exposures to surface water, sediment, island soils, and fish tissue 
within the Hanford Site Study Area.   
 
As previously detailed in Sections 8.2 and 8.3, many of the COPCs that comprise the majority of 
cumulative risk in this HHRA are Reference-related; in other words, these COPCs, which 
primarily include arsenic and cesium-137 in surface water and sediment, and PCBs, heavy 
metals, and pesticides in fish tissue, are present at concentrations within the Hanford Site 
Study Area that are comparable to those in other portions of the Columbia River that have not 
been impacted by Hanford Site releases.  Analytical results have demonstrated that these types of 
constituents are ubiquitous in the environment. 
 
Overall, the results of the quantitative risk characterization for the Recreational User and Avid 
Angler scenarios indicate that exposure to Study Area COPCs in surface water, island soil, and 
sediment does not result in risk/hazard exceeding MTCA or EPA risk management criteria, and 
that for the fish ingestion pathway, the overall contribution to cumulative risk from the Hanford 
Site is relatively minor when compared to risk related to Reference COPCs.  However, the 
cancer risk attributed to Study Area COPCs in abiotic media exceeds the MTCA risk limit for the 
Yakama Nation scenario, mainly due to arsenic and radionuclides (cobalt-60, europium-152) in 
soil and sediment.   
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APPENDIX OVERVIEW 
 
 
Due to the size and content of most of the appendices associated with this document, a number of 
them are contained only on the CD attached to the back cover.  For clarity, see the list below for 
an explanation of what can be found as either hard copy or electronic copy. 
 
 
APPENDICES 
 
A SCREENING LEVEL ASSESSMENT:  HYPOTHETICAL FUTURE RESIDENTIAL 

SCENARIO (On CD only) 
 
B HUMAN HEALTH RISK ASSESSMENT DATABASE (On CD only) 

Hard copy Introduction; see folder for Excel Users Guide and Access database file  
 
C ABIOTIC AND FISH TISSUE SAMPLE LOCATION MAPS (Hard copy and on CD)  
 
D PRO-UCL OUTPUT TABLES FOR SURFACE WATER, SEDIMENT,  

ISLAND SOIL, AND FISH TISSUE DATA SETS (95% UPPER CONFIDENCE 
LIMITS) (On CD only) 

 
E BACKGROUND COMPARISON STATISTICAL RESULTS (On CD only) 
 
F DOSE CALCULATIONS AND NONCANCER HAZARD/CANCER RISK 

ESTIMATES FOR 100-A EXPOSURE POINT (On CD only)  
 
G DOSE CALCULATIONS AND NONCANCER HAZARD/CANCER RISK 

ESTIMATES FOR 100-B EXPOSURE POINT (On CD only)  
 
H DOSE CALCULATIONS AND NONCANCER HAZARD/CANCER RISK 

ESTIMATES FOR 300-A EXPOSURE POINT (On CD only)  
 
I DOSE CALCULATIONS AND NONCANCER HAZARD/CANCER RISK 

ESTIMATES FOR 300-B EXPOSURE POINT (On CD only)  
 
J DOSE CALCULATIONS AND NONCANCER HAZARD/CANCER RISK 

ESTIMATES FOR LW-A EXPOSURE POINT (On CD only)  
 
K DOSE CALCULATIONS AND NONCANCER HAZARD/CANCER RISK 

ESTIMATES FOR LW-B EXPOSURE POINT (On CD only)  
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L DOSE CALCULATIONS AND NONCANCER HAZARD/CANCER RISK 
ESTIMATES FOR INGESTION OF INDIVIDUAL FISH SPECIES (On CD only)  

 
M COMPARISON OF DETECTION LIMITS FOR NON-DETECT CONSTITUENTS TO 

BENCHMARKS (On CD only) 
 
N WASTEWAY ANALYSIS (On CD only) 
 
O DOSE CALCULATIONS AND NONCANCER HAZARD/CANCER RISK 

ESTIMATES FOR UNCERTAINTY ANALYSIS (On CD only) 
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Table 3-1.  Summary of Analytical Parameters by Medium. 

Parameter 
Sediment Surface Water Island Soil Fish Tissue 

2008-2010 2000-2007 2008-2010 2000-2007 2008-2010 2009-2010 

VOCs X X X X X -- 

SVOCs X X X X X -- 

PCB Aroclors/total PCBs X X X X X -- 

PCB congeners X -- X -- X X 

Pesticides X X X X X X 

Dioxins/furans -- X -- -- -- -- 

Heavy metals X X X X X X 

Speciated metals a X -- X -- X X 

Radionuclides X X X X X X 

Other inorganics X -- X X X X 

TPH X -- X -- X -- 

Physical X X X X X X 
a Hexavalent chromium, total inorganic arsenic, and/or methyl mercury. 

--  = not applicable 
PCB = polychlorinated biphenyl 
SVOC = semivolatile organic compound 
TPH  = total petroleum hydrocarbons 
VOC = volatile organic compound 

 
 

Table 3-2.  Summary of Toxicity Equivalency Factors Used in 
the Baseline Human Health Risk Assessment.  (2 Pages) 

Congener Name 
Congener 
Number 

TEF 

Dibenzo-p-dioxins 

2,3,7,8-Tetrachlorodibenzo-p-dioxin -- 1 

1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin -- 0.1 

Octachlorodibenzo-p-dioxin -- 0.0003 

1,2,3,4,6,7,8-Heptachlorodibenzodioxin -- 0.01 

1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin -- 0.1 

1,2,3,7,8-Pentachlorodibenzo-p-dioxin -- 1 

1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin -- 0.1 

Dibenzofurans 

Octachlorodibenzofuran -- 0.0003 

2,3,7,8-Tetachlorodibenzofuran -- 0.1 

1,2,3,4,7,8,9-Heptachlorodibenzofuran -- 0.01 

2,3,4,7,8-Pentachlorodibenzofuran -- 0.3 

1,2,3,7,8-Pentachlorodibenzofuran -- 0.03 

1,2,3,6,7,8-Hexachlorodibenzofuran -- 0.1 

2,3,4,6,7,8-Hexachlorodibenzofuran -- 0.1 

1,2,3,4,6,7,8-Heptachlorodibenzofuran -- 0.01 

1,2,3,4,7,8-Hexachlorodibenzofuran -- 0.1 

1,2,3,7,8,9-Hexachlorodibenzofuran -- 0.1 

Exhibit 12d



DOE/RL-2010-117 

Data Evaluation Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume II, Part 2:  Baseline Human Health Risk Assessment 
September 2012 3-2 

Table 3-2.  Summary of Toxicity Equivalency Factors Used in 
the Baseline Human Health Risk Assessment.  (2 Pages) 

Congener Name 
Congener 
Number 

TEF 

Dioxin-Like Polychlorinated Biphenyls 

1,1'-Biphenyl,2,3',4,4',5-pentachloro- (PCB-118) 0.00003 

3,3',4,4'-tetrachloro-1,1'-Biphenyl (PCB 77) 0.0001 

2,3,3',4,4'-pentachlorobiphenyl PCB 105 0.00003 

3,3',4,4',5,5'-Hexachlorobiphenyl PCB 169 0.03 

1,1'-Biphenyl, 2,3,3',4,4',5-hexachloro- PCB 156 0.00003 

1,1'-Biphenyl, 2,3,3',4,4',5,5'-heptachloro- PCB 189 0.00003 

1,1'-Biphenyl, 2,3',4,4',5,5'-hexachloro- PCB-167 0.00003 

3,3',4,4',5-Pentachlorobiphenyl PCB-126 0.1 

2',3,4,4',5-Pentachloro-1,1'-biphenyl PCB-123 0.00003 

2,3,3',4,4',5'-Hexachlorobiphenyl PCB-157 0.00003 

3,4,4',5-Tetrachlorobiphenyl PCB 81 0.0003 

1,1'-Biphenyl, 2,3,4,4',5-Pentachloro- PCB 114 0.00003 

Co-elution of PCB 156 and 157 -- 0.00003 
NOTE:  Constituents presented in this table represent detected PCB congeners and dioxins/furans. 
TEF values from Van den Berg et al., 2006, “The 2005 World Health Organization Reevaluation of 
Human and Mammalian Toxic Equivalency Factors for Dioxins and Dioxin-Like Compounds,” 
Toxicol Sci., 93(2):223-241. 

--  = not applicable 
PCB = polychlorinated biphenyl 
TEF = toxicity equivalency factor 
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Table 3-3.  Summary of Analytical Results for Sediment Samples.  (3 Pages) 

Summary Statistics a 

Constituent Name b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of Maximum: 
Sample Designation 

Location of Maximum: 
Sample Location 

Location of 
Maximum: 

Sample Number 

Location of 
Maximum: 
River Mile 

Location of 
Maximum: 
Sub-Area 

95% Upper 
Confidence 

Limit d 

Volatile Organic Compounds 

Acetone mg/kg 198 14 7% 0.00489 0.00722 0.0579 RBC-1SD Reactor B Inlet Structure J18M19 384 100 Area 0.00831 
Methylene chloride mg/kg 198 50 25% 0.00217 0.00424 0.011 RH-4SSD Reactor H Island J187D4 373 100 Area 0.00458 
Toluene mg/kg 198 2 1% 0.00222 0.00314 0.185 300D-4SD 300 Area Downriver J180H6 339 Lake Wallula 0.0113 

Semivolatile Organic Compounds 

Benzo(b)fluoranthene mg/kg 203 1 0.5% 1.05 1.05 1.05 CM-4SD Cascade Marina J180T5 328 Lake Wallula NC 
Bis(2-ethylhexyl) phthalate mg/kg 198 7 4% 0.119 0.199 0.965 HA-6SSD Howard Amon City Park J18987 337 Lake Wallula 0.249 
Butylbenzylphthalate mg/kg 203 1 0.5% 0.0684 0.0684 0.0684 HA-6SSD Howard Amon City Park J18987 337 Lake Wallula NC 
Chrysene mg/kg 203 1 0.5% 1.49 1.49 1.49 CM-4SD Cascade Marina J180T5 328 Lake Wallula NC 
Di-n-butylphthalate mg/kg 198 3 2% 0.0791 0.0903 0.106 RFLS-1SD Reactor F Left Side J17X12 368 100 Area 0.106 
Fluoranthene mg/kg 203 1 0.5% 1.97 1.97 1.97 CM-4SD Cascade Marina J180T5 328 Lake Wallula NC 
Hexachlorobenzene mg/kg 217 1 0.5% 0.00011 0.00011 0.00011 HL 2152 “Wallula Bay” 4414212 316 Lake Wallula NC 
Phenanthrene mg/kg 203 1 0.5% 1.22 1.22 1.22 CM-4SD Cascade Marina J180T5 328 Lake Wallula NC 
Pyrene mg/kg 203 1 0.5% 2.02 2.02 2.02 CM-4SD Cascade Marina J180T5 328 Lake Wallula NC 
TPH - diesel range mg/kg 168 38 23% 1.36 13.6 340 CPM-2SD Columbia Point Marina J180P3 337 Lake Wallula 21.8 
TPH - motor oil (high boiling) mg/kg 168 69 41% 3.41 44 691 CPM-4SD Columbia Point Marina J180P0 336 Lake Wallula 56.8 

Pesticides/Polychlorinated Biphenyls
Aldrin mg/kg 214 10 5% 0.000922 0.00179 0.11 LI-1SD Locke Island J17WH9 373 100 Area 0.00271 
alpha-HCH mg/kg 214 14 7% 0.000788 0.00148 0.0352 CPM-5SD Columbia Point Marina J180P1 336 Lake Wallula 0.00192 
beta-HCH mg/kg 214 2 1% 0.00232 0.00234 0.00389 SI-11SD Savage Island J17YF2 359 300 Area 0.00389 
delta-HCH mg/kg 214 3 1% 0.00125 0.00134 0.0189 LI-1SD Locke Island J17WH9 373 100 Area 0.00151 
DDD mg/kg 209 10 5% 0.00013 0.000516 0.0333 300DC5-1SD 300 Area Downriver J18KM9 339 Lake Wallula 0.00134 
DDE mg/kg 209 20 10% 0.00011 0.000609 0.0106 RKC2-1SD Reactor K South Inlet 

Structure 
J18MJ5 381 100 Area 0.000771 

DDT mg/kg 209 7 3% 0.00013 0.000452 0.0028 HL 287 Two Rivers Park 4424227 325 Lake Wallula 0.000663 
Endosulfan sulfate mg/kg 214 2 1% 0.000534 0.000598 0.00144 HT-4SD White Bluffs; H-Slough J17Y97 370 100 Area 0.00144 
Endrin mg/kg 214 1 0.5% 0.00232 0.00232 0.00232 RH-9SSD Reactor H Island J187D5 373 100 Area NC 
gamma-HCH (lindane) mg/kg 209 3 1% 0.00109 0.00115 0.00733 LI-1SD Locke Island J17WH9 373 100 Area 0.00123 
gamma-Chlordane mg/kg 209 2 1% 0.00108 0.00111 0.00455 WI-5SD Wooded Island J18030 350 300 Area NC 
Heptachlor mg/kg 209 1 0.5% 0.0104 0.0104 0.0104 LI-1SD Locke Island J17WH9 373 100 Area NC 
Heptachlor epoxide mg/kg 209 1 0.5% 0.0318 0.0318 0.0318 LI-1SD Locke Island J17WH9 373 100 Area NC 
o,p'-DDT mg/kg 15 1 7% 0.0016 0.0016 0.0016 HL 287 Two Rivers Park 4424227 325 Lake Wallula NC 
Total dioxin-like PCBs mg/kg 28 28 100% 1.4E-10 7.9E-09 1.7E-07 HA-6SSD Howard Amon City Park J18694 337 Lake Wallula 6.6E-08 
Total nondioxin PCBs mg/kg 28 28 100% 0.00010 0.0016 0.013 CM-2SD Cascade Marina J18089 328 Lake Wallula 0.076 

Metals
Aluminum mg/kg 449 449 100% 2900 10100 32700 CM-4SD Cascade Marina J180T5 328 Lake Wallula 10500 
Antimony mg/kg 461 121 26% 0.245 0.486 5.1 HL 1932 McNary Dam B17B60 294 Lake Wallula 0.52 
Arsenic mg/kg 483 480 99% 1.43 5 18.6 LWC1-7SD Lake Wallula J18M71 312 Lake Wallula 5.16 
Barium mg/kg 449 449 100% 30.5 90.8 401 CM-4SD Cascade Marina J180T5 328 Lake Wallula 94 
Beryllium mg/kg 467 441 94% 0.0865 0.424 2.15 HL 799 McNary Dam B14YN8 292 Lake Wallula 0.451 
Bismuth mg/kg 439 77 18% 0.419 1.29 4.15 LWC1-7SD Lake Wallula J18M71 312 Lake Wallula 1.43 
Boron mg/kg 445 431 97% 0.362 1.61 13.1 FIC2-7SD Foundation Island – 

Downriver 
J18M71-A 321 Lake Wallula 1.7 

Cadmium mg/kg 483 477 99% 0.0489 0.838 5.04 CI-4SD Clover Island J180K5 329 Lake Wallula 0.904 
Chromium mg/kg 480 480 100% 3.7 21.9 275 J100H43 100-H Reactor Area J19JK6 370 100 Area 0.233 
Cobalt mg/kg 449 449 100% 2.77 6.58 26 CM-4SD Cascade Marina J180T5 328 Lake Wallula 6.78 
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Table 3-3.  Summary of Analytical Results for Sediment Samples.  (3 Pages) 

Summary Statistics a 

Constituent Name b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of Maximum: 
Sample Designation 

Location of Maximum: 
Sample Location 

Location of 
Maximum: 

Sample Number 

Location of 
Maximum: 
River Mile 

Location of 
Maximum: 
Sub-Area 

95% Upper 
Confidence 

Limit d 

Copper mg/kg 483 483 100% 4.9 18.8 63.9 CM-4SD Cascade Marina J180T5 328 Lake Wallula 19.5 
Hexavalent chromium mg/kg 363 68 19% 0.228 0.401 17.3 SI-10SD Savage Island J17XM7 357 300 Area 0.513 
Iron mg/kg 449 449 100% 9130 21000 82600 CM-4SD Cascade Marina J180T5 328 Lake Wallula 21400 
Lead mg/kg 480 422 88% 2.1 16.6 119 CP-1SD Columbia Park J180R3 331 Lake Wallula 16.1 
Lithium mg/kg 445 445 100% 0.883 9.55 41 CM-4SD Cascade Marina J180T5 328 Lake Wallula 9.86 
Manganese mg/kg 449 449 100% 92.6 301 1510 RDD-6SD Reactor D Downriver J17W98 375 100 Area 313 
Mercury mg/kg 479 226 47% 0.0102 0.0621 0.539 LWC1-8SD Lake Wallula J18M70 312 Lake Wallula 0.0437 
Molybdenum mg/kg 461 338 73% 0.0951 0.368 3.8 J100H43 100-H Reactor Area J19JK6 370 100 Area 0.391 
Nickel mg/kg 483 483 100% 6.1 15.1 51.9 CM-4SD Cascade Marina J180T5 328 Lake Wallula 15.6 
Selenium mg/kg 483 58 12% 0.192 0.514 8.46 JSI-4SD Johnson Island J18098 346 300 Area 0.568 
Silver mg/kg 467 24 5% 0.0854 0.119 2.5 HL 1932 McNary Dam B17B60 294 Lake Wallula 0.136 
Strontium mg/kg 445 445 100% 12.8 32.7 170 SI-10SD Savage Island J17XM2 357 300 Area 34 
Thallium mg/kg 467 93 20% 0.151 0.354 3.12 CM-4SD Cascade Marina J180T5 328 Lake Wallula 0.383 
Tin mg/kg 445 4 1% 1.88 1.95 9.2 HT-12SD Hanford Townsite J17XJ2 362 300 Area 6.99 
Titanium mg/kg 8 8 100% 1030 1610 2450 TR-2SSD Two Rivers Park J18J35 325 Lake Wallula 2140 
Uranium mg/kg 437 9 2% 1.54 5.53 9.44 LI-7SD Locke Island J17WJ0 371 100 Area 6.69 
Vanadium mg/kg 449 449 100% 17.5 48.9 207 CM-4SD Cascade Marina J180T5 328 Lake Wallula 50.2 
Zinc mg/kg 483 483 100% 27.6 138 867 CM-4SD Cascade Marina J180T5 328 Lake Wallula 160 

Inorganic
Phosphorus mg/kg 445 445 100% 241 643 2990 CM-4SD Cascade Marina J180T5 328 Lake Wallula 663 

Radionuclides
Carbon-14 pCi/g 387 6 2% 3.02 4.28 5.61 300ISL-3SSD Johnson Island J188B8 346 300 Area 4.23 
Cesium-137 pCi/g 473 337 71% 0.01 0.2 1.48 LWC1-9SD Lake Wallula J18M69 312 Lake Wallula 0.205 
Cobalt-57 pCi/g 1 1 100% 0.063 0.063 0.063 HL 505 McNary Dam 30871 293 Lake Wallula NC 
Cobalt-60 pCi/g 472 33 7% 0.005 0.0456 0.3 LWC2-11SD Lake Wallula J18M67-A 305 Lake Wallula 0.0104 
Europium-152 pCi/g 456 57 13% 0.033 0.357 1.45 LWC1-7SD Lake Wallula J18M71 312 Lake Wallula 0.123 
Europium-154 pCi/g 456 1 0.2% 0.12 0.12 0.12 HL 505 McNary Dam 26248 293 Lake Wallula NC 
Plutonium-238 pCi/g 475 24 5% 0.000182 0.000892 0.124 300ISL-5SSD Johnson Island J188B9 346 300 Area 0.0032 
Plutonium-239/240 pCi/g 475 52 11% 0.0017 0.0679 1.38 LI-5SD Locke Island J17WH7 371 100 Area 0.0336 
Strontium-90 pCi/g 464 26 6% 0.002 0.419 5.98 300ISL-5SSD Johnson Island J188B9 346 300 Area 0.112 
Technetium-99 pCi/g 386 4 1% 0.55 3.69 6.84 JHTS33 Hanford Townsite/ 

Savage Island 
J19KM5 358 300 Area 0.626 

Tritium pCi/g 5 1 20% 15.2 15.2 15.2 JHTS33 Hanford Townsite/ 
Savage Island 

J19K71 358 300 Area NC 

Uranium-233/234 pCi/g 427 415 97% 0.255 0.812 6.94 T3003A 300 Area J19F99 345 300 Area 0.844 
Uranium-234 pCi/g 46 46 100% 0.119 0.976 1.6 HL 836 McNary Dam 31810 293 Lake Wallula 1.07 
Uranium-235 pCi/g 473 68 14% 0.0061 0.0523 0.38 T3003A 300 Area J19F99 345 300 Area 0.0243 
Uranium-238 pCi/g 473 453 96% 0.127 0.767 6.21 J30013 300 Area J19KY6 344 300 Area 0.79 

Exhibit 12d



 DOE/RL-2010-117 

Data Evaluation Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume II, Part 2:  Baseline Human Health Risk Assessment 
September 2012 3-5 

Table 3-3.  Summary of Analytical Results for Sediment Samples.  (3 Pages) 

Summary Statistics a 

Constituent Name b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of Maximum: 
Sample Designation 

Location of Maximum: 
Sample Location 

Location of 
Maximum: 

Sample Number 

Location of 
Maximum: 
River Mile 

Location of 
Maximum: 
Sub-Area 

95% Upper 
Confidence 

Limit d 

Dioxin/Furan 

Total TCDD equivalent mg/kg 16 10 63% 8.57E-08 7.40E-07 4.44E-06 HL 1764 McNary Dam 4414200 293 Lake Wallula 1.54E-06 
a Summary statistics are based on analytical results from sampling events conducted between 2000-2010, and reflect both shallow (<1 ft) and core (>1 ft) sediment. 
b Only constituents detected at least once in samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown. 
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 
d Where more than one 95% UCL is calculated using EPA ProUCL Version 4.00.04 software, the maximum recommended 95% UCL is used. 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
EPA = U.S. Environmental Protection Agency 
HCH = hexachlorocyclohexane 

NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
TCDD = 2,3,7,8-Tetrachlorodibenzo-p-Dioxin 
TPH = total petroleum hydrocarbons 
UCL = upper confidence limit 
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Table 3-4.  Summary of Analytical Results for Surface Water Samples.  (2 Pages) 

Summary Statistics a 

Constituent Name b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of Maximum: 
Sample Designation 

Location of 
Maximum: 

Sample Location 

Location of Maximum: 
Sample Number 

Location of 
Maximum: 
River Mile 

Location of 
Maximum: 
Sub-Area 

95% Upper 
Confidence 

Limit d 
Volatile Organic Compounds 

1,1,2-Trichloroethane µg/L 100 5 5% 0.63 0.638 0.88 HL 2171 300 Area Downriver B15988 343 300 Area 0.738 
1,2-Dichloroethane µg/L 98 6 6% 0.12 0.182 1.1 HL 2171 300 Area Downriver B15988 343 300 Area 0.927 
1,4-Dichlorobenzene µg/L 91 1 1% 0.22 0.22 0.22 HL 1140 300 Area Downriver B106M9 341 300 Area NC 
Acetone µg/L 98 38 39% 0.25 1.11 18.2 J30019 300 Area J19HW7 344 300 Area 1.57 
Benzene µg/L 98 1 1% 0.091 0.091 0.091 HL 2144 300 Area B1DMT1 343 300 Area NC 
Chloroform µg/L 98 5 5% 3.7 3.74 5.5 HL 2171 300 Area Downriver B15988 343 300 Area 4.44 
Methylene chloride µg/L 98 10 10% 0.26 0.356 3 IS8-5SW Island 8 J17RR6 366 100 Area 0.439 
Toluene µg/L 98 34 35% 0.12 0.364 3 HR-1SW Wallula Gap J17TK7 306 Lake Wallula 0.467 
Trichloroethene µg/L 98 8 8% 0.17 0.172 0.21 HL 1210 300 Area Downriver B1DMR6 340 300 Area 0.174 
Xylenes (total) µg/L 98 14 14% 0.4 0.493 1.2 HL 1140 

HL 1140 
HL 2171 

300 Area Downriver B106M9 
B106N0 
B106N5 

341 
341 
343 

300 Area 

0.581 
Semivolatile Organic Compounds 

Benzo(a)anthracene µg/L 23 1 4% 0.6 0.6 0.6 LG-1SW Leslie Grove City Park J17TJ4 340 300 Area NC 
Benzo(b)fluoranthene µg/L 23 1 4% 0.5 0.5 0.5 LG-1SW Leslie Grove City Park J17TJ4 340 300 Area NC 
Benzo(k)fluoranthene µg/L 23 1 4% 0.6 0.6 0.6 LG-1SW Leslie Grove City Park J17TJ4 340 300 Area NC 
Bis(2-ethylhexyl) phthalate µg/L 22 2 9% 0.5 0.55 0.6 LG-1SW Leslie Grove City Park J17TJ4 340 300 Area 0.6 
Chrysene µg/L 23 1 4% 0.7 0.7 0.7 LG-1SW Leslie Grove City Park J17TJ4 340 300 Area NC 
Di-n-butylphthalate µg/L 22 2 9% 0.8 0.8 0.8 WI-1SW 

RBLS-1SW 
Wooded Island 

Reactor B Left Side 
Slough 

J17RV2 
J17RJ3 

349 
382 

300 Area 
100 Area 

NC 

TPH - diesel range µg/L 21 2 9% 64 75.5 87 MDBR-1SW McNary Dam Boat 
Ramp 

J17TK8 293 Lake Wallula 87 

TPH - motor oil (high boiling) µg/L 21 1 4% 110 110 110 PK-1SW Port Kelley Boat Ramp J17TK6 312 Lake Wallula NC 
Pesticides/Polychlorinated Biphenyls

Total dioxin-like PCBs µg/L 4 3 75% 6.1E-10 8.2E-10 1.0E-09 CI-1SW Clover Island J17T00 328 Lake Wallula NC 
Total nondioxin PCBs µg/L 4 4 100% 0.00041 0.00074 0.00091 HRM-1SW Hat Rock State Park J18NK7 299 Lake Wallula NC 

Metals
Aluminum µg/L 81 27 33% 20.4 49.3 599 CP-1SW-S Columbia Park J18P44 330 Lake Wallula 68.1 
Antimony µg/L 325 246 76% 0.123 0.178 2.3 RDD-2SW Reactor D Downstream J17RP4 374 100 Area 0.198 
Arsenic µg/L 325 246 76% 0.006 0.688 2.9 SP-1SW Sacajawea Park J17TK5 325 Lake Wallula 0.715 
Barium µg/L 81 79 98% 19.5 28.2 36.1 T3005J5 300 Area J19H19 343 300 Area 28.7 
Beryllium µg/L 326 38 12% 0.00269 0.0068 0.086 HL 2118 300 Area Downriver B1DM03 343 300 Area 0.00839 
Boron µg/L 80 79 99% 3.8 10.9 55.1 SP-1SW Sacajawea Park J17TK5 325 Lake Wallula 12.2 
Cadmium µg/L 325 228 70% 0.00674 0.0254 0.223 HL 2118 300 Area Downriver B1DM03 343 300 Area 0.0275 
Chromium µg/L 326 235 72% 0.0211 0.297 18.4 T100D3A 100-D Reactor Area J19J78 378 100 Area 0.444 
Copper µg/L 326 252 77% 0.431 0.898 41.5 HL 2118 300 Area Downriver B1DM03 343 300 Area 1.16 
Hexavalent chromium µg/L 75 1 1% 4 4 4 MDBR-1SW McNary Dam 

Boat Ramp 
J17TV5 293 Lake Wallula NC 

Iron µg/L 81 55 68% 11.1 55.1 600 CP-1SW-S Columbia Park J18P44 330 Lake Wallula 74 
Lead µg/L 325 245 75% 0.0278 0.196 5.56 HL 2118 300 Area Downriver B1DM03 343 300 Area 0.24 
Lithium µg/L 80 38 48% 1.4 5.07 17 K Intake Test 3A Reactor K South Inlet 

Structure 
J19KF3 381 100 Area 6.27 

Manganese µg/L 81 58 72% 0.673 3.47 27 HRM-1SW Hat Rock State Park J18P93 299 Lake Wallula 4.22 
Mercury µg/L 214 134 63% 0.000347 0.00109 0.062 MD-3SW McNary Dam J17V41 293 Lake Wallula 0.0033 
Molybdenum µg/L 80 24 30% 0.532 0.882 2.5 SP-1SW Sacajawea Park J17TK5 325 Lake Wallula 0.983 
Nickel µg/L 325 255 78% 0.173 0.725 24.8 T100D3A 100-D Reactor Area J19J78 378 100 Area 0.907 
Selenium µg/L 325 155 48% 0.0673 0.211 3.1 SI-2SW Savage Island J17RT9 359 300 Area 0.236 
Silver µg/L 325 100 31% 0.00114 0.00328 0.0177 HL 2118 300 Area Downriver B1DM03 343 300 Area 0.00363 
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Table 3-4.  Summary of Analytical Results for Surface Water Samples.  (2 Pages) 

Summary Statistics a 

Constituent Name b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of Maximum: 
Sample Designation 

Location of 
Maximum: 

Sample Location 

Location of Maximum: 
Sample Number 

Location of 
Maximum: 
River Mile 

Location of 
Maximum: 
Sub-Area 

95% Upper 
Confidence 

Limit d 
Strontium µg/L 80 79 99% 62.2 105 151 SP-1SW Sacajawea Park J17TK5 325 Lake Wallula 107 
Thallium µg/L 315 215 68% 0.00678 0.0368 1.25 J100BC23 100-B/C Reactor Area J19F50 384 100 Area 0.0543 
Tin µg/L 80 4 5% 0.3 0.508 1.52 J100H43 100-H Reactor Area J19JJ5 370 100 Area 1.3 
Titanium µg/L 80 71 89% 0.863 2.91 38.4 CP-1SW-S Columbia Park J18P44 330 Lake Wallula 3.93 
Uranium µg/L 83 3 4% 0.691 0.718 0.734 HL 1414 McNary Dam B16WP1 292 Lake Wallula 0.741 
Vanadium µg/L 80 64 80% 0.74 2.93 7.6 SP-1SW Sacajawea Park J17TK5 325 Lake Wallula 3.31 
Zinc µg/L 325 264 81% 0.601 2.61 50.8 HL 2118 300 Area Downriver B1DM03 343 300 Area 2.97 

Inorganics
Chloride µg/L 420 418 99% 650 1380 25000 T100BC5C 100-B/C Reactor Area J19K61 384 100 Area 1550 
Fluoride µg/L 420 389 92% 13 77.9 240 HL 357 300 Area B1L848 344 300 Area 81.4 
Nitrate µg/L 420 418 100% 137 917 23900 HL 357 300 Area B1L848 344 300 Area 11100 
Nitrite µg/L 403 11 3% 69 72.2 328 HL 573 Hanford Townsite 

Downriver 
B1KFW5 360 300 Area 132 

Phosphorus µg/L 80 30 38% 10 16 65.2 SP-1SW Sacajawea Park J17TK5 325 Lake Wallula 18.1 
Sulfate µg/L 420 419 100% 1300 9510 28500 HL 357 300 Area B1L848 344 300 Area 9750 

Radionuclides
Cesium-137 pCi/L 87 2 2% 4 6.2 8.54 Columbia River 100-B/C Reactor Area J013X9 384 100 Area 4.85 
Cobalt-60 pCi/L 87 1 1% 0.6 0.6 0.6 HL 169 Bateman Island 

Downriver 
30879 334 Lake Wallula NC 

Plutonium-238e pCi/L 82 1 1% 1.1 1.1 1.1 LW-2SW Lake Wallula J17V40 308 Lake Wallula NC 
Plutonium-239/240e pCi/L 82 1 1% 1.19 1.19 1.19 LW-2SW Lake Wallula J17V40 308 Lake Wallula NC 
Strontium-90 pCi/L 507 329 65% 0.0332 0.079 1.34 HL 1417 100-N Reactor Area B1KHR7 379 100 Area 0.0876 
Technetium-99 pCi/L 130 5 4% 0.299 0.673 1.15 HL 1140 300 Area Downriver B16PJ9 341 300 Area 0.709 
Tritium pCi/L 418 358 85% 15.4 65.7 989 JHTS9 Hanford Townsite 

Downriver 
J19K50 360 300 Area 82.6 

Uranium-233/234 pCi/L 80 52 66% 0.123 0.393 1.8 T3003A 300 Area J19F86 345 300 Area 0.49 
Uranium-234 pCi/L 434 434 100% 0.078 0.308 6.7 HL 1877 300 Area B1JDB7 344 300 Area 0.348 
Uranium-235 pCi/L 514 45 9% 0.00959 0.0399 0.281 HL 1877 300 Area B1JDB7 344 300 Area 0.0176 
Uranium-238 pCi/L 514 474 92% 0.1 0.267 6.72 HL 1877 300 Area B1JDB7 344 300 Area 0.386 

a Summary statistics are based on analytical results from sampling events conducted between 2000-2010. 
b Only constituents detected at least once in samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown. 
c Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method. 
d Where more than one 95% UCL is calculated using EPA ProUCL Version 4.00.04 software, the maximum recommended 95% UCL is used. 

e It is believed that the detection of plutonium isotopes is likely attributed to suspended sediment within the unfiltered sample. 
EPA = U.S. Environmental Protection Agency 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
TPH = total petroleum hydrocarbons 
UCL = upper confidence limit 
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Table 3-5.  Summary of Analytical Results for Island Soil Samples.  (2 Pages) 

Summary Statistics a 

Constituent Name b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Minimum Detected 
Concentration 

Mean Concentration 
c 

Maximum Detected 
Concentration 

Location of Maximum:  
Sample Designation 

Location of Maximum:  
Sample Location 

Location of 
Maximum:  

Sample 
Number 

Location of 
Maximum:  
River Mile 

Location of 
Maximum:  
Sub-Area 

95% Upper 
Confidence 

Limit d 

Semivolatile Organic Compounds 
Bis(2-ethylhexyl) phthalate mg/kg 27 1 4% 0.252 0.252 0.252 WI-2S Wooded Island J18B32 349 300 Area NC 

Diethylphthalate mg/kg 27 1 4% 0.0635 0.0635 0.0635 WB-7S White Bluffs J18B12 371 100 Area NC 

Fluoranthene mg/kg 26 1 4% 0.116 0.116 0.116 I3-5S Island 3 J189Y3 375 100 Area NC 

Pyrene mg/kg 26 1 4% 0.119 0.119 0.119 I3-5S Island 3 J189Y3 375 100 Area NC 

TPH - diesel range mg/kg 27 4 15% 1.36 2.82 5.63 GI-2S Island 19 (Gull Island) J18B59 342 300 Area 3.2 

TPH - motor oil (high boiling) mg/kg 27 17 63% 4.44 23.2 179 LI-3S Locke Island J18B00 371 100 Area 29.5 

Pesticides/Polychlorinated Biphenyls 
DDE mg/kg 27 6 22% 0.0019 0.00212 0.00462 WI-2S Wooded Island J18B32 349 300 Area 0.00287 

DDT mg/kg 27 2 7% 0.00174 0.00188 0.00553 WI-2S Wooded Island J18B32 349 300 Area 0.00553 

Endosulfan I mg/kg 27 1 4% 0.00453 0.00453 0.00453 LI-3S Locke Island J18B00 371 100 Area NC 

Endrin mg/kg 27 1 4% 0.00291 0.00291 0.00291 LI-3S Locke Island J18B00 371 100 Area NC 

Total dioxin-like PCBs mg/kg 7 7 100% 2.8E-10 1.3E-09 3.2E-09 GI-6S Island 19 (Gull Island) J189W2 342 300 Area 2.1E-09 
Total nondioxin PCBs mg/kg 7 7 100% 0.00033 0.00080 0.0021 GI-6S Island 19 (Gull Island) J189W2 342 300 Area 0.0015 

Metals 
Aluminum mg/kg 77 77 100% 5580 8090 12500 LI-7S Locke Island J18B04 372 100 Area 8360 

Antimony mg/kg 77 19 25% 0.246 0.392 0.869 JI-8S Johnson Island J18B53 345 300 Area 0.426 

Arsenic mg/kg 77 77 100% 2.91 5.1 9.37 GI-8S Island 19 (Gull Island) J18B63 342 300 Area 5.43 

Barium mg/kg 77 77 100% 47.1 76.3 135 LI-3S Locke Island J18B00 371 100 Area 79.7 

Beryllium mg/kg 77 77 100% 0.165 0.257 0.418 LI-9S Locke Island J18B05 372 100 Area 0.266 

Bismuth mg/kg 77 33 43% 0.387 0.729 1.18 WI-9S Wooded Island J18B39 349 300 Area 0.784 

Boron mg/kg 77 77 100% 0.849 1.7 5.02 LI-3S Locke Island J18B00 371 100 Area 1.8 

Cadmium mg/kg 77 77 100% 0.097 0.564 2.01 JI-10S-RES Johnson Island J18X65 345 300 Area 0.779 

Chromium mg/kg 77 77 100% 10.4 17.3 21.8 JI-6S Johnson Island J18B54 345 300 Area 17.7 

Cobalt mg/kg 77 77 100% 3.93 5.77 7.42 LI-2S Locke Island J18B09 371 100 Area 5.94 

Copper mg/kg 77 77 100% 8.49 21.7 61.4 I3-2S Island 3 J189Y1 375 100 Area 27.4 

Hexavalent chromium mg/kg 44 6 14% 0.06 0.108 0.17 JI-8S Johnson Island J18B53 345 300 Area 0.139 

Iron mg/kg 77 77 100% 12200 18300 24300 JI-8S Johnson Island J18B53 345 300 Area 18700 

Lead mg/kg 77 77 100% 3.62 26.1 94.3 I3-2S Island 3 J189Y1 375 100 Area 35.9 

Lithium mg/kg 77 77 100% 6.33 9.46 13.3 LI-7S Locke Island J18B04 372 100 Area 9.76 

LI-2S J18B09 371 

Manganese mg/kg 77 77 100% 189 267 377 LI-2S Locke Island J18B09 371 100 Area 277 

HI-8S Homestead Island J18B27 352 300 Area 

Mercury mg/kg 77 47 61% 0.01 0.0249 0.11 GI-7S Island 19 (Gull Island) J18B61 342 300 Area 0.0254 
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Table 3-5.  Summary of Analytical Results for Island Soil Samples.  (2 Pages) 

Summary Statistics a 

Constituent Name b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Minimum Detected 
Concentration 

Mean Concentration 
c 

Maximum Detected 
Concentration 

Location of Maximum:  
Sample Designation 

Location of Maximum:  
Sample Location 

Location of 
Maximum:  

Sample

Location of 
Maximum:  
River Mile

Location of 
Maximum:  
Sub-Area

95% Upper 
Confidence 

Limit d

Molybdenum mg/kg 77 77 100% 0.191 0.502 1.25 I3-2S Island 3 J189Y1 375 100 Area 0.549 

Nickel mg/kg 77 77 100% 9.91 14.8 18.4 LI-2S Locke Island J18B09 371 100 Area 15.1 

WI-8S Wooded Island J18B37 349 300 Area 

Selenium mg/kg 77 9 12% 0.237 0.52 0.933 LI-3S Locke Island J18B00 371 100 Area 0.624 

Strontium mg/kg 77 77 100% 19 27.8 45.7 LI-3S Locke Island J18B00 371 100 Area 28.8 

Thallium mg/kg 77 5 6% 0.217 0.26 0.324 JI-8S-RES Johnson Island J18X64 345 300 Area 0.291 

Titanium mg/kg 77 77 100% 549 794 1160 LI-7S Locke Island J18B04 372 100 Area 819 

Uranium mg/kg 77 2 3% 1.47 1.79 2.12 WI-9S Wooded Island J18B39 349 300 Area 2.34 

Vanadium mg/kg 77 77 100% 26.6 39.7 59.3 HI-1S Homestead Island J18B20 353 300 Area 40.9 

Zinc mg/kg 77 77 100% 33.2 152 484 I3-2S Island 3 J189Y1 375 100 Area 206 

Inorganic 
Phosphorus mg/kg 77 77 100% 454 688 964 LI-8S Locke Island J18B01 372 100 Area 710 

Radionuclides 
Carbon-14 pCi/g 69 1 1% 65.5 65.5 65.5 LI-9S Locke Island J18B05 372 100 Area NC 

Cesium-137 pCi/g 69 64 93% 0.015 0.21 0.569 JI-7S Johnson Island J18B51 345 300 Area 0.223 

Cobalt-60 pCi/g 69 1 1% 0.016 0.016 0.016 JI-3S Johnson Island J18B48 346 300 Area NC 

Europium-152 pCi/g 69 7 10% 0.053 0.163 0.342 JI-7S Johnson Island J18B51 345 300 Area 0.125 

Plutonium-239/240 pCi/g 69 1 1% 0.034 0.034 0.034 JI-5S Johnson Island J18B52 346 300 Area NC 

Strontium-90 pCi/g 69 2 3% 0.784 1.3 1.81 HI-9S Homestead Island J18B26 352 300 Area 0.929 

Uranium-233/234 pCi/g 69 69 100% 0.344 0.618 1.78 JI-6S Johnson Island J18B54 345 300 Area 0.664 

Uranium-235 pCi/g 69 11 16% 0.041 0.0597 0.096 WB-9S White Bluffs J18B13 370 100 Area 0.0488 

Uranium-238 pCi/g 69 69 100% 0.291 0.614 1.38 JI-6S Johnson Island J18B54 345 300 Area 0.655 
a Summary statistics are based on analytical results from sampling events conducted between 2008-2010. 
b Only constituents detected at least once in samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown. 
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 
d Where more than one 95% UCL is calculated using EPA ProUCL Version 4.00.04 software, the maximum recommended 95% UCL is used. 

DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
EPA = U.S. Environmental Protection Agency 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
TPH = total petroleum hydrocarbons 
UCL = upper confidence limit 
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Table 3-6.  Summary of Analytical Results for Fish Tissue Samples.  (2 Pages) 

Summary Statistics a 

Constituent Name b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum: 

Sample Designation 

Location of 
Maximum: 

Sample Number 

Location of 
Maximum: 
River Mile 

Location of 
Maximum: 
Sub-Area 

Location of 
Maximum: 

Species 

Location of 
Maximum: 

Tissue 

Pesticides/Polychlorinated Biphenyls 

Aldrin mg/kg 201 7 3% 0.00592 0.00613 0.0192 STURGEON 23 J195P2 314 Lake Wallula STURGEON FILLET 
alpha-HCH mg/kg 201 3 1.5% 0.00901 0.00949 0.0966 STURGEON 8 J192Y6 380 100 Area STURGEON FILLET 
alpha-Chlordane mg/kg 228 39 17% 0.00739 0.0119 0.124 STURGEON 13 J193M8 363 300 Area STURGEON LIVER 
beta-HCH mg/kg 240 101 42% 0.00862 0.0354 0.696 LWSA-WAL 4 J18XL9 328 Lake Wallula WALLEYE CARCASS 
delta-HCH mg/kg 207 32 15% 0.0048 0.00722 0.0757 300SA-SUCKER 2 J191R5 345 300 Area SUCKER FILLET 
DDD mg/kg 333 309 93% 0.00746 0.0898 0.629 STURGEON 17 J19470 347 300 Area STURGEON LIVER 
DDE mg/kg 337 337 100% 0.0118 0.341 1.94 STURGEON 8 J192Y8 380 100 Area STURGEON LIVER 
DDT mg/kg 257 131 51% 0.00535 0.0964 3.1 100SA-BASS4 J190D3 367 100 Area BASS LIVER/KIDNEY 
Dieldrin mg/kg 206 38 18% 0.00559 0.00928 0.0514 100SA-WF1 J18K21 367 100 Area WHITEFISH CARCASS 
Endosulfan I mg/kg 220 28 13% 0.00617 0.0105 0.321 300SA Walleye-5 J18XH0 352 300 Area WALLEYE LIVER/KIDNEY 
Endosulfan II mg/kg 208 9 4% 0.00741 0.00776 0.0437 300SA-WF2 J18K53 341 300 Area WHITEFISH LIVER/KIDNEY 
Endosulfan sulfate mg/kg 202 2 1% 0.00725 0.0073 0.0161 100SA-BASS1 J190D0 384 100 Area BASS LIVER/KIDNEY 
Endrin mg/kg 207 10 5% 0.0069 0.00774 0.0563 STURGEON 14 J19440 363 300 Area STURGEON LIVER 
Endrin aldehyde mg/kg 203 15 7% 0.0048 0.00576 0.068 STURGEON 3 J19285 379 100 Area STURGEON LIVER 
Endrin ketone mg/kg 206 6 3% 0.00546 0.00589 0.0383 LWSA-SUCKER 5 J191Y9 337 Lake Wallula SUCKER LIVER/KIDNEY 
gamma-HCH (lindane) mg/kg 205 19 9% 0.00704 0.00834 0.0388 STURGEON 3 J19285 379 100 Area STURGEON LIVER 
gamma-Chlordane mg/kg 202 5 2% 0.00518 0.00549 0.0388 STURGEON 3 J19285 379 100 Area STURGEON LIVER 
Heptachlor mg/kg 203 22 11% 0.00649 0.00858 0.0837 LWSA-CARP 5 J196K9 337 Lake Wallula CARP FILLET 
Heptachlor epoxide mg/kg 213 7 3% 0.0146 0.0149 0.0375 300SA Walleye-2 J18XF7 363 300 Area WALLEYE LIVER/KIDNEY 
Methoxychlor mg/kg 203 7 3% 0.00792 0.00849 0.073 STURGEON 15 J19450 363 300 Area STURGEON LIVER 
Total dioxin-like PCBs mg/kg 229 229 100% 3.1E-08 1.3E-05 9.3E-05 100SA Walleye-6 J19750 370 100 Area WALLEYE CARCASS 
Total nondioxin PCBs mg/kg 229 229 100% 0.013 0.29 2.4 100SA Walleye-6 J19750 370 100 Area WALLEYE CARCASS 

Metals
Aluminum mg/kg 347 77 22% 2.8 5.1 505 STURGEON 19 J19489 347 300 Area STURGEON CARCASS 
Antimony mg/kg 347 1 0.3% 0.208 0.208 0.208 LWSA-WF2 J18K79 332 Lake Wallula WHITEFISH FILLET 
Arsenic mg/kg 347 115 33% 0.193 0.424 2.82 STURGEON 3 J19285 379 100 Area STURGEON LIVER 
Barium mg/kg 347 296 85% 0.071 1.46 21.7 STURGEON 4 J19295 380 100 Area STURGEON LIVER 
Cadmium mg/kg 347 204 59% 0.033 0.869 15.4 300SA-CARP 1 J196H5 363 300 Area CARP KIDNEY 
Chromium mg/kg 347 225 65% 0.134 0.372 2.01 LWSA-BASS2 J190L7 337 Lake Wallula BASS FILLET 
Cobalt mg/kg 347 39 11% 0.712 0.981 2.82 STURGEON 11 J193K4 363 300 Area STURGEON FILLET 
Copper mg/kg 347 227 65% 0.32 4.73 58.2 STURGEON 23 J195P4 314 Lake Wallula STURGEON LIVER 
Hexavalent chromium mg/kg 54 11 20% 0.128 0.143 0.289 STURGEON 16 J19466 363 300 Area STURGEON FILLET 
Iron mg/kg 347 335 97% 2.76 74.2 1020 STURGEON 4 J19295 380 100 Area STURGEON LIVER 
Lead mg/kg 347 37 11% 0.221 0.292 2.48 STURGEON 15 J19449 363 300 Area STURGEON CARCASS 
Lithium mg/kg 347 52 15% 0.374 0.686 1.85 100SA-CARP 4 J196C3 378 100 Area CARP CARCASS 
Manganese mg/kg 347 342 99% 0.152 1.93 18.1 100SA-SUCKER 4 J191P2 382 100 Area SUCKER CARCASS 
Mercury mg/kg 351 351 100% 0.014 0.11 0.873 STURGEON 11 J193K6 363 300 Area STURGEON LIVER 
Methyl mercury mg/kg 8 8 100% 0.033 0.095 0.239 STURGEON 19 J195V3 347 300 Area STURGEON FILLET 
Molybdenum mg/kg 347 33 10% 0.142 0.201 0.295 100SA-CARP 2 J196B6 370 100 Area CARP KIDNEY 
Nickel mg/kg 347 31 9% 0.361 0.667 2.55 LWSA-WF3 J18K80 334 Lake Wallula WHITEFISH FILLET 
Selenium mg/kg 347 347 100% 0.465 1.42 6.95 STURGEON 23 J195P4 314 Lake Wallula STURGEON LIVER 
Silver mg/kg 347 12 3% 0.159 0.162 0.34 STURGEON 10  J19319 363 300 Area  STURGEON  LIVER 

100SA-CARP 1 J196B0 370 100 Area CARP LIVER 
Strontium mg/kg 347 310 89% 0.067 5.8 70.7 300SA-CARP 3 J196J2 346 300 Area CARP CARCASS 
Thallium mg/kg 347 7 2% 0.16 0.188 0.247 300SA-WF1 J18K52 341 300 Area WHITEFISH LIVER/KIDNEY 
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Table 3-6.  Summary of Analytical Results for Fish Tissue Samples.  (2 Pages) 

Summary Statistics a 

Constituent Name b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum: 

Sample Designation 

Location of 
Maximum: 

Sample Number 

Location of 
Maximum: 
River Mile 

Location of 
Maximum: 
Sub-Area 

Location of 
Maximum: 

Species 

Location of 
Maximum: 

Tissue 

Tin mg/kg 347 166 48% 0.734 7.52 162 STURGEON 15 J19449 363 300 Area STURGEON CARCASS 
Total inorganic arsenic mg/kg 202 56 28% 0.00269 0.00317 0.00743 100SA-CARP 4 J196D3 378 100 Area CARP CARCASS 
Uranium mg/kg 347 11 3% 1.38 1.8 2.37 300SA-BASS2 J190K1 343 300 Area BASS CARCASS 
Vanadium mg/kg 347 224 65% 0.127 0.4 3.62 300SA-CARP 3 J196H7 346 300 Area CARP KIDNEY 
Zinc mg/kg 347 324 93% 2.82 48.4 594 LWSA-CARP 5 J196X6 337 Lake Wallula CARP KIDNEY 

Other Inorganic 
Phosphorus mg/kg 344 344 100% 1430 4170 29700 300SA-BASS2 J190K1 343 300 Area BASS CARCASS 

Radionuclides 
Carbon-14 pCi/g 347 8 2% 4.92 5.34 141 LWSA-WF5 J18KF2 339 Lake Wallula WHITEFISH CARCASS 
Cesium-137 pCi/g 347 1 0.3% 0.358 0.358 0.358 300SA-WF4 J18K55 350 300 Area WHITEFISH LIVER/KIDNEY 
Plutonium-239/240 pCi/g 347 2 0.6% 0.031 0.0336 0.916 100SA-BASS2 J19068 382 100 Area BASS FILLET 
Strontium-90 pCi/g 347 4 1% 0.392 0.396 1.55 100SA-BASS2 J19068 382 100 Area BASS FILLET 
Technetium-99 pCi/g 347 1 0.3% 0.327 0.327 0.327 300SA-BASS5 J190J9 350 300 Area BASS LIVER/KIDNEY 
Tritium pCi/g 347 4 1% 6.25 6.29 15 STURGEON 18 J19481 347 300 Area STURGEON KIDNEY 
a Summary statistics are based on analytical results from sampling events conducted between 2009-2010 and for all fish species and tissue types (fillet with skin, liver/kidney and carcass). 
b Only constituents detected at least once in samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown. 
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 
PCB = polychlorinated biphenyl 
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Table 3-7.  Bass Tissue Summary of Analytical Results.  

Summary Statistics a 

Constituent Name b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

(%) 

Minimum Detected 
Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum:  

Sample 
Designation 

Location of 
Maximum:  

Sample 
Number 

Location of 
Maximum:  
River Mile 

Location of 
Maximum:  
Sub-Area 

Location of 
Maximum:   

Tissue 

Pesticides/Polychlorinated Biphenyls 
beta-HCH mg/kg 11 1 9 0.0647 0.0647 0.0647 100SA-BASS1 J190D5 384 100 Area CARCASS 

DDD mg/kg 41 37 90 0.0134 0.164 0.279 300SA-BASS3 J190K2 344 300 Area CARCASS 

DDE mg/kg 41 41 100 0.0118 0.134 0.515 300SA-BASS5 J190K4 350 300 Area CARCASS 

DDT mg/kg 27 20 74 0.00763 0.763 3.1 100SA-BASS4 J190D3 367 100 Area LIVER/KIDNEY 

delta-HCH mg/kg 10 2 20 0.0048 0.00519 0.00754 LWSA-BASS1 J190N6 335 Lake Wallula CARCASS 

Endrin mg/kg 11 1 9 0.0214 0.0214 0.0214 LWSA-BASS4 J190N4 338 Lake Wallula LIVER/KIDNEY 

Endrin aldehyde mg/kg 10 1 10 0.0048 0.0048 0.0048 LWSA-BASS3 J190N8 337 Lake Wallula CARCASS 

Endrin ketone mg/kg 11 1 9 0.0194 0.0194 0.0194 LWSA-BASS5 J190N5 338 Lake Wallula LIVER/KIDNEY 

gamma-HCH (lindane) mg/kg 11 1 9 0.0199 0.0199 0.0199 100SA-BASS3 J19069 369 100 Area FILLET 

gamma-Chlordane mg/kg 10 1 10 0.00763 0.00763 0.00763 LWSA-BASS5 J190P0 338 Lake Wallula CARCASS 

Heptachlor epoxide mg/kg 11 1 9 0.0177 0.0177 0.0177 LWSA-BASS2 J190N2 337 Lake Wallula LIVER/KIDNEY 

Total dioxin-like PCBs mg/kg 30 30 100 9.9E-07 8.8E-06 3.6E-05 100SA-BASS4 J190F3 367 100 Area CARCASS 

Total nondioxin PCBs mg/kg 30 30 100 0.021 0.19 0.82 100SA-BASS4 J190F3 367 100 Area CARCASS 

Metals 
Aluminum mg/kg 45 3 7 2.99 3.21 8.09 100SA-BASS5 J190D4 379 100 Area LIVER/KIDNEY 

Cadmium mg/kg 45 21 47 0.035 0.102 0.331 300SA-BASS4 J190J8 344 300 Area LIVER/KIDNEY 

Chromium mg/kg 45 34 76 0.137 0.66 2.01 LWSA-BASS2 J190L7 337 Lake Wallula FILLET 

Cobalt mg/kg 45 19 42 0.786 1.04 1.9 LWSA-BASS2 J190L7 337 Lake Wallula FILLET 

Copper mg/kg 45 21 47 0.363 1.09 5.8 100SA-BASS1 J190D0 384 100 Area LIVER/KIDNEY 

Iron mg/kg 45 45 100 3.51 44.5 151 100SA-BASS5 J190D4 379 100 Area LIVER/KIDNEY 

Lead mg/kg 45 5 11 0.231 0.26 0.352 LWSA-BASS2 J190N7 337 Lake Wallula CARCASS 

Manganese mg/kg 45 43 96 0.521 2.79 15.2 100SA-BASS3 J190D7 369 100 Area CARCASS 

Mercury mg/kg 41 41 100 0.02 0.0565 0.118 100SA-BASS5 J190D9 379 100 Area CARCASS 

Selenium mg/kg 45 45 100 0.76 1.38 2.37 LWSA-BASS4 J190N4 338 Lake Wallula LIVER/KIDNEY 

Strontium mg/kg 45 45 100 0.085 9.74 59.2 100SA-BASS3 J190D7 369 100 Area CARCASS 

Tin mg/kg 45 42 93 0.806 7.07 31.4 LWSA-BASS2 J190N7 337 Lake Wallula CARCASS 

Total inorganic arsenic mg/kg 30 5 17 0.00304 0.00309 0.00396 100SA-BASS2 J190F6 382 100 Area CARCASS 

Uranium mg/kg 45 5 11 1.4 1.89 2.37 300SA-BASS2 J190K1 343 300 Area CARCASS 

Vanadium mg/kg 45 44 98 0.166 0.345 0.885 100SA-BASS3 J190D7 369 100 Area CARCASS 

Zinc mg/kg 45 45 100 6.97 17.6 30.8 100SA-BASS3 J190D7 369 100 Area CARCASS 

Radionuclides 
Plutonium-239/240 pCi/g 45 1 2 0.916 0.916 0.916 100SA-BASS2 J19068 382 100 Area FILLET 
Strontium-90 pCi/g 45 1 2 1.55 1.55 1.55 100SA-BASS2 J19068 382 100 Area FILLET 

Technetium-99 pCi/g 45 1 2 0.327 0.327 0.327 300SA-BASS5 J190J9 350 300 Area LIVER/KIDNEY 

Tritium pCi/g 45 1 2 6.25 6.25 6.25 LWSA-BASS4 J190L9 338 Lake Wallula FILLET 
a Summary statistics are based on analytical results from sampling events conducted between 2009-2010. 
b Only constituents detected at least once in samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown. 
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 
PCB = polychlorinated biphenyl 
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Table 3-8.  Carp Tissue Summary of Analytical Results.   

Summary Statistics a 

Constituent Name b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection  

(%) 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum:  

Sample Designation 

Location of 
Maximum:  

Sample Number 

Location of 
Maximum:  
River Mile 

Location of 
Maximum:  
Sub-Area 

Location of 
Maximum:  

Tissue 

Pesticides/Polychlorinated Biphenyls 
alpha-Chlordane mg/kg 36 3 8 0.0129 0.0132 0.0194 100SA-CARP 2 J196B1 370 100 Area LIVER 

beta-HCH mg/kg 45 28 62 0.0217 0.0675 0.318 LWSA-CARP 5 J196K9 337 Lake Wallula FILLET 

DDD mg/kg 59 59 100 0.00959 0.0939 0.356 300SA-CARP 3 J196J2 346 300 Area CARCASS 

DDE mg/kg 59 59 100 0.096 0.548 1.4 100SA-CARP 4 J196B8 378 100 Area KIDNEY 

DDT mg/kg 37 8 22 0.00896 0.0121 0.0368 100SA-CARP 4 J196B8 378 100 Area KIDNEY 

delta-HCH mg/kg 34 1 3 0.0333 0.0333 0.0333 100SA-CARP 5 J196C4 381 100 Area CARCASS 

Endosulfan I mg/kg 38 4 11 0.0134 0.0147 0.0326 100SA-CARP 5 J196B9 381 100 Area KIDNEY 

Endrin ketone mg/kg 35 1 3 0.0137 0.0137 0.0137 LWSA-CARP 2 J196X3 335 Lake Wallula KIDNEY 

Heptachlor mg/kg 34 6 18 0.0273 0.0296 0.0837 LWSA-CARP 5 J196K9 337 Lake Wallula FILLET 

Methoxychlor mg/kg 34 1 3 0.0334 0.0334 0.0334 300SA-CARP 2 J196J1 347 300 Area CARCASS 

Total dioxin-like PCBs mg/kg 30 30 100 3.5E-06 2.0E-05 6.6E-05 LWSA-CARP 5 J196Y7 337 Lake Wallula CARCASS 

Total nondioxin PCBs mg/kg 30 30 100 0.094 0.38 0.76 LWSA-CARP 5 J196Y7 337 Lake Wallula CARCASS 

Metals 
Aluminum mg/kg 60 25 42 2.95 4.32 16.8 LWSA-CARP 1 J196X2 335 Lake Wallula KIDNEY 

Arsenic mg/kg 60 2 3 0.201 0.233 0.264 100SA-CARP 4 J196B8 378 100 Area KIDNEY 

Barium mg/kg 60 50 83 0.074 0.915 5.13 300SA-CARP 3 J196J2 346 300 Area CARCASS 

Cadmium mg/kg 60 50 83 0.033 3.08 15.4 300SA-CARP 1 J196H5 363 300 Area KIDNEY 

Chromium mg/kg 60 39 65 0.134 0.326 1.34 LWSA-CARP 2 J196K6 335 Lake Wallula FILLET 

Cobalt mg/kg 60 6 10 0.825 0.994 2.34 LWSA-CARP 2 J196K6 335 Lake Wallula FILLET 

Copper mg/kg 60 60 100 0.479 8.63 36.5 300SA-CARP 4 J196H3 344 300 Area LIVER 

Iron mg/kg 60 60 100 9.86 90.2 930 LWSA-CARP 3 J196X4 336 Lake Wallula KIDNEY 

Lead mg/kg 60 21 35 0.221 0.336 1.51 100SA-CARP 3 J196C2 375 100 Area CARCASS 

Lithium mg/kg 60 24 40 0.374 0.811 1.85 100SA-CARP 4 J196C3 378 100 Area CARCASS 

Manganese mg/kg 60 60 100 0.298 2.04 8.19 LWSA-CARP 2 J196X9 335 Lake Wallula CARCASS 

Mercury mg/kg 60 60 100 0.033 0.0846 0.18 LWSA-CARP 2 J196K6 335 Lake Wallula FILLET 

Molybdenum mg/kg 60 27 45 0.149 0.211 0.295 100SA-CARP 2 J196B6 370 100 Area KIDNEY 

Selenium mg/kg 60 60 100 0.499 1.28 2.12 100SA-CARP 2 J196B1 370 100 Area LIVER 
Silver mg/kg 60 8 13 0.179 0.187 0.34 100SA-CARP 1 J196B0 370 100 Area LIVER 

Strontium mg/kg 60 59 98 0.12 8.33 70.7 300SA-CARP 3 J196J2 346 300 Area CARCASS 

Tin mg/kg 60 30 50 0.806 10.8 95.2 100SA-CARP 3 J196C2 375 100 Area CARCASS 

Total inorganic arsenic mg/kg 30 16 53 0.00303 0.00415 0.00743 100SA-CARP 4 J196D3 378 100 Area CARCASS 

Uranium mg/kg 60 3 5 1.38 1.85 2.36 100SA-CARP 4 J196C3 378 100 Area CARCASS 

Vanadium mg/kg 60 57 95 0.145 0.62 3.62 300SA-CARP 3 J196H7 346 300 Area KIDNEY 

Zinc mg/kg 60 60 100 18.2 194 594 LWSA-CARP 5 J196X6 337 Lake Wallula KIDNEY 

Radionuclides 
Carbon-14 pCi/g 60 1 2 6.18 6.18 6.18 300SA-CARP 4 J196J3 344 300 Area CARCASS 
Strontium-90 pCi/g 60 1 2 0.558 0.558 0.558 100SA-CARP 3 J196C2 375 100 Area CARCASS 
a Summary statistics are based on analytical results from sampling events conducted between 2009-2010. 
b Only constituents detected at least once in samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown. 
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 
PCB = polychlorinated biphenyl 
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Table 3-9.  Sturgeon Tissue Summary of Analytical Results.  (2 Pages) 

Summary Statistics a 

Constituent Name b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

(%) 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of Maximum:  
Sample Designation 

Location of 
Maximum:  Sample 

Number 

Location of 
Maximum:  
River Mile 

Location of 
Maximum:  
Sub-Area 

Location of 
Maximum:  

Tissue 

Pesticides/Polychlorinated Biphenyls 
Aldrin mg/kg 65 7 11 0.00592 0.00645 0.0192 STURGEON 23 J195P2 314 Lake Wallula FILLET 

alpha-Chlordane mg/kg 67 5 8 0.0185 0.0212 0.124 STURGEON 13 J193M8 363 300 Area LIVER 

alpha-HCH mg/kg 65 1 2 0.0966 0.0966 0.0966 STURGEON 8 J192Y6 376 100 Area FILLET 

beta-HCH mg/kg 76 37 49 0.00862 0.0299 0.222 STURGEON 6 J192D6 376 100 Area KIDNEY 

DDD mg/kg 97 92 95 0.00746 0.103 0.629 STURGEON 17 J19470 347 300 Area LIVER 

DDE mg/kg 100 100 100 0.0234 0.36 1.94 STURGEON 8 J192Y8 376 100 Area LIVER 

DDT mg/kg 84 54 64 0.00535 0.0274 0.384 STURGEON 25 J195X4 314 Lake Wallula KIDNEY 

delta-HCH mg/kg 66 9 14 0.00515 0.00606 0.0183 STURGEON 18 J19478 347 300 Area FILLET 

Dieldrin mg/kg 67 5 8 0.00559 0.00674 0.0467 STURGEON 10 J19319 363 300 Area LIVER 

Endrin mg/kg 67 4 6 0.00727 0.00842 0.0563 STURGEON 14 J19440 363 300 Area LIVER 

Endrin aldehyde mg/kg 67 5 8 0.0073 0.00885 0.068 STURGEON 3 J19285 379 100 Area LIVER 

Endrin ketone mg/kg 65 1 2 0.00546 0.00546 0.00546 STURGEON 5 J192B5 381 100 Area LIVER 

gamma-HCH (lindane) mg/kg 67 9 13 0.00704 0.00886 0.0388 STURGEON 3 J19285 379 100 Area LIVER 

gamma-Chlordane mg/kg 66 4 6 0.00518 0.006 0.0388 STURGEON 3 J19285 379 100 Area LIVER 

Heptachlor mg/kg 66 5 8 0.00649 0.00728 0.037 STURGEON 17 J19469 347 300 Area CARCASS 

Heptachlor epoxide mg/kg 73 3 4 0.0146 0.0148 0.0245 STURGEON 15 J19451 363 300 Area KIDNEY 

Total dioxin-like PCBs mg/kg 73 73 100 1.5E-07 1.4E-05 6.0E-05 STURGEON 4 J19298 380 100 Area CARCASS 

Total nondioxin PCBs mg/kg 73 73 100 0.063 0.34 1.3 STURGEON 11 J193L0 363 300 Area LIVER 

Metals 
Aluminum mg/kg 100 15 15 2.8 8.31 505 STURGEON 19 J19489 347 300 Area CARCASS 

Arsenic mg/kg 100 72 72 0.228 0.607 2.82 STURGEON 3 J19285 379 100 Area LIVER 

Barium mg/kg 100 95 95 0.078 2.94 21.7 STURGEON 4 J19295 376 100 Area LIVER 

Cadmium mg/kg 100 53 53 0.036 0.435 3.06 STURGEON 11 J193K6 363 300 Area LIVER 

Chromium mg/kg 100 48 48 0.136 0.279 1.47 STURGEON 11 J193K4 363 300 Area FILLET 

Cobalt mg/kg 100 11 11 0.838 1.03 2.82 STURGEON 11 J193K4 363 300 Area FILLET 

Copper mg/kg 100 53 53 0.434 8.2 58.2 STURGEON 23 J195P4 314 Lake Wallula LIVER 

Hexavalent chromium mg/kg 50 9 18 0.128 0.141 0.289 STURGEON 16 J19466 363 300 Area FILLET 

Iron mg/kg 100 94 94 3.02 113 1020 STURGEON 4 J19295 376 100 Area LIVER 

Lead mg/kg 100 7 7 0.256 0.325 2.48 STURGEON 15 J19449 363 300 Area CARCASS 

Lithium mg/kg 100 14 14 0.374 0.633 1.52 STURGEON 23 J195P3 314 Lake Wallula CARCASS 

Manganese mg/kg 100 99 99 0.152 0.997 5.98 STURGEON 19 J19489 347 300 Area CARCASS 

Mercury mg/kg 108 108 100 0.019 0.147 0.873 STURGEON 11 J193K6 363 300 Area LIVER 

Methyl mercury mg/kg 8 8 100 0.033 0.095 0.239 STURGEON 19 J195V3 347 300 Area FILLET 

Nickel mg/kg 100 22 22 0.425 0.693 2.13 STURGEON 8 J192Y8 376 100 Area LIVER 

Selenium mg/kg 100 100 100 0.708 1.74 6.95 STURGEON 23 J195P4 314 Lake Wallula LIVER 

Strontium mg/kg 100 68 68 0.072 1.98 44.2 STURGEON 19 J19489 347 300 Area CARCASS 

Tin mg/kg 100 14 14 1.04 3.55 162 STURGEON 15 J19449 363 300 Area CARCASS 

Total inorganic arsenic mg/kg 50 6 12 0.00345 0.00357 0.00502 STURGEON 18 J19487 347 300 Area CARCASS 

Uranium mg/kg 100 3 3 1.45 1.66 2 STURGEON 7 J192F6 381 100 Area LIVER 

Vanadium mg/kg 100 57 57 0.127 0.375 1.97 STURGEON 10 J19319 363 300 Area LIVER 

Zinc mg/kg 100 92 92 2.82 19.1 63.7 STURGEON 23 J195P4 314 Lake Wallula LIVER 
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Table 3-9.  Sturgeon Tissue Summary of Analytical Results.  (2 Pages) 

Summary Statistics a 

Constituent Name b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

(%) 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of Maximum:  
Sample Designation 

Location of 
Maximum:  Sample 

Number 

Location of 
Maximum:  
River Mile 

Location of 
Maximum:  
Sub-Area 

Location of 
Maximum:  

Tissue 

Radionuclides  
Carbon-14 pCi/g 100 1 1 5.96 5.96 5.96 STURGEON 3 J19286 379 100 Area KIDNEY 

Tritium pCi/g 100 2 2 9.54 9.59 15 STURGEON 18 J19481 347 300 Area KIDNEY 
a Summary statistics are based on analytical results from sampling events conducted between 2009-2010. 
b Only constituents detected at least once in samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown. 
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 
PCB = polychlorinated biphenyl 

 
 
  

Exhibit 12d



 DOE/RL-2010-117 

Data Evaluation Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume II, Part 2:  Baseline Human Health Risk Assessment 
September 2012 3-16 

Table 3-10.  Sucker Tissue Summary of Analytical Results. 

Summary Statistics a 

Constituent Name b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

(%) 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum:   

Sample 
Designation 

Location of 
Maximum:  

Sample 
Number 

Location of 
Maximum:  
River Mile 

Location of 
Maximum:  
Sub-Area 

Location of 
Maximum:  

Tissue 

Pesticides/Polychlorinated Biphenyls 
alpha-Chlordane mg/kg 34 4 12 0.014 0.0157 0.0516 300SA-SUCKER 2 J191V1 345 300 Area LIVER/KIDNEY 

beta-HCH mg/kg 43 14 33 0.0224 0.0334 0.154 100SA-SUCKER 3 J191N6 384 100 Area LIVER/KIDNEY 

DDD mg/kg 45 44 98 0.0166 0.074 0.22 100SA-SUCKER 5 J191N8 380 100 Area LIVER/KIDNEY 

DDE mg/kg 45 45 100 0.0849 0.354 0.739 100SA-SUCKER 2 J191P0 378 100 Area CARCASS 

DDT mg/kg 32 11 34 0.0126 0.0157 0.0401 100SA-SUCKER 5 J191P3 380 100 Area CARCASS 

delta-HCH mg/kg 30 5 17 0.0208 0.0242 0.0757 300SA-SUCKER 2 J191R5 345 300 Area FILLET 

Endrin mg/kg 32 4 13 0.014 0.0155 0.0335 100SA-SUCKER 1 J191N4 370 100 Area LIVER/KIDNEY 

Endrin ketone mg/kg 32 2 6 0.0191 0.0197 0.0383 LWSA-SUCKER 5 J191Y9 337 Lake Wallula LIVER/KIDNEY 

Total dioxin-like PCBs mg/kg 30 30 100 3.3E-06 9.7E-06 2.1E-05 300SA-SUCKER 2 J191W1 345 300 Area CARCASS 

Total nondioxin PCBs mg/kg 30 30 100 0.098 0.23 0.45 300SA-SUCKER 2 J191W1 345 300 Area CARCASS 

Metals 
Barium mg/kg 45 40 89 0.079 1.18 4.59 LWSA-SUCKER 5 J19224 337 Lake Wallula CARCASS 

Cadmium mg/kg 45 29 64 0.035 0.685 3.7 300SA-SUCKER 2 J191V1 345 300 Area LIVER/KIDNEY 

Chromium mg/kg 45 28 62 0.148 0.287 0.674 300SA-SUCKER 5 J191R8 362 300 Area FILLET 

Copper mg/kg 45 39 87 0.443 2.17 7.77 LWSA-SUCKER 1 J191Y5 335 Lake Wallula LIVER/KIDNEY 

Iron mg/kg 45 45 100 4.24 58.5 228 100SA-SUCKER 2 J191N5 378 100 Area LIVER/KIDNEY 

Lead mg/kg 45 1 2 0.28 0.28 0.28 100SA-SUCKER 1 J191N9 370 100 Area CARCASS 

Manganese mg/kg 45 45 100 0.937 4.6 18.1 100SA-SUCKER 4 J191P2 382 100 Area CARCASS 

Mercury mg/kg 45 45 100 0.014 0.0741 0.172 LWSA-SUCKER 1 J191X0 335 Lake Wallula FILLET 

Selenium mg/kg 45 45 100 0.646 1.01 1.45 100SA-SUCKER 3 J191N6 384 100 Area LIVER/KIDNEY 

Strontium mg/kg 45 44 98 0.076 6.65 36.2 LWSA-SUCKER 5 J19224 337 Lake Wallula CARCASS 

Total inorganic arsenic mg/kg 30 14 47 0.00304 0.00349 0.00628 300SA-SUCKER 4 J191W8 345 300 Area CARCASS 

Vanadium mg/kg 45 1 2 0.152 0.152 0.152 LWSA-SUCKER 2 J191Y6 328 Lake Wallula LIVER/KIDNEY 

Zinc mg/kg 45 45 100 9.21 20 31.1 300SA-SUCKER 5 J191V4 362 300 Area LIVER/KIDNEY 

Radionuclide 
Carbon-14 pCi/g 45 3 7 6.06 6.15 8.19 100SA-SUCKER 4 J191P2 382 100 Area CARCASS 
a Summary statistics are based on analytical results from sampling events conducted between 2009-2010. 
b Only constituents detected at least once in samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown. 
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 
PCB = polychlorinated biphenyl 
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Table 3-11.  Walleye Tissue Summary of Analytical Results. 

Summary Statistics a 

Constituent Name b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection  

(%) 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum:  

Sample 
Designation 

Location of 
Maximum:  

Sample 
Number 

Location of 
Maximum:  
River Mile 

Location of 
Maximum:  
Sub-Area 

Location of 
Maximum:  

Tissue 

Pesticides/Polychlorinated Biphenyls 
alpha-Chlordane mg/kg 36 11 31 0.0106 0.0151 0.0903 100SA Walleye-6 J19747 370 100 Area LIVER/KIDNEY 

alpha-HCH mg/kg 32 1 3 0.0157 0.0157 0.0157 100SA Walleye-3 J18XB8 370 100 Area CARCASS 

beta-HCH mg/kg 34 20 59 0.00889 0.0567 0.696 LWSA-WAL 4 J18XL9 328 Lake Wallula CARCASS 

DDD mg/kg 43 29 67 0.00902 0.0343 0.162 300SA Walleye-4 J18XH4 361 300 Area CARCASS 

DDE mg/kg 43 43 100 0.0135 0.285 1.72 100SA Walleye-2 J18XB2 370 100 Area LIVER/KIDNEY 

DDT mg/kg 38 20 53 0.00561 0.0194 0.224 100SA Walleye-6 J19747 370 100 Area LIVER/KIDNEY 

delta-HCH mg/kg 32 3 9 0.00732 0.00753 0.0116 100SA Walleye-4 J18XB9 370 100 Area CARCASS 

Endosulfan I mg/kg 37 6 16 0.00855 0.0217 0.321 300SA Walleye-5 J18XH0 352 300 Area LIVER/KIDNEY 

Endrin aldehyde mg/kg 32 1 3 0.00675 0.00675 0.00675 300SA Walleye-4 J18XH4 361 300 Area CARCASS 

gamma-HCH (lindane) mg/kg 32 5 16 0.00962 0.0119 0.0337 LWSA-WAL 3 J18XL8 328 Lake Wallula CARCASS 

Heptachlor mg/kg 33 7 21 0.0111 0.0138 0.0363 100SA Walleye-4 J18XB4 370 100 Area LIVER/KIDNEY 

Heptachlor epoxide mg/kg 35 3 9 0.0213 0.0218 0.0375 300SA Walleye-2 J18XF7 363 300 Area LIVER/KIDNEY 

Total dioxin-like PCBs mg/kg 32 32 100 3.1E-08 1.2E-05 9.3E-05 100SA Walleye-6 J19750 370 100 Area CARCASS 

Total nondioxin PCBs mg/kg 32 32 100 0.013 0.28 2.4 100SA Walleye-6 J19750 370 100 Area CARCASS 

Metals 
Cadmium mg/kg 48 17 35 0.045 0.127 1.38 100SA Walleye-2 J18XB2 370 100 Area LIVER/KIDNEY 

Chromium mg/kg 48 32 67 0.141 0.315 0.824 LWSA-WAL 1 J18XJ6 313 Lake Wallula FILLET 

Cobalt mg/kg 48 1 2 0.712 0.712 0.712 LWSA-WAL 1 J18XJ6 313 Lake Wallula FILLET 

Copper mg/kg 48 17 35 0.366 1.43 8.36 LWSA-WAL 2 J18XL2 315 Lake Wallula LIVER/KIDNEY 

Iron mg/kg 48 42 88 2.76 43.4 172 100SA Walleye-1 J18XB1 377 100 Area LIVER/KIDNEY 

Lead mg/kg 48 1 2 0.259 0.259 0.259 100SA Walleye-6 J19746 370 100 Area FILLET 

Lithium mg/kg 48 11 23 0.456 0.723 1.46 300SA Walleye-4 J18XH4 361 300 Area CARCASS 

Manganese mg/kg 48 48 100 0.217 0.845 2.58 100SA Walleye-2 J18XB7 370 100 Area CARCASS 

Mercury mg/kg 48 48 100 0.037 0.181 0.606 100SA Walleye-2 J18X87 370 100 Area FILLET 

Selenium mg/kg 48 48 100 0.465 0.886 2.18 300SA Walleye-1 J18XF6 363 300 Area LIVER/KIDNEY 

Strontium mg/kg 48 46 96 0.085 5.52 23.9 300SA Walleye-4 J18XH4 361 300 Area CARCASS 

Tin mg/kg 48 34 71 0.906 6.03 22.9 100SA Walleye-2 J18X87 370 100 Area FILLET 

Total inorganic arsenic mg/kg 32 15 47 0.00269 0.00323 0.00515 LWSA-WAL 1 J18XK6 313 Lake Wallula FILLET 

Vanadium mg/kg 48 34 71 0.146 0.33 0.533 100SA Walleye-3 J18XB8 370 100 Area CARCASS 

Zinc mg/kg 48 48 100 4.75 14.3 23.8 300SA Walleye-1 J18XF6 363 300 Area LIVER/KIDNEY 

Radionuclide 
Carbon-14 pCi/g 48 1 2 5.31 5.31 5.31 LWSA-WAL 5 J18XL5 328 Lake Wallula LIVER/KIDNEY 
a Summary statistics are based on analytical results from sampling events conducted between 2009-2010. 
b Only constituents detected at least once in samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown. 
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 
PCB = polychlorinated biphenyl 
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Table 3-12.  Whitefish Tissue Summary of Analytical Results.  (2 Pages) 

Summary Statistics a 

Constituent Name b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

(%) 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum:   

Sample Designation 

Location of 
Maximum:  

Sample Number 

Location of 
Maximum:  
River Mile 

Location of 
Maximum:  
Sub-Area 

Location of 
Maximum:  

Tissue 

Pesticides/Polychlorinated Biphenyls 

alpha-Chlordane mg/kg 45 16 36 0.00739 0.0178 0.0818 100SA-WF3 J18K13 370 100 Area LIVER/KIDNEY 

alpha-HCH mg/kg 30 1 3 0.00901 0.00901 0.00901 300SA-WF3 J18K38 342 300 Area FILLET 

DDD mg/kg 45 45 100 0.00915 0.0623 0.176 300SA-WF5 J18K67 362 300 Area CARCASS 

DDE mg/kg 45 45 100 0.0638 0.278 1.19 300SA-WF2 J18K64 341 300 Area CARCASS 

DDT mg/kg 38 17 45 0.0075 0.0106 0.0267 100SA-WF1 J18K21 367 100 Area CARCASS 

delta-HCH mg/kg 35 12 34 0.00617 0.0104 0.0303 300SA-WF1 J18K52 341 300 Area LIVER/KIDNEY 

Dieldrin mg/kg 33 33 100 0.0069 0.0258 0.0514 100SA-WF1 J18K21 367 100 Area CARCASS 

Endrin mg/kg 31 1 3 0.0069 0.0069 0.0069 300SA-WF1 J18K52 341 300 Area LIVER/KIDNEY 

Endrin aldehyde mg/kg 30 8 27 0.00493 0.00615 0.0165 LWSA-WF5 J18KF2 339 Lake Wallula CARCASS 

Endrin ketone mg/kg 31 1 3 0.0223 0.0223 0.0223 300SA-WF5 J18K56 362 300 Area LIVER/KIDNEY 

gamma-HCH (lindane) mg/kg 31 4 13 0.0115 0.012 0.0191 100SA-WF2 J18J85 368 100 Area FILLET 

Heptachlor mg/kg 30 4 13 0.008 0.00908 0.0208 LWSA-WF2 J18KD9 332 Lake Wallula CARCASS 

Total dioxin-like PCBs mg/kg 30 30 100 1.4E-06 1.2E-05 3.5E-05 100SA-WF4 J18K29 377 100 Area CARCASS 

Total nondioxin PCBs mg/kg 30 30 100 0.088 0.31 1.4 300SA-WF2 J18K69 341 300 Area CARCASS 

Metals 

Arsenic mg/kg 45 39 87 0.193 0.291 0.388 300SA-WF1 J18K52 341 300 Area LIVER/KIDNEY 

Barium mg/kg 45 42 93 0.071 0.606 3.27 100SA-WF4 J18K24 377 100 Area CARCASS 

Cadmium mg/kg 45 30 67 0.036 0.71 3.6 LWSA-WF5 J18KD7 339 Lake Wallula LIVER/KIDNEY 

Chromium mg/kg 45 40 89 0.141 0.457 0.988 100SA-WF5 J18J88 379 100 Area FILLET 

Cobalt mg/kg 45 1 2 1.12 1.12 1.12 100SA-WF5 J18J88 379 100 Area FILLET 

Copper mg/kg 45 33 73 0.32 1.37 4.06 300SA-WF5 J18K56 362 300 Area LIVER/KIDNEY 

Iron mg/kg 45 45 100 5.93 46.2 181 300SA-WF2 J18K53 341 300 Area LIVER/KIDNEY 

Lead mg/kg 45 2 4 0.515 0.539 1.59 300SA-WF3 J18K38 342 300 Area FILLET 

Manganese mg/kg 45 43 96 0.258 1.51 7.38 100SA-WF4 J18K24 377 100 Area CARCASS 

Mercury mg/kg 45 45 100 0.018 0.0705 0.185 100SA-WF4 J18K14 377 100 Area LIVER/KIDNEY 

Molybdenum mg/kg 45 3 7 0.142 0.15 0.156 100SA-WF2 J18K12 368 100 Area LIVER/KIDNEY 

Selenium mg/kg 45 45 100 0.759 1.93 5.19 300SA-WF2 J18K53 341 300 Area LIVER/KIDNEY 

Strontium mg/kg 45 44 98 0.067 6.27 40.1 100SA-WF4 J18K24 377 100 Area CARCASS 

Thallium mg/kg 45 7 16 0.16 0.188 0.247 300SA-WF1 J18K52 341 300 Area LIVER/KIDNEY 

Tin mg/kg 45 29 64 4.16 22.1 161 300SA-WF3 J18K38 342 300 Area FILLET 

Vanadium mg/kg 45 30 67 0.152 0.259 0.625 100SA-WF4 J18K24 377 100 Area CARCASS 

Zinc mg/kg 45 30 67 6.44 16.3 33.9 300SA-WF4 J18K66 350 300 Area CARCASS 

Radionuclides 

Carbon-14 pCi/g 45 2 4 4.92 7.94 141 LWSA-WF5 J18KF2 339 Lake Wallula CARCASS 

Cesium-137 pCi/g 45 1 2 0.358 0.358 0.358 300SA-WF4 J18K55 350 300 Area LIVER/KIDNEY 

Plutonium-239/240 pCi/g 45 1 2 0.031 0.031 0.031 300SA-WF1 J18K63 341 300 Area CARCASS 
Strontium-90 pCi/g 45 1 2 0.392 0.392 0.392 100SA-WF2 J18K12 368 100 Area LIVER/KIDNEY 
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Table 3-12.  Whitefish Tissue Summary of Analytical Results.  (2 Pages) 

Summary Statistics a 

Constituent Name b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

(%) 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum:   

Sample Designation 

Location of 
Maximum:  

Sample Number 

Location of 
Maximum:  
River Mile 

Location of 
Maximum:  
Sub-Area 

Location of 
Maximum:  

Tissue 

Tritium pCi/g 45 1 2 6.63 6.63 6.63 300SA-WF4 J18K66 350 300 Area CARCASS 
a Summary statistics are based on analytical results from sampling events conducted between 2009-2010. 
b Only constituents detected at least once in samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown. 
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 
PCB = polychlorinated biphenyl 
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Table 3-13.  Analytes Excluded as Contaminants of Potential  
Concern per the RCBRA.  

Analyte Criterion Analyte Criterion 

Soil Analytes (Apply to Biota, Except Physical Measurement) 

Actimium-228 Half-life <3 yr % Retained on No. 16 screen Physical measurement 
Cerium-144 Half-life <3 yr % Retained on No. 200 screen Physical measurement 
Cesium-134 Half-life <3 yr % Retained on No. 30 screen Physical measurement 
Cobalt-58 Half-life <3 yr % Retained on No. 325 screen Physical measurement 
Iron-59 Half-life <3 yr % Retained on No. 50 screen Physical measurement 
Lead-212 Half-life <3 yr % Retained on No. 8 screen Physical measurement 
Lead-214 Half-life <3 yr Nitrogen, Kjeldahl total Physical measurement 
Manganese-54 Half-life <3 yr Percent moisture  Physical measurement 
Ruthenium-103 Half-life <3 yr pH measurement Physical measurement 
Ruthenium-106 Half-life <3 yr Total organic carbon Physical measurement 
Sodium-22 Half-life <3 yr Potassium-40 Background radionuclide 
Thorium-234 Half-life <3 yr Radium-224 Background radionuclide 
Tin-113 Half-life <3 yr Radium-226 Background radionuclide 
Calcium Essential nutrient Radium-228 Background radionuclide 
Magnesium Essential nutrient Thorium-228 Background radionuclide 
Potassium Essential nutrient Thorium-230 Background radionuclide 
Sodium Essential nutrient Thorium-232 Background radionuclide 
% Retained on No. 100 screen Physical measurement Silicon Other 

Groundwater Analytes (Apply to Biota, Except Water Quality) 

Actimium-228 Half-life <3 yr Hardness Water quality 
Antimony-125 Half-life <3 yr Ignitability Water quality 
Beryllium-7 Half-life <3 yr Oxidation reduction potential Water quality 
Cesium-134 Half-life <3 yr Sodium dithionite Water quality 
Cobalt-58 Half-life <3 yr Specific conductance Water quality 
Iron-59 Half-life <3 yr Temperature Water quality 
Lead-212 Half-life <3 yr Total inorganic carbon Water quality 
Lead-214 Half-life <3 yr Total organic carbon Water quality 
Ruthenium-106 Half-life <3 yr Total organic halides Water quality 
Sodium-22 Half-life <3 yr Turbidity Water quality 
Calcium Essential nutrient pH measurement Water quality 
Magnesium Essential nutrient Potassium-40 Background radionuclide 
Potassium Essential nutrient Radium-226 Background radionuclide 
Sodium Essential nutrient Radium-228 Background radionuclide 
Alkalinity Water quality Thorium-228 Background radionuclide 
Coliform bacteria Water quality Thorium-230 Background radionuclide 
Conductivity Water quality Thorium-232 Background radionuclide 
Dissolved oxygen Water quality Silicon Other 
RCBRA = River Corridor Baseline Risk Assessment 

Reference:  DOE/RL-2007-21, 2011, River Corridor Baseline Risk Assessment, Volume II:  Human Health Risk Assessment, Rev. 0, 
U.S. Department of Energy, Richland Operations Office, Richland, Washington. 
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Table 3-14.  Analytes Included as Contaminants of  
Potential Concern per the RCBRA.   

Analyte 
100 Area 
Sub-Area 

300 Area 
Sub-Area 

Analyte 
100 Area 
Sub-Area 

300 Area 
Sub-Area 

Waste Site Analytes 

Hexavalent chromium Yes No Total chromium Yes No 
Cobalt-60 Yes Yes Mercury Yes No 
Cesium-137 Yes Yes Plutonium-239/240 Yes Yes 
Lead Yes Yes Uranium-238 Yes Yes 
Europium-152 Yes No Uranium-233/234 a Yes Yes 
Europium-154 Yes No Uranium-235 a Yes Yes 
Strontium-90 Yes Yes Total uranium a Yes Yes 

Key Groundwater Plume Analytes 

Chromium Yes No Carbon-14 Yes No 
Hexavalent chromium Yes No Strontium-90 Yes Yes 
Uranium b Yes Yes Technetium-99 Yes Yes 
Nitrate Yes No Tritium Yes Yes 
Petroleum hydrocarbons c Yes (100-N only) No cis-1,2-dichloroethene No Yes 
Sulfate Yes No Tetrachloroethene No Yes 
Tributyl phosphate  No Yes Trichloroethene Yes Yes 
a Uranium-233/234, uranium-235, and total uranium are included based on the identification of uranium-238. 
b Isotopic and total uranium are included. 
c Petroleum hydrocarbon constituents are included. 

RCBRA = River Corridor Baseline Risk Assessment 

Reference:  DOE/RL-2007-21, 2011, River Corridor Baseline Risk Assessment, Volume II:  Human Health Risk Assessment, Rev. 0, 
U.S. Department of Energy, Richland Operations Office, Richland, Washington 
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Table 3-15.  Human Health Risk-Based Screening Levels for Soil and Sediment.  (3 Pages) 

Analyte 
CAS Number/ 
Analyte Code 

EPA Regional 
Screening Level a 

Basis for 
Regional 

Screening Level a 

Adjusted 
Regional 

Screening Level b 

EPA Soil 
Screening Level c, d 

MTCA-Residential, 
Direct Contact e 

Notes 
Selected 

Benchmark f, g 
Units 

Basis for Selected 
Benchmark 

Volatile Organic Compounds 
Acetone 67-64-1 61000 N 6100 7800 72000  6100 mg/kg Adjusted RSL 

Methylene chloride 75-09-2 56 C** 56 13 130  13 mg/kg SSL 

Toluene 108-88-3 5000 NS 500 650 6400  500 mg/kg Adjusted RSL 

Semivolatile Organic Compounds 

Benzo(b)fluoranthene 205-99-2 
0.15 

C 
0.15 0.6 1.4 Toxic equivalency factor applied to 

benzo(a)pyrene for MTCA value. 
0.15 

mg/kg Adjusted RSL 

Bis(2-ethylhexyl) phthalate 117-81-7 35 C* 35 35 71   35 mg/kg Adjusted RSL 

Butylbenzylphthalate 85-68-7 260 C* 260 12000 530   260 mg/kg Adjusted RSL 

Chrysene 218-01-9 
15 

C 
15 62 140 Toxic equivalency factor applied to 

benzo(a)pyrene for MTCA value. 
15 

mg/kg Adjusted RSL 

Diethylphthalate 84-66-2 49000 N 4900 49000 64000   4900 mg/kg Adjusted RSL 

Di-n-butylphthalate 84-74-2 6100 N 610 6100 8000   610 mg/kg Adjusted RSL 

Fluoranthene 206-44-0 2300 N 230 2300 3200   230 mg/kg Adjusted RSL 

Phenanthrene 85-01-8 17000 N 1700 17000 24000 Value for anthracene 1700 mg/kg Adjusted RSL 

Pyrene 129-00-0 1700 N 170 1700 2400   170 mg/kg Adjusted RSL 

Total petroleum hydrocarbons:  diesel-range (IL) TPHDIESEL 1700 N 170 1700 2400 Values for pyrene used. 170 mg/kg Adjusted RSL 

Total petroleum hydrocarbons:  motor oil (IL) TPH/OILH 1700 N 170 1700 2400 Values for pyrene used. 170 mg/kg Adjusted RSL 
Metals/Metalloids 

Aluminum 7429-90-5 77000 N 7700 NA 80000   7700 mg/kg Adjusted RSL 

Antimony 7440-36-0 31 N 3.1 31 32   3.1 mg/kg Adjusted RSL 

Arsenic 7440-38-2 0.39 C* 0.39 0.4 0.67   0.39 mg/kg Adjusted RSL 

Barium 7440-39-3 15000 N 1500 5500 16000   1500 mg/kg Adjusted RSL 

Beryllium 7440-41-7 160 N 16 160 160   16 mg/kg Adjusted RSL 

Bismuth 7440-69-9 NA NA NA NA NA   NA mg/kg NA 

Boron 7440-42-8 16000 N 1600 NA 16000   1600 mg/kg Adjusted RSL 

Cadmium 7440-43-9 70 N 7 70 80   7 mg/kg Adjusted RSL 

Chromium (IL) 7440-47-3 0.29 C 0.29 230 240 Values for hexavalent chromium 0.29 mg/kg Adjusted RSL 

Cobalt 7440-48-4 23 N 2.3 NA NA   2.3 mg/kg Adjusted RSL 

Copper 7440-50-8 3100 N 310 NA 3200   310 mg/kg Adjusted RSL 

Hexavalent chromium (IL) 18540-29-9 0.29 C 0.29 230 240   0.29 mg/kg Adjusted RSL 

Iron 7439-89-6 55000 N 5500 NA 56000   5500 mg/kg Adjusted RSL 

Lead (IL) 7439-92-1 400 h 400 NA NA EPA residential soil screening level h 400 mg/kg Adjusted RSL 

Lithium 7439-93-2 160 N 16 NA NA   16 mg/kg Adjusted RSL 

Manganese 7439-96-5 1800 N 180 NA 11000   180 mg/kg Adjusted RSL 

Mercury (IL) 7439-97-6 10 NS 1 10 24 MTCA value is for mercuric chloride 1 mg/kg Adjusted RSL 

Molybdenum 7439-98-7 390 N 39 NA 400   39 mg/kg Adjusted RSL 

Nickel 7440-02-0 1500 N 150 1600 1600   150 mg/kg Adjusted RSL 

Phosphorus 7723-14-0 NA NA NA NA NA   NA mg/kg NA 

Selenium 7782-49-2 390 N 39 390 400   39 mg/kg Adjusted RSL 

Silver 7440-22-4 390 N 39 390 400   39 mg/kg Adjusted RSL 

Strontium (stable) 7440-24-6 47000 N 4700 NA 48000   4700 mg/kg Adjusted RSL 

Thallium 7440-28-0 0.78 N 0.078 6 NA   0.078 mg/kg Adjusted RSL 
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Table 3-15.  Human Health Risk-Based Screening Levels for Soil and Sediment.  (3 Pages) 

Analyte 
CAS Number/ 
Analyte Code 

EPA Regional 
Screening Level a 

Basis for 
Regional 

Screening Level a 

Adjusted 
Regional 

Screening Level b 

EPA Soil 
Screening Level c, d 

MTCA-Residential, 
Direct Contact e 

Notes 
Selected 

Benchmark f, g 
Units 

Basis for Selected 
Benchmark 

Tin 7440-31-5 47000 N 4700 NA 48000   4700 mg/kg Adjusted RSL 

Titanium 7440-32-6 NA NA NA NA NA   NA mg/kg NA 
Uranium (inorganic) (IL) 7440-61-1 46 N i 4.6 NA NA Value for soluble salts, adjusted 4.6 mg/kg Adjusted RSL 

Vanadium 7440-62-2 390 N 39 550 5.6   5.6 mg/kg MTCA-Residential 

Zinc 7440-66-6 23000 N 2300 23000 24000   2300 mg/kg Adjusted RSL 

Radionuclides 

Carbon-14 (IL) 14762-75-5 0.476 C 0.476 284 NA   0.48 pCi/g Adjusted RSL 

Cesium-137 (IL) 10045-97-3 4.02 C 4.02 0.0438 NA   0.044 pCi/g SSL 

Cobalt-57 13981-50-5 8.09 C 8.09 0.314 NA   0.31 pCi/g SSL 

Cobalt-60 (IL) 10198-40-0 0.0389 C 0.0389 0.009 NA   0.009 pCi/g SSL 

Europium-152 (IL) 14683-23-9 0.0406 C 0.0406 0.0211 NA   0.021 pCi/g SSL 

Europium-154 (IL) 15585-10-1 0.0479 C 0.0479 0.0191 NA   0.019 pCi/g SSL 

Plutonium-238 13981-16-3 2.95 C 2.95 2.92 NA   2.9 pCi/g SSL 

Plutonium-239/240 (IL) PU-239/240 2.58 C 2.58 2.87 NA Value for plutonium-239 2.6 pCi/g Adjusted RSL 

Strontium-90 (IL) 10098-97-2 0.344 C 0.344 5.51 NA   0.34 pCi/g Adjusted RSL 

Technetium-99 (IL) 14133-76-7 0.261 C 0.261 104 NA   0.26 pCi/g Adjusted RSL 

Tritium (IL) 10028-17-8 0.882 C 0.882 8580 NA   0.88 pCi/g Adjusted RSL 

Uranium-234 (IL) 13966-29-5 4.02 C 4.02 5.02 NA   4.0 pCi/g Adjusted RSL 

Uranium-235 (IL) 15117-96-1 0.192 C 0.192 0.206 NA   0.19 pCi/g Adjusted RSL 

Uranium-238 (IL) U-238 4.48 C 4.48 0.979 NA   0.98 pCi/g SSL 

Uranium-233/234 (IL) U-233/234 3.86 C 3.86 4.96 NA Value for uranium-233 3.9 pCi/g Adjusted RSL 

Pesticides/Polychlorinated Biphenyls 

Aldrin 309-00-2 0.029 C* 0.029 0.04 0.059   0.029 mg/kg Adjusted RSL 

alpha-HCH 319-84-6 0.077 C 0.077 0.1 0.16   0.077 mg/kg Adjusted RSL 

beta-HCH 319-85-7 0.27 C 0.27 0.4 0.56   0.27 mg/kg Adjusted RSL 

delta-HCH 319-86-8 0.27 C 0.27 0.4 0.56 Value for beta-HCH 0.27 mg/kg Adjusted RSL 

gamma-HCH (lindane) 58-89-9 0.52 C* 0.52 0.4 24   0.4 mg/kg SSL 

Total HCH 608-73-1 0.27 C 0.27 NA 0.56   0.27 mg/kg Adjusted RSL 

gamma-Chlordane 5103-74-2 1.6 C* 1.6 2 2.9 Value for chlordane 1.6 mg/kg Adjusted RSL 

DDD 72-54-8 2 C 2 3 4.2   2 mg/kg Adjusted RSL 

DDE 72-55-9 1.4 C 1.4 2 2.9   1.4 mg/kg Adjusted RSL 

DDT 50-29-3 1.7 C* 1.7 2 2.9   1.7 mg/kg Adjusted RSL 

Endosulfan I 959-98-8 370 N 37 470 480 Value for endosulfan 37 mg/kg Adjusted RSL 

Endosulfan sulfate 1031-07-8 370 N 37 470 480 Value for endosulfan 37 mg/kg Adjusted RSL 

Endrin 72-20-8 18 N 1.8 23 24   1.8 mg/kg Adjusted RSL 

Heptachlor 76-44-8 0.11 C 0.11 0.1 0.22   0.1 mg/kg SSL 

Heptachlor epoxide 1024-57-3 0.053 C* 0.053 0.07 0.11   0.053 mg/kg Adjusted RSL 

Hexachlorobenzene 118-74-1 0.3 C 0.3 0.3 0.63   0.3 mg/kg Adjusted RSL 

Methoxychlor 72-43-5 310 N 31 390 400   31 mg/kg Adjusted RSL 

Parathion 56-38-2 370 N 37 NA 480   37 mg/kg Adjusted RSL 

Total DDT TOTALDDT 1.7 C* 1.7 2 2.9 Value for DDT 1.7 mg/kg Adjusted RSL 

Total heptachlors Total Heptachlor 0.053 C* 0.053 0.07 0.11 Value for heptachlor epoxide 0.053 mg/kg Adjusted RSL 
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Table 3-15.  Human Health Risk-Based Screening Levels for Soil and Sediment.  (3 Pages) 

Analyte 
CAS Number/ 
Analyte Code 

EPA Regional 
Screening Level a 

Basis for 
Regional 

Screening Level a 

Adjusted 
Regional 

Screening Level b 

EPA Soil 
Screening Level c, d 

MTCA-Residential, 
Direct Contact e 

Notes 
Selected 

Benchmark f, g 
Units 

Basis for Selected 
Benchmark 

Total PCBs/nondioxin PCBs 1336-36-3 0.22 C 0.22 NA 0.5 Value based on Aroclor 1254 0.22 mg/kg Adjusted RSL 

Dioxin/Furan 
2,3,7,8-TCDD/dioxin-like PCBs 1746-01-6 0.0000045 C* 0.0000045 NA 0.000011  0.0000045 mg/kg Adjusted RSL 
NOTE:  Concentrations are reported in units of milligrams per kilogram (mg/kg) for chemical constituents, and picocuries per gram (pCi/g) for radioisotopes. 
a EPA Regional Screening Level value for Residential Soil, May 2012.  Available at http://www.epa.gov/region09/superfund/prg/index.html.  Regional screening levels for radionuclides are preliminary remediation goals for radionuclides, PRGs in activity (pCi) units .  Chemical constituent RSLs are in units of 

milligrams per kilogram (mg/kg); radioisotope RSLs are in units of pCi/g.   
b Regional screening level divided by 10 for noncancer-based benchmarks, based on EPA, 2007, “Recommendations for Human Health Risk-Based Chemical Screening and Related Issues at EPA Region 10 CERCLA and RCRA Sites,” EPA Region 10 Memorandum dated April 17, 2007, from Michael Cox, Risk 

Evaluation Unit Manager, U.S. Environmental Protection Agency, Olympia, Washington. 
c SSLs:  EPA Soil Screening Levels, Exhibit A-1 Generic SSLs for Residential Scenario (lower of ingestion-dermal and inhalation exposure).  From OSWER 9355.4-24, 2002, Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites, U.S. Environmental Protection Agency, Office of 

Emergency and Remedial Response, Washington, D.C.  
d SSL-rad:  EPA/540-R-00-006, 2000, Soil Screening Guidance for Radionuclides, Technical Background Document, U.S. Environmental Protection Agency, Office of Radiation and Indoor Air, Office of Solid Waste and Emergency Response, Washington, D.C. 
e Model Toxics Control Act (MTCA), Method B unrestricted land use-direct contact (lowest between carcinogenic and noncarcinogenic values).  Values obtained from Ecology, June 2012, Ecology Cleanup Levels and Risk Calculation (CLARC) Searchable Database, Method B Surface Water Standards and Method 

B Unrestricted Land Use Values for Soil, Washington State Department of Ecology, Olympia, Washington.  Available at https://fortress.wa.gov/ecy/clarc/Reporting/ParameterQuery.aspx. 
f Lowest benchmark used as screening level. 
g Screening level values are not available for o,p'-DDT, endosulfan sulfate, or gamma-chlordane.  The screening level value for DDT was used as a surrogate for o,p'-DDT, endosulfan was used as a surrogate for endosulfan sulfate, and chlordane was used as a surrogate for gamma-chlordane. 
h EPA Residential Soil Screening Level for Lead (OSWER 9355.4-12, 1994, “Memorandum:  OSWER Directive:  Revised Interim Soil Lead Guidance for CERCLA Sites and RCRA Corrective Action Facilities,” EPA Memorandum dated August 1994, from Elliot P. Laws, Assistant Administrator, 

U.S. Environmental Protection Agency, Washington, D.C.).  
i EPA Integrated Risk Information System (IRIS) toxicity database provides an oral reference dose (RfD) of 0.003 mg/kg-d.  The EPA Office of Drinking Water uses an updated RfD of 0.0006 mg/kg-d as the basis of the maximum contaminant level for drinking water.  Therefore, the RSL of 230 mg/kg, which is 

based on the IRIS RfD, has been adjusted downward by a factor of 5 to account for the updated RfD. 

C = carcinogenic effects 
C* = carcinogenic effects where noncancer RSL is less than 100 times the cancer RSL 
C** = carcinogenic effects where noncancer RSL is less than 10 times the cancer RSL 
CAS = chemical abstract service 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
EPA = U.S. Environmental Protection Agency 
HCH = hexachlorocyclohexane 
IL = inclusion list contaminant of potential concern 
IRIS = Integrated Risk Information System 

MTCA = Model Toxics Control Act 
N = noncarcinogenic effects 
NA = benchmark not available 
NS = concentration may exceed saturation 
PCB = polychlorinated biphenyl 
PRG = preliminary remediation goal 
RfD = reference dose 
RSL = regional screening level 
SSL = soil screening level 
TCDD = 2,3,7,8-Tetrachlorodibenzo-p-Dioxin 
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Table 3-16.  Human Health Risk-Based Screening Levels for Surface Water.  (2 Pages) 

Analyte 

EPA Regional 
Screening Level 
for Tapwater a  

(µg/L or pCi/L) 

Basis for 
Regional 

Screening Level a 

Adjusted 
Regional 

Screening Level b 

(µg/L) 

MTCA 
Surface Water 

Method B 
Standards c  

(µg/L) 

MTCA 
Groundwater 

Method B 
Standards d  

(µg/L) 

MCL/HA e  

(µg/L) 
MCL-Rad f 

(µg/L) 
NRWQC g (µg/L) 

Selected 
Benchmark h 

Units Basis for Selected Benchmark 

Volatile Organic Compounds 
1,1,2-Trichloroethane 0.24 C** 0.24 25 0.77 5 NA 0.59 0.24 µg/L Adjusted Region 9 RSL 

1,2-Dichloroethane 0.15 C* 0.15 59 0.48 5 NA 0.38 0.15 µg/L Adjusted Region 9 RSL 

1,4-Dichlorobenzene 0.42 C 0.42 NA NA 75 NA 63 0.42 µg/L Adjusted Region 9 RSL 

Acetone 12000 N 1200 NA 7200 NA NA NA 1200 µg/L Adjusted Region 9 RSL 

Benzene 0.39 C* 0.39 23 0.8 5 NA 2.2 0.39 µg/L Adjusted Region 9 RSL 

Chloroform 0.19 C 0.19 6900 80 80 NA 5.7 0.19 µg/L Adjusted Region 9 RSL 

Methylene chloride 9.9 C** 9.9 960 5.8 5 NA 4.6 4.6 µg/L NRWQC 

Toluene 860 N 86 19000 640 1000 NA 1300 86 µg/L Adjusted Region 9 RSL 

Trichloroethene (IL) 0.44 C** 0.44 6.7 0.49 5 NA 2.5 0.44 µg/L Adjusted Region 9 RSL 

Xylenes (total) 190 N 19 NA 1600 10000 NA NA 19 µg/L Adjusted Region 9 RSL 

Semivolatile Organic Compounds 
Benzo(a)anthracene 0.029 C 0.029 0.3 0.12 NA NA 0.0038 0.0038 µg/L NRWQC 

Benzo(b)fluoranthene 0.029 C 0.029 0.3 0.12 NA NA 0.0038 0.0038 µg/L NRWQC 

Benzo(k)fluoranthene 0.29 C 0.29 3 1.2 NA NA 0.0038 0.0038 µg/L NRWQC 

Bis(2-ethylhexyl) phthalate 0.071 C* 0.071 3.6 6.3 6 NA 1.2 0.071 µg/L Adjusted Region 9 RSL 

Chrysene 2.9 C 2.9 30 12 NA NA 0.0038 0.0038 µg/L NRWQC 

Di-n-butylphthalate 670 N 67 2900 1600 4000 NA 2000 67 µg/L Adjusted Region 9 RSL 

Total petroleum hydrocarbons:  diesel-range (IL) 87 N (pyrene) 8.7 NA NA NA NA NA 8.7 µg/L Adjusted Region 9 RSL (pyrene) 

Total petroleum hydrocarbons:  motor oil (IL) 87 N (pyrene) 8.7 NA NA NA NA NA 8.7 µg/L Adjusted Region 9 RSL (pyrene) 

Metals/Metalloids 
Aluminum 16000 N 1600 NA 16000 200 NA NA 200 µg/L MCL 

Antimony 6 N 0.6 1000 6.4 6 NA 5.6 0.6 µg/L Adjusted Region 9 RSL 

Arsenic 0.045 C 0.045 0.098 0.058 10 NA 0.018 0.018 µg/L NRWQC 

Barium 2900 N 290 NA 3200 2000 NA 1000 290 µg/L Adjusted Region 9 RSL 

Beryllium 16 N 1.6 270 32 4 NA NA 1.6 µg/L Adjusted Region 9 RSL 

Boron 3100 N 310 NA 3200 6000 NA NA 310 µg/L Adjusted Region 9 RSL 

Cadmium 6.9 N 0.69 41 16 5 NA NA 0.69 µg/L Adjusted Region 9 RSL 

Chromium (IL) 0.031 C 0.031 490 48 100 NA NA 0.031 µg/L Adjusted Region 9 RSL 

Copper 620 N 62 2900 640 1300 NA 1300 62 µg/L Adjusted Region 9 RSL 

Hexavalent chromium (IL) 0.031 C 0.031 490 48 NA NA NA 0.031 µg/L Adjusted Region 9 RSL 

Iron 11000 N 1100 NA 11000 300 NA 300 300 µg/L MCL 

Lead (IL) NA NA NA NA NA 15 NA NA 15 µg/L MCL 

Lithium 31 N 3.1 NA NA NA NA NA 3.1 µg/L Adjusted Region 9 RSL 

Manganese 320 N 32 NA 2200 300 NA 50 32 µg/L Adjusted Region 9 RSL 

Mercury (IL) 0.63 N 0.063 NA 4.8 2 NA NA 0.063 µg/L Adjusted Region 9 RSL 

Molybdenum 78 N 7.8 NA 80 40 NA NA 7.8 µg/L Adjusted Region 9 RSL 

Nickel 300 N 30 1100 320 100 NA 610 30 µg/L Adjusted Region 9 RSL 

Phosphorus NA NA NA NA 0.16 0.1 NA NA NA µg/L NA 

Selenium 78 N 7.8 2700 80 50 NA 170 7.8 µg/L Adjusted Region 9 RSL 

Silver 71 N 7.1 26000 80 100 NA NA 7.1 µg/L Adjusted Region 9 RSL 

Strontium (elemental) 9300 N 930 NA 9600 4000 NA NA 930 µg/L Adjusted Region 9 RSL 

Thallium 0.16 N 0.016 NA NA 2 NA 0.24 0.016 µg/L Adjusted Region 9 RSL 

Tin 9300 N 930 NA 9600 NA NA NA 930 µg/L Adjusted Region 9 RSL 
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Table 3-16.  Human Health Risk-Based Screening Levels for Surface Water.  (2 Pages) 

Analyte 

EPA Regional 
Screening Level 
for Tapwater a  

(µg/L or pCi/L) 

Basis for 
Regional 

Screening Level a 

Adjusted 
Regional 

Screening Level b 

(µg/L) 

MTCA 
Surface Water 

Method B 
Standards c  

(µg/L) 

MTCA 
Groundwater 

Method B 
Standards d  

(µg/L) 

MCL/HA e  

(µg/L) 
MCL-Rad f 

(µg/L) 
NRWQC g (µg/L) 

Selected 
Benchmark h 

Units Basis for Selected Benchmark 

Titanium NA NA NA NA NA NA NA NA NA µg/L NA 

Uranium (inorganic) (IL) 47 N 4.7 NA NA 30 NA NA 4.7 µg/L Adjusted Region 9 RSL 

Vanadium 78 N 7.8 NA 1.1 NA NA NA 7.8 µg/L Adjusted Region 9 RSL 

Zinc 4700 N 470 17000 4800 2000 NA 7400 470 µg/L Adjusted Region 9 RSL 

Radionuclides 
Cesium-137 (IL) 1.74 C 1.74 NA NA NA 200 NA 1.7 pCi/L Adjusted Region 9 RSL 

Cobalt-60 (IL) 3.37 C 3.37 NA NA NA 100 NA 3.4 pCi/L Adjusted Region 9 RSL 

Plutonium-238 0.404 C 0.404 NA NA NA 15 NA 0.40 pCi/L Adjusted Region 9 RSL 

Plutonium-239/240 (IL) 0.392 C 0.392 NA NA NA 15 NA 0.39 pCi/L Adjusted Region 9 RSL 

Strontium-90 (IL) 0.947 C 0.947 NA NA NA 8 NA 0.95 pCi/L Adjusted Region 9 RSL 

Technetium-99 (IL) 19.2 C 19.2 NA NA NA 900 NA 19 pCi/L Adjusted Region 9 RSL 

Tritium (IL) 160 C 160 NA NA NA 20000 NA 160 pCi/L Adjusted Region 9 RSL 

Uranium-234 (IL) 0.748 C 0.748 NA NA NA NA i NA 0.75 pCi/L Adjusted Region 9 RSL 

Uranium-233/234 (IL) 0.737 C 0.737 NA NA NA NA i NA 0.74 pCi/L Adjusted Region 9 RSL 

Uranium-235 (IL) 0.760 C 0.760 NA NA NA NA i NA 0.76 pCi/L Adjusted Region 9 RSL 

Uranium-238 (IL) 0.827 C 0.827 NA NA NA 30 NA 0.83 pCi/L Adjusted Region 9 RSL 

Pesticides/Polychlorinated Biphenyls 
Total nondioxin PCBs 0.034 C** 0.034 0.0001 0.044 0.5 NA 0.000064 0.000064 µg/L NRWQC 

Total dioxin-like PCBs 0.00000052 C* 0.00000052 8.6E-09 0.00000058 0.00003 NA 0.000000005 0.000000005 µg/L NRWQC 

Other Analytes 
Chloride NA NA NA NA NA 250000 NA NA 250000 µg/L MCL 

Fluoride 620 N 62 NA 480 4000 NA NA 62 µg/L Adjusted Region 9 RSL 

Nitrate (IL) 25000 N 2500 NA NA 10000 NA 10000 2500 µg/L Adjusted Region 9 RSL 

Nitrite 1600 N 160 NA NA 1000 NA NA 160 µg/L Adjusted Region 9 RSL 

Sulfate (IL) NA NA NA NA NA 250000 NA NA 250000 µg/L MCL 
a EPA Regional Screening Level (RSL) Value for Tapwater, May 2012.  Available at http://www.epa.gov/region09/superfund/prg/index.html.  RSLs for radionuclides are preliminary remediation goals for radionuclides, PRGs in activity (pCi) units Excel spreadsheet, downloaded from  

http://epa-prgs.ornl.gov/radionuclides/download.shtml.  
b RSL divided by 10 for noncancer-based benchmarks based on EPA, 2007, “Recommendations for Human Health Risk-Based Chemical Screening and Related Issues at EPA Region 10 CERCLA and RCRA Sites,” EPA Region 10 Memorandum dated April 17, 2007, from Michael Cox, Risk Evaluation Unit Manager, 

U.S. Environmental Protection Agency, Olympia, Washington.   
c Model Toxics Control Act, Method B Surface Water Standards (lowest between carcinogenic and noncarcinogenic values).  Values obtained from Ecology, 2011, Ecology Cleanup Levels and Risk Calculation (CLARC) Searchable Database, Method B Surface Water Standards and Method B Unrestricted Land Use Values for 

Soil, Washington State Department of Ecology, Olympia, Washington.  Available at https://fortress.wa.gov/ecy/clarc/Reporting/ParameterQuery.aspx. 
d MTCA Method B Ground Water Standards (lowest between carcinogenic and noncarcinogenic values).  Values obtained from Ecology, 2011, Ecology Cleanup Levels and Risk Calculation (CLARC) Searchable Database, Method B Surface Water Standards and Method B Unrestricted Land Use Values for Soil, Washington 

State Department of Ecology, Olympia, Washington.  Available at https://fortress.wa.gov/ecy/clarc/Reporting/ParameterQuery.aspx. 
e Federal Maximum Contaminant Levels, EPA 822-R-09-011, 2009, 2009 Edition of the Drinking Water Standards and Health Advisories, Office of Water, U.S. Environmental Protection Agency, Washington, D.C. 
. Where MCL unavailable, lifetime or 10-6 cancer risk (10-4 published HA value adjusted) or other health advisory applied, as noted. 
f MCL-rad:  EPA/540-R-00-006, 2000, Soil Screening Guidance for Radionuclides, Technical Background Document, U.S. Environmental Protection Agency, Office of Radiation and Indoor Air, Office of Solid Waste and Emergency Response, Washington, D.C.  Current MCL applied if available, otherwise risk based limit 

applied, EPA Office of Radiation and Indoor Air, Office of Solid Waste and Emergency Response, October 2000.   
g EPA, 2012, National Recommended Water Quality Criteria, U.S. Environmental Protection Agency, Office of Water, Office of Science and Technology, Washington, D.C.  Available at http://www.epa.gov/waterscience/criteria/wqcriteria.html. 
h Lowest benchmark used as surface water screening level. 
i MCL of 30 pCi/L for total uranium. 

C = carcinogenic effects 
C* = carcinogenic effects where noncancer RSL is less than 100 times the cancer RSL 
C** = carcinogenic effects where noncancer RSL is less than 10 times the cancer RSL 
EPA = U.S. Environmental Protection Agency 
GW = groundwater 
HA = health advisory 
IL = inclusion list contaminant of potential concern 
MCL = maximum contaminant level 

MTCA = Model Toxics Control Act 
N = noncarcinogenic effects 
NA = benchmark not available 
NRWQC = National Recommended Water Quality Criteria 
PCB = polychlorinated biphenyl 
PRG = preliminary remediation goal 
RSL = regional screening level 
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Table 3-17.  Human Health Risk-Based Screening Levels for Fish.  (2 Pages) 

Analyte CAS Number/ Analyte Code 

EPA Regional 
Screening Level 

for Fish a 

(mg/kg) 

Basis for 
Regional 

Screening Level 
for Fish a 

Adjusted 
Regional 

Screening Level b 

(mg/kg) 

Notes c 

Adjusted Fish 
Benchmark - 
Avid Angler d 

(mg/kg) 
Metal/Metalloids 

Aluminum 7429-90-5 1400 NC 140 -- 31 

Antimony (metallic) 7440-36-0 0.54 NC 0.054 -- 0.013 

Arsenic, inorganic 7440-38-2 0.0021 CA 0.0021 -- 0.00049 

Barium 7440-39-3 270 NC 27 -- 6.3 

Cadmium (diet) 7440-43-9 1.4 NC 0.14 -- 0.031 

Chromium (IL) 7440-47-3 2000 NC 200 -- 47 

Cobalt 7440-48-4 0.41 NC 0.041 -- 0.0094 

Copper 7440-50-8 54 NC 5.4 -- 1.3 

Hexavalent chromium (IL) 18540-29-9 0.0063 CA 0.0063 -- 0.0015 

Iron 7439-89-6 950 NC 95 -- 22 

Lead (IL) 7439-92-1 NA NA NA -- NA 

Lithium 7439-93-2 2.7 NC 0.27 -- 0.063 

Manganese (diet) 7439-96-5 190 NC 19 -- 4.4 

Methyl mercury 22967-92-6 0.14 NC 0.014 -- 0.0031 

Molybdenum 7439-98-7 6.8 NC 0.68 -- 0.16 

Nickel soluble salts 7440-02-0 27 NC 2.7 -- 0.63 

Phosphorus, total 7723-14-0 NA NA NA -- NA 

Selenium 7782-49-2 6.8 NC 0.68 -- 0.16 

Silver 7440-22-4 6.8 NC 0.68 -- 0.16 

Strontium, stable 7440-24-6 810 NC 81 -- 19 

Thallium (soluble salts) 7440-28-0 0.014 NC 0.0014 -- 0.00031 

Tin 7440-31-5 810 NC 81 -- 19 

Uranium (inorganic) (IL) 7440-61-1 0.81 NC e 0.081 -- 0.019 

Vanadium 7440-62-2 6.8 NC 0.68 -- 0.16 

Zinc 7440-66-6 410 NC 41 -- 9.4 

Radionuclides 

Carbon-14 (IL) 14762-75-5 0.88 -- 0.88 -- 0.2 

Cesium-137 (IL) 10045-97-3 0.047 -- 0.047 -- 0.011 

Plutonium-239/240 (IL) PU-239/240 0.01 -- 0.01 -- 0.0023 

Strontium-90 (IL) 10098-97-2 0.026 -- 0.026 -- 0.0059 

Technetium-99 (IL) 14133-76-7 0.44 -- 0.44 -- 0.1 

Tritium (IL) 10028-17-8 12 -- 12 -- 2.8 
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Table 3-17.  Human Health Risk-Based Screening Levels for Fish.  (2 Pages) 

Analyte CAS Number/ Analyte Code 

EPA Regional 
Screening Level 

for Fish a 

(mg/kg) 

Basis for 
Regional 

Screening Level 
for Fish a 

Adjusted 
Regional 

Screening Level b 

(mg/kg) 

Notes c 

Adjusted Fish 
Benchmark - 
Avid Angler d 

(mg/kg) 
Pesticides/Polychlorinated Biphenyls 

Aldrin 309-00-2 0.00019 CA 0.00019 -- 0.000043 

Chlordane 12789-03-6 0.009 CA* 0.009 -- 0.0021 

alpha-Chlordane 5103-71-9 0.009 CA* 0.009 Value for chlordane 0.0021 

DDD 72-54-8 0.013 CA** 0.013 -- 0.0031 

DDE, p,p'- 72-55-9 0.0093 CA** 0.0093 -- 0.0022 

DDT 50-29-3 0.0093 CA* 0.0093 -- 0.0022 

Dieldrin 60-57-1 0.0002 CA 0.0002 -- 0.000046 

Endosulfan I 959-98-8 8.1 NC 0.81 Value for endosulfan 0.19 

Endosulfan II 33213-65-9 8.1 NC 0.81 Value for endosulfan 0.19 

Endrin 72-20-8 0.41 NC 0.041 -- 0.0094 

Endrin aldehyde 7421-93-4 0.41 NC 0.041 Value for endrin 0.0094 

Endrin ketone 53494-70-5 0.41 NC 0.041 Value for endrin 0.0094 

Heptachlor 76-44-8 0.0007 CA 0.0007 -- 0.00016 

Heptachlor epoxide 1024-57-3 0.00035 CA* 0.00035 -- 0.000081 

alpha-HCH 319-84-6 0.0005 CA 0.0005 -- 0.00012 

beta-HCH 319-85-7 0.0018 CA** 0.0018 -- 0.00041 

delta-HCH 319-86-8 0.0029 CA 0.0029 Value for lindane 0.00067 

gamma-HCH (lindane) 58-89-9 0.0029 CA 0.0029 -- 0.00067 

Methoxychlor 72-43-5 6.8 NC 0.68 -- 0.16 

Total nondioxin PCBs Total nondioxin PCBs (KM) 0.0016 CA** 0.0016 -- 0.00037 

Total dioxin-like PCBs Total dioxin-like PCBs (KM) 2.4E-08 CA* 2.4E-08 -- 5.7E-09 
a Region 9 Regional Screening Level (RSL) Value for Fish, calculated June 2012.  Available at http://epa-prgs.ornl.gov/cgi-bin/chemicals/csl_search. 
b Noncancer-based RSLs were divided by 10 to reflect a hazard quotient of 0.1.  
c Screening level values are not available for endosulfan sulfate or gamma-chlordane.  The screening level value for endosulfan was used as a surrogate for endosulfan sulfate and the screening level 

value for chlordane was used as a surrogate for gamma-chlordane. 
d Region 9 RSL benchmark divided by a factor of 4.3 to account for Avid Angler fish ingestion rate of 232.4 g/d vs.  RSL default ingestion rate of 54 g/d. 
e Uranium benchmark adjusted downward by a factor of 5 to account for revised Office of Water oral reference dose of 0.0006 mg/kg-d, versus EPA Integrated Risk Information System reference 

dose of 0.003 mg/kg-d. 

-- = not applicable 
CA = carcinogenic effects 
CA* = carcinogenic effects where noncancer RSL is less than 100 times the cancer RSL 
CA** = carcinogenic effects where noncancer RSL is less than 10 times the cancer RSL 
CAS = Chemical Abstract Services 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 

EPA = U.S. Environmental Protection Agency 
HCH = hexachlorocyclohexane 
IL = inclusion list contaminant of potential concern 
KM = Kaplan-Meier 
NA = no value available 
NC = noncarcinogenic effects 
PCB = polychlorinated biphenyl 
RSL = regional screening level  
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Table 3-18.  Selection of Contaminants of Potential Concern in Sediment.  (3 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level (HHSL) Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening Level 
Value c 

Screening Level 
Source 

95% UCL > 
HHSL? d 

Retained 
as 

COPC? 
Rationale 

Volatile Organic Compounds 

Acetone mg/kg 198 14 7% 0.058 0.0083 6100 Adjusted RSL No No 95% UCL below HHSL 

Methylene chloride mg/kg 198 50 25% 0.011 0.0046 13 SSL No No 95% UCL below HHSL 

Toluene mg/kg 198 2 1% 0.19 NC 500 Adjusted RSL No No Low FOD and maximum below HHSL 

Semivolatile Organic Compounds 

Benzo(b)fluoranthene mg/kg 203 1 0.5% 1.1 NC 0.15 Adjusted RSL Yes No Low FOD and single detect 

Bis(2-ethylhexyl) phthalate mg/kg 198 7 4% 0.97 0.25 35 Adjusted RSL No No Low FOD and 95% UCL below HHSL 

Butylbenzylphthalate mg/kg 203 1 0.5% 0.068 NC 260 Adjusted RSL No No Low FOD and maximum below HHSL 

Chrysene mg/kg 203 1 0.5% 1.5 NC 15 Adjusted RSL No No Low FOD and maximum below HHSL 

Di-n-butylphthalate mg/kg 198 3 2% 0.11 NC 610 Adjusted RSL No No Low FOD and maximum below HHSL 

Fluoranthene mg/kg 203 1 0.5% 2.0 NC 230 Adjusted RSL No No Low FOD and maximum below HHSL 

Phenanthrene mg/kg 203 1 0.5% 1.2 NC 1700 Adjusted RSL No No Low FOD and maximum below HHSL 

Pyrene mg/kg 203 1 0.5% 2.0 NC 170 Adjusted RSL No No Low FOD and maximum below HHSL 

TPH - diesel range (IL) mg/kg 168 38 23% 340 22 170 Adjusted RSL No No IL - 95% UCL below HHSL 

TPH - motor oil (high boiling) (IL) mg/kg 168 69 41% 691 57 170 Adjusted RSL No No IL - 95% UCL below HHSL 

Pesticides/Polychlorinated Biphenyls 

Aldrin mg/kg 214 10 5% 0.11 0.0027 0.029 Adjusted RSL No No 95% UCL below HHSL 

alpha-HCH mg/kg 214 14 7% 0.035 0.0019 0.077 Adjusted RSL No No 95% UCL below HHSL 

beta-HCH mg/kg 214 2 1% 0.0039 NC 0.27 Adjusted RSL No No Low FOD and maximum below HHSL 

delta-HCH mg/kg 214 3 1% 0.019 NC 0.27 Adjusted RSL No No Low FOD and maximum below HHSL 

DDD mg/kg 209 10 5% 0.033 0.0013 2 Adjusted RSL No No 95% UCL below HHSL 

DDE mg/kg 209 20 10% 0.011 0.00077 1.4 Adjusted RSL No No 95% UCL below HHSL 

DDT mg/kg 209 7 3% 0.0028 0.00066 1.7 Adjusted RSL No No Low FOD and 95% UCL below HHSL 

Endosulfan sulfate mg/kg 214 2 1% 0.0014 NC 37 Adjusted RSL No No Low FOD and maximum below HHSL 

Endrin mg/kg 214 1 0.5% 0.0023 NC 1.8 Adjusted RSL No No Low FOD and maximum below HHSL 

gamma-HCH (lindane) mg/kg 209 3 1% 0.0073 NC 0.4 SSL No No Low FOD and maximum below HHSL 

gamma-Chlordane mg/kg 209 2 1% 0.0046 NC 1.6 Adjusted RSL No No Low FOD and maximum below HHSL 

Heptachlor mg/kg 209 1 0.5% 0.010 NC 0.1 SSL No No Low FOD and maximum below HHSL 

Heptachlor epoxide mg/kg 209 1 0.5% 0.032 NC 0.053 Adjusted RSL No No Low FOD and maximum below HHSL 

Hexachlorobenzene mg/kg 217 1 0.5% 0.00011 NC 0.3 Adjusted RSL No No Low FOD and maximum below HHSL 

o,p'-DDT mg/kg 15 1 7% 0.0016 NC 1.7 Adjusted RSL No No Maximum below HHSL 

Total HCH mg/kg 20 20 100% 0.0033 0.0029 0.27 Adjusted RSL No No 95% UCL below HHSL 

Total DDT mg/kg 15 15 100% 0.0034 0.0033 1.7 Adjusted RSL No No 95% UCL below HHSL 

Total heptachlors mg/kg 15 15 100% 0.0022 0.0021 0.053 Adjusted RSL No No 95% UCL below HHSL 

Total dioxin-like PCBs mg/kg 28 28 100% 1.7E-07 6.6E-08 4.5E-06 Adjusted RSL No No 95% UCL below HHSL 

Total nondioxin PCBs mg/kg 28 28 100% 0.013 0.076 0.22 Adjusted RSL No No 95% UCL below HHSL 

Metals 

Aluminum mg/kg 449 449 100% 32700 10500 7700 Adjusted RSL Yes Yes 95% UCL exceeds HHSL 

Antimony mg/kg 461 121 26% 5.1 0.52 3.1 Adjusted RSL No No 95% UCL below HHSL 

Arsenic mg/kg 483 480 99% 19 5.2 0.39 Adjusted RSL Yes Yes 95% UCL exceeds HHSL 

Barium mg/kg 449 449 100% 401 94 1500 Adjusted RSL No No 95% UCL below HHSL 
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Table 3-18.  Selection of Contaminants of Potential Concern in Sediment.  (3 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level (HHSL) Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening Level 
Value c 

Screening Level 
Source 

95% UCL > 
HHSL? d 

Retained 
as 

COPC? 
Rationale 

Beryllium mg/kg 467 441 94% 2.2 0.45 16 Adjusted RSL No No 95% UCL below HHSL 

Bismuth mg/kg 439 77 18% 4.2 1.4 NA NA -- No No HHSL available 

Boron mg/kg 445 431 97% 13 1.7 1600 Adjusted RSL No No 95% UCL below HHSL 

Cadmium mg/kg 483 477 99% 5.0 0.90 7 Adjusted RSL No No 95% UCL below HHSL 

Chromium (IL) mg/kg 480 480 100% 275 23 0.29 Adjusted RSL Yes Yes IL - 95% UCL exceeds HHSL 

Cobalt mg/kg 449 449 100% 26 6.8 2.3 Adjusted RSL Yes Yes 95% UCL exceeds HHSL 

Copper mg/kg 483 483 100% 64 20 310 Adjusted RSL No No 95% UCL below HHSL 

Hexavalent chromium (IL) mg/kg 363 68 19% 17 0.51 0.29 Adjusted RSL Yes Yes IL - 95% UCL exceeds HHSL 

Iron mg/kg 449 449 100% 82600 21400 5500 Adjusted RSL Yes Yes 95% UCL exceeds HHSL 

Lead (IL) mg/kg 480 422 88% 119 16 400 Adjusted RSL No No IL - 95% UCL below HHSL 

Lithium mg/kg 445 445 100% 41 9.9 16 Adjusted RSL No No 95% UCL below HHSL 

Manganese mg/kg 449 449 100% 1510 313 180 Adjusted RSL Yes Yes 95% UCL exceeds HHSL 

Mercury (IL) mg/kg 479 226 47% 0.54 0.044 1 Adjusted RSL No No IL - 95% UCL below HHSL 

Molybdenum mg/kg 461 338 73% 3.8 0.39 39 Adjusted RSL No No 95% UCL below HHSL 

Nickel mg/kg 483 483 100% 52 16 150 Adjusted RSL No No 95% UCL below HHSL 

Selenium mg/kg 483 58 12% 8.5 0.57 39 Adjusted RSL No No 95% UCL below HHSL 

Silver mg/kg 467 24 5% 2.5 0.14 39 Adjusted RSL No No 95% UCL below HHSL 

Strontium mg/kg 445 445 100% 170 34 4700 Adjusted RSL No No 95% UCL below HHSL 

Thallium mg/kg 467 93 20% 3.1 0.38 0.078 Adjusted RSL Yes Yes 95% UCL exceeds HHSL 

Tin mg/kg 445 4 1% 9.2 NC 4700 Adjusted RSL No No Low FOD and maximum below HHSL 

Titanium mg/kg 8 8 100% 2450 2140 NA NA -- No No HHSL available 

Uranium (IL) mg/kg 437 9 2% 9.4 6.7 4.6 Adjusted RSL Yes Yes IL - 95% UCL exceeds HHSL 

Vanadium mg/kg 449 449 100% 207 50 5.6 MTCA-Residential Yes Yes 95% UCL exceeds HHSL 

Zinc mg/kg 483 483 100% 867 160 2300 Adjusted RSL No No 95% UCL below HHSL 

Inorganics 

Phosphorus mg/kg 445 445 100% 2990 663 NA NA -- No No HHSL available 

Radionuclides 

Carbon-14 (IL) pCi/g 387 6 2% 5.6 4.2 0.48 Adjusted RSL Yes Yes IL - 95% UCL exceeds HHSL 

Cesium-137 (IL) pCi/g 473 337 71% 1.5 0.21 0.044 SSL Yes Yes IL - 95% UCL exceeds HHSL 

Cobalt-57 pCi/g 1 1 100% 0.063 NC 0.31 SSL No No Maximum below HHSL 

Cobalt-60 (IL) pCi/g 472 33 7% 0.3 0.010 0.009 SSL Yes Yes IL - 95% UCL exceeds HHSL  

Europium-152 (IL) pCi/g 456 57 13% 1.5 0.12 0.021 SSL Yes Yes IL - 95% UCL exceeds HHSL  

Europium-154 (IL) pCi/g 456 1 0.2% 0.12 NC 0.019 SSL Yes Yes IL - Maximum exceeds HHSL 

Plutonium-238 pCi/g 475 24 5% 0.12 0.0032 2.9 SSL No No 95% UCL below HHSL 

Plutonium-239/240 (IL) pCi/g 475 52 11% 1.4 0.034 2.6 Adjusted RSL No No IL - 95% UCL below HHSL 

Strontium-90 (IL) pCi/g 464 26 6% 6.0 0.11 0.34 Adjusted RSL No No IL - 95% UCL below HHSL 

Technetium-99 (IL) pCi/g 386 4 1% 6.8 NC 0.26 Adjusted RSL Yes Yes IL - Maximum exceeds HHSL 

Tritium (IL) pCi/g 5 1 20% 15 NC 0.88 Adjusted RSL Yes Yes IL - Maximum exceeds HHSL 

Uranium-233/234 (IL) pCi/g 427 415 97% 6.9 0.84 4.0 Adjusted RSL No No IL - 95% UCL below HHSL 

Uranium-234 (IL) pCi/g 46 46 100% 1.6 1.1 4.0 Adjusted RSL No No IL - 95% UCL below HHSL 

Uranium-235 (IL) pCi/g 473 68 14% 0.38 0.024 0.19 Adjusted RSL No No IL - 95% UCL below HHSL 
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Table 3-18.  Selection of Contaminants of Potential Concern in Sediment.  (3 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level (HHSL) Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening Level 
Value c 

Screening Level 
Source 

95% UCL > 
HHSL? d 

Retained 
as 

COPC? 
Rationale 

Uranium-238 (IL) pCi/g 473 453 96% 6.2 0.79 0.98 SSL No No IL - 95% UCL below HHSL 

Dioxin/Furan 

Total TCDD equivalent mg/kg 16 10 63% 0.0000044 0.0000015 0.0000045 Adjusted RSL No No 95% UCL below HHSL 
a Only constituents detected at least once in sediment samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown.  
b Where more than one 95% UCL is calculated using EPA ProUCL Version 4.00.04 software, the maximum recommended 95% UCL is used. 
c Minimum value among human health risk-based screening levels (refer to Table 3-15).  
d When a 95% UCL could not be calculated due to low number of detections, the maximum detected value was compared to the screening level. 

-- = not applicable because no benchmark is available for comparison 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
EPA = U.S. Environmental Protection Agency 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
HHSL = human health screening level 
IL = inclusion list contaminant of potential concern 

MTCA = Model Toxics Control Act 
NA = not available 
NC = not calculated due to low frequency of detection 
PCB = polychlorinated biphenyl 
RSL = regional screening level 
SSL = soil screening level 
TCDD = 2,3,7,8-Tetrachlorodibenzo-p-Dioxin 
TPH = total petroleum hydrocarbons 
UCL = upper confidence limit of the mean 
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Table 3-19.  Selection of Contaminants of Potential Concern in Island Soil.  (2 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum Detected 
Concentration 

95% UCL b 
Screening Level 

Value c 
Screening Level 

Source 

95% 
UCL > 

HHSL? d 

Retained 
as 

COPC? 
Rationale 

Semivolatile Organic Compounds 

Bis(2-ethylhexyl) phthalate mg/kg 27 1 4% 0.25 NC 35 Adjusted RSL No No 
Low FOD and maximum below 
HHSL 

Diethylphthalate mg/kg 27 1 4% 0.064 NC 4900 Adjusted RSL No No 
Low FOD and maximum below 
HHSL 

Fluoranthene mg/kg 26 1 4% 0.12 NC 230 Adjusted RSL No No 
Low FOD and maximum below 
HHSL 

Pyrene mg/kg 26 1 4% 0.12 NC 170 Adjusted RSL No No 
Low FOD and maximum below 
HHSL 

Petroleum/Pesticides/Polychlorinated Biphenyls 

TPH - diesel range (IL) mg/kg 27 4 15% 5.6 NC 170 Adjusted RSL No No IL - Maximum below HHSL 

TPH - motor oil (high boiling) (IL) mg/kg 27 17 63% 179 30 170 Adjusted RSL No No IL - 95% UCL below HHSL 

DDE mg/kg 27 6 22% 0.0046 0.0029 1.4 Adjusted RSL No No 95% UCL below HHSL 

DDT mg/kg 27 2 7% 0.0055 NC 1.7 Adjusted RSL No No Maximum below HHSL 

Endosulfan I mg/kg 27 1 4% 0.0045 NC 37 Adjusted RSL No No 
Low FOD and maximum below 
HHSL 

Endrin mg/kg 27 1 4% 0.0029 NC 1.8 Adjusted RSL No No 
Low FOD and maximum below 
HHSL 

Total dioxin-like PCBs mg/kg 7 7 100% 3.2E-09 2.1E-09 4.5E-06 Adjusted RSL No No 95% UCL below HHSL 

Total nondioxin PCBs mg/kg 7 7 100% 0.0021 0.0015 0.22 Adjusted RSL No No 95% UCL below HHSL 

Metals 

Aluminum mg/kg 77 77 100% 12500 8360 7700 Adjusted RSL Yes Yes 95% UCL exceeds HHSL 

Antimony mg/kg 77 19 25% 0.87 0.43 3.1 Adjusted RSL No No 95% UCL below HHSL 

Arsenic mg/kg 77 77 100% 9.4 5.4 0.39 Adjusted RSL Yes Yes 95% UCL exceeds HHSL 

Barium mg/kg 77 77 100% 135 80 1500 Adjusted RSL No No 95% UCL below HHSL 

Beryllium mg/kg 77 77 100% 0.42 0.27 16 Adjusted RSL No No 95% UCL below HHSL 

Bismuth mg/kg 77 33 43% 1.2 0.78 NA NA -- No No HHSL available 

Boron mg/kg 77 77 100% 5.0 1.8 1600 Adjusted RSL No No 95% UCL below HHSL 

Cadmium mg/kg 77 77 100% 2.0 0.78 7 Adjusted RSL No No 95% UCL below HHSL 

Chromium (IL) mg/kg 77 77 100% 22 18 0.29 Adjusted RSL Yes Yes IL - 95% UCL exceeds HHSL 

Cobalt mg/kg 77 77 100% 7.4 5.9 2.3 Adjusted RSL Yes Yes 95% UCL exceeds HHSL 

Copper mg/kg 77 77 100% 61 27 310 Adjusted RSL No No 95% UCL below HHSL 

Hexavalent chromium (IL) mg/kg 44 6 14% 0.17 0.14 0.29 Adjusted RSL No No IL - 95% UCL below HHSL 

Iron mg/kg 77 77 100% 24300 18700 5500 Adjusted RSL Yes Yes 95% UCL exceeds HHSL 

Lead (IL) mg/kg 77 77 100% 94 356 400 Adjusted RSL No No IL - 95% UCL below HHSL 

Lithium mg/kg 77 77 100% 13 9.8 16 Adjusted RSL No No 95% UCL below HHSL 

Manganese mg/kg 77 77 100% 377 277 180 Adjusted RSL Yes Yes 95% UCL exceeds HHSL 

Mercury (IL) mg/kg 77 47 61% 0.11 0.025 1 Adjusted RSL No No IL - 95% UCL below HHSL 

Molybdenum mg/kg 77 77 100% 1.3 0.55 39 Adjusted RSL No No 95% UCL below HHSL 

Nickel mg/kg 77 77 100% 18 15 150 Adjusted RSL No No 95% UCL below HHSL 

Selenium mg/kg 77 9 12% 0.93 0.62 39 Adjusted RSL No No 95% UCL below HHSL 

Strontium mg/kg 77 77 100% 46 29 4700 Adjusted RSL No No 95% UCL below HHSL 

Thallium mg/kg 77 5 6% 0.32 0.29 0.078 Adjusted RSL Yes Yes 95% UCL exceeds HHSL 
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Table 3-19.  Selection of Contaminants of Potential Concern in Island Soil.  (2 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum Detected 
Concentration 

95% UCL b 
Screening Level 

Value c 
Screening Level 

Source 

95% 
UCL > 

HHSL? d 

Retained 
as 

COPC? 
Rationale 

Titanium mg/kg 77 77 100% 1160 819 NA NA -- No No HHSL available 

Uranium (IL) mg/kg 77 2 3% 2.1 NC 4.6 Adjusted RSL No No IL - Maximum below HHSL 

Vanadium mg/kg 77 77 100% 59 41 5.6 MTCA-Residential Yes Yes 95% UCL exceeds HHSL 

Zinc mg/kg 77 77 100% 484 206 2300 Adjusted RSL No No 95% UCL below HHSL 

Inorganics 

Phosphorus mg/kg 77 77 100% 964 710 NA NA -- No No HHSL available 

Radionuclides 

Carbon-14 (IL) pCi/g 69 1 1% 66 NC 0.48 Adjusted RSL Yes Yes IL - Maximum exceeds HHSL 

Cesium-137 (IL) pCi/g 69 64 93% 0.57 0.22 0.044 SSL Yes Yes IL - 95% UCL exceeds HHSL 

Cobalt-60 (IL) pCi/g 69 1 1% 0.016 NC 0.009 SSL Yes Yes IL - Maximum exceeds HHSL 

Europium-152 (IL) pCi/g 69 7 10% 0.34 0.13 0.021 SSL Yes Yes IL - 95% UCL exceeds HHSL 

Plutonium-239/240 (IL) pCi/g 69 1 1% 0.034 NC 2.6 Adjusted RSL No No IL - Maximum below HHSL 

Strontium-90 (IL) pCi/g 69 2 3% 1.8 NC 0.34 Adjusted RSL Yes Yes IL - Maximum exceeds HHSL 

Uranium-233/234 (IL) pCi/g 69 69 100% 1.8 0.66 3.9 Adjusted RSL No No IL - 95% UCL below HHSL 

Uranium-235 (IL) pCi/g 69 11 16% 0.096 0.049 0.19 Adjusted RSL No No IL - 95% UCL below HHSL 

Uranium-238 (IL) pCi/g 69 69 100% 1.4 0.66 0.98 SSL No No IL - 95% UCL below HHSL 
a Only constituents detected at least once in samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown.  
b Where more than one 95% UCL is calculated using EPA ProUCL Version 4.00.04 software, the maximum recommended 95% UCL is used. 
c Minimum value among human health risk-based screening levels (Refer to Table 3-15). 
d When a 95% UCL could not be calculated, the maximum detected value was compared to the screening level. 

-- = not applicable because no benchmark is available for comparison 
COPC = contaminant of potential concern 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
HHSL = human health screening level 
IL = inclusion list contaminant of potential concern 
MTCA = Model Toxics Control Act 

NA = not available 
NC = not calculated due to low frequency of detection 
PCB = polychlorinated biphenyl 
RSL = regional screening level 
SSL = soil screening level 
TPH = total petroleum hydrocarbons 
UCL = upper confidence limit of the mean 
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Table 3-20.  Selection of Contaminants of Potential Concern in Surface Water.  (2 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number Analyzed 
Number 
Detected 

Frequency 
of Detection 

Maximum Detected 
Concentration 

95% UCL b 
Screening 

Level Value c 
Screening Level Source 

95% UCL 
> HHSL? d 

Retained as 
COPC? 

Rationale 

Volatile Organic Compounds 

1,1,2-Trichloroethane µg/L 100 5 5% 0.88 0.74 0.24 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

1,2-Dichloroethane µg/L 98 6 6% 1.1 0.93 0.15 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

1,4-Dichlorobenzene µg/L 91 1 1% 0.22 NC 0.42 Adjusted Region 9 RSL No No Low FOD and maximum below HHSL 

Acetone µg/L 98 38 39% 18 1.6 1200 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Benzene µg/L 98 1 1% 0.091 NC 0.39 Adjusted Region 9 RSL No No Low FOD and maximum below HHSL 

Chloroform µg/L 98 5 5% 5.5 4.4 0.19 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Methylene chloride µg/L 98 10 10% 3 0.44 4.6 NRWQC No No 95% UCL below HHSL 

Toluene µg/L 98 34 35% 3 0.47 86 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Trichloroethene (IL) µg/L 98 8 8% 0.21 0.17 0.44 Adjusted Region 9 RSL No No IL - 95% UCL below HHSL 

Xylenes (total) µg/L 98 14 14% 1.2 0.58 19 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Semivolatile Organic Compounds 

Benzo(a)anthracene µg/L 23 1 4% 0.6 NC 0.0038 NRWQC Yes No Low FOD and single detect 

Benzo(b)fluoranthene µg/L 23 1 4% 0.5 NC 0.0038 NRWQC Yes No Low FOD and single detect 

Benzo(k)fluoranthene µg/L 23 1 4% 0.6 NC 0.0038 NRWQC Yes No Low FOD and single detect 

Bis(2-ethylhexyl) phthalate µg/L 22 2 9% 0.6 NC 0.071 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Chrysene µg/L 23 1 4% 0.7 NC 0.0038 NRWQC Yes No Low FOD and single detect 

Di-n-butylphthalate µg/L 22 2 9% 0.8 NC 67 Adjusted Region 9 RSL No No Maximum below HHSL 

Petroleum/Polychlorinated Biphenyls 

TPH - diesel range (IL) µg/L 21 2 9% 87 NC 8.7 Adjusted Region 9 RSL (pyrene) Yes Yes IL - Maximum exceeds HHSL 

TPH - motor oil (high boiling) (IL) µg/L 21 1 4% 110 NC 8.7 Adjusted Region 9 RSL (pyrene) Yes Yes IL - Maximum exceeds HHSL 

Total dioxin-like PCBs µg/L 4 3 75% 1.0E-09 NC 5.0E-09 NRWQC No No Maximum below HHSL 

Total nondioxin PCBs µg/L 4 4 100% 0.00091 NC 0.000064 NRWQC Yes Yes Maximum exceeds HHSL 

Metals 

Aluminum µg/L 81 27 33% 599 68 200 MCL No No 95% UCL below HHSL 

Antimony µg/L 325 246 76% 2.3 0.20 0.6 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Arsenic µg/L 325 246 76% 2.9 0.72 0.018 NRWQC Yes Yes 95% UCL exceeds HHSL 

Barium µg/L 81 79 98% 36 29 290 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Beryllium µg/L 326 38 12% 0.086 0.0084 1.6 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Boron µg/L 80 79 99% 55 12 310 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Cadmium µg/L 325 228 70% 0.22 0.028 0.69 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Chromium (IL) µg/L 326 235 72% 18 0.44 0.031 Adjusted Region 9 RSL Yes Yes IL - 95% UCL exceeds HHSL 

Copper µg/L 326 252 77% 42 1.2 62 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Hexavalent chromium (IL) µg/L 75 1 1% 4 NC 0.031 Adjusted Region 9 RSL Yes Yes IL - Maximum exceeds HHSL 

Iron µg/L 81 55 68% 600 74 300 MCL No No 95% UCL below HHSL 

Lead (IL) µg/L 325 245 75% 5.6 0.24 15 MCL No No IL - 95% UCL below HHSL 

Lithium µg/L 80 38 48% 17 6.3 3.1 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Manganese µg/L 81 58 72% 27 4.2 32 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Mercury (IL) µg/L 214 134 63% 0.062 0.0033 0.063 Adjusted Region 9 RSL No No IL - 95% UCL below HHSL 

Molybdenum µg/L 80 24 30% 2.5 0.98 7.8 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Nickel µg/L 325 255 78% 25 0.91 30 Adjusted Region 9 RSL No No 95% UCL below HHSL 
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Table 3-20.  Selection of Contaminants of Potential Concern in Surface Water.  (2 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number Analyzed 
Number 
Detected 

Frequency 
of Detection 

Maximum Detected 
Concentration 

95% UCL b 
Screening 

Level Value c 
Screening Level Source 

95% UCL 
> HHSL? d 

Retained as 
COPC? 

Rationale 

Selenium µg/L 325 155 48% 3.1 0.24 7.8 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Silver µg/L 325 100 31% 0.018 0.0036 7.1 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Strontium µg/L 80 79 99% 151 107 930 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Thallium µg/L 315 215 68% 1.3 0.054 0.016 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Tin µg/L 80 4 5% 1.5 NC 930 Adjusted Region 9 RSL No No Maximum below HHSL 

Titanium µg/L 80 71 89% 38 3.9 NA NA -- No No HHSL available 

Uranium (IL) µg/L 83 3 4% 0.73 NC 4.7 Adjusted Region 9 RSL No No IL - Maximum below HHSL 

Vanadium µg/L 80 64 80% 7.6 3.3 7.8 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Zinc µg/L 325 264 81% 51 3 470 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Inorganics 

Chloride µg/L 420 418 99% 25000 1540 250000 MCL No No 95% UCL below HHSL 

Fluoride µg/L 420 389 92% 240 81 62 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Nitrate (IL) µg/L 420 418 100% 23900 1110 2500 Adjusted Region 9 RSL No No IL - 95% UCL below HHSL 

Nitrite µg/L 403 11 3% 328 132 160 Adjusted Region 9 RSL No No Low FOD and 95% UCL below HHSL 

Phosphorus µg/L 80 30 38% 65 18 NA NA -- No No HHSL available 

Sulfate (IL) µg/L 420 419 100% 28500 9750 250000 MCL No No IL - 95% UCL below HHSL 

Radionuclides 

Cesium-137 (IL) pCi/L 87 2 2% 8.5 NC 1.7 Adjusted Region 9 RSL Yes Yes IL - Maximum exceeds HHSL 

Cobalt-60 (IL) pCi/L 87 1 1% 0.6 NC 3.4 Adjusted Region 9 RSL No No IL - Maximum below HHSL 

Plutonium-238 pCi/L 82 1 1% 1.1 NC 0.40 Adjusted Region 9 RSL Yes No Low FOD and single detect 

Plutonium-239/240 (IL) pCi/L 82 1 1% 1.2 NC 0.39 Adjusted Region 9 RSL Yes Yes IL - Maximum exceeds HHSL 

Strontium-90 (IL) pCi/L 507 329 65% 1.3 0.088 0.95 Adjusted Region 9 RSL No No IL - 95% UCL below HHSL 

Technetium-99 (IL) pCi/L 130 5 4% 1.2 0.71 19 Adjusted Region 9 RSL No No IL - 95% UCL below HHSL 

Tritium (IL) pCi/L 418 358 85% 989 83 160 Adjusted Region 9 RSL No No IL - 95% UCL below HHSL 

Uranium-233/234 (IL) pCi/L 80 52 66% 1.8 0.49 0.74 Adjusted Region 9 RSL No No IL - 95% UCL below HHSL 

Uranium-234 (IL) pCi/L 434 434 100% 6.7 0.35 0.75 Adjusted Region 9 RSL No No IL - 95% UCL below HHSL 

Uranium-235 (IL) pCi/L 514 45 9% 0.28 0.018 0.76 Adjusted Region 9 RSL No No IL - 95% UCL below HHSL 

Uranium-238 (IL) pCi/L 514 474 92% 6.7 0.39 0.83 Adjusted Region 9 RSL No No IL - 95% UCL below HHSL 
a Only constituents detected at least once in samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown.  
b Where more than one 95% UCL is calculated using EPA ProUCL Version 4.00.04 software, the maximum recommended 95% UCL is used. 
c Minimum value among human health risk-based screening levels (Refer to Table 3-16). 
d When a 95% UCL could not be calculated, the maximum detected value was compared to the screening level. 

-- = not applicable because no benchmark is available for comparison 
COPC = contaminant of potential concern 
EPA = U.S. Environmental Protection Agency  
FOD = frequency of detection 
GW = groundwater 
HHSL = human health screening level 
IL = inclusion list contaminant of potential concern 
MCL = maximum contaminant level 
MTCA = Model Toxics Control Act 

NA = not available 
NC = not calculated due to low frequency of detection 
NRWQC = National Recommended Water Quality Criteria 
PCB = polychlorinated biphenyl 
RSL = regional screening level 
TPH = total petroleum hydrocarbons 
UCL = upper confidence limit of the mean 
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Table 3-21.  Selection of Contaminants of Potential Concern in Fish Fillet:  All Species.  (2 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening Level 
Value c 

Screening Level Source 
95% UCL 
> HHSL? d 

Retained 
as 

COPC? 
Rationale 

Pesticides/Polychlorinated Biphenyls 

Aldrin mg/kg 91 2 2% 0.019 NC 0.000043 Adjusted Region 9 RSL Yes No Low FOD and detects in different sub-areas 

alpha-HCH mg/kg 91 2 2% 0.097 NC 0.00012 Adjusted Region 9 RSL Yes No Low FOD and detects in different sub-areas 

alpha-Chlordane mg/kg 91 2 2% 0.011 NC 0.0021 Adjusted Region 9 RSL Yes No Low FOD and detects in different sub-areas 

beta-HCH mg/kg 91 26 29% 0.32 0.044 0.00041 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

delta-HCH mg/kg 91 6 7% 0.076 0.023 0.00067 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

DDD mg/kg 99 83 84% 0.36 0.075 0.0031 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL

DDE mg/kg 99 99 100% 1.0 0.24 0.0022 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL

DDT mg/kg 91 14 15% 0.024 0.0073 0.0022 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL

Dieldrin mg/kg 91 17 19% 0.039 0.019 0.000046 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL

Endosulfan I mg/kg 91 1 1% 0.0092 NC 0.19 Adjusted Region 9 RSL No No Low FOD and maximum below HHSL 

Endosulfan II mg/kg 91 2 2% 0.0079 NC 0.19 Adjusted Region 9 RSL No No Low FOD and maximum below HHSL 

Endrin mg/kg 91 1 1% 0.032 NC 0.0094 Adjusted Region 9 RSL Yes No Low FOD and single detect 

Endrin aldehyde mg/kg 91 2 2% 0.01 NC 0.0094 Adjusted Region 9 RSL Yes No 
Low FOD; both detects localized in LW sub-area but at 
different river miles (331 and 332) and are 2/31 samples 

gamma-HCH (lindane) mg/kg 92 8 9% 0.027 0.012 0.00067 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Heptachlor mg/kg 91 11 12% 0.084 0.011 0.00016 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Methoxychlor mg/kg 91 1 1% 0.012 NC 0.16 Adjusted Region 9 RSL No No Low FOD and maximum below HHSL 

Total dioxin-like PCBs mg/kg 101 101 100% 2.8E-05 8.8E-06 5.7E-09 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Total nondioxin PCBs mg/kg 101 101 100% 0.73 0.23 0.00037 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Metals 

Aluminum mg/kg 101 5 5% 3.9 3.5 31 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Antimony mg/kg 101 1 1% 0.21 NC 0.013 Adjusted Region 9 RSL Yes No Low FOD and single detect 

Arsenic (total inorganic) mg/kg 101 22 22% 0.0054 0.0030 0.00049 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Barium mg/kg 101 95 94% 1.4 0.42 6.3 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Cadmium mg/kg 101 16 16% 0.081 0.052 0.031 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Chromium (IL) mg/kg 101 84 83% 2.0 0.48 47 Adjusted Region 9 RSL No No IL - 95% UCL below HHSL 

Cobalt mg/kg 101 13 13% 2.8 1.1 0.0094 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Copper mg/kg 101 39 39% 1.0 0.63 1.3 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Hexavalent chromium (IL) mg/kg 25 9 36% 0.29 0.18 0.0015 Adjusted Region 9 RSL Yes No IL – See text for explanation 

Iron mg/kg 101 89 88% 20 8.1 22 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Lead (IL) mg/kg 101 12 12% 1.6 0.33 NA NA -- No IL – No benchmark available 

Lithium mg/kg 101 20 20% 1.1 0.63 0.063 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Manganese mg/kg 101 97 96% 5.9 1.0 4.4 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Mercury (as methyl mercury) (IL) mg/kg 103 103 100% 0.61 0.16 0.0031 Adjusted Region 9 RSL Yes Yes IL - 95% UCL exceeds HHSL 

Nickel mg/kg 101 1 1% 2.6 NC 0.63 Adjusted Region 9 RSL Yes No Low FOD and single detect 

Selenium mg/kg 101 101 100% 2.9 1.1 0.16 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Strontium mg/kg 101 81 80% 23 4.9 19 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Tin mg/kg 101 57 56% 161 19 19 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Vanadium mg/kg 101 56 55% 0.52 0.32 0.16 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 
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Table 3-21.  Selection of Contaminants of Potential Concern in Fish Fillet:  All Species.  (2 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening Level 
Value c 

Screening Level Source 
95% UCL 
> HHSL? d 

Retained 
as 

COPC? 
Rationale 

Zinc mg/kg 101 97 96% 38 13 9.4 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Inorganics 

Phosphorus mg/kg 101 101 100% 12600 3750 NA NA -- No Essential element and no benchmark available 

Radionuclides 

Carbon-14 (IL) pCi/g 101 1 1% 6.1 NC 0.2 Adjusted Region 9 RSL Yes Yes IL –  Maximum exceeds HHSL 

Plutonium-239/240 (IL) pCi/g 101 1 1% 0.92 NC 0.0023 Adjusted Region 9 RSL Yes No IL – See text for explanation 

Strontium-90 (IL) pCi/g 101 1 1% 1.6 NC 0.0059 Adjusted Region 9 RSL Yes No IL – See text for explanation 

Tritium (IL) pCi/g 101 1 1% 6.3 NC 2.8 Adjusted Region 9 RSL Yes No IL – See text for explanation 
a Only constituents detected at least once in fillet samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown.  
b Where more than one 95% UCL is calculated using EPA ProUCL Version 4.00.04 software, the maximum recommended 95% UCL is used. 
c Minimum value among human health risk-based screening levels (Refer to Table 3-17). 
d When a 95% UCL could not be calculated due to low number of detections, the maximum detected value was compared to the screening level. 

-- = not applicable because no benchmark is available for comparison 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
EPA = U.S. Environmental Protection Agency 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
HHSL = human health screening level 

IL = inclusion list 
NA = not available 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RSL = regional screening level 
SED = sediment 
SW = surface water 
UCL = upper confidence limit of the mean 
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Table 3-22.  Selection of Contaminants of Potential Concern in Fish Carcass:  All Species.  (2 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening Level 
Value c 

Screening Level Source 
Comparison 

Concentration 

Comparison 
Concentration 

> HHSL? d 

Retained 
as 

COPC? 
Rationale 

Pesticides/Polychlorinated Biphenyls 

Aldrin mg/kg 91 4 4% 0.015 NC 0.000043 Adjusted Region 9 RSL 0.00074 Yes No 
Low FOD; one detect in 100 Area, three 
detects in LW sub-area but are 3/31 samples 

alpha-HCH mg/kg 91 1 1% 0.016 NC 0.00012 Adjusted Region 9 RSL 0.00079 Yes No Low FOD and single detect 

alpha-Chlordane mg/kg 91 8 9% 0.024 0.015 0.0021 Adjusted Region 9 RSL 0.00073 No No Comparison concentration below HHSL 

beta-HCH mg/kg 92 29 32% 0.70 0.045 0.00041 Adjusted Region 9 RSL 0.0023 Yes Yes Comparison concentration exceeds HHSL 

delta-HCH mg/kg 91 20 22% 0.036 0.0094 0.00067 Adjusted Region 9 RSL 0.00047 No No Comparison concentration below HHSL 

DDD mg/kg 99 93 94% 0.36 0.12 0.0031 Adjusted Region 9 RSL 0.0060 Yes Yes Comparison concentration exceeds HHSL 

DDE mg/kg 99 99 100% 1.2 0.51 0.0022 Adjusted Region 9 RSL 0.026 Yes Yes Comparison concentration exceeds HHSL 

DDT mg/kg 93 49 53% 0.053 0.013 0.0022 Adjusted Region 9 RSL 0.00067 No No Comparison concentration below HHSL 

Dieldrin mg/kg 91 16 18% 0.051 0.017 0.000046 Adjusted Region 9 RSL 0.00086 Yes Yes Comparison concentration exceeds HHSL 

Endosulfan I mg/kg 91 6 7% 0.013 0.0085 0.19 Adjusted Region 9 RSL 0.00042 No No Comparison concentration below HHSL 

Endrin mg/kg 91 1 1% 0.025 NC 0.0094 Adjusted Region 9 RSL 0.0013 No No 
Low FOD and comparison concentration 
below HHSL 

Endrin aldehyde mg/kg 91 10 11% 0.020 0.0062 0.0094 Adjusted Region 9 RSL 0.00031 No No Comparison concentration below HHSL 

gamma-Chlordane mg/kg 91 2 2% 0.012 NC 0.0021 Adjusted Region 9 RSL 0.00062 No No 
Low FOD and comparison concentration 
below HHSL 

gamma-HCH (lindane) mg/kg 91 7 8% 0.036 0.021 0.00067 Adjusted Region 9 RSL 0.0011 Yes Yes Comparison concentration exceeds HHSL 

Heptachlor mg/kg 91 9 10% 0.037 0.021 0.00016 Adjusted Region 9 RSL 0.0011 Yes Yes Comparison concentration exceeds HHSL 

Methoxychlor mg/kg 91 1 1% 0.033 NC 0.16 Adjusted Region 9 RSL 0.0017 No No 
Low FOD and comparison concentration 
below HHSL 

Total dioxin-like PCBs mg/kg 101 101 100% 9.3E-05 1.9E-05 5.7E-09 Adjusted Region 9 RSL 9.5E-07 Yes Yes Comparison concentration exceeds HHSL 

Total nondioxin PCBs mg/kg 101 101 100% 2.4 0.42 0.00037 Adjusted Region 9 RSL 0.021 Yes Yes Comparison concentration exceeds HHSL 

Metals 

Aluminum mg/kg 101 28 28% 505 19 31 Adjusted Region 9 RSL 0.93 No No Comparison concentration below HHSL 

Arsenic (total inorganic) mg/kg 101 34 34% 0.0074 0.0036 0.00049 Adjusted Region 9 RSL 0.00018 No No Comparison concentration below HHSL 

Barium mg/kg 101 101 100% 6.5 2.2 6.3 Adjusted Region 9 RSL 0.11 No No Comparison concentration below HHSL 

Cadmium mg/kg 101 43 43% 0.13 0.067 0.031 Adjusted Region 9 RSL 0.0033 No No Comparison concentration below HHSL 

Chromium (IL) mg/kg 101 95 94% 1.5 0.63 47 Adjusted Region 9 RSL 0.032 No No IL - Comparison concentration below HHSL 

Cobalt mg/kg 101 25 25% 1.6 1.1 0.0094 Adjusted Region 9 RSL 0.053 Yes Yes Comparison concentration exceeds HHSL 

Copper mg/kg 101 43 43% 1.0 0.56 1.3 Adjusted Region 9 RSL 0.028 No No Comparison concentration below HHSL 

Iron mg/kg 101 101 100% 32 15 22 Adjusted Region 9 RSL 0.77 No No Comparison concentration below HHSL 

Lead (IL) mg/kg 101 23 23% 2.5 0.37 NA NA 0.018 -- No IL – No benchmark available 

Lithium mg/kg 101 26 26% 1.9 0.96 0.063 Adjusted Region 9 RSL 0.048 No No Comparison concentration below HHSL 

Manganese mg/kg 101 100 99% 18 4.7 4.4 Adjusted Region 9 RSL 0.24 No No Comparison concentration below HHSL 

Mercury (as methyl mercury) (IL) mg/kg 103 103 100% 0.45 0.095 0.0031 Adjusted Region 9 RSL 0.0047 Yes Yes 
IL - Comparison concentration exceeds 
HHSL 

Nickel mg/kg 101 2 2% 0.45 NC 0.63 Adjusted Region 9 RSL 0.023 No No 
Low FOD and comparison concentration 
below HHSL 

Selenium mg/kg 101 101 100% 1.9 1.1 0.16 Adjusted Region 9 RSL 0.054 No No Comparison concentration below HHSL 

Strontium mg/kg 101 101 100% 71 18 19 Adjusted Region 9 RSL 0.92 No No Comparison concentration below HHSL 
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Table 3-22.  Selection of Contaminants of Potential Concern in Fish Carcass:  All Species.  (2 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening Level 
Value c 

Screening Level Source 
Comparison 

Concentration 

Comparison 
Concentration 

> HHSL? d 

Retained 
as 

COPC? 
Rationale 

Tin mg/kg 101 59 58% 162 15 19 Adjusted Region 9 RSL 0.76 No No Comparison concentration below HHSL 

Uranium (inorganic) (IL) mg/kg 101 8 8% 2.4 2.1 0.019 Adjusted Region 9 RSL 0.11 Yes Yes 
IL - Comparison concentration exceeds 
HHSL 

Vanadium mg/kg 101 71 70% 0.99 0.45 0.16 Adjusted Region 9 RSL 0.022 No No Comparison concentration below HHSL 

Zinc mg/kg 101 97 96% 167 37 9.4 Adjusted Region 9 RSL 1.9 No No Comparison concentration below HHSL 

Inorganics 

Phosphorus mg/kg 101 101 100% 29700 9132 NA NA 457 -- No 
Essential element and no benchmark 
available 

Radionuclides 

Carbon-14 (IL) pCi/g 101 4 4% 141 NC 0.20 Adjusted Region 9 RSL 7.1 Yes Yes 
IL - Comparison concentration exceeds 
HHSL 

Plutonium-239/240 (IL) pCi/g 101 1 1% 0.031 NC 0.0023 Adjusted Region 9 RSL 0.0016 No No IL - See text for explanation 

Strontium-90 (IL) pCi/g 101 1 1% 0.56 NC 0.0059 Adjusted Region 9 RSL 0.028 Yes No IL - See text for explanation 

Tritium (IL) pCi/g 101 1 1% 6.6 NC 2.8 Adjusted Region 9 RSL 0.33 No No IL - See text for explanation 
a Only constituents detected at least once in Carcass samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown.  
b Where more than one 95% UCL is calculated using EPA ProUCL Version 4.00.04 software, the maximum recommended 95% UCL is used. 
c Minimum value among human health risk-based screening levels (Refer to Table 3-17). 
d When a 95% UCL could not be calculated due to low number of detections and therefore 5% of the 95% UCL could not be calculated, 5% of the maximum detected value was compared to the screening level. 

-- = not applicable because no benchmark is available for comparison 

Comparison Concentration = 5% of the 95% UCL or 5% of the maximum detected value if a 95% UCL could not be calculated 

COPC = contaminant of potential concern 

DDD = dichlorodiphenyldichloroethane 

DDE = dichlorodiphenyldichloroethylene 

DDT = dichlorodiphenyltrichloroethane 

EPA = U.S. Environmental Protection Agency 

FOD = frequency of detection 

HCH = hexachlorocyclohexane 

HHSL = human health screening level 
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Table 3-23.  Selection of Contaminants of Potential Concern in Fish Liver/Kidney:  All Species.  (2 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening Level 
Value c 

Screening Level Source 
Comparison 

Concentration 

Comparison 
Concentration 

> HHSL? d 

Retained 
as 

COPC? 
Rationale 

Pesticides/Polychlorinated Biphenyls 

Aldrin mg/kg 19 1 5% 0.00781 NC 0.000043 Adjusted Region 9 RSL 0.000391 Yes No Low FOD and single detect 

alpha-Chlordane mg/kg 46 29 63% 0.124 0.0352 0.0021 Adjusted Region 9 RSL 0.00176 No No Comparison concentration below HHSL 

beta-HCH mg/kg 56 45 80% 0.222 0.0754 0.00041 Adjusted Region 9 RSL 0.00377 Yes Yes Comparison concentration exceeds HHSL 

delta-HCH mg/kg 25 6 24% 0.0303 0.0172 0.00067 Adjusted Region 9 RSL 0.00086 Yes Yes Comparison concentration exceeds HHSL 

DDD mg/kg 132 130 98% 0.629 0.152 0.0031 Adjusted Region 9 RSL 0.0076 Yes Yes Comparison concentration exceeds HHSL 

DDE mg/kg 135 135 100% 1.94 0.426 0.0022 Adjusted Region 9 RSL 0.0213 Yes Yes Comparison concentration exceeds HHSL 

DDT mg/kg 72 67 93% 3.1 0.819 0.0022 Adjusted Region 9 RSL 0.0410 Yes Yes Comparison concentration exceeds HHSL 

Dieldrin mg/kg 24 5 21% 0.0467 0.0256 0.000046 Adjusted Region 9 RSL 0.00128 Yes Yes Comparison concentration exceeds HHSL 

Endosulfan I mg/kg 37 20 54% 0.321 0.0487 0.19 Adjusted Region 9 RSL 0.00244 No No Comparison concentration below HHSL 

Endosulfan II mg/kg 26 7 27% 0.0437 0.0134 0.19 Adjusted Region 9 RSL 0.00067 No No Comparison concentration below HHSL 

Endosulfan sulfate mg/kg 20 2 10% 0.0161 NC 0.19 Adjusted Region 9 RSL 0.000805 No No Comparison concentration below HHSL 

Endrin mg/kg 25 8 32% 0.0563 0.0187 0.0094 Adjusted Region 9 RSL 0.000935 No No Comparison concentration below HHSL 

Endrin aldehyde mg/kg 21 3 14% 0.068 NC 0.0094 Adjusted Region 9 RSL 0.0034 No No Comparison concentration below HHSL 

Endrin ketone mg/kg 24 6 25% 0.0383 0.0203 0.0094 Adjusted Region 9 RSL 0.00102 No No Comparison concentration below HHSL 

gamma-HCH (lindane) mg/kg 22 4 18% 0.0388 NC 0.00067 Adjusted Region 9 RSL 0.00194 Yes Yes Comparison concentration exceeds HHSL 

gamma-Chlordane mg/kg 20 3 15% 0.0388 NC 0.0021 Adjusted Region 9 RSL 0.00194 No No Comparison concentration below HHSL 

Heptachlor mg/kg 21 2 10% 0.0363 NC 0.00016 Adjusted Region 9 RSL 0.00182 Yes Yes Comparison concentration exceeds HHSL 

Heptachlor epoxide mg/kg 31 7 23% 0.0375 0.0221 0.000081 Adjusted Region 9 RSL 0.00111 Yes Yes Comparison concentration exceeds HHSL 

Methoxychlor mg/kg 21 5 24% 0.073 0.0201 0.16 Adjusted Region 9 RSL 0.00101 No No Comparison concentration below HHSL 

Total dioxin-like PCBs mg/kg 23 23 100% 4.8E-05 2.3E-05 5.7E-09 Adjusted Region 9 RSL 1.2E-06 Yes Yes Comparison concentration exceeds HHSL 

Total nondioxin PCBs mg/kg 23 23 100% 1.3 0.62 0.00037 Adjusted Region 9 RSL 0.0309 Yes Yes Comparison concentration exceeds HHSL 

Metals 

Aluminum mg/kg 141 41 29% 16.8 4.098 31 Adjusted Region 9 RSL 0.205 No No Comparison concentration below HHSL 

Arsenic mg/kg 141 47 33% 2.82 0.488 0.00049 Adjusted Region 9 RSL 0.0244 Yes Yes Comparison concentration exceeds HHSL 

Barium mg/kg 141 96 68% 21.7 3.509 6.3 Adjusted Region 9 RSL 0.175 No No Comparison concentration below HHSL 

Cadmium mg/kg 141 141 100% 15.4 3.062 0.031 Adjusted Region 9 RSL 0.153 Yes Yes Comparison concentration exceeds HHSL 

Chromium (IL) mg/kg 141 42 30% 0.881 0.188 47 Adjusted Region 9 RSL 0.0094 No No IL - Comparison concentration below HHSL 

Copper mg/kg 141 141 100% 58.2 15.47 1.3 Adjusted Region 9 RSL 0.774 No No Comparison concentration below HHSL 

Iron mg/kg 141 141 100% 1020 221.6 22 Adjusted Region 9 RSL 11.1 No No Comparison concentration below HHSL 

Lead (IL) mg/kg 141 2 1% 0.515 NC NA NA 0.0258 -- No IL – No benchmark available 

Lithium mg/kg 141 6 4% 0.644 0.509 0.063 Adjusted Region 9 RSL 0.0255 No No 
Low FOD and comparison concentration below 
HHSL 

Manganese mg/kg 141 141 100% 5.4 1.258 4.4 Adjusted Region 9 RSL 0.0629 No No Comparison concentration below HHSL 

Mercury (as methyl mercury) (IL) mg/kg 141 141 100% 0.873 0.116 0.0031 Adjusted Region 9 RSL 0.0058 Yes Yes IL - Comparison concentration exceeds HHSL 

Molybdenum mg/kg 141 33 23% 0.295 0.213 0.16 Adjusted Region 9 RSL 0.0107 No No Comparison concentration below HHSL 

Nickel mg/kg 141 26 18% 2.13 0.749 0.63 Adjusted Region 9 RSL 0.0375 No No Comparison concentration below HHSL 
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Table 3-23.  Selection of Contaminants of Potential Concern in Fish Liver/Kidney:  All Species.  (2 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening Level 
Value c 

Screening Level Source 
Comparison 

Concentration 

Comparison 
Concentration 

> HHSL? d 

Retained 
as 

COPC? 
Rationale 

Selenium mg/kg 141 141 100% 6.95 2.149 0.16 Adjusted Region 9 RSL 0.107 No No Comparison concentration below HHSL 

Silver mg/kg 141 12 9% 0.34 0.191 0.16 Adjusted Region 9 RSL 0.00955 No No Comparison concentration below HHSL 

Strontium mg/kg 141 124 88% 3.11 0.28 19 Adjusted Region 9 RSL 0.014 No No Comparison concentration below HHSL 

Thallium mg/kg 141 7 5% 0.247 0.21 0.00031 Adjusted Region 9 RSL 0.0105 Yes No 
Low FOD and detects from all sub-areas; no 
discernible spatial distribution pattern 

Tin mg/kg 141 46 33% 2.02 0.933 19 Adjusted Region 9 RSL 0.0467 No No Comparison concentration below HHSL 

Uranium (IL) mg/kg 141 3 2% 2 NC 0.019 Adjusted Region 9 RSL 0.1 Yes Yes IL - Comparison concentration exceeds HHSL 

Vanadium mg/kg 141 96 68% 3.62 0.532 0.16 Adjusted Region 9 RSL 0.0266 No No Comparison concentration below HHSL 

Zinc mg/kg 141 126 89% 594 138.1 9.4 Adjusted Region 9 RSL 6.91 No No Comparison concentration below HHSL 

Inorganics 

Phosphorus mg/kg 141 141 100% 3550 2398 NA NA 120 -- No Essential element and no benchmark available 

Radionuclides 

Carbon-14 (IL) pCi/g 141 3 2% 7.98 NC 0.2 Adjusted Region 9 RSL 0.399 Yes Yes IL - Comparison concentration exceeds HHSL 

Cesium-137 (IL) pCi/g 141 1 1% 0.358 NC 0.011 Adjusted Region 9 RSL 0.0179 Yes No IL - See text for explanation 

Strontium-90 (IL) pCi/g 141 1 1% 0.392 NC 0.0059 Adjusted Region 9 RSL 0.0196 Yes No IL - See text for explanation 

Technetium-99 (IL) pCi/g 141 1 1% 0.327 NC 0.1 Adjusted Region 9 RSL 0.0164 No No IL - See text for explanation 

Tritium (IL) pCi/g 141 2 1% 15 NC 2.8 Adjusted Region 9 RSL 0.75 No No IL - See text for explanation 
a Only constituents detected at least once in Liver/Kidney samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown.  
b Where more than one 95% UCL is calculated using EPA ProUCL Version 4.00.04 software, the maximum recommended 95% UCL is used. 
c Minimum value among human health risk-based screening levels (Refer to Table 3-17). 
d When a 95% UCL could not be calculated due to low number of detections and therefore 5% of the 95% UCL could not be calculated, 5% of the maximum detected value was compared to the screening level. 

-- = not applicable because no benchmark is available for comparison 

Comparison Concentration = 5% of the 95% UCL or 5% of the maximum detected value if a 95% UCL could not be calculated 

COPC = contaminant of potential concern 

DDD = dichlorodiphenyldichloroethane 

DDE = dichlorodiphenyldichloroethylene 

DDT = dichlorodiphenyltrichloroethane 

EPA = U.S. Environmental Protection Agency 

FOD = frequency of detection 

HCH = hexachlorocyclohexane 

HHSL = human health screening level 
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Table 3-24.  Selection of Contaminants of Potential Concern in Fish Fillet:  Bass. 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening Level 
Value c 

Screening Level Source 
95% UCL 
> HHSL? d 

Retained 
as 

COPC? 
Rationale 

Pesticides/Polychlorinated Biphenyls 

DDD mg/kg 13 9 69% 0.25 0.21 0.0031 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

DDE mg/kg 13 13 100% 0.24 0.071 0.0022 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

gamma-HCH (lindane) mg/kg 6 1 17% 0.020 NC 0.00067 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Total dioxin-like PCBs mg/kg 15 15 100% 1.0E-05 4.2E-06 5.7E-09 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Total nondioxin PCBs mg/kg 15 15 100% 0.22 0.094 0.00037 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Metals 

Arsenic (total inorganic) mg/kg 15 1 7% 0.0032 NC 0.00049 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Barium mg/kg 15 15 100% 1.4 0.69 6.3 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Cadmium mg/kg 15 2 13% 0.051 NC 0.031 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Chromium (IL) mg/kg 15 15 100% 2.0 1.1 47 Adjusted Region 9 RSL No No IL – 95% UCL below HHSL 

Cobalt mg/kg 15 9 60% 1.9 1.2 0.0094 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Iron mg/kg 15 15 100% 15 8.7 22 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Manganese mg/kg 15 13 87% 5.9 2.2 4.4 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Mercury (IL) mg/kg 13 13 100% 0.10 0.082 0.0031 Adjusted Region 9 RSL Yes Yes IL – 95% UCL exceeds HHSL 

Selenium mg/kg 15 15 100% 1.1 0.99 0.16 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Strontium mg/kg 15 15 100% 23 11 19 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Tin mg/kg 15 13 87% 17 11 19 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Vanadium mg/kg 15 15 100% 0.52 0.43 0.16 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Zinc mg/kg 15 15 100% 30 15 9.4 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Inorganics 

Phosphorus mg/kg 15 15 100% 12600 6840 NA NA -- No Essential element and no benchmark available 

Radionuclides 

Plutonium-239/240 (IL) pCi/g 15 1 7% 0.92 NC 0.0023 Adjusted Region 9 RSL Yes No IL – See text for explanation 

Strontium-90 (IL) pCi/g 15 1 7% 1.6 NC 0.0059 Adjusted Region 9 RSL Yes No IL – See text for explanation 

Tritium (IL) pCi/g 15 1 7% 6.3 NC 2.8 Adjusted Region 9 RSL Yes No IL – See text for explanation 
a Only constituents detected at least once in bass fillet samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown.  
b Where more than one 95% UCL is calculated using EPA ProUCL Version 4.00.04 software, the maximum recommended 95% UCL is used. 
c Minimum value among human health risk-based screening levels (Refer to Table 3-17). 
d When a 95% UCL could not be calculated due to low number of detections, the maximum detected value was compared to the screening level. 

-- = not applicable because no benchmark is available for comparison 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
EPA = U.S. Environmental Protection Agency 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
HHSL = human health screening level 

IL = inclusion list contaminant of potential concern  
NA = not available 

NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RSL = regional screening level 
SED = sediment 
SW = surface water 
UCL = upper confidence limit of the mean 

 
  

Exhibit 12d



 DOE/RL-2010-117 

Data Evaluation Rev. 0 

 
  

 
Columbia River Component Risk Assessment 
Volume II, Part 2:  Baseline Human Health Risk Assessment 
September 2012 
 3-45 

Table 3-25.  Selection of Contaminants of Potential Concern in Fish Carcass:  Bass.  (2 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening 
Level Value c 

Screening Level Source 
Comparison 

Concentration 

Comparison 
Concentration 

> HHSL? d 

Retained 
as 

COPC? 
Rationale 

Pesticides/Polychlorinated Biphenyls 

beta-HCH mg/kg 6 1 17% 0.065 NC 0.00041 Adjusted Region 9 RSL 0.0032 Yes Yes Comparison concentration exceeds HHSL 

DDD mg/kg 13 13 100% 0.28 0.27 0.0031 Adjusted Region 9 RSL 0.013 Yes Yes Comparison concentration exceeds HHSL 

DDE mg/kg 13 13 100% 0.52 0.35 0.0022 Adjusted Region 9 RSL 0.017 Yes Yes Comparison concentration exceeds HHSL 

DDT mg/kg 7 5 71% 0.020 0.019 0.0022 Adjusted Region 9 RSL 0.00097 No No Comparison concentration below HHSL 

delta-HCH mg/kg 5 2 40% 0.0075 NC 0.00067 Adjusted Region 9 RSL 0.00038 No No Comparison concentration below HHSL 

Endrin aldehyde mg/kg 5 1 20% 0.0048 NC 0.0094 Adjusted Region 9 RSL 0.00024 No No Comparison concentration below HHSL 

gamma-Chlordane mg/kg 5 1 20% 0.0076 NC 0.00067 Adjusted Region 9 RSL 0.00038 No No Comparison concentration below HHSL 

Total dioxin-like PCBs mg/kg 15 15 100% 3.6E-05 1.8E-05 5.7E-09 Adjusted Region 9 RSL 9.0E-07 Yes Yes Comparison concentration exceeds HHSL 

Total nondioxin PCBs mg/kg 15 15 100% 0.82 0.38 0.00037 Adjusted Region 9 RSL 0.019 Yes Yes Comparison concentration exceeds HHSL 

Metals 

Aluminum mg/kg 15 1 7% 3.0 NC 31 Adjusted Region 9 RSL 0.15 No No Comparison concentration below HHSL 

Arsenic (total inorganic) mg/kg 15 4 27% 0.0040 NC 0.00049 Adjusted Region 9 RSL 0.00020 No No Comparison concentration below HHSL 

Barium mg/kg 15 15 100% 3.2 1.7 6.3 Adjusted Region 9 RSL 0.087 No No Comparison concentration below HHSL 

Cadmium mg/kg 15 4 27% 0.040 NC 0.031 Adjusted Region 9 RSL 0.0020 No No Comparison concentration below HHSL 

Chromium (IL) mg/kg 15 15 100% 1.5 1.1 47 Adjusted Region 9 RSL 0.053 No No IL - Comparison concentration below HHSL 

Cobalt mg/kg 15 10 67% 1.6 1.3 0.0094 Adjusted Region 9 RSL 0.063 Yes Yes Comparison concentration exceeds HHSL 

Copper mg/kg 15 6 40% 0.51 0.46 1.3 Adjusted Region 9 RSL 0.023 No No Comparison concentration below HHSL 

Iron mg/kg 15 15 100% 22 16 22 Adjusted Region 9 RSL 0.81 No No Comparison concentration below HHSL 

Lead (IL) mg/kg 15 5 33% 0.35 0.29 NA Adjusted Region 9 RSL 0.015 -- No IL – No benchmark available 

Lithium mg/kg 15 1 7% 0.66 NC 0.063 Adjusted Region 9 RSL 0.033 No No Comparison concentration below HHSL 

Manganese mg/kg 15 15 100% 15 7.8 4.4 Adjusted Region 9 RSL 0.39 No No Comparison concentration below HHSL 

Mercury (IL) mg/kg 13 13 100% 0.12 0.079 0.0031 Adjusted Region 9 RSL 0.0040 Yes Yes 
IL - Comparison concentration exceeds 
HHSL 

Nickel mg/kg 15 1 7% 0.45 NC 0.63 Adjusted Region 9 RSL 0.023 No No Comparison concentration below HHSL 

Selenium mg/kg 15 15 100% 1.6 1.2 0.16 Adjusted Region 9 RSL 0.060 No No Comparison concentration below HHSL 

Strontium mg/kg 15 15 100% 59 30 19 Adjusted Region 9 RSL 1.5 No No Comparison concentration below HHSL 

Tin mg/kg 15 14 93% 31 15 19 Adjusted Region 9 RSL 0.73 No No Comparison concentration below HHSL 

Uranium (IL) mg/kg 15 5 33% 2.4 2.2 0.019 Adjusted Region 9 RSL 0.11 Yes Yes 
IL - Comparison concentration exceeds 
HHSL 

Vanadium mg/kg 15 14 93% 0.89 0.55 0.16 Adjusted Region 9 RSL 0.027 No No Comparison concentration below HHSL 

Zinc mg/kg 15 15 100% 31 23 9.4 Adjusted Region 9 RSL 1.2 No No Comparison concentration below HHSL 
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Table 3-25.  Selection of Contaminants of Potential Concern in Fish Carcass:  Bass.  (2 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening 
Level Value c 

Screening Level Source 
Comparison 

Concentration 

Comparison 
Concentration 

> HHSL? d 

Retained 
as 

COPC? 
Rationale 

Inorganics 

Phosphorus mg/kg 15 15 100% 29700 13934 NA NA 697 -- No Essential element and no benchmark available 
a Only constituents detected at least once in bass Carcass samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown.  
b Where more than one 95% UCL is calculated using EPA ProUCL Version 4.00.04 software, the maximum recommended 95% UCL is used. 
c Minimum value among human health risk-based screening levels (Refer to Table 3-17). 
d When a 95% UCL could not be calculated due to low number of detections, the maximum detected value was compared to the screening level. 

-- = not applicable because no benchmark is available for comparison 

Comparison Concentration = 5% of the 95% UCL or 5% of the maximum detected value if a 95% UCL could not be calculated IL = inclusion list contaminant of potential concern 
COPC = contaminant of potential concern NA = not available  

DDD = dichlorodiphenyldichloroethane NC = not calculated due to low frequency of detection or small sample size 

DDE = dichlorodiphenyldichloroethylene PCB = polychlorinated biphenyl 

EPA = U.S. Environmental Protection Agency RSL = regional screening level 

FOD = frequency of detection SED = sediment 

HCH = hexachlorocyclohexane SW = surface water 

HHSL = human health screening level UCL = upper confidence limit of the mean 
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Table 3-26.  Selection of Contaminants of Potential Concern in Fish Fillet:  Carp. 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening 
Level Value c 

Screening Level Source 
95% UCL 
> HHSL? d 

Retained 
as 

COPC? 
Rationale 

Pesticides/Polychlorinated Biphenyls 

beta-HCH mg/kg 15 8 53% 0.32 0.17 0.00041 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

DDD mg/kg 15 15 100% 0.36 0.19 0.0031 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

DDE mg/kg 15 15 100% 1.0 0.64 0.0022 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

DDT mg/kg 15 2 13% 0.024 NC 0.0022 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Heptachlor mg/kg 15 4 27% 0.084 NC 0.00016 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Total dioxin-like PCBs mg/kg 15 15 100% 2.5E-05 1.7E-05 5.7E-09 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Total nondioxin PCBs mg/kg 15 15 100% 0.53 0.36 0.00037 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Metals 

Aluminum mg/kg 15 2 13% 3.9 NC 31 Adjusted Region 9 RSL No No Maximum below HHSL 

Arsenic (total inorganic) mg/kg 15 7 47% 0.0054 0.0041 0.00049 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Barium mg/kg 15 15 100% 0.78 0.51 6.3 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Cadmium mg/kg 15 7 47% 0.081 0.062 0.031 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Chromium (IL) mg/kg 15 14 93% 1.3 0.69 47 Adjusted Region 9 RSL No No IL - 95% UCL below HHSL 

Cobalt mg/kg 15 1 7% 2.3 NC 0.0094 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Copper mg/kg 15 15 100% 1.0 0.80 1.3 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Iron mg/kg 15 15 100% 20 156 22 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Lead (IL) mg/kg 15 10 67% 0.87 0.48 NA NA -- No IL – No benchmark available 

Lithium mg/kg 15 11 73% 1.0 0.65 0.063 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Manganese mg/kg 15 15 100% 1.6 0.95 4.4 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Mercury (IL) mg/kg 15 15 100% 0.18 0.14 0.0031 Adjusted Region 9 RSL Yes Yes IL - 95% UCL exceeds HHSL 

Selenium mg/kg 15 15 100% 1.4 0.95 0.16 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Strontium mg/kg 15 15 100% 8.0 4.6 19 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Tin mg/kg 15 14 93% 65 34 19 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Vanadium mg/kg 15 12 80% 0.34 0.32 0.16 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Zinc mg/kg 15 15 100% 38 29 9.4 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Inorganics 

Phosphorus mg/kg 15 15 100% 4230 3060 NA NA -- No Essential element and no benchmark available 
a Only constituents detected at least once in carp fillet samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown.  
b Where more than one 95% UCL is calculated using EPA ProUCL Version 4.00.04 software, the maximum recommended 95% UCL is used. 
c Minimum value among human health risk-based screening levels (Refer to Table 3-17). 
d When a 95% UCL could not be calculated due to low number of detections, the maximum detected value was compared to the screening level. 

-- = not applicable because no benchmark is available for comparison 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
EPA = U.S. Environmental Protection Agency 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
HHSL = human health screening level 

IL = inclusion list contaminant of potential concern 
NA = not available 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RSL = regional screening level 
SED = sediment 
SW = surface water 
UCL = upper confidence limit of the mean 

 
  

Exhibit 12d



 DOE/RL-2010-117 

Data Evaluation Rev. 0 

 
  

 
Columbia River Component Risk Assessment 
Volume II, Part 2:  Baseline Human Health Risk Assessment 
September 2012 
 3-48 

Table 3-27.  Selection of Contaminants of Potential Concern in Fish Carcass:  Carp.  (2 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 

95% UCL 
b 

Screening 
Level Value c 

Screening Level Source 
Comparison 

Concentration 

Comparison 
Concentration 

> HHSL? d 

Retained 
as 

COPC? 
Rationale 

Pesticides/Polychlorinated Biphenyls 

beta-HCH mg/kg 15 7 47% 0.20 0.087 0.00041 Adjusted Region 9 RSL 0.0043 Yes Yes Comparison concentration exceeds HHSL 

DDD mg/kg 15 15 100% 0.36 0.24 0.0031 Adjusted Region 9 RSL 0.012 Yes Yes Comparison concentration exceeds HHSL 

DDE mg/kg 15 15 100% 1.2 0.94 0.0022 Adjusted Region 9 RSL 0.047 Yes Yes Comparison concentration exceeds HHSL 

DDT mg/kg 15 3 20% 0.032 NC 0.0022 Adjusted Region 9 RSL 0.0016 No No Comparison concentration below HHSL 

delta-HCH mg/kg 15 1 7% 0.033 NC 0.00067 Adjusted Region 9 RSL 0.0017 Yes Yes Comparison concentration exceeds HHSL 

Heptachlor mg/kg 15 2 13% 0.032 NC 0.00016 Adjusted Region 9 RSL 0.0016 Yes Yes Comparison concentration exceeds HHSL 

Methoxychlor mg/kg 15 1 7% 0.033 NC 0.16 Adjusted Region 9 RSL 0.0017 No No Comparison concentration below HHSL 

Total dioxin-like PCBs mg/kg 15 15 100% 6.6E-05 3.2E-05 5.7E-09 Adjusted Region 9 RSL 1.6E-06 Yes Yes Comparison concentration exceeds HHSL 

Total nondioxin PCBs mg/kg 15 15 100% 0.76 0.54 0.00037 Adjusted Region 9 RSL 0.027 Yes Yes Comparison concentration exceeds HHSL 

Metals 

Aluminum mg/kg 15 10 67% 9.3 5.8 31 Adjusted Region 9 RSL 0.29 No No Comparison concentration below HHSL 

Arsenic (total inorganic) mg/kg 15 9 60% 0.0074 0.0061 0.00049 Adjusted Region 9 RSL 0.00031 No No Comparison concentration below HHSL 

Barium mg/kg 15 15 100% 5.1 3.4 6.3 Adjusted Region 9 RSL 0.17 No No Comparison concentration below HHSL 

Cadmium mg/kg 15 13 87% 0.13 0.097 0.031 Adjusted Region 9 RSL 0.0048 No No Comparison concentration below HHSL 

Chromium (IL) mg/kg 15 15 100% 0.96 0.70 47 Adjusted Region 9 RSL 0.035 No No IL - Comparison concentration below HHSL 

Cobalt mg/kg 15 5 33% 1.2 1.1 0.0094 Adjusted Region 9 RSL 0.055 Yes Yes Comparison concentration exceeds HHSL 

Copper mg/kg 15 15 100% 1.0 0.68 1.3 Adjusted Region 9 RSL 0.034 No No Comparison concentration below HHSL 

Iron mg/kg 15 15 100% 32 28 22 Adjusted Region 9 RSL 1.4 No No Comparison concentration below HHSL 

Lead (IL) mg/kg 15 11 73% 1.5 0.56 NA NA 0.028 -- No IL - No benchmark available 

Lithium mg/kg 15 13 87% 1.9 1.2 0.063 Adjusted Region 9 RSL 0.062 No No Comparison concentration below HHSL 

Manganese mg/kg 15 15 100% 8.2 5.6 4.4 Adjusted Region 9 RSL 0.28 No No Comparison concentration below HHSL 

Mercury (IL) mg/kg 15 15 100% 0.11 0.083 0.0031 Adjusted Region 9 RSL 0.0042 Yes Yes Comparison concentration exceeds HHSL 

Selenium mg/kg 15 15 100% 1.6 1.0 0.16 Adjusted Region 9 RSL 0.051 No No Comparison concentration below HHSL 

Strontium mg/kg 15 15 100% 71 36 19 Adjusted Region 9 RSL 1.8 No No Comparison concentration below HHSL 

Tin mg/kg 15 14 93% 95 41 19 Adjusted Region 9 RSL 2.1 No No Comparison concentration below HHSL 

Uranium (IL) mg/kg 15 3 20% 2.4 NC 0.019 Adjusted Region 9 RSL 0.12 Yes Yes Comparison concentration exceeds HHSL 

Vanadium mg/kg 15 15 100% 0.99 0.68 0.16 Adjusted Region 9 RSL 0.034 No No Comparison concentration below HHSL 

Zinc mg/kg 15 15 100% 167 118 9.4 Adjusted Region 9 RSL 5.9 No No Comparison concentration below HHSL 

Inorganics 

Phosphorus mg/kg 15 15 100% 19200 11769 NA NA 588 -- No Essential element and no benchmark available 

Exhibit 12d



 DOE/RL-2010-117 

Data Evaluation Rev. 0 

 
  

 
Columbia River Component Risk Assessment 
Volume II, Part 2:  Baseline Human Health Risk Assessment 
September 2012 
 3-49 

Table 3-27.  Selection of Contaminants of Potential Concern in Fish Carcass:  Carp.  (2 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 

95% UCL 
b 

Screening 
Level Value c 

Screening Level Source 
Comparison 

Concentration 

Comparison 
Concentration 

> HHSL? d 

Retained 
as 

COPC? 
Rationale 

Radionuclides 

Carbon-14 (IL) pCi/g 15 1 7% 6.2 NC 0.2 Adjusted Region 9 RSL 0.31 Yes Yes IL - Comparison concentration exceeds HHSL 

Strontium-90 (IL) pCi/g 15 1 7% 0.558 NC 0.0059 Adjusted Region 9 RSL 0.0279 Yes No IL - See text for explanation 
a Only constituents detected at least once in carp Carcass samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown.  
b Where more than one 95% UCL is calculated using EPA ProUCL Version 4.00.04 software, the maximum recommended 95% UCL is used. 
c Minimum value among human health risk-based screening levels (Refer to Table 3-17). 
d When a 95% UCL could not be calculated due to low number of detections, the maximum detected value was compared to the screening level. 

-- = not applicable because no benchmark is available for comparison 

Comparison Concentration = 5% of the 95% UCL or 5% of the maximum detected value if a 95% UCL could not be calculated 

COPC = contaminant of potential concern 

DDD = dichlorodiphenyldichloroethane 

DDE = dichlorodiphenyldichloroethylene 

DDT = dichlorodiphenyltrichloroethane 

EPA = U.S. Environmental Protection Agency 

FOD = frequency of detection 

HCH = hexachlorocyclohexane 

IL = inclusion list contaminant of potential concern 
NA = not available 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RSL = regional screening level 
SED = sediment 
SW = surface water 
UCL = upper confidence limit of the mean 
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Table 3-28.  Selection of Contaminants of Potential Concern in Fish Fillet:  Sturgeon.  (2 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening 
Level Value c 

Screening Level Source 
95% UCL 
> HHSL? d 

Retained 
as COPC? 

Rationale 

Pesticides/Polychlorinated Biphenyls 

Aldrin mg/kg 25 2 8% 0.019 NC 0.000043 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

alpha-HCH mg/kg 25 1 4% 0.097 NC 0.00012 Adjusted Region 9 RSL Yes No Low FOD and single detect 

beta-HCH mg/kg 25 8 32% 0.12 0.032 0.00041 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

delta-HCH mg/kg 25 2 8% 0.018 NC 0.00067 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

DDD mg/kg 25 22 88% 0.14 0.072 0.0031 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

DDE mg/kg 25 25 100% 0.38 0.19 0.0022 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

DDT mg/kg 25 7 28% 0.015 0.0096 0.0022 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Dieldrin mg/kg 25 2 8% 0.024 NC 0.000046 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Endosulfan I mg/kg 25 1 4% 0.0092 NC 0.19 Adjusted Region 9 RSL No No Low FOD and maximum below HHSL 

gamma-HCH (lindane) mg/kg 25 3 12% 0.027 NC 0.00067 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Heptachlor mg/kg 25 2 8% 0.020 NC 0.00016 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Methoxychlor mg/kg 25 1 4% 0.012 NC 0.16 Adjusted Region 9 RSL No No Low FOD and maximum below HHSL 

Total dioxin-like PCBs mg/kg 25 25 100% 1.6E-05 9.0E-06 5.7E-09 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Total nondioxin PCBs mg/kg 25 25 100% 0.31 0.17 0.00037 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Metals 

Aluminum mg/kg 25 1 4% 3.1 NC 31 Adjusted Region 9 RSL No No Low FOD and maximum below HHSL 

Arsenic (total inorganic) mg/kg 25 3 12% 0.0045 NC 0.00049 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Barium mg/kg 25 20 80% 0.44 0.22 6.3 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Cadmium mg/kg 25 2 8% 0.053 NC 0.031 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Chromium (IL) mg/kg 25 12 48% 1.5 0.36 47 Adjusted Region 9 RSL No No IL – 95% UCL below HHSL 

Cobalt mg/kg 25 1 4% 2.8 NC 0.0094 Adjusted Region 9 RSL Yes No Low FOD and single detect 

Hexavalent chromium (IL) mg/kg 25 9 36% 0.29 0.18 0.0015 Adjusted Region 9 RSL Yes No IL – See text for explanation 

Iron mg/kg 25 19 76% 6.7 4.6 22 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Lithium mg/kg 25 3 12% 0.69 NC 0.063 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Manganese mg/kg 25 24 96% 0.44 0.32 4.4 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Mercury (IL) mg/kg 29 29 100% 0.61 0.22 0.0031 Adjusted Region 9 RSL Yes Yes IL – 95% UCL exceeds HHSL 

Selenium mg/kg 25 25 100% 2.9 1.6 0.16 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Strontium mg/kg 25 5 20% 0.11 0.11 19 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Vanadium mg/kg 25 8 32% 0.28 0.26 0.16 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Zinc mg/kg 25 21 84% 4.8 3.8 9.4 Adjusted Region 9 RSL No No 95% UCL below HHSL 
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Table 3-28.  Selection of Contaminants of Potential Concern in Fish Fillet:  Sturgeon.  (2 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening 
Level Value c 

Screening Level Source 
95% UCL 
> HHSL? d 

Retained 
as COPC? 

Rationale 

Inorganics 

Phosphorus mg/kg 25 25 100% 2300 2060 NA NA -- No Essential element and no benchmark available 
a Only constituents detected at least once in sturgeon fillet samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown.  
b Where more than one 95% UCL is calculated using EPA ProUCL Version 4.00.04 software, the maximum recommended 95% UCL is used. 
c Minimum value among human health risk-based screening levels (Refer to Table 3-17). 
d When a 95% UCL could not be calculated due to low number of detections, the maximum detected value was compared to the screening level. 

-- = not applicable because no benchmark is available for comparison 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
EPA = U.S. Environmental Protection Agency 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
HHSL = human health screening level 

IL = inclusion list contaminant of potential concern 
NA = not available 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RSL = regional screening level 
SED = sediment 
SW = surface water 
UCL = upper confidence limit of the mean 
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Table 3-29.  Selection of Contaminants of Potential Concern in Fish Carcass:  Sturgeon.  (2 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening 
Level Value c 

Screening Level Source 
Comparison 

Concentration 

Comparison 
Concentration 

> HHSL? d 

Retained 
as 

COPC? 
Rationale 

Pesticides/Polychlorinated Biphenyls 

Aldrin mg/kg 25 4 16% 0.015 NC 0.000043 Adjusted Region 9 RSL 0.00074 Yes Yes Comparison concentration exceeds HHSL 

alpha-Chlordane mg/kg 25 2 8% 0.024 NC 0.0021 Adjusted Region 9 RSL 0.0012 No No Comparison concentration below HHSL 

beta-HCH mg/kg 25 12 48% 0.11 0.034 0.00041 Adjusted Region 9 RSL 0.0017 Yes Yes Comparison concentration exceeds HHSL 

delta-HCH mg/kg 25 6 24% 0.017 0.0088 0.00067 Adjusted Region 9 RSL 0.00044 No No Comparison concentration below HHSL 

DDD mg/kg 25 25 100% 0.18 0.078 0.0031 Adjusted Region 9 RSL 0.0039 Yes Yes Comparison concentration exceeds HHSL 

DDE mg/kg 25 25 100% 0.90 0.47 0.0022 Adjusted Region 9 RSL 0.024 Yes Yes Comparison concentration exceeds HHSL 

DDT mg/kg 25 14 56% 0.053 0.014 0.0022 Adjusted Region 9 RSL 0.00070 No No Comparison concentration below HHSL 

Dieldrin mg/kg 25 1 4% 0.0056 NC 0.000046 Adjusted Region 9 RSL 0.00028 Yes No Low FOD and single detect 

Endosulfan I mg/kg 25 5 20% 0.013 0.0089 0.19 Adjusted Region 9 RSL 0.00045 No No Comparison concentration below HHSL 

Endrin aldehyde mg/kg 25 2 8% 0.020 NC 0.0094 Adjusted Region 9 RSL 0.00099 No No Comparison concentration below HHSL 

gamma-Chlordane mg/kg 25 1 4% 0.012 NC 0.0021 Adjusted Region 9 RSL 0.00062 No No 
Low FOD and comparison concentration below 
HHSL 

gamma-HCH (lindane) mg/kg 25 3 12% 0.036 NC 0.00067 Adjusted Region 9 RSL 0.0018 Yes Yes Comparison concentration exceeds HHSL 

Heptachlor mg/kg 25 2 8% 0.037 NC 0.00016 Adjusted Region 9 RSL 0.0019 Yes Yes Comparison concentration exceeds HHSL 

Total dioxin-like PCBs mg/kg 25 25 100% 6.0E-05 2.1E-05 5.7E-09 Adjusted Region 9 RSL 1.1E-06 Yes Yes Comparison concentration exceeds HHSL 

Total nondioxin PCBs mg/kg 25 25 100% 0.77 0.44 0.00037 Adjusted Region 9 RSL 0.022 Yes Yes Comparison concentration exceeds HHSL 

Metals 

Aluminum mg/kg 25 2 8% 505 NC 31 Adjusted Region 9 RSL 25 No No Comparison concentration below HHSL 

Arsenic (total inorganic) mg/kg 25 3 12% 0.0050 NC 0.00049 Adjusted Region 9 RSL 0.00025 No No Comparison concentration below HHSL 

Barium mg/kg 25 25 100% 6.5 2.8 6.3 Adjusted Region 9 RSL 0.14 No No Comparison concentration below HHSL 

Cadmium mg/kg 25 1 4% 0.046 NC 0.031 Adjusted Region 9 RSL 0.0023 No No 
Low FOD and comparison concentration below 
HHSL 

Chromium (IL) mg/kg 25 20 80% 0.83 0.59 47 Adjusted Region 9 RSL 0.030 No No IL - Comparison concentration below HHSL 

Cobalt mg/kg 25 10 40% 1.4 1.1 0.0094 Adjusted Region 9 RSL 0.055 Yes Yes Comparison concentration exceeds HHSL 

Copper mg/kg 25 3 12% 1.0 NC 1.3 Adjusted Region 9 RSL 0.052 No No Comparison concentration below HHSL 

Iron mg/kg 25 25 100% 15 9.7 22 Adjusted Region 9 RSL 0.48 No No Comparison concentration below HHSL 

Lead (IL) mg/kg 25 6 24% 2.5 0.60 NA Adjusted Region 9 RSL 0.030 -- No IL – No benchmark available 

Lithium mg/kg 25 5 20% 1.5 1.2 0.063 Adjusted Region 9 RSL 0.058 No No Comparison concentration below HHSL 

Manganese mg/kg 25 25 100% 6.0 2.1 4.4 Adjusted Region 9 RSL 0.11 No No Comparison concentration below HHSL 

Mercury (IL) mg/kg 29 29 100% 0.14 0.086 0.0031 Adjusted Region 9 RSL 0.0043 Yes Yes IL - Comparison concentration exceeds HHSL 

Nickel mg/kg 25 1 4% 0.44 NC 0.63 Adjusted Region 9 RSL 0.022 No No 
Low FOD and comparison concentration below 
HHSL 

Selenium mg/kg 25 25 100% 1.9 1.3 0.16 Adjusted Region 9 RSL 0.065 No No Comparison concentration below HHSL 

Strontium mg/kg 25 25 100% 44 11 19 Adjusted Region 9 RSL 0.53 No No Comparison concentration below HHSL 

Tin mg/kg 25 4 16% 162 NC 19 Adjusted Region 9 RSL 8.1 No No Comparison concentration below HHSL 

Vanadium mg/kg 25 13 52% 0.58 0.34 0.16 Adjusted Region 9 RSL 0.017 No No Comparison concentration below HHSL 

Zinc mg/kg 25 21 84% 19 12 9.4 Adjusted Region 9 RSL 0.62 No No Comparison concentration below HHSL 
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Table 3-29.  Selection of Contaminants of Potential Concern in Fish Carcass:  Sturgeon.  (2 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening 
Level Value c 

Screening Level Source 
Comparison 

Concentration 

Comparison 
Concentration 

> HHSL? d 

Retained 
as 

COPC? 
Rationale 

Inorganics 

Phosphorus mg/kg 25 25 100% 15900 5230 NA NA 262 -- No Essential element and no benchmark available 
a Only constituents detected at least once in sturgeon Carcass samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown.  
b Where more than one 95% UCL is calculated using EPA ProUCL Version 4.00.04 software, the maximum recommended 95% UCL is used. 
c Minimum value among human health risk-based screening levels (Refer to Table 3-17). 
d When a 95% UCL could not be calculated due to low number of detections, the maximum detected value was compared to the screening level. 

Comparison Concentration = 5% of the 95% UCL or 5% of the maximum detected value if a 95% UCL could not be calculated 

-- = not applicable because no benchmark is available for comparison 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
EPA = U.S. Environmental Protection Agency 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 

IL = inclusion list contaminant of potential concern 
NA = not available 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RSL = regional screening level 
SED = sediment 
SW = surface water 
UCL = upper confidence limit of the mean 
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Table 3-30.  Selection of Contaminants of Potential Concern in Fish Fillet:  Sucker. 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening 
Level Value c 

Screening Level Source 
95% UCL 
> HHSL? d 

Retained 
as 

COPC? 
Rationale 

Pesticides/PCBs 

delta-HCH mg/kg 15 4 27% 0.076 NC 0.00067 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

DDD mg/kg 15 14 93% 0.058 0.043 0.0031 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

DDE mg/kg 15 15 100% 0.33 0.23 0.0022 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

DDT mg/kg 15 2 13% 0.018 NC 0.0022 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Endrin mg/kg 15 1 7% 0.032 NC 0.0094 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Total dioxin-like PCBs mg/kg 15 15 100% 1.1E-05 7.0E-06 5.7E-09 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Total nondioxin PCBs mg/kg 15 15 100% 0.23 0.17 0.00037 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Metals 

Arsenic (total inorganic) mg/kg 15 4 27% 0.0036 NC 0.00049 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Barium mg/kg 15 15 100% 1.1 0.67 6.3 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Cadmium mg/kg 15 1 7% 0.04 NC 0.031 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Chromium (IL) mg/kg 15 12 80% 0.67 0.35 47 Adjusted Region 9 RSL No No IL - 95% UCL below HHSL 

Copper mg/kg 15 9 60% 0.54 0.52 1.3 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Iron mg/kg 15 15 100% 10 6.9 22 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Manganese mg/kg 15 15 100% 4.0 2.2 4.4 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Mercury (IL) mg/kg 15 15 100% 0.17 0.13 0.0031 Adjusted Region 9 RSL Yes Yes IL - 95% UCL exceeds HHSL 

Selenium mg/kg 15 15 100% 1.1 0.95 0.16 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Strontium mg/kg 15 15 100% 4.3 2.9 19 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Tin mg/kg 15 4 27% 9.0 NC 19 Adjusted Region 9 RSL No No Maximum below HHSL 

Zinc mg/kg 15 15 100% 19 14 9.4 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Inorganics 

Phosphorus mg/kg 15 15 100% 3310 2800 NA NA -- No Essential element and no benchmark available 

Radionuclide 

Carbon-14 (IL) pCi/g 15 1 7% 6.1 NC 0.2 Adjusted Region 9 RSL Yes Yes IL – Maximum exceeds HHSL 
a Only constituents detected at least once in sucker fillet samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown.  
b Where more than one 95% UCL is calculated using EPA ProUCL Version 4.00.04 software, the maximum recommended 95% UCL is used. 
c Minimum value among human health risk-based screening levels (Refer to Table 3-17). 
d When a 95% UCL could not be calculated due to low number of detections, the maximum detected value was compared to the screening level. 

-- = not applicable because no benchmark is available for comparison 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
EPA = U.S. Environmental Protection Agency 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
HHSL = human health screening level 

IL = inclusion list contaminant of potential concern 
NA = not available 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RSL = regional screening level 
SED = sediment 
SW = surface water 
UCL = upper confidence limit of the mean 
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Table 3-31.  Selection of Contaminants of Potential Concern in Fish Carcass:  Sucker. 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening 
Level Value c 

Screening Level Source 
Comparison 

Concentration 

Comparison 
Concentration 

> HHSL? d 

Retained 
as 

COPC? 
Rationale 

Pesticides/PCBs 

beta-HCH mg/kg 15 1 7% 0.048 NC 0.00041 Adjusted Region 9 RSL 0.0024 Yes Yes Comparison concentration exceeds HHSL 

delta-HCH mg/kg 15 1 7% 0.036 NC 0.00067 Adjusted Region 9 RSL 0.0018 Yes Yes Comparison concentration exceeds HHSL 

DDD mg/kg 15 15 100% 0.13 0.090 0.0031 Adjusted Region 9 RSL 0.0045 Yes Yes Comparison concentration exceeds HHSL 

DDE mg/kg 15 15 100% 0.74 0.50 0.0022 Adjusted Region 9 RSL 0.025 Yes Yes Comparison concentration exceeds HHSL 

DDT mg/kg 15 7 47% 0.040 0.022 0.0022 Adjusted Region 9 RSL 0.0011 No No Comparison concentration below HHSL 

Endrin mg/kg 15 1 7% 0.025 NC 0.0094 Adjusted Region 9 RSL 0.0013 No No Comparison concentration below HHSL 

Total dioxin-like PCBs mg/kg 15 15 100% 2.1E-05 1.6E-05 5.7E-09 Adjusted Region 9 RSL 7.8E-07 Yes Yes Comparison concentration exceeds HHSL 

Total nondioxin PCBs mg/kg 15 15 100% 0.45 0.35 0.00037 Adjusted Region 9 RSL 0.018 Yes Yes Comparison concentration exceeds HHSL 

Metals 

Aluminum mg/kg 15 2 13% 4.6 NC 31 Adjusted Region 9 RSL 0.23 No No Comparison concentration below HHSL 

Arsenic (total inorganic) mg/kg 15 10 67% 0.0063 0.0044 0.00049 Adjusted Region 9 RSL 0.00022 No No Comparison concentration below HHSL 

Barium mg/kg 15 15 100% 4.6 3.4 6.3 Adjusted Region 9 RSL 0.17 No No Comparison concentration below HHSL 

Cadmium mg/kg 15 13 87% 0.069 0.055 0.031 Adjusted Region 9 RSL 0.0028 No No Comparison concentration below HHSL 

Chromium (IL) mg/kg 15 15 100% 0.59 0.48 47 Adjusted Region 9 RSL 0.024 No No IL - Comparison concentration below HHSL 

Copper mg/kg 15 15 100% 0.72 0.58 1.3 Adjusted Region 9 RSL 0.029 No No Comparison concentration below HHSL 

Iron mg/kg 15 15 100% 24 17 22 Adjusted Region 9 RSL 0.83 No No Comparison concentration below HHSL 

Lead (IL) mg/kg 15 1 7% 0.28 NC NA Adjusted Region 9 RSL 0.014 -- No IL - No benchmark available 

Manganese mg/kg 15 15 100% 18 12 4.4 Adjusted Region 9 RSL 0.59 No No Comparison concentration below HHSL 

Mercury (IL) mg/kg 15 15 100% 0.10 0.075 0.0031 Adjusted Region 9 RSL 0.0038 Yes Yes IL - Comparison concentration exceeds HHSL 

Selenium mg/kg 15 15 100% 1.3 1.0 0.16 Adjusted Region 9 RSL 0.051 No No Comparison concentration below HHSL 

Strontium mg/kg 15 15 100% 36 21 19 Adjusted Region 9 RSL 1.1 No No Comparison concentration below HHSL 

Tin mg/kg 15 2 13% 7.4 NC 19 Adjusted Region 9 RSL 0.37 No No Comparison concentration below HHSL 

Zinc mg/kg 15 15 100% 30 23 9.4 Adjusted Region 9 RSL 1.2 No No Comparison concentration below HHSL 

Inorganics 

Phosphorus mg/kg 15 15 100% 11100 8682 NA NA 434 -- No Essential element and no benchmark available 

Radionuclide 

Carbon-14 (IL) pCi/g 15 1 7% 8.2 NC 0.2 Adjusted Region 9 RSL 0.41 Yes Yes IL - Comparison concentration exceeds HHSL 
a Only constituents detected at least once in sucker Carcass samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown.  
b Where more than one 95% UCL is calculated using EPA ProUCL Version 4.00.04 software, the maximum recommended 95% UCL is used. 
c Minimum value among human health risk-based screening levels (Refer to Table 3-17). 
d When a 95% UCL could not be calculated due to low number of detections, the maximum detected value was compared to the screening level. 

Comparison Concentration = 5% of the 95% UCL or 5% of the maximum detected value if a 95% UCL could not be calculated 

-- = not applicable because no benchmark is available for comparison 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
EPA = U.S. Environmental Protection Agency 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 

IL = inclusion list contaminant of potential concern 
NA = not available 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RSL = regional screening level 
SED = sediment 
SW = surface water 
UCL = upper confidence limit of the mean 
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Table 3-32.  Selection of Contaminants of Potential Concern in Fish Fillet:  Walleye. 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening 
Level Value c 

Screening Level Source 
95% UCL 
> HHSL? d 

Retained 
as COPC? 

Rationale 

Pesticides/Polychlorinated Biphenyls 

alpha-Chlordane mg/kg 16 1 6% 0.011 NC 0.0021 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

beta-HCH mg/kg 16 10 63% 0.17 0.067 0.00041 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

DDD mg/kg 16 8 50% 0.056 0.021 0.0031 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

DDE mg/kg 16 16 100% 0.42 0.19 0.0022 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

DDT mg/kg 16 3 19% 0.0077 NC 0.0022 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

gamma-HCH (lindane) mg/kg 16 2 13% 0.027 NC 0.00067 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Heptachlor mg/kg 16 3 19% 0.025 NC 0.00016 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Total dioxin-like PCBs mg/kg 16 16 100% 2.6E-05 1.4E-05 5.7E-09 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Total nondioxin PCBs mg/kg 16 16 100% 0.56 0.25 0.00037 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Metals 

Arsenic (total inorganic) mg/kg 16 7 44% 0.0052 0.0040 0.00049 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Barium mg/kg 16 15 94% 1.1 0.42 6.3 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Cadmium mg/kg 16 1 6% 0.047 NC 0.031 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Chromium (IL) mg/kg 16 16 100% 0.82 0.43 47 Adjusted Region 9 RSL No No IL - 95% UCL below HHSL 

Cobalt mg/kg 16 1 6% 0.71 NC 0.0094 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Iron mg/kg 16 10 63% 9.2 5.5 22 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Lead (IL) mg/kg 16 1 6% 0.26 NC NA NA -- No IL – No benchmark available 

Lithium mg/kg 16 6 38% 1.1 0.75 0.063 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Manganese mg/kg 16 16 100% 1.0 0.45 4.4 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Mercury (IL) mg/kg 16 16 100% 0.61 0.31 0.0031 Adjusted Region 9 RSL Yes Yes IL - 95% UCL exceeds HHSL 

Selenium mg/kg 16 16 100% 0.73 0.65 0.16 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Strontium mg/kg 16 16 100% 15 5.7 19 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Tin mg/kg 16 11 69% 23 12 19 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Vanadium mg/kg 16 16 100% 0.39 0.31 0.16 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Zinc mg/kg 16 16 100% 11 8.2 9.4 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Inorganics 

Phosphorus mg/kg 16 16 100% 11800 5120 NA NA -- No Essential element and no benchmark available 
a  Only constituents detected at least once in walleye fillet samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown.  
b  Where more than one 95% UCL is calculated using EPA ProUCL Version 4.00.04 software, the maximum recommended 95% UCL is used. 
c  Minimum value among human health risk-based screening levels (Refer to Table 3-17). 
d  When a 95% UCL could not be calculated due to low number of detections, the maximum detected value was compared to the screening level. 

-- = not applicable because no benchmark is available for comparison 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
EPA = U.S. Environmental Protection Agency 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
HHSL = human health screening level 

IL = inclusion list contaminant of potential concern 
NA = not available 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RSL = regional screening level 
SED = sediment 
SW = surface water 
UCL = upper confidence limit of the mean 
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Table 3-33.  Selection of Contaminants of Potential Concern in Fish Carcass:  Walleye.  (2 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening 
Level Value c 

Screening Level Source 
Comparison 

Concentration 

Comparison 
Concentration 

> HHSL? d 

Retained 
as 

COPC? 
Rationale 

Pesticides/Polychlorinated Biphenyls 

alpha-HCH mg/kg 16 1 6% 0.016 NC 0.00012 Adjusted Region 9 RSL 0.00079 Yes Yes Comparison concentration exceeds HHSL 

alpha-Chlordane mg/kg 16 6 38% 0.022 0.016 0.0021 Adjusted Region 9 RSL 0.00080 No No Comparison concentration below HHSL 

beta-HCH mg/kg 16 8 50% 0.70 0.15 0.00041 Adjusted Region 9 RSL 0.0076 Yes Yes Comparison concentration exceeds HHSL 

DDD mg/kg 16 10 63% 0.16 0.049 0.0031 Adjusted Region 9 RSL 0.0025 No No Comparison concentration below HHSL 

DDE mg/kg 16 16 100% 1.1 0.51 0.0022 Adjusted Region 9 RSL 0.025 Yes Yes Comparison concentration exceeds HHSL 

DDT mg/kg 16 11 69% 0.034 0.016 0.0022 Adjusted Region 9 RSL 0.00081 No No Comparison concentration below HHSL 

delta-HCH mg/kg 16 3 19% 0.012 NC 0.00067 Adjusted Region 9 RSL 0.00058 No No Comparison concentration below HHSL 

Endosulfan I mg/kg 16 1 6% 0.0086 NC 0.19 Adjusted Region 9 RSL 0.00043 No No Comparison concentration below HHSL 

Endrin aldehyde mg/kg 16 1 6% 0.0068 NC 0.0094 Adjusted Region 9 RSL 0.00034 No No Comparison concentration below HHSL 

gamma-HCH (lindane) mg/kg 16 3 19% 0.034 NC 0.00067 Adjusted Region 9 RSL 0.0017 Yes Yes Comparison concentration exceeds HHSL 

Heptachlor mg/kg 16 3 19% 0.035 NC 0.00016 Adjusted Region 9 RSL 0.0018 Yes Yes Comparison concentration exceeds HHSL 

Total dioxin-like PCBs mg/kg 16 16 100% 9.3E-05 2.9E-05 5.7E-09 Adjusted Region 9 RSL 1.4E-06 Yes Yes Comparison concentration exceeds HHSL 

Total nondioxin PCBs mg/kg 16 16 100% 2.4 0.79 0.00037 Adjusted Region 9 RSL 0.040 Yes Yes Comparison concentration exceeds HHSL 

Metals 

Aluminum mg/kg 16 1 6% 4.0 NC 31 Adjusted Region 9 RSL 0.20 No No Comparison concentration below HHSL 

Arsenic (total inorganic) mg/kg 16 8 50% 0.0045 0.0035 0.00049 Adjusted Region 9 RSL 0.00018 No No Comparison concentration below HHSL 

Barium mg/kg 16 16 100% 1.7 1.1 6.3 Adjusted Region 9 RSL 0.053 No No Comparison concentration below HHSL 

Chromium (IL) mg/kg 16 15 94% 0.68 0.54 47 Adjusted Region 9 RSL 0.027 No No IL - Comparison concentration below HHSL 

Copper mg/kg 16 1 6% 0.37 NC 1.3 Adjusted Region 9 RSL 0.018 No No Comparison concentration below HHSL 

Iron mg/kg 16 16 100% 19 9.8 22 Adjusted Region 9 RSL 0.49 No No Comparison concentration below HHSL 

Lithium mg/kg 16 5 31% 1.5 1.1 0.063 Adjusted Region 9 RSL 0.057 No No Comparison concentration below HHSL 

Manganese mg/kg 16 16 100% 2.6 1.5 4.4 Adjusted Region 9 RSL 0.077 No No Comparison concentration below HHSL 

Mercury (IL) mg/kg 16 16 100% 0.45 0.23 0.0031 Adjusted Region 9 RSL 0.012 Yes Yes IL - Comparison concentration exceeds HHSL 

Selenium mg/kg 16 16 100% 0.84 0.71 0.16 Adjusted Region 9 RSL 0.036 No No Comparison concentration below HHSL 

Strontium mg/kg 16 16 100% 24 15 19 Adjusted Region 9 RSL 0.76 No No Comparison concentration below HHSL 

Tin mg/kg 16 11 69% 18 12 19 Adjusted Region 9 RSL 0.59 No No Comparison concentration below HHSL 

Vanadium mg/kg 16 16 100% 0.53 0.45 0.16 Adjusted Region 9 RSL 0.022 No No Comparison concentration below HHSL 

Zinc mg/kg 16 16 100% 21 17 9.4 Adjusted Region 9 RSL 0.87 No No Comparison concentration below HHSL 
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Table 3-33.  Selection of Contaminants of Potential Concern in Fish Carcass:  Walleye.  (2 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening 
Level Value c 

Screening Level Source 
Comparison 

Concentration 

Comparison 
Concentration 

> HHSL? d 

Retained 
as 

COPC? 
Rationale 

Inorganics 

Phosphorus mg/kg 16 16 100% 17600 11443 NA NA 572 -- No Essential element and no benchmark available 
a. Only constituents detected at least once in walleye Carcass samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown.  
b. Where more than one 95% UCL is calculated using EPA ProUCL Version 4.00.04 software, the maximum recommended 95% UCL is used. 
c. Minimum value among human health risk-based screening levels (Refer to Table 3-17). 
d. When a 95% UCL could not be calculated due to low number of detections, the maximum detected value was compared to the screening level. 

Comparison Concentration = 5% of the 95% UCL or 5% of the maximum detected value if a 95% UCL could not be calculated 

-- = not applicable because no benchmark is available for comparison 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
EPA = U.S. Environmental Protection Agency 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
HHSL = human health screening level 

IL = inclusion list contaminant of potential concern 
NA = not available 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RSL = regional screening level 
SED = sediment 
SW = surface water 
UCL = upper confidence limit of the mean 
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Table 3-34.  Selection of Contaminants of Potential Concern in Fish Fillet:  Whitefish.  

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening Level 
Value c 

Screening Level Source 
95% UCL 
> HHSL? d 

Retained 
as COPC? 

Rationale 

Pesticides/Polychlorinated Biphenyls 

alpha-HCH mg/kg 15 1 7% 0.0090 NC 0.00012 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

alpha-Chlordane mg/kg 15 1 7% 0.0074 NC 0.0021 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

DDD mg/kg 15 15 100% 0.12 0.092 0.0031 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

DDE mg/kg 15 15 100% 0.59 0.27 0.0022 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Dieldrin mg/kg 15 15 100% 0.039 0.029 0.000046 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Endosulfan II mg/kg 15 2 13% 0.0079 NC 0.19 Adjusted Region 9 RSL No No Maximum below HHSL 

Endrin aldehyde mg/kg 15 2 13% 0.01 NC 0.0094 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

gamma-HCH (lindane) mg/kg 15 2 13% 0.019 NC 0.00067 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Heptachlor mg/kg 15 2 13% 0.018 NC 0.00016 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Total dioxin-like PCBs mg/kg 15 15 100% 2.8E-05 1.4E-05 5.7E-09 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Total nondioxin PCBs mg/kg 15 15 100% 0.73 0.43 0.00037 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Metals 

Aluminum mg/kg 15 2 13% 3.5 NC 31 Adjusted Region 9 RSL No No Maximum below HHSL 

Antimony mg/kg 15 1 7% 0.21 NC 0.013 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Barium mg/kg 15 15 100% 0.88 0.48 6.3 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Cadmium mg/kg 15 3 20% 0.055 NC 0.031 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Chromium (IL) mg/kg 15 15 100% 0.99 0.59 47 Adjusted Region 9 RSL No No IL - 95% UCL below HHSL 

Cobalt mg/kg 15 1 7% 1.1 NC 0.0094 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Copper mg/kg 15 15 100% 0.93 0.71 1.3 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Iron mg/kg 15 15 100% 12 9.1 22 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Lead (IL) mg/kg 15 1 7% 1.6 NC NA NA -- No IL – No benchmark available 

Manganese mg/kg 15 14 93% 2.3 0.95 4.4 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Mercury (IL) mg/kg 15 15 100% 0.099 0.070 0.0031 Adjusted Region 9 RSL Yes Yes IL - 95% UCL exceeds HHSL 

Nickel mg/kg 15 1 7% 2.6 NC 0.63 Adjusted Region 9 RSL Yes Yes Maximum exceeds HHSL 

Selenium mg/kg 15 15 100% 1.3 1.1 0.16 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Strontium mg/kg 15 15 100% 8.9 4.6 19 Adjusted Region 9 RSL No No 95% UCL below HHSL 

Tin mg/kg 15 15 100% 161 68 19 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Vanadium mg/kg 15 5 33% 0.22 0.21 0.16 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Zinc mg/kg 15 15 100% 18 13 9.4 Adjusted Region 9 RSL Yes Yes 95% UCL exceeds HHSL 

Inorganics 

Phosphorus mg/kg 15 15 100% 7960 4890 NA NA -- No Essential element and no benchmark available 
a Only constituents detected at least once in whitefish fillet samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown.  
b Where more than one 95% UCL is calculated using EPA ProUCL Version 4.00.04 software, the maximum recommended 95% UCL is used. 
c Minimum value among human health risk-based screening levels (Refer to Table 3-17). 
d When a 95% UCL could not be calculated due to low number of detections, the maximum detected value was compared to the screening level. 

-- = not applicable because no benchmark is available for comparison 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
EPA = U.S. Environmental Protection Agency 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
HHSL = human health screening level 

IL = inclusion list contaminant of potential concern 
NA = not available 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RSL = regional screening level 
SED = sediment 
SW = surface water 
UCL = upper confidence limit of the mean 
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Table 3-35.  Selection of Contaminants of Potential Concern in Fish Carcass:  Whitefish.  (2 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening 
Level Value c 

Screening Level Source 
Comparison 

Concentration 

Comparison 
Concentration 

> HHSL? d 

Retained 
as 

COPC? 
Rationale 

Pesticides/Polychlorinated Biphenyls 

DDD mg/kg 15 15 100% 0.18 0.11 0.0031 Adjusted Region 9 RSL 0.0056 Yes Yes Comparison concentration exceeds HHSL 

DDE mg/kg 15 15 100% 1.2 0.56 0.0022 Adjusted Region 9 RSL 0.028 Yes Yes Comparison concentration exceeds HHSL 

DDT mg/kg 15 9 60% 0.027 0.016 0.0022 Adjusted Region 9 RSL 0.00078 No No Comparison concentration below HHSL 

delta-HCH mg/kg 15 7 47% 0.029 0.019 0.00067 Adjusted Region 9 RSL 0.00094 Yes Yes Comparison concentration exceeds HHSL 

Dieldrin mg/kg 15 15 100% 0.051 0.032 0.000046 Adjusted Region 9 RSL 0.0016 Yes Yes Comparison concentration exceeds HHSL 

Endrin aldehyde mg/kg 15 6 40% 0.017 0.01 0.0094 Adjusted Region 9 RSL 0.0005 No No Comparison concentration below HHSL 

gamma-HCH (lindane) mg/kg 15 1 7% 0.019 NC 0.00067 Adjusted Region 9 RSL 0.00094 Yes Yes Comparison concentration exceeds HHSL 

Heptachlor mg/kg 15 2 13% 0.021 NC 0.00016 Adjusted Region 9 RSL 0.0010 Yes Yes Comparison concentration exceeds HHSL 

Total dioxin-like PCBs mg/kg 15 15 100% 3.5E-05 1.9E-05 5.7E-09 Adjusted Region 9 RSL 9.6E-07 Yes Yes Comparison concentration exceeds HHSL 

Total nondioxin PCBs mg/kg 15 15 100% 1.4 0.61 0.00037 Adjusted Region 9 RSL 0.030 Yes Yes Comparison concentration exceeds HHSL 

Metals 

Aluminum mg/kg 15 12 80% 7.7 5.1 31 Adjusted Region 9 RSL 0.26 No No Comparison concentration below HHSL 

Barium mg/kg 15 15 100% 3.3 1.7 6.3 Adjusted Region 9 RSL 0.085 No No Comparison concentration below HHSL 

Cadmium mg/kg 15 12 80% 0.089 0.066 0.031 Adjusted Region 9 RSL 0.0033 No No Comparison concentration below HHSL 

Chromium (IL) mg/kg 15 15 100% 0.95 0.69 47 Adjusted Region 9 RSL 0.035 No No IL - Comparison concentration below HHSL 

Copper mg/kg 15 3 20% 0.62 NC 1.3 Adjusted Region 9 RSL 0.031 No No Comparison concentration below HHSL 

Iron mg/kg 15 15 100% 23 19 22 Adjusted Region 9 RSL 0.95 No No Comparison concentration below HHSL 

Lithium mg/kg 15 2 13% 0.48 NC 0.063 Adjusted Region 9 RSL 0.024 No No Comparison concentration below HHSL 

Manganese mg/kg 15 14 93% 7.4 4.1 4.4 Adjusted Region 9 RSL 0.20 No No Comparison concentration below HHSL 

Mercury (IL) mg/kg 15 15 100% 0.076 0.052 0.0031 Adjusted Region 9 RSL 0.0026 No No IL - Comparison concentration below HHSL 

Selenium mg/kg 15 15 100% 1.6 1.4 0.16 Adjusted Region 9 RSL 0.068 No No Comparison concentration below HHSL 

Strontium mg/kg 15 15 100% 40 20 19 Adjusted Region 9 RSL 0.99 No No Comparison concentration below HHSL 

Tin mg/kg 15 14 93% 38 20 19 Adjusted Region 9 RSL 0.98 No No Comparison concentration below HHSL 

Vanadium mg/kg 15 13 87% 0.63 0.39 0.16 Adjusted Region 9 RSL 0.019 No No Comparison concentration below HHSL 

Zinc mg/kg 15 15 100% 34 26 9.4 Adjusted Region 9 RSL 1.3 No No Comparison concentration below HHSL 

Inorganics 

Phosphorus mg/kg 15 15 100% 25600 13219 NA NA 661 -- No Essential element and no benchmark available 
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Table 3-35.  Selection of Contaminants of Potential Concern in Fish Carcass:  Whitefish.  (2 Pages) 

Constituent Name a Units 

Summary Statistics Human Health Screening Level Comparison COPC Selection 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Maximum 
Detected 

Concentration 
95% UCL b 

Screening 
Level Value c 

Screening Level Source 
Comparison 

Concentration 

Comparison 
Concentration 

> HHSL? d 

Retained 
as 

COPC? 
Rationale 

Radionuclides 

Carbon-14 (IL) pCi/g 15 2 13% 141 NC 0.2 Adjusted Region 9 RSL 7.1 Yes Yes IL - Comparison concentration exceeds HHSL 

Plutonium-239/240 (IL) pCi/g 15 1 7% 0.031 NC 0.0023 Adjusted Region 9 RSL 0.0016 No No IL - Comparison concentration below HHSL 

Tritium (IL) pCi/g 15 1 7% 6.6 NC 2.8 Adjusted Region 9 RSL 0.33 No No IL - Comparison concentration below HHSL 
a Only constituents detected at least once in whitefish Carcass samples from 100 Area, 300 Area, and Lake Wallula Sub-Areas and that are not on the exclusion list are shown.  
b Where more than one 95% UCL is calculated using EPA ProUCL Version 4.00.04 software, the maximum recommended 95% UCL is used. 
c Minimum value among human health risk-based screening levels (Refer to Table 3-17). 
d When a 95% UCL could not be calculated due to low number of detections, the maximum detected value was compared to the screening level. 

Comparison Concentration = 5% of the 95% UCL or 5% of the maximum detected value if a 95% UCL could not be calculated 

-- = not applicable because no benchmark is available for comparison 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
EPA = U.S. Environmental Protection Agency 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 

IL = inclusion list contaminant of potential concern 
NA = not available 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RSL = regional screening level 
SED = sediment 
SW = surface water 
UCL = upper confidence limit of the mean 
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Table 3-36.  Summary of the Contaminants of Potential Concern – 
Environmental Medium.  (2 Pages)  

Contaminant of  
Potential Concern  

Environmental Medium 

Surface Water Sediment Island Soil 
Fish Tissue 
(All Species) 

Volatile Organic Compounds 
1,1,2-Trichloroethane X NCC NCC NCC 
1,2-Dichloroethane X NCC NCC NCC 
Chloroform X NCC NCC NCC 

Semi-Volatile Organic Compounds 
Bis(2-ethylhexyl) phthalate X NCC NCC NCC 
TPH – diesel-range X NCC NCC NCC 
TPH – motor oil (high boiling) X NCC NCC NCC 

Pesticides/Polychlorinated Biphenyls 
beta-HCH NCC NCC NCC X 
delta-HCH NCC NCC NCC X 
DDD NCC NCC NCC X 
DDE NCC NCC NCC X 
DDT NCC NCC NCC X 
Dieldrin NCC NCC NCC X 
gamma-HCH (lindane) NCC NCC NCC X 
Heptachlor NCC NCC NCC X 
Heptachlor epoxide NCC NCC NCC X 
Total dioxin-like PCBs NCC NCC NCC X 
Total nondioxin PCBs X NCC NCC X 

Metals/Inorganics 
Aluminum NCC X X NCC 
Arsenic X X X X 
Cadmium NCC NCC NCC X 
Chromium X X X NCC 
Cobalt NCC X X X 
Fluoride X NCC NCC NCC 
Hexavalent chromium X X NCC NCC 
Iron NCC X X NCC 
Lithium X NCC NCC X 
Manganese NCC X X NCC 
Mercury NCC NCC NCC X 
Selenium NCC NCC NCC X 
Thallium X X X NCC 
Uranium NCC X NCC X 
Vanadium NCC X X X 
Zinc NCC NCC NCC X 

Radionuclides 
Carbon-14 NCC X X X 
Cesium-137 X X X NCC 
Cobalt-60 NCC X X NCC 
Europium-152 NCC X X NCC 
Europium-154 NCC X NCC NCC 
Plutonium-239/240 X NCC NCC NCC 
Strontium-90 NCC NCC X NCC 
Technetium-99 NCC X NCC NCC 
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Table 3-36.  Summary of the Contaminants of Potential Concern – 
Environmental Medium.  (2 Pages)  

Contaminant of  
Potential Concern  

Environmental Medium 

Surface Water Sediment Island Soil 
Fish Tissue 
(All Species) 

Tritium NCC X NCC NCC 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 

NCC = not a contaminant of concern in the indicated medium 
PCB = polychlorinated biphenyl 
TPH = total petroleum hydrocarbons 
X = contaminant of potential concern for the indicated medium 

 
 

Table 3-37.  Summary of the Contaminants of Potential Concern for  
Individual Fish Species. 

Contaminant of  
Potential Concern 

Fish Species a 
Bass Carp Sturgeon Sucker Walleye Whitefish 

Pesticides/Polychlorinated Biphenyls 
Aldrin NCC NCC X NCC NCC NCC 
alpha-Chlordane NCC NCC NCC NCC X X 
alpha-HCH NCC NCC NCC NCC X X 
beta-HCH X X X X X NCC 
delta-HCH NCC X X X NCC X 
DDD X X X X X X 
DDE X X X X X X 
DDT NCC X X X X NCC 
Dieldrin NCC NCC X NCC NCC X 
Endrin NCC NCC NCC X NCC NCC 
Endrin aldehyde NCC NCC NCC NCC NCC X 
gamma-HCH (lindane) X NCC X NCC X X 
Heptachlor NCC X X NCC X X 
Total dioxin-like PCBs X X X X X X 
Total nondioxin PCBs X X X X X X 

Metals 
Antimony NCC NCC NCC NCC NCC X 
Arsenic (total inorganic) X X X X X NCC 
Cadmium X X X X X X 
Cobalt X X X NCC X X 
Lithium NCC X X NCC X NCC 
Mercury X X X X X X 
Nickel NCC NCC NCC NCC NCC X 
Selenium X X X X X X 
Tin NCC X NCC NCC NCC X 
Uranium X X NCC NCC NCC NCC 
Vanadium X X X NCC X X 
Zinc X X NCC X NCC X 

Radionuclides
Carbon-14 NCC X NCC X NCC X 
a = Based on fillet and carcass tissue types 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 

HCH = hexachlorocyclohexane  

NCC = not a contaminant of concern in the indicated medium 
PCB = polychlorinated biphenyl 
X = contaminant of potential concern for the indicated medium 
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Table 3-38.  Summary of Other Contributing Influences  
Specific to Each Sub-Area.   

Reference Areas (OCIs) 
Hanford Reach  

100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area 
Upriver X X X 
Saddle Mountain Wasteway a X X X 
WB-10 Wasteway X X X 
WB-5 Wasteway   X X 
Ringold Springs Wasteway   X X 
PE 16.4 Wasteway   X X 
Potholes Canal Wasteway   X X 
Esquatzel Coulee Wasteway   X X 
Yakima River     X 
Snake River     X 
Walla Walla River     X 
a No samples were collected from the Saddle Mountain Wasteway when it was found to be inactive during a field visit. 

OCI = other contributing influences 

 
 

Table 3-39.  Upriver Other Contributing Influences Sampling  
Locations for all Media.  (4 Pages) 

Upriver Sub-Area 

River Mile 
Other Contributing Influences Sample Designation a 

Sediment Surface Water Soil Fish Tissue 

388 

HL 874 HL 1038 -- -- 
HL 474 HL 1078 -- -- 
HL 520 HL 1276 -- -- 

-- HL 1383 -- -- 
-- HL 141 -- -- 
-- HL 1420 -- -- 
-- HL 1439 -- -- 
-- HL 1450 -- -- 
-- HL 1509 -- -- 
-- HL 1561 -- -- 
-- HL 1584 -- -- 
-- HL 1638 -- -- 
-- HL 1680 -- -- 
-- HL 1702 -- -- 
-- HL 1767 -- -- 
-- HL 178 -- -- 
-- HL 1804 -- -- 
-- HL 1923 -- -- 
-- HL 1984 -- -- 
-- HL 2052 -- -- 
-- HL 2092 -- -- 
-- HL 2110 -- -- 
-- HL 231 -- -- 
-- HL 419 -- -- 
-- HL 436 -- -- 
-- HL 453 -- -- 
-- HL 492 -- -- 
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Table 3-39.  Upriver Other Contributing Influences Sampling  
Locations for all Media.  (4 Pages) 

Upriver Sub-Area 

River Mile 
Other Contributing Influences Sample Designation a 

Sediment Surface Water Soil Fish Tissue 

388 

-- HL 537 -- -- 
-- HL 574 -- -- 
-- HL 603 -- -- 
-- HL 879 -- -- 
-- HL 934 -- -- 

391 HL 1056 -- -- -- 
392 SH-2SSD -- -- -- 

393 
-- PRD-3SW-F -- -- 
-- PRD-3SW-S -- -- 

395 
SH-3SSD PRD-4SW-F -- -- 

-- PRD-4SW-S -- -- 
397 HL 385 HL 1706 -- -- 

398 

PRD-10SD PRD-2SW-F -- -- 
PRD-11SD PRD-2SW-S -- -- 
PRD-12SD HL 165 -- -- 
PRD-13SD -- -- -- 
PRD-14SD -- -- -- 
PRD-15SD -- -- -- 
PRD-16SD -- -- -- 
PRD-17SD -- -- -- 
PRD-18SD -- -- -- 

PRD-18SD-1 -- -- -- 
PRD-1SD -- -- -- 
PRD-2SD -- -- -- 
PRD-3SD -- -- -- 
PRD-4SD -- -- -- 
PRD-5SD -- -- -- 
PRD-6SD -- -- -- 
PRD-7SD -- -- -- 
PRD-8SD -- -- -- 
PRD-9SD -- -- -- 

PRDC-1SD -- -- -- 
PRDC-2SD -- -- -- 

HL 1051 -- -- -- 
HL 1286 -- -- -- 
HL 1324 -- -- -- 
HL 1455 -- -- -- 
HL 1641 -- -- -- 
HL 1813 -- -- -- 
HL 1914 -- -- -- 
HL 1922 -- -- -- 
HL 1956 -- -- -- 
HL 243 -- -- -- 
HL 339 -- -- -- 
HL 424 -- -- -- 
HL 48 -- -- -- 
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Table 3-39.  Upriver Other Contributing Influences Sampling  
Locations for all Media.  (4 Pages) 

Upriver Sub-Area 

River Mile 
Other Contributing Influences Sample Designation a 

Sediment Surface Water Soil Fish Tissue 

398 

HL 587 -- -- -- 
HL 805 -- -- -- 
HL 88 -- -- -- 

HL 916 -- -- -- 
HL 919 -- -- -- 
HL 925 -- -- -- 
HL 991 -- -- -- 

399 
HL 1169 -- -- -- 
HL 2041 -- -- -- 
HL 212 -- -- -- 

400 HL 1452 -- -- -- 

401 
-- PRD-1SW-F -- -- 
-- PRD-1SW-S -- -- 

403 HL 786 -- -- -- 
411 HL 602 -- -- -- 
415 HL 563 -- -- -- 

417 
WP-9SSD WP-1SW-F -- -- 

-- WP-1SW-S -- -- 

417 
-- WP-2SW-F -- -- 
-- WP-2SW-S -- -- 

418 

WP-5SD -- -- -- 
WP-6SD -- -- -- 

WP-6SSD -- -- -- 
WP-7SSD -- -- -- 
WP-8SSD -- -- -- 

HL 883 -- -- -- 

419 

WP-1SSD -- WP-10S -- 
WP-2SSD -- WP-1S -- 
WP-3SD -- WP-2S -- 

WP-3SSD -- WP-3S -- 
WP-4SD -- WP-4S -- 

WP-4SSD -- WP-5S -- 
HL 1579 -- WP-6S -- 

-- -- WP-7S -- 
-- -- WP-8S -- 
-- -- WP-9S -- 

420 
WP-1SD HL 2170 -- -- 

WP-2SD -- -- -- 
HL 2170 -- -- -- 

NA NA NA NA UPRIVER SA-WAL 
1 through 5 

NA NA NA NA URSA-BASS 
1 through 5 

NA NA NA NA URSA-CARP  
1 through 4 
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Table 3-39.  Upriver Other Contributing Influences Sampling  
Locations for all Media.  (4 Pages) 

Upriver Sub-Area 

River Mile 
Other Contributing Influences Sample Designation a 

Sediment Surface Water Soil Fish Tissue 

NA NA NA NA URSA-SUCKER  
1 through 5 

NA NA NA NA UPRIVERSA-WF 
1 through 5 

NA NA NA NA STURGEON  
26 through 30 

a For data prior to 2008, a unique identification with the prefix “HL” was assigned to each sample since no sample 
designation is available. 

--  = not applicable 
HL = historical location 
NA = not available 

 
 

Table 3-40.  100 Area Other Contributing Influences Sampling  
Location for Sediment and Surface Water. 

100 Area Sub-Area 

River Mile 
Other Contributing Influences Sample Designation a, b 

Sediment Surface Water 

370 

WBT-11SD WBT-1SW-F 

WBT-12SD WBT-1SW-S 

WBT-13SD -- 

HL 13 -- 
a For data prior to 2008, a unique identification with the prefix “HL”’ was assigned to each sample since no sample 

designation is available. 
b All 100 Area Sub-Area other contributing influences samples are from Wasteway/Irrigation Returns. 

--  = not applicable 
HL = historical location 
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Table 3-41.  300 Area Other Contributing Influences Sampling  
Location for Sediment and Surface Water.   

300 Area Sub-Area 

River Mile 
Other Contributing Influences Sample Designation a 

Sediment Surface Water 

343 

EC-1SD EC-1SW-F 
EC-2SD EC-1SW-S 
EC-3SD -- 
HL 65 -- 

344 

-- HL 1175 
-- HL 1243 
-- HL 1495 
-- HL 1677 
-- HL 1877 
-- HL 357 
-- HL 397 
-- HL 452 

345 

PC-1SSD PC-1SW-F 
PC-2SSD PC-1SW-S 
PC-3SSD -- 
HL 2109 -- 

354 

PE-1SD PE-1SW-S 
PE-2SD -- 
PE-3SD -- 
HL 172 -- 

355 
RG-11SSD PE-1SW-F 
RG-12SSD RG-1SW-F 

-- RG-1SW-S 

356 
WBW-1SD WBW-1SW-F 
WBW-2SD WBW-1SW-S 
WBW-3SD -- 

a For data prior to 2008, a unique identification with the prefix “HL” was assigned to each sample since no sample designation 
is available. 

--  = not applicable 
HL = historical location 
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Table 3-42.  Lake Wallula Other Contributing Influences Sampling  

Location for Sediment and Surface Water.  (2 Pages) 

Lake Wallula Sub-Area 

River Mile 
Other Contributing Influences Sample Designation a 

Sediment Surface Water 

312 
HL 1752 HL 701 
HL 2112 HL 1198 
HL 359 -- 

315 

WR-1SD WR-1SW-F 
WR-2SD WR-1SW-S 
WR-3SD HL 1320 
WR-4SD HL 1644 
WR-5SD -- 
HL 1644 -- 
HL 56 -- 

322 HL 349 -- 

323 

HL 1149 -- 
HL 1934 -- 
HL 2002 -- 
HL 109 -- 
HL 1156 -- 
HL 1433 -- 
HL 1630 -- 
HL 1658 -- 
HL 1848 -- 
HL 1954 -- 
HL 2175 -- 
HL 256 -- 
HL 694 -- 
HL 789 -- 
HL 918 -- 

324 
HL 1839 SR-1SW-F 

-- SR-1SW-S 

325 

SR-1SD HL 214 
SR-1SD-RES -- 

SR-2SD -- 
SR-2SD-RES -- 

SR-3SD -- 
SR-3SD-RES -- 

SR-4SD -- 

325 

SR-4SD-RES -- 
SR-5SD -- 

SR-5SD-RES -- 
HL 1975 -- 

334 HL 124 -- 

335 

YRC1-1SD -- 
YRC1-2SD -- 
YRC2-1SD -- 
YRC2-2SD -- 

HL 1503 -- 
HL 317 -- 

336 
HL 1257 HL 2117 
HL 1571 HL 628 

336 HL 1990 -- 
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Table 3-42.  Lake Wallula Other Contributing Influences Sampling  
Location for Sediment and Surface Water.  (2 Pages) 

Lake Wallula Sub-Area 

River Mile 
Other Contributing Influences Sample Designation a 

Sediment Surface Water 

337 

CR-1SD YR-1SW-F 
YR-3SD YR-1SW-S 
YR-4SD -- 
YR-5SD -- 

338 

-- HL 1287 
-- HL 1538 
-- HL 1950 
-- HL 350 
-- HL 402 

339 -- HL 2057 
a For data prior to 2008, a unique identification with the prefix “HL” was assigned to each sample since no sample designation 

is available. 

--  = not applicable 
HL = historical location 
OCI = other contributing influences  
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Table 3-43.  Reference Data Set:  Summary of Analytical Results for Sediment Samples.   

Constituent Name a, b Units 

Summary Statistics 

Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Minimum Detected 
Concentration 

Mean 
Concentration c 

Maximum Detected 
Concentration 

Location of Maximum:  
Sample Number 

Location of Maximum:  
Sample Location 

Location of Maximum:  
Sub-Area 

Location of Maximum:   
OCI Designation 

Metals 
Aluminum mg/kg 79 79 100% 3890 13300 70500 J18X14 Snake River Lake Wallula Major tributary 

Arsenic mg/kg 127 115 91% 2.36 5.98 15.1 B16WX2 Walla Walla River Lake Wallula Major tributary 

Chromium mg/kg 127 127 100% 6.13 30.2 93 HL 1839 Snake River Lake Wallula Major tributary 

Cobalt mg/kg 77 77 100% 3.47 7.56 15 J186C3 Wanapum Pool Upriver Upriver 

Hexavalent chromium mg/kg 39 5 13% 0.401 0.44 0.958 J18171 Snake River Lake Wallula Major tributary 

Iron mg/kg 77 77 100% 11800 22800 40000 J186C3 Wanapum Pool Upriver Upriver 

Manganese mg/kg 79 79 100% 154 380 1230 J18047 Esquatzel Coulee 300 Area Wasteway/irrigation return 

Thallium mg/kg 101 28 28% 0.208 0.468 1.88 B16WX1 Yakima River Lake Wallula Major tributary 

Uranium mg/kg 83 6 7% 1.05 2.52 5.61 B16WX1 Yakima River Lake Wallula Major tributary 

Vanadium mg/kg 77 77 100% 24.5 56 104 J186C3 Wanapum Pool Upriver Upriver 

Radionuclides 
Carbon-14 pCi/g 60 1 2% 7.92 7.92 7.92 J17VD1 Priest Rapids Upriver Upriver 

Cesium-137 pCi/g 96 81 84% 0.0244 0.225 0.649 J180N0 Yakima River Lake Wallula Major tributary 

Cobalt-60 pCi/g 96 1 1% 0.009 0.009 0.009 HL 48 Priest Rapids Upriver Upriver 

Plutonium-239/240 pCi/g 95 35 37% 0.00227 0.00666 0.0676 B1B7T7 Snake River Lake Wallula Major tributary 

Strontium-90 pCi/g 96 15 16% 0.009 0.0409 0.894 HL 48 Priest Rapids Upriver Upriver 

Uranium-233/234 pCi/g 60 59 98% 0.308 0.81 1.94 J186C3 Wanapum Pool Upriver Upriver 

Uranium-234 pCi/g 33 33 100% 0.0508 0.8 1.91 B103W2 Wanapum Dam Upriver Upriver 

Uranium-235 pCi/g 93 33 35% 0.0101 0.0197 0.0673 B11JC8 Vernita Bridge Upriver Upriver 

Uranium-238 pCi/g 93 89 96% 0.0533 0.712 1.48 B103W2 Wanapum Dam Upriver Upriver 
a Summary statistics are based on analytical results from sampling events conducted between 2000-2010 and reflects sample depths of 0 to 1 ft. 
b Only Study Area-related contaminants of potential concern detected at least once in samples from Reference locations are shown.  
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

OCI = other contributing influences 
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Table 3-44.  Reference Data Set:  Summary of Analytical Results for Island Soil Samples. 

Summary Statistics 

Constituent Name a, b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Minimum Detected 
Concentration 

Mean 
Concentration c 

Maximum Detected 
Concentration 

Location of Maximum:  
Sample Number 

Location of Maximum:  
Sample Location 

Location of Maximum:  
Sub-Area 

Metals 
Aluminum mg/kg 10 10 100% 6410 11100 14700 J189X3 Wanapum Pool Upriver 

Arsenic mg/kg 10 10 100% 1.25 2.86 6.06 J189X3 Wanapum Pool Upriver 

Chromium mg/kg 10 10 100% 6.88 12.2 19.2 J189X3 Wanapum Pool Upriver 

Cobalt mg/kg 10 10 100% 5.52 7 7.92 J189X3 Wanapum Pool Upriver 

Iron mg/kg 10 10 100% 18500 24200 27700 J189X4 Wanapum Pool Upriver 

Manganese mg/kg 10 10 100% 300 436 594 J189X3 Wanapum Pool Upriver 

Vanadium mg/kg 10 10 100% 48.7 62 70.4 J189X5 Wanapum Pool Upriver 

Radionuclides 
Cesium-137 pCi/g 10 10 100% 0.102 0.305 0.84 J189X9 Wanapum Pool Upriver 

Strontium-90 pCi/g 10 1 10% 0.337 0.337 0.337 J189X1 Wanapum Pool Upriver 

NOTE:  Reference island is located along right side of river at RM 419 just south of the I-84 bridge. 

a Summary statistics are based on analytical results from sampling events conducted between 2000-2010 and reflects sample depths of 0 to 1 ft. 
b Only Study Area-related contaminants of potential concern detected at least once in samples from Reference locations are shown.  
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 
 

 
  

Exhibit 12d



 DOE/RL-2010-117 

Data Evaluation Rev. 0 

 
 

 
Columbia River Component Risk Assessment 
Volume II, Part 2:  Baseline Human Health Risk Assessment 
September 2012 3-75 

 
Table 3-45.  Reference Data Set:  Summary of Analytical Results for Surface Water Samples. 

Summary Statistics 

Constituent Name a, b 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Minimum Detected 
Concentration 

Mean 
Concentration c 

Maximum Detected 
Concentration 

Location of Maximum:  
Sample Number 

Location of Maximum:  
Sample Location 

Location of Maximum:  
Sub-Area 

Location of Maximum:  
OCI Designation 

Semivolatile Organic Compounds 
Bis(2-ethylhexyl) phthalate 30 3 10% 0.0006 0.00115 0.001 J17K50 / J17K54 WB-10 Wasteway 100/300 Area Wasteway/irrigation return 

TPH – motor oil (high boiling point) 21 1 5% 0.151 0.151 0.151 J18P17 WB-5 Wasteway 300 Area Wasteway/irrigation return 

Pesticides/Polychlorinated Biphenyl 
Total nondioxin PCBs 4 4 100% 0.00000049 0.00000084 0.0000011 J17RY9 Priest Rapids Pool Upriver Upriver 

Metals 
Arsenic 58 36 62% 0.000509 0.00216 0.0084 J17K52 Ringold Irrigation Return 300 Area Wasteway/irrigation return 

Chromium 59 25 42% 0.0000675 0.000581 0.00384 B1KHX8 Outfall 13 300 Area Wasteway/irrigation return 

Hexavalent chromium 30 4 13% 0.007 0.0077 0.02 J18P34 Yakima River Lake Wallula Major tributary 

Lithium 30 16 53% 0.0016 0.00745 0.0193 J18P20 Ringold Irrigation Return 300 Area Wasteway/irrigation return 

Thallium 52 11 21% 0.00000678 0.0000111 0.0000155 B1KH80 Vernita Bridge Upriver Upriver 

Inorganics 
Fluoride 66 53 80% 0.014 0.106 0.39 J18NT7 WB-10 Wasteway 100 Area Wasteway/irrigation return 

Radionuclides 
Plutonium-239/240 30 1 3% 0.234 0.234 0.234 J17K51 WB-5 Wasteway 300 Area Wasteway/irrigation return 
a Summary statistics are based on analytical results from sampling events conducted between 2000-2010.  Units are in mg/L. Radionuclide units are in pCi/L. 
b Only Study Area-related contaminants of potential concern detected at least once in samples from Reference locations are shown.  
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

OCI = other contributing influences 
PCB = polychlorinated biphenyl 
TPH = total petroleum hydrocarbons 
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Table 3-46.  Reference Data Set:  Summary of Analytical Results for Fish Fillet Samples.  

Summary Statistics 

Constituent Name a, b Units 
Number 
Analyzed 

Number 
Detected 

Frequency of 
Detection 

Minimum Detected 
Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum:  

Sample Number 

Location of 
Maximum:  
Sub-Area 

Pesticides/Polychlorinated Biphenyls 

beta-HCH mg/kg 30 12 40% 0.0077 0.108 1.87 J19033 Upriver 
delta-HCH mg/kg 30 1 3% 0.0115 0.0115 0.0115 J18J07 Upriver 
DDD mg/kg 30 28 93% 0.002 0.0759 0.243 J19238 Upriver 
DDE mg/kg 30 30 100% 0.009 0.248 1.19 J19238 Upriver 
DDT mg/kg 30 2 7% 0.00917 0.00928 0.0115 J18J06 Upriver 
Dieldrin mg/kg 30 4 13% 0.00992 0.0109 0.0264 J18J10 Upriver 
gamma-HCH (lindane) mg/kg 30 4 13% 0.0115 0.0159 0.0753 J18WX8 Upriver 
Heptachlor mg/kg 30 1 3% 0.123 0.123 0.123 J19641 Upriver 
Total dioxin-like PCBs mg/kg 29 29 100% 1.6E-07 1.5E-05 2.1E-04 J18J13 Upriver 
Total nondioxin PCBs mg/kg 29 29 100% 0.030 0.25 3.3 J19035 Upriver 

Metals 

Arsenic (total inorganic) mg/kg 29 2 7% 0.00312 0.0032 0.00545 J190T3 Upriver 
Cadmium mg/kg 30 3 10% 0.034 0.055 0.085 J190R4 Upriver 
Cobalt mg/kg 30 5 17% 0.692 0.943 2.77 J19237 Upriver 
Lithium mg/kg 30 9 30% 0.371 0.539 0.869 J19641 Upriver 
Mercury mg/kg 32 31 97% 0.0134 0.113 0.721 J19628 Upriver 
Selenium mg/kg 30 30 100% 0.554 0.873 1.6 J190R2 Upriver 
Tin mg/kg 30 15 50% 5.14 8.38 27.4 J18J08 Upriver 
Vanadium mg/kg 30 14 47% 0.175 0.299 0.399 J19033 Upriver 
Zinc mg/kg 30 29 97% 3.62 12.9 33.9 J19651 Upriver 
a Summary statistics are based on analytical results from sampling events conducted between 2009-2010 and for all fish species. 
b Only Study Area-related contaminants of potential concern detected at least once in samples from Reference locations are shown. 
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 
PCB = polychlorinated biphenyl 
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Table 3-47.  Reference Data Set:  Summary of Analytical Results for Fish Carcass Samples.  

Summary Statistics 

Constituent Name a, b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of 

Detection 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum:  

Sample 
Number 

Location of 
Maximum:  
Sub-Area 

Pesticides/Polychlorinated Biphenyls 

beta-HCH mg/kg 28 8 29% 0.00957 0.022 0.13 J18J69 Upriver 

DDD mg/kg 28 25 89% 0.002 0.131 0.596 J19669 Upriver 

DDE mg/kg 28 28 100% 0.011 0.537 1.51 J19669 Upriver 

Dieldrin mg/kg 28 5 18% 0.00992 0.0147 0.0645 J18J72 Upriver 

gamma-HCH (lindane) mg/kg 28 2 7% 0.0109 0.0110 0.0125 J18WX9 Upriver 

Heptachlor mg/kg 28 2 7% 0.133 0.13 0.15 J19652 Upriver 

Total dioxin-like PCBs mg/kg 29 29 100% 8.3E-07 2.1E-05 3.0E-04 J18J76 Upriver 

Total nondioxin PCBs mg/kg 29 29 100% 0.12 0.45 5.0 J190W1 Upriver 

Metals 

Cobalt mg/kg 28 6 21% 0.749 0.986 1.67 J19621 Upriver 

Mercury mg/kg 30 29 97% 0.00846 0.0739 0.377 J19629 Upriver 

Uranium mg/kg 28 1 4% 2.35 2.35 2.35 J19056 Upriver 
a Summary statistics are based on analytical results from sampling events conducted between 2009-2010 and for all fish species. 
b Only Study Area-related contaminants of potential concern detected at least once in samples from Reference locations are shown. 
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 
PCB = polychlorinated biphenyl 
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Table 3-48.  Reference Data Set:  Summary of Analytical Results for Fish Liver and/or Kidney Samples. 

Summary Statistics 

Constituent Name a, b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum:  

Sample 
Number 

Location of 
Maximum:  
Sub-Area 

Pesticides/Polychlorinated Biphenyls 

beta-HCH mg/kg 12 7 58% 0.0126 0.0269 0.0819 J190V1 Upriver 

delta-HCH mg/kg 9 4 44% 0.00957 0.0116 0.0183 J18J63 Upriver 

DDD mg/kg 33 33 100% 0.0148 0.143 0.372 J18J61 Upriver 

DDE mg/kg 35 35 100% 0.0512 0.364 1.36 J19051 Upriver 

DDT mg/kg 15 12 80% 0.0147 0.480 2.77 J19603 Upriver 

Dieldrin mg/kg 6 1 17% 0.013 0.013 0.013 J18J61 Upriver 

gamma-HCH (lindane) mg/kg 7 1 14% 0.00806 0.00806 0.00806 J18J59 Upriver 

Heptachlor mg/kg 7 1 14% 0.0178 0.0178 0.0178 J19049 Upriver 

Heptachlor epoxide mg/kg 7 1 14% 0.00957 0.00957 0.00957 J18J61 Upriver 

Total dioxin-like PCBs mg/kg 4 4 100% 3.8E-07 4.6E-06 1.7E-05 J19626 Upriver 

Total nondioxin PCBs mg/kg 4 4 100% 0.18 0.28 0.52 J19647 Upriver 

Metals 

Arsenic mg/kg 38 2 0% 0.266 0.414 0.562 J18J61 Upriver 

Cadmium mg/kg 38 38 100% 0.092 1.71 12.7 J18WX1 Upriver 

Mercury mg/kg 38 38 100% 0.013 0.0636 0.329 J19644 Upriver 
a Summary statistics are based on analytical results from sampling events conducted between 2009-2010 and for all fish species. 
b Only Study Area-related contaminants of potential concern detected at least once in samples from Reference locations are shown. 
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 
PCB = polychlorinated biphenyl 
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Table 3-49.  Reference Data Set:  Summary of Analytical Results for Bass Fillet Samples. 

Summary Statistics 

Constituent Name a, b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum:  

Sample 
Number 

Location of 
Maximum:  
Sub-Area 

Pesticides/Polychlorinated Biphenyls 
DDD mg/kg 5 3 60% 0.00813 0.00844 0.00913 J19031 Upriver 

DDE mg/kg 5 5 100% 0.0154 0.0347 0.0607 J19030 Upriver 

Total dioxin-like PCBs mg/kg 5 5 100% 1.5E-06 2.7E-06 3.6E-06 J19034 Upriver 

Total nondioxin PCBs mg/kg 5 5 100% 0.030 0.062 0.11 J19034 Upriver 

Metals 
Mercury mg/kg 5 5 100% 0.038 0.0778 0.122 J19030 Upriver 

Selenium mg/kg 5 5 100% 0.804 1 1.14 J19031 Upriver 

Vanadium mg/kg 5 3 60% 0.175 0.223 0.263 J19031 Upriver 

Zinc mg/kg 5 5 100% 7.95 11 15.2 J19031 Upriver 
a Summary statistics are based on analytical results from sampling events conducted between 2009-2010 and for all fish species. 
b Only Study Area-related contaminants of potential concern detected at least once in fillet samples from Reference locations are shown.  
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
PCB = polychlorinated biphenyl 

 
  

Exhibit 12d



 

 

 C
olum

bia R
iver C

om
ponent R

isk A
ssessm

ent 
V

olum
e II, P

art  2:  B
aseline H

um
an H

ealth R
isk A

ssessm
ent 

Septem
ber 2012 

3-81 

 
D

O
E

/R
L

-2010-117 

D
ata E

valu
ation

 
R

ev. 0 

 
Table 3-50.  Reference Data Set:  Summary of Analytical Results for Bass Carcass Samples. 

Summary Statistics 

Constituent Name a, b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of 

Detection 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum:  

Sample Number 

Location of 
Maximum:  
Sub-Area 

Pesticides/PCBs 
beta-HCH mg/kg 5 1 20% 0.0396 0.0396 0.0396 J19052 Upriver 

DDD mg/kg 5 5 100% 0.0224 0.0312 0.0413 J19054 Upriver 

DDE mg/kg 5 5 100% 0.133 0.2 0.346 J19054 Upriver 

Total dioxin-like PCBs mg/kg 5 5 100% 8.8E-06 1.4E-05 1.9E-05 J19060 Upriver 

Total nondioxin PCBs mg/kg 5 5 100% 0.22 0.28 0.39 J19060 Upriver 

Metals 
Cobalt mg/kg 5 1 20% 0.79 0.79 0.79 J19052 Upriver 

Mercury mg/kg 5 5 100% 0.035 0.0662 0.103 J19055 Upriver 
Uranium mg/kg 5 1 20% 2.35 2.35 2.35 J19056 Upriver 

a Summary statistics are based on analytical results from sampling events conducted between 2009-2010 and for all fish species. 
b Only Study Area-related contaminants of potential concern detected at least once in fillet samples from Reference locations are shown.  
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
PCB = polychlorinated biphenyl 
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Table 3-51.  Reference Data Set:  Summary of Analytical Results for Carp Fillet Samples. 

Summary Statistics 

Constituent Name a, b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum:  

Sample 
Number 

Location 
of 

Maximum:  
Sub-Area 

Pesticides/Polychlorinated Biphenyls 
DDD mg/kg 4 4 100% 0.002 0.0615 0.148 J19236 Upriver 

DDE mg/kg 4 4 100% 0.009 0.416 1.19 J19236 Upriver 

Total dioxin-like PCBs mg/kg 4 4 100% 4.8E-06 9.9E-06 1.6E-05 J19241 Upriver 

Total nondioxin PCBs mg/kg 4 4 100% 0.15 0.24 0.42 J19241 Upriver 

Metals 
Arsenic (total inorganic) mg/kg 4 1 25% 0.00545 0.00545 0.00545 J19247 Upriver 

Cadmium mg/kg 4 2 50% 0.046 0.655 0.085 J19236 Upriver 

Cobalt mg/kg 4 1 25% 0.692 0.692 0.692 J19237 Upriver 

Lithium mg/kg 4 2 50% 0.673 0.771 0.869 J19237 Upriver 

Mercury mg/kg 4 4 100% 0.07 0.0923 0.13 J19236 Upriver 

Selenium mg/kg 4 4 100% 0.725 0.884 1.26 J19238 Upriver 

Tin mg/kg 4 3 75% 8.62 12.9 18.6 J19237 Upriver 

Vanadium mg/kg 4 2 50% 0.268 0.273 0.277 J19236 Upriver 

Zinc mg/kg 4 4 100% 21.8 27 33.9 J19236 Upriver 
a Summary statistics are based on analytical results from sampling events conducted between 2009-2010 and for all fish species. 
b Only Study Area-related contaminants of potential concern detected at least once in fillet samples from Reference locations are shown.  
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
PCB = polychlorinated biphenyl 
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Table 3-52.  Reference Data Set:  Summary of Analytical Results for Carp Carcass Samples. 

Summary Statistics 

Constituent Name a, b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of 

Detection 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum:      

Sample 
Number 

Location of 
Maximum:    
Sub-Area 

Pesticides/Polychlorinated Biphenyls 
beta-HCH mg/kg 4 2 50% 0.0523 0.0606 0.0855 J19668 Upriver 

DDD mg/kg 4 4 100% 0.002 0.0901 0.144 J19667 Upriver 

DDE mg/kg 4 4 100% 0.011 0.527 1.02 J19667 Upriver 

Total dioxin-like PCBs mg/kg 4 4 100% 8.6E-06 1.3E-05 1.9E-05 J19672 Upriver 

Total nondioxin PCBs mg/kg 4 4 100% 0.21 0.29 0.47 J19672 Upriver 

Metals 
Mercury mg/kg 4 4 100% 0.04 0.0563 0.07 J19667 Upriver 

a Summary statistics are based on analytical results from sampling events conducted between 2009-2010 and for all fish species. 
b Only Study Area-related contaminants of potential concern detected at least once in fillet samples from Reference locations are shown.  
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
PCB = polychlorinated biphenyl 
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Table 3-53.  Reference Data Set:  Summary of Analytical Results for Sturgeon Fillet Samples. 

Summary Statistics 

Constituent Name a, b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum:  

Sample 
Number 

Location 
of 

Maximum:  
Sub-Area 

Pesticides/Polychlorinated Biphenyls 
DDD mg/kg 5 5 100% 0.0479 0.0793 0.144 J19601 Upriver 

DDE mg/kg 5 5 100% 0.159 0.38 0.833 J19601 Upriver 

Heptachlor mg/kg 5 1 20% 0.123 0.123 0.123 J19641 Upriver 

Total dioxin-like PCBs mg/kg 5 5 100% 4.4E-07 5.0E-06 1.4E-05 J19605 Upriver 

Total nondioxin PCBs mg/kg 5 5 100% 0.098 0.20 0.36 J19605 Upriver 

Metals 
Lithium mg/kg 5 2 40% 0.371 0.506 0.641 J19601 Upriver 

Mercury mg/kg 7 6 86% 0.0134 0.0508 0.103 J19601 Upriver 

Selenium mg/kg 5 5 100% 0.816 1.22 1.6 J19641 Upriver 
a Summary statistics are based on analytical results from sampling events conducted between 2009-2010 and for all fish species. 
b Only Study Area-related contaminants of potential concern detected at least once in fillet samples from Reference locations are shown.  
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
PCB = polychlorinated biphenyl 
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Table 3-54.  Reference Data Set:  Summary of Analytical Results for Sturgeon Carcass Samples. 

Summary Statistics 

Constituent Name a, b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of 

Detection 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum:        

Sample Number 

Location of 
Maximum:     
Sub-Area 

Pesticides/PCBs 
Aldrin mg/kg 5 2 40% 0.0104 0.0115 0.0161 J19602 Upriver 

DDD mg/kg 5 5 100% 0.0833 0.164 0.266 J19602 Upriver 

DDE mg/kg 5 5 100% 0.273 0.757 1.51 J19602 Upriver 

Heptachlor mg/kg 5 2 40% 0.133 0.136 0.15 J19642 Upriver 

Total dioxin-like PCBs mg/kg 5 5 100% 3.7E-06 9.7E-06 1.5E-05 J19636 Upriver 

Total nondioxin PCBs mg/kg 5 5 100% 0.13 0.33 0.50 J19606 Upriver 

Metals 
Cobalt mg/kg 5 2 40% 0.749 0.93 1.11 J19642 Upriver 

Mercury mg/kg 7 6 86% 0.00846 0.0445 0.16 J19699 Upriver 
a Summary statistics are based on analytical results from sampling events conducted between 2009-2010 and for all fish species. 
b Only Study Area-related contaminants of potential concern detected at least once in fillet samples from Reference locations are shown.  
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
PCB = polychlorinated biphenyl 
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Table 3-55.  Reference Data Set:  Summary of Analytical Results for Sucker Fillet Samples. 

Summary Statistics 

Constituent Name a, b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum:  

Sample 
Number 

Location of 
Maximum:  
Sub-Area 

Pesticides/Polychlorinated Biphenyls 
DDD mg/kg 5 5 100% 0.0313 0.144 0.243 J190R3 Upriver 

DDE mg/kg 5 5 100% 0.125 0.151 0.182 J190R3 Upriver 

Total dioxin-like PCBs mg/kg 5 5 100% 2.1E-06 3.1E-06 4.9E-06 J190R8 Upriver 

Total nondioxin PCBs mg/kg 5 5 100% 0.056 0.078 0.12 J190R8 Upriver 

Metals 
Arsenic (total inorganic) mg/kg 5 1 20% 0.00312 0.00312 0.00312 J190T3 Upriver 

Cadmium mg/kg 5 1 20% 0.034 0.034 0.034 J190R4 Upriver 

Mercury mg/kg 5 5 100% 0.076 0.103 0.144 J190R5 Upriver 

Selenium mg/kg 5 5 100% 0.554 0.703 0.948 J190R5 Upriver 

Zinc mg/kg 5 5 100% 11.2 16.4 19.6 J190R2 Upriver 
a Summary statistics are based on analytical results from sampling events conducted between 2009-2010 and for all fish species. 
b Only Study Area-related contaminants of potential concern detected at least once in fillet samples from Reference locations are shown.  
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
PCB = polychlorinated biphenyl 
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Table 3-56.  Reference Data Set:  Summary of Analytical Results for Sucker Carcass Samples. 

Summary Statistics 

Constituent Name a, b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of 

Detection 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum:        

Sample Number 

Location of 
Maximum:     
Sub-Area 

Pesticides/Polychlorinated Biphenyls 
beta-HCH mg/kg 5 2 40% 0.0228 0.0238 0.0279 J190V4 Upriver 

DDD mg/kg 5 5 100% 0.0935 0.264 0.596 J190V4 Upriver 

DDE mg/kg 5 5 100% 0.323 0.695 1.49 J190V4 Upriver 

Total dioxin-like PCBs mg/kg 5 5 100% 3.6E-06 8.3E-06 1.4E-05 J190V9 Upriver 

Total nondioxin PCBs mg/kg 5 5 100% 0.12 0.21 0.33 J190V9 Upriver 

Metals 
Mercury mg/kg 5 5 100% 0.05 0.0656 0.075 J190V2 Upriver 

a Summary statistics are based on analytical results from sampling events conducted between 2009-2010 and for all fish species. 
b Only Study Area-related contaminants of potential concern detected at least once in fillet samples from Reference locations are shown.  
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
HCH = hexachlorocyclohexane 
PCB = polychlorinated biphenyl 
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Table 3-57.  Reference Data Set:  Summary of Analytical Results for Walleye Fillet Samples. 

Summary Statistics 

Constituent Name a, b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum:  

Sample 
Number 

Location of 
Maximum:  
Sub-Area 

Pesticides/Polychlorinated Biphenyls 
beta-HCH mg/kg 6 6 100% 0.0398 0.447 1.87 J18WV8 Upriver 

DDD mg/kg 6 6 100% 0.0706 0.126 0.226 J18WV4 Upriver 

DDE mg/kg 6 6 100% 0.174 0.343 0.655 J18WX8 Upriver 

DDT mg/kg 6 1 17% 0.0115 0.0115 0.0115 J18WX8 Upriver 

gamma-HCH (lindane) mg/kg 6 4 67% 0.0115 0.0333 0.0753 J18WV6 Upriver 

Total dioxin-like PCBs mg/kg 5 5 100% 1.9E-06 6.7E-06 1.4E-05 J18WW3 Upriver 

Total nondioxin PCBs mg/kg 5 5 100% 0.055 0.16 0.32 J18WW3 Upriver 

Metals 
Cobalt mg/kg 6 2 33% 0.82 1.06 1.3 J18WV5 Upriver 

Lithium mg/kg 6 2 33% 0.399 0.469 0.539 J18WV5 Upriver 

Mercury mg/kg 6 6 100% 0.197 0.31 0.721 J18WV8 Upriver 

Selenium mg/kg 6 6 100% 0.633 0.69966667 0.754 J18WX8 Upriver 

Vanadium mg/kg 6 6 100% 0.281 0.339 0.399 J18WV5 Upriver 
a Summary statistics are based on analytical results from sampling events conducted between 2009-2010 and for all fish species. 
b Only Study Area-related contaminants of potential concern detected at least once in fillet samples from Reference locations are shown.  
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 
PCB = polychlorinated biphenyl 
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Table 3-58.  Reference Data Set:  Summary of Analytical Results for Walleye Carcass Samples. 

Summary Statistics 

Constituent Name a, b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of 

Detection 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum:        

Sample Number 

Location of 
Maximum:     
Sub-Area 

Pesticides/Polychlorinated Biphenyls 
beta-HCH mg/kg 4 2 50% 0.05 0.07 0.13 J18WX9 Upriver 

DDE mg/kg 4 4 100% 0.255 0.777 1.28 J18WX6 Upriver 

gamma-HCH (lindane) mg/kg 4 2 50% 0.0109 0.0117 0.0125 J18WX7 Upriver 

Total dioxin-like PCBs mg/kg 5 5 100% 5.2E-06 1.4E-05 3.1E-05 J18WY4 Upriver 

Total nondioxin PCBs mg/kg 5 5 100% 0.16 0.34 0.66 J18WY4 Upriver 

Metals 
Mercury mg/kg 4 4 100% 0.114 0.218 0.377 J18WX9 Upriver 

a Summary statistics are based on analytical results from sampling events conducted between 2009-2010 and for all fish species. 
b Only Study Area-related contaminants of potential concern detected at least once in fillet samples from Reference locations are shown.  
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 
DDE = dichlorodiphenyldichloroethylene 
HCH = hexachlorocyclohexane 
PCB = polychlorinated biphenyl 
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Table 3-59.  Reference Data Set:  Summary of Analytical Results for Whitefish Fillet Samples. 

Summary Statistics 

Constituent Name a, b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of Detection 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum:  

Sample 
Number 

Location of 
Maximum:  
Sub-Area 

Pesticides/Polychlorinated Biphenyls 
DDD mg/kg 5 5 100% 0.00973 0.0256 0.0542 J18J06 Upriver 

DDE mg/kg 5 5 100% 0.0736 0.177 0.382 J18J06 Upriver 

Dieldrin mg/kg 5 4 80% 0.00992 0.0154 0.0264 J18J08 Upriver 

Total dioxin-like PCBs mg/kg 5 5 100% 1.6E-07 4.7E-05 2.1E-04 J18J15 Upriver 

Total nondioxin PCBs mg/kg 5 5 100% 0.063 0.78 3.3 J18J15 Upriver 

Metals 
Cobalt mg/kg 5 1 20% 2.77 2.77 2.77 J18J10 Upriver 

Mercury mg/kg 5 5 100% 0.015 0.0268 0.054 J18J06 Upriver 

Selenium mg/kg 5 5 100% 0.691 0.76 0.86 J18J10 Upriver 

Tin mg/kg 5 5 100% 5.14 15.4 27.4 J18J07 Upriver 

Zinc mg/kg 5 5 100% 10.3 11.8 14.5 J18J10 Upriver 
a Summary statistics are based on analytical results from sampling events conducted between 2009-2010 and for all fish species. 
b Only Study Area-related contaminants of potential concern detected at least once in fillet samples from Reference locations are shown.  
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
PCB = polychlorinated biphenyl 
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Table 3-60.  Reference Data Set:  Summary of Analytical Results for Whitefish Carcass Samples. 

Summary Statistics 

Constituent Name a, b Units 
Number 
Analyzed 

Number 
Detected 

Frequency 
of 

Detection 

Minimum 
Detected 

Concentration 

Mean 
Concentration c 

Maximum 
Detected 

Concentration 

Location of 
Maximum:        

Sample Number 

Location of 
Maximum:     
Sub-Area 

Pesticides/Polychlorinated Biphenyls 
delta-HCH mg/kg 5 4 80% 0.0087 0.0109 0.0147 J18J70 Upriver 

DDD mg/kg 5 2 40% 0.0245 0.0434 0.119 J18J69 Upriver 

DDE mg/kg 5 5 100% 0.145 0.311 0.546 J18J69 Upriver 

Dieldrin mg/kg 5 5 100% 0.00992 0.0365 0.0645 J18J73 Upriver 

Total dioxin-like PCBs mg/kg 5 5 100% 8.3E-07 6.6E-05 3.0E-04 J18J78 Upriver 

Total nondioxin PCBs mg/kg 5 5 100% 0.15 1.2 5.0 J18J78 Upriver 
a Summary statistics are based on analytical results from sampling events conducted between 2009-2010 and for all fish species. 
b Only Study Area-related contaminants of potential concern detected at least once in fillet samples from Reference locations are shown.  
c Where frequency of detection is less than 100%, the average is calculated using the Kaplan-Meier method. 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
HCH = hexachlorocyclohexane 
PCB = polychlorinated biphenyl 
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Table 3-61.  100 Area Sub-Area Surface Water Study Area to Reference Comparison. 

Contaminant of 
Potential Concern  

Detects - 
Study Area 

Total 
Study Area 

FOD 
Study Area  

(%) 

Maximum 
Study Area 

Concentration a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration a 
P-Value b 

Statistically 
Significant? 

c 

Study Area Mean 
or Reference 

Mean Higher? 

Study Area 
Consistent With 

Reference? 
Rationale 

Total nondioxin PCBs (KM) 1 1 100 0.00000041 3 3 100 0.0000011 NC -- -- Yes One Study Area detect < all Reference detects 

Arsenic 27 71 38 0.000798 9 22 41 0.0045 0.6782 No -- Yes 
No statistical difference between Study Area and Reference 
Study Area maximum < Reference maximum 

Chromium 28 71 39 0.0973 7 23 30 0.00164 0.972 No -- Yes No statistical difference between Study Area and Reference 

Fluoride 83 90 92 0.14 30 39 77 0.39 0.0000157 Yes Study Area No Study Area > Reference, statistically significant 

Lithium 13 44 30 0.017 4 14 29 0.01 0.8737 No -- Yes No statistical difference between Study Area and Reference 

Thallium 31 71 44 0.00125 8 22 36 0.0000155 0.6268 No -- Yes No statistical difference between Study Area and Reference 

Cesium-137 2 43 5 8.54 0 16 0 ND (30) NC -- -- Yes 

Very low FOD; both Study Area detects are within the 
range of MDAs for all Reference samples.  Both detects 
were observed in 2003-2004 (unfiltered samples); no 
detects were observed in more recent sampling events.  
Cesium-137 is a known contaminant of radioactive fallout.  

a Chemical units are mg/L; radionuclide units are pCi/L.   
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05.   

-- = not applicable 
FOD = frequency of detection 
KM = Kaplan-Meier 
MDA = minimum detectable activity 
NC = not calculated 
ND = nondetect at concentration indicated 
PCB = polychlorinated biphenyl  
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Table 3-62.  100 Area Sub-Area Sediment Study Area to Reference Comparison. 

Contaminant of 
Potential Concern 

Detects - 
Study Area 

Total 
Study Area 

FOD 
Study Area 

(%) 

Maximum 
Study Area 

Concentration a 

Detects - 
Reference 

Nondetects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration a 
P-Value b 

Statistically 
Significant? c 

Study Area Mean 
or Reference 

Mean Higher? 

Study Area 
Consistent With 

Reference? 
Rationale 

Aluminum 127 127 100 25000 42 0 42 100 70500 <0.0001 Yes Reference Yes 
Study Area  < Reference, statistically significant 
Study Area maximum < Reference maximum 

Arsenic 127 127 100 14.4 63 2 65 97 15.1 <0.0001 Yes Reference Yes 
Study Area  < Reference, statistically significant 
Study Area maximum < Reference maximum 

Chromium 127 127 100 275 65 0 65 100 93 <0.0001 Yes Reference Yes Study Area < Reference, statistically significant 

Cobalt 127 127 100 17.6 40 0 40 100 13 0.0001 Yes Reference Yes Study Area < Reference, statistically significant 

Hexavalent chromium 33 121 27 7.38 1 17 18 6 0.958 NC -- -- No 
Numerous Study Area samples > single Reference 
detect 

Iron 127 127 100 51300 40 0 40 100 31500 0.0009 Yes Reference Yes Study Area < Reference, statistically significant 

Manganese 127 127 100 1510 42 0 42 100 1230 <0.0001 Yes Reference Yes Study Area < Reference, statistically significant 

Thallium 25 127 20 1.23 20 36 56 36 1.88 NC -- -- Yes 
Study Area maximum < Reference Maximum and 
Study Area mean < Reference mean 

Uranium 6 124 5 9.44 2 40 42 5 5.61 NC -- -- No 

Study Area maximum > Reference maximum and 
Study Area mean > Reference mean; Study Area 
maximum exceeds published range of U levels (0.7-
8 mg/kg) for western soils (Schacklette and 
Boerngen, 1984) 

Vanadium 127 127 100 122 40 0 40 100 71.8 0.0027 Yes Reference Yes Study Area < Reference, statistically significant 

Carbon-14 2 100 2 3.16 1 36 37 3 7.92 NC -- -- Yes Both Study Area detects < Reference detect 

Cesium-137 81 127 64 0.449 59 6 65 91 0.649 <0.0001 Yes Reference Yes 
Study Area  < Reference, statistically significant 
Study Area maximum < Reference maximum 

Cobalt-60 7 127 6 0.101 1 64 65 2 0.009 NC -- -- No All Study Area detects > single Reference detect 

Europium-152 8 127 6 0.257 0 48 48 0 ND (0.198) NC -- -- No 
All Reference samples ND, and three of eight Study 
Area detects > maximum Reference MDA 

Technetium-99 1 95 1 0.586 0 37 37 0 ND (0.503) NC -- -- No No Reference detects 
a Chemical units are mg/kg; radionuclide units are pCi/g. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 

-- = not applicable 
FOD = frequency of detection 
MDA = minimum detectable activity 
NC = not calculated 
ND = nondetect at concentration indicated 
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Table 3-63.  100 Area Sub-Area Soil Study Area to Reference Comparison. 

Contaminant of 
Potential Concern 

Detects - 
Study Area 

Total 
Study Area 

FOD 
Study Area 

(%) 

Maximum 
Study Area 

Concentration a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration a 
P-Value b 

Statistically 
Significant? c 

Study Area 
Mean/Reference 
Mean Higher? 

Study Area 
Consistent 

With Reference? 
Rationale 

Aluminum 29 29 100 12500 10 10 100 14700 0.0025 Yes Reference Yes 
Study Area < Reference, statistically significant 
Study Area maximum < Reference maximum 

Arsenic 29 29 100 8.99 10 10 100 6.06 0.0036 Yes Study Area No Study Area > Reference, statistically significant 

Chromium 29 29 100 20.8 10 10 100 19.2 0.0014 Yes Study Area No Study Area > Reference, statistically significant 

Cobalt 29 29 100 7.42 10 10 100 7.92 0.0029 Yes Reference Yes 
Study Area < Reference, statistically significant 
Study Area maximum < Reference maximum 

Iron 29 29 100 21500 10 10 100 27700 0.0001 Yes Reference Yes 
Study Area < Reference, statistically significant 
Study Area maximum < Reference maximum 

Manganese 29 29 100 377 10 10 100 594 <0.0001 Yes Reference Yes 
Study Area < Reference, statistically significant 
Study Area maximum < Reference maximum 

Vanadium 29 29 100 50.9 10 10 100 70.4 <0.0001 Yes Reference Yes 
Study Area < Reference, statistically significant 
Study Area maximum < Reference maximum 

Carbon-14 1 29 3 65.5 0 10 0 ND (1.3) NC -- -- No 
All Reference samples ND; Study Area detect > Reference 
MDAs 

Cesium-137 27 29 93 0.454 10 10 100 0.84 0.1737 No -- Yes No statistical difference between Study Area and Reference 
a Chemical units are mg/kg; radionuclide units are pCi/g. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 

-- = not applicable 
FOD = frequency of detection 
MDA = minimum detectable activity  
NC = not calculated 
ND = nondetect at concentration indicated 
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Table 3-64.  100 Area Sub-Area Fish Fillet Study Area to Reference Comparison. 

Contaminant of 
Potential Concern 

Detects - 
Study Area 

Total 
Study 
Area 

FOD 
Study Area 

(%) 

Maximum 
Study Area 

Concentration a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration a 
P-Value b 

Statistically 
Significant? c 

Study Area 
Mean/Reference 
Mean Higher? 

Study Area 
Consistent With 

Reference? 
Rationale 

beta-HCH 4 30 13 0.106 12 30 40 1.87 NC -- -- Yes 

Not a COPC in SW/SED 
Study Area maximum < Reference maximum 
Detections spread across multiple river miles (370, 377, 378) 
Not a known Hanford contaminant/IL compound 

delta-HCH 1 30 3 0.0175 1 30 3 0.019 NC -- -- Yes 
Not a COPC in SW/SED 
Study Area maximum < Reference maximum 
Not a known Hanford contaminant/IL compound 

DDD 32 33 97 0.239 28 30 93 0.243 0.7564 No -- Yes 
No statistical difference between Study Area and Reference; 
Not a known Hanford contaminant/IL compound 

DDE 33 33 100 0.998 30 30 100 1.19 0.8526 No -- Yes 
No statistical difference between Study Area and Reference; 
Not a known Hanford contaminant/IL compound 

DDT 4 30 13 0.0237 2 30 7 0.019 NC -- -- Yes 
Not detected in SW/SED; 
Not a known Hanford contaminant/IL compound 

Dieldrin 6 30 20 0.0255 4 30 13 0.0264 NC -- -- Yes 
Not detected in SW/SED 
Study Area maximum < Reference maximum 
Not a known Hanford contaminant/IL compound 

gamma-HCH (lindane) 5 31 16 0.0268 4 30 13 0.0753 NC -- -- Yes 
Not a COPC in SW/SED 
Study Area maximum < Reference maximum 
Not a known Hanford contaminant/IL compound 

Heptachlor 3 30 10 0.0249 1 30 3 0.123 NC -- -- Yes 
Not a COPC in SW/SED 
Study Area maximum < Reference maximum 
Not a known Hanford contaminant/IL compound 

Total dioxin-like PCBs 
(KM) 

35 35 100 2.6E-05 29 29 100 2.1E-04 0.0030 Yes Reference Yes 
Site Area mean < Reference mean, statistically significant 
Not a known Hanford contaminant/IL compound 

Total nondioxin PCBs 
(KM) 

35 35 100 0.56 29 29 100 3.3 0.018 Yes Reference Yes 
Reference COPC in SW, not COPC in SED 
Site Area mean < Reference mean, statistically significant 
Not a known Hanford contaminant/IL compound 

Arsenic 11 35 31 1.02 1 30 3 0.962 NC -- -- Yes 
Study Area concentrations similar to single Reference detect;  
Detects distributed relatively evenly throughout study area; 
Arsenic is Reference COPC in SW/SED 

Cadmium 4 35 11 0.236 3 30 10 0.192 NC -- -- Yes 
Study Area mean < Reference mean 
Study Area concentrations are similar to Reference concentrations 

Cobalt 4 35 11 2.83 5 30 17 2.77 NC -- -- Yes 
Study Area concentrations are similar to Reference concentrations.  
Cobalt is Reference COPC in SED 

Lithium 10 35 29 30 9 30 30 2.4 0.6593 No -- Yes No statistical difference between Study Area and Reference 

Mercury 33 33 100 0.606 31 32 97 0.721 0.0059 Yes Study Area No 
Study Area > Reference, statistically significant; Note, however, 
Study Area maximum < Reference maximum 

Selenium 35 35 100 1.59 30 30 100 1.60 0.1591 No -- Yes No statistical difference between Study Area and Reference 

Vanadium 21 35 60 2.5 14 30 47 2.31 0.5781 No -- Yes No statistical difference between Study Area and Reference 

Zinc 35 35 100 34.7 29 30 97 33.9 0.1745 No -- Yes No statistical difference between Study Area and Reference 

Carbon-14 1 35 3 6.06 0 30 0 ND (4.19) NC -- -- No All Reference samples ND; Study Area detect > Reference MDAs 
a Chemical units are mg/kg; radionuclide units are pCi/g. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 

-- = not applicable 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
IL = Inclusion List 

KM = Kaplan-Meier 
MDA = minimum detectable activity  
NA = no quantitative analysis; all pesticides and PCBs in fish tissue were considered Reference COPCs 
NC = not calculated 
ND = nondetect at concentration indicated 
PCB = polychlorinated biphenyl 
SED = sediment 
SW = surface water 
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Table 3-65.  100 Area Sub-Area Fish Carcass Study Area to Reference Comparison. 

Contaminant of 
Potential Concern 

(COPC) 

Detects - 
Study 
Area 

Total 
Study 
Area 

FOD 
Study 

Area (%) 

Maximum 
Study Area 

Concentration a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration a 
P-Value b 

Statistically 
Significant? c 

Study Area 
Mean or 

Reference Mean 
Higher? 

Study Area 
Consistent 

with 
Reference? 

Study Area or 
Reference 
COPC in 

Fillet? 

Outcome/Rationale d 

Beta-HCH 4 31 13 0.112 8 28 29 0.13 NC -- -- Yes Reference 
Reference COPC. Study Area maximum < Reference 
maximum 
Reference designation based on fish fillet 

DDD 33 33 100 0.241 25 28 89 0.596 0.364 No -- Yes Reference 
Reference COPC. No statistical difference between 
Study Area & Reference 
Reference designation based on fish fillet 

DDE 33 33 100 1.02 28 28 100 1.51 0.602 No -- Yes Reference 
Reference COPC. No statistical difference between 
Study Area & Reference 
Reference designation based on fish fillet 

Dieldrin 5 30 17 0.0514 5 28 18 0.0645 NC -- -- Yes Reference 
Reference COPC. Study Area maximum < Reference 
maximum 
Reference designation based on fish fillet 

Gamma-HCH (Lindane) 3 30 10 0.0355 2 28 7 0.0215 NC -- -- No Reference 

Reference COPC. Study Area maximum > Reference 
maximum 
Study Area mean (0.0119) ≈ Reference mean (0.011) 
Reference designation based on fish fillet 

Total Dioxin-Like PCBs 
(KM) 

35 35 100 9.3E-05 29 29 100 3.0E-04 0.00064 Yes Study Area No Reference 
Reference COPC. Study Area > Reference, 
statistically significant 
Reference designation based on fish fillet 

Total Non-dioxin PCBs 
(KM) 

35 35 100 2.4 29 29 100 5.0 0.026 Yes Study Area No Reference 
Reference COPC. Study Area > Reference, 
statistically significant 
Reference designation based on fish fillet 

Cobalt 10 35 29 2.78 6 28 21 1.96 NC -- -- No Reference 
Reference COPC. Study Area maximum >Reference 
maximum; however,  
Reference designation based on fish fillet 

Mercury 33 33 100 0.45 29 30 97 0.377 0.0047 Yes Study Area No Study Area 
Study Area COPC. Study Area > Reference, 
statistically significant 
Study Area designation based on fish fillet 

Uranium 3 35 9 20 1 28 4 2.35 NC -- -- No NCC 
Study Area COPC. Study Area maximum > 
Reference maximum 

Carbon-14 1 35 3 8.19 0 28 0 ND (16100) NC -- -- No Study Area 
Study Area COPC. All Reference samples ND 
Study Area designation based on fish fillet 

a Chemical units are mg/kg; radionuclide units are pCi/g. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 
d If COPC is present in fillet, than Study Area or Reference determination for carcass is based on fillet determination. 

-- = not applicable 

COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 
FOD = frequency of detection 

KM = Kaplan-Meier 
MDA = minimum detectable activity  
NC = not calculated 
NCC = not a constituent of concern for that medium 
ND = nondetect at concentration indicated 
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Table 3-66.  100 Area Sub-Area Fish Liver/Kidney Study Area to Reference Comparison. 

Contaminant of 
Potential Concern 

(COPC) 

Detects - 
Study 
Area 

Total 
Study 
Area 

FOD 
Study 

Area (%) 

Maximum Study 
Area 

Concentration a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration a 

P-Value 

b 
Statistically 

Significant? c 

Study Area Mean 
or Reference Mean 

Higher? 

Study Area 
Consistent 

with 
Reference? 

Study Area or 
Reference 
COPC in 

Fillet? 

Outcome/Rationale d 

beta-HCH 19 25 76 0.222 7 12 58 0.0819 0.0393 Yes Study Area No Reference 
Reference COPC. Study Area > Reference, statistically 
significant 
Reference designation based on fish fillet 

DDD 48 49 98 0.274 33 33 100 0.372 0.0128 Yes Reference Yes Reference 
Reference COPC. Study Area < Reference, statistically 
significant 
Reference designation based on fish fillet 

DDE 49 49 100 1.94 35 35 100 1.36 0.2989 No -- Yes Reference 
Reference COPC. No statistical difference between 
Study Area and Reference 
Reference designation based on fish fillet 

DDT 33 33 100 3.1 12 15 80 2.77 0.3157 No -- Yes Reference 
Reference COPC. No statistical difference between 
Study Area and Reference 
Reference designation based on fish fillet 

Dieldrin 1 11 9 0.0243 1 6 17 0.0177 NC -- -- No Reference 
Reference COPC. Single Study Area detect > single 
Reference detect 
Reference designation based on fish fillet 

Gamma-HCH (Lindane) 3 12 25 0.0388 1 7 14 0.0177 NC -- -- No Reference 
Reference COPC. Study Area maximum > Reference 
maximum 
Reference designation based on fish fillet 

Heptachlor 2 12 17 0.0363 1 7 14 0.0178 NC -- -- No Reference 
Reference COPC. Study Area maximum > Reference 
maximum 
Reference designation based on fish fillet 

Total Dioxin-Like PCBs 
(KM) 

8 8 100 4.0E-05 4 4 100 1.7E-05 0.0219 Yes Study Area No Reference 
Reference COPC. Study Area > Reference, statistically 
significant. However, 
Reference designation based on fish fillet 

Total Non-dioxin PCBs 
(KM) 

8 8 100 1.1 4 4 100 0.52 0.1066 No -- Yes Reference 
Reference COPC. No statistical difference between 
Study Area & Reference 

Arsenic 19 49 39 2.82 2 38 5 0.98 NC -- -- No Reference 

Reference COPC. Study Area maximum > Reference 
maximum 
Study Area mean (0.493) > Reference mean (0.414) 
Reference designation based on fish fillet 

Cadmium 49 49 100 13.4 38 38 100 12.7 0.0448 Yes Study Area No Reference 
Reference COPC. Study Area > Reference, statistically 
significant 
Reference designation based on fish fillet 

Mercury 49 49 100 0.752 38 38 100 0.329 0.00025 Yes Study Area No Study Area 
Study Area COPC. Study Area > Reference, statistically 
significant 
Study Area designation based on fish fillet 

Uranium 2 49 4 19.6 0 38 0 ND (19.6) NC -- -- No NCC Study Area COPC. All Reference samples ND 

Carbon-14 2 49 4 9.74 0 38 0 ND (5.15) NC -- -- No Study Area 
Study Area COPC. All Reference samples ND 
Study Area designation based on fish fillet 

a Chemical units are mg/kg; radionuclide units are pCi/g. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 
d If COPC is present in fillet, than Study Area or Reference determination for carcass is based on fillet determination. 
-- = not applicable 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 
FOD = frequency of detection 
KM = Kaplan-Meier 
MDA = minimum detectable activity  
NC = not calculated 
NCC = not a constituent of concern for that medium 
ND = nondetect at concentration indicated 
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Table 3-67.  Summary of Study Area to Reference 
Comparison for 100 Area Sub-Area Fish 

(All Species Combined). 

Contaminant of Potential 
Concern (COPC) 

100 Area 

Fillet Carcass 
Liver & 
Kidney 

Final 
Decisiona 

Pesticides/Polychlorinated Biphenyls

beta-HCH R; Q R; Q S R 

delta-HCH R; Q NCC NCC R 

DDD R R R R 

DDE R R R R 

DDT R; Q NCC R R 

Dieldrin R; Q R; Q S; Q R 

gamma-HCH (lindane) R; Q S; Q S; Q R 

Heptachlor R; Q NCC S; Q R 

Total Dioxin-Like PCBs R S S R 

Total Non-dioxin PCBs R S R R 

Metals 

Arsenic R; Q NCC S; Q R 

Cadmium R; Q NCC S R 

Cobalt R; Q S; Q NCC R 

Lithium R NCC NCC R 

Mercury S S S S 

Selenium R NCC NCC R 

Uranium NCC S; Q S; Q S 

Vanadium R NCC NCC R 

Zinc R NCC NCC R 

Radionuclides

Carbon-14 S; Q S; Q S; Q S 
NOTE:  Shaded cells indicate where carcass or liver/kidney is designated as Study Area, whereas 
fillet is designated a Reference COPC. 
 a  The final designation in fish tissue is based on fillet designation, where available. 
NCC = not contaminant of potential concern in this area and/or medium 
Q = result based on qualitative evaluation.   
R = Study Area data for COPC are consistent with Reference data 
S = Hanford Reach concentrations higher than Reference.
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Table 3-68.  100 Area Sub-Area Summary of Study Area to 
Reference Comparison.   

Contaminant of 
Potential Concern 

100 Area Sub-Area 
Surface 
Water 

Sediment Soil 
Fish Tissue 

(All Species) 
Pesticides/Polychlorinated Biphenyls 

beta-HCH NCC NCC NCC R 

delta-HCH NCC NCC NCC R 

DDD NCC NCC NCC R 

DDE NCC NCC NCC R 

DDT NCC NCC NCC R 

Dieldrin NCC NCC NCC R 

gamma-HCH (lindane) NCC NCC NCC R 

Heptachlor NCC NCC NCC R 

Total dioxin-like PCBs NCC NCC NCC R 

Total nondioxin PCBs R NCC NCC R 

Metals 
Aluminum NCC R R NCC 

Arsenic R R S R 

Cadmium NCC NCC NCC R 

Chromium R R S NCC 

Cobalt NCC R R R 

Hexavalent chromium NCC S NCC NCC 

Iron NCC R R NCC 

Lithium R NCC NCC R 

Manganese NCC R R NCC 

Mercury NCC NCC NCC S 

Selenium NCC NCC NCC R 

Thallium R R NCC NCC 

Uranium NCC S NCC S 

Vanadium NCC R R R 

Zinc NCC NCC NCC R 

Inorganics 
Fluoride S NCC NCC NCC 

Radionuclides 
Carbon-14 NCC R S S 

Cesium-137 R R R NCC 

Cobalt-60 NCC S NCC NCC 

Europium-152 NCC S NCC NCC 

Strontium-90 NCC NCC NCC NCC 

Technetium-99 NCC S NCC NCC 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 
NCC = not contaminant of potential concern in this area and/or medium 
PCB = polychlorinated biphenyl 
R = Study Area data for contaminant of potential concern are consistent with Reference data 

S = Study Area data for contaminant of potential concern are higher than Reference data 
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Table 3-69.  300 Area Sub-Area Surface Water Study Area to Reference Comparison. 

Contaminant of 
Potential Concern 

Detects - 
Study Area 

Total 
Study Area 

FOD 
Study Area 

(%) 

Maximum Study 
Area 

Concentration a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration a 
P-Value b 

Statistically 
Significant? c 

Study Area 
Mean/ 

Reference Mean 
Higher? 

Study Area 
Consistent With 

Reference? 
Rationale 

1,1,2-Trichloroethane 5 82 6 0.00088 0 32 0 ND (0.005) NC -- -- No 
All Reference samples ND, and known site VOC 
plume 

1,2-Dichloroethane 6 80 8 0.0011 0 32 0 ND (0.005) NC -- -- No 
All Reference samples ND, and known site VOC 
plume 

Bis(2-ethylhexyl) phthalate 1 5 20 0.0006 3 24 13 0.001 NC -- -- Yes Study Area detect < all Reference detects 

Chloroform 5 80 6 0.0055 0 32 0 ND (0.005) NC -- -- No 
All Reference samples ND, and known site VOC 
plume 

Total nondioxin PCBs (KM) 1 1 100 0.00000083 4 4 100 0.0000011 NC -- -- Yes Single Study Area detect < Reference maximum 

Arsenic 214 233 92 0.00287 17 34 50 0.0084 0.0083 Yes Reference Yes Study Area < Reference, statistically significant 

Chromium 203 234 87 0.00644 11 35 31 0.00384 0.8567 No -- Yes 
No statistical difference between Study Area and 
Reference 

Fluoride 304 326 93 0.16 34 44 77 0.39 0.0072 Yes Study Area No 
Study Area mean > Reference mean, statistically 
significant 

Lithium 11 18 61 0.0137 13 24 54 0.0193 0.4439 No -- Yes 
No statistical difference between Study Area and 
Reference 

Thallium 182 224 81 0.000593 8 32 25 0.0000155 0.01485 Yes Study Area No Study Area > Reference, statistically significant 
a Chemical units are mg/L; radionuclide units are pCi/L.   
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 

-- = not applicable 
FOD = frequency of detection 
KM = Kaplan-Meier 
NC = not calculated 
ND = nondetect at concentration indicated 
PCB = polychlorinated biphenyl 
VOC = volatile organic compound 
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Table 3-70.  300 Area Sub-Area Sediment Study Area to Reference Comparison. 

Contaminant of  
Potential Concern 

Detects - 
Study Area 

Total 
Study Area 

FOD 
Study Area 

(%) 

Maximum 
Study Area 

Concentration a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration a 
P-Value b 

Statistically 
Significant? c 

Study Area 
Mean or 

Reference Mean 
Higher? 

Study Area 
Consistent  

With Reference? 
Rationale 

Aluminum 153 153 100 15700 56 56 100 70500 0.0001 Yes Reference Yes 
Study Area < Reference, statistically significant 
Study Area maximum < Reference maximum 

Arsenic 153 153 100 14.5 77 82 94 15.1 <0.0001 Yes Reference Yes 
Study Area < Reference, statistically significant 
Study Area maximum < Reference maximum 

Chromium 153 153 100 30.1 82 82 100 93 <0.0001 Yes Reference Yes 
Study Area < Reference, statistically significant 
Study Area maximum < Reference maximum 

Cobalt 153 153 100 8.74 54 54 100 13 0.0001 Yes Reference Yes 
Study Area < Reference, statistically significant 
Study Area maximum < Reference maximum 

Hexavalent chromium 28 135 21 17.3 1 27 4 0.958 NC -- -- No 
Study Area FOD (21%) > Reference FOD (4%); Study Area 
maximum > 18x higher than Reference maximum 

Iron 153 153 100 31200 54 54 100 31500 <0.0001 Yes Reference Yes 
Study Area < Reference, statistically significant 
Study Area maximum < Reference maximum 

Manganese 153 153 100 719 56 56 100 1230 0.0012 Yes Reference Yes 
Study Area < Reference, statistically significant 
Study Area maximum < Reference maximum 

Thallium 5 153 3 0.81 20 70 29 1.88 NC -- -- Yes 
Study Area maximum, minimum, mean and FOD are all less 
than comparable Reference statistics 

Uranium 2 151 1 7.7 2 56 4 5.61 NC -- -- Yes 

Study Area FOD (1%) < Reference FOD (4%); Study Area 
maximum <2x Reference maximum and  within USGS range 
of concentrations for western soils (0.7-8 mg/kg; Schacklette 
and Boerngen 1984) 

Vanadium 153 153 100 91.5 54 54 100 82.9 <0.0001 Yes Reference Yes Study Area < Reference, statistically significant 

Carbon-14 4 140 3 5.61 1 42 2 7.92 NC -- -- Yes All Study Area detects < single Reference detect 

Cesium-137 101 155 65 0.472 62 70 89 0.649 <0.0001 Yes Reference Yes 
Study Area < Reference, statistically significant 
Study Area maximum < Reference maximum 

Cobalt-60 2 155 1 8.74 1 70 1 0.009 NC -- -- No Study Area maximum ≈ 1000x Reference maximum 

Europium-152 7 154 5 0.377 0 53 0 ND (0.198) NC -- -- No 
All Reference samples ND and 6/7 Study Area detects > 
maximum Reference MDA 

Technetium-99 2 144 1 6.84 0 42 0 ND (0.503) NC -- -- No 
All Reference samples ND and all Study Area detects > 
maximum Reference MDA 

Tritium 1 5 20 15.2 NA NA NA -- NC -- -- No No Reference data available 
a Chemical units are mg/kg; radionuclide units are pCi/g.   
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05.   

-- = not applicable 
FOD = frequency of detection 
MDA = minimum detectable activity 
NA = not available 
NC = not calculated 
ND = nondetect at concentration indicated 
USGS = U.S. Geological Survey 
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Table 3-71.  300 Area Sub-Area Soil Study Area to Reference Comparison. 

Contaminant of  
Potential Concern 

Detects - 
Study Area 

Total Study 
Area 

FOD 
Study Area 

(%) 

Maximum 
Study Area 

Concentration a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration a 
P-Value b 

Statistically 
Significant? c 

Study Area 
Mean or 

Reference Mean 
Higher? 

Study Area 
Consistent With 

Reference? 
Rationale 

Aluminum 48 48 100 10700 10 10 100 14700 0.0016 Yes Reference Yes 
Study Area < Reference, statistically significant 
Study Area maximum < Reference maximum 

Arsenic 48 48 100 9.37 10 10 100 6.06 0.0008 Yes Study Area No Study Area > Reference, statistically significant 

Chromium 48 48 100 21.8 10 10 100 19.2 0.0016 Yes Study Area No Study Area > Reference, statistically significant 

Cobalt 48 48 100 7.22 10 10 100 7.92 0.0009 Yes Reference Yes 
Study Area < Reference, statistically significant 
Study Area maximum < Reference maximum 

Iron 48 48 100 24300 10 10 100 27700 < 0.0001 Yes Reference Yes 
Study Area < Reference, statistically significant 
Study Area maximum < Reference maximum 

Manganese 48 48 100 377 10 10 100 594 < 0.0001 Yes Reference Yes 
Study Area < Reference, statistically significant 
Study Area maximum < Reference maximum 

Thallium 5 48 10 0.324 0 10 0 ND (1.04) NC -- -- Yes 

All Study Area detects are within the range of all Reference RLs 
and levels are consistent with published values of 0.3-0.7 mg/kg for 
the earth’s crust (ATSDR, Toxicological Profile for Thallium, 
July 1992)  

Vanadium 48 48 100 59.3 10 10 100 70.4 < 0.0001 Yes Reference Yes 
Study Area < Reference, statistically significant 
Study Area maximum < Reference maximum 

Cesium-137 37 40 93 0.569 10 10 100 0.84 0.3504 No -- Yes 
No statistically significant difference between Study Area and 
Reference 

Cobalt-60 1 40 3 0.016 0 10 0 ND (0.039) NC -- -- No All Reference data ND 

Europium-152 7 40 18 0.342 0 10 0 ND (0.11) NC -- -- No 
All Reference data ND and 6/7 Study Area detects > or = 
maximum Reference MDA 

Strontium-90 2 40 5 1.81 1 10 10 0.337 NC -- -- No 
Two detects in Study Area, both >  Reference detect and Reference 
MDA 

a Chemical units are mg/kg; radionuclide units are pCi/g. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 

-- = not applicable 
ATSDR = Agency for Toxic Substances and Disease Registry 
FOD = frequency of detection 
MDA = minimum detectable activity 
NC = not calculated 
ND = nondetect at concentration indicated 
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Table 3-72.  300 Area Sub-Area Fish Fillet Study Area to Reference Comparison. 

Contaminant of 
Potential Concern 

Detects - 
Study Area 

Total 
Study Area 

FOD 
Study Area 

(%) 

Maximum 
Study Area 

Concentration a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration a 
P-Value b 

Statistically 
Significant? c 

Study Area 
Mean/ Reference 

Mean Higher? 

Study Area 
Consistent  

With Reference? 
Rationale 

beta-HCH 9 30 30 0.224 12 30 40 1.87 0.4332 No -- Yes 
No statistical significance between Study Area and Reference 
Not a known Hanford contaminant/IL compound 

delta-HCH 5 30 17 0.0757 1 30 3 0.019 NC -- -- Yes 
Not detected in SW. Sporadic detections across multiple river 
miles (RM345-347, 362) 
Not a known Hanford contaminant/IL compound 

DDD 28 35 80 0.355 28 30 93 0.243 0.9528 No -- Yes 
No statistical significance between Study Area and Reference 
Not a known Hanford contaminant/IL compound 

DDE 35 35 100 0.995 30 30 100 1.19 0.6546 No -- Yes 
No statistical significance between Study Area and Reference;  
detects evenly distributed throughout river miles 340-363. 
Not a known Hanford contaminant/IL compound 

DDT 6 30 20 0.0212 2 30 7 0.019 NC -- -- Yes 
Not detected in SW/SED 
Detects distributed throughout RM 345-363 
Not a known Hanford contaminant/IL compound 

Dieldrin 6 30 20 0.033 4 30 13 0.0264 NC -- -- Yes 

Not detected in SW/SED 
Study maximum similar to Reference maximum 
Detects throughout RM341-363. 
Not a known Hanford contaminant/IL compound 

gamma-HCH (lindane) 1 30 3 0.0212 4 30 13 0.0753 NC -- -- Yes 
Not detected in SW/SED 
Not a known Hanford contaminant/IL compound 

Heptachlor 4 30 13 0.039 1 30 3 0.123 NC -- -- Yes 
Not a COPC in SW/SED 
Sporadic detects across RM 344-352. 
Not a known Hanford contaminant/IL compound 

Total dioxin-like PCBs 
(KM) 

35 35 100 2.8E-05 29 29 100 2.1E-04 0.3118 No -- Yes 
No statistical significance between Study Area and Reference 
Not a known Hanford contaminant/IL compound 

Total nondioxin PCBs 
(KM) 

35 35 100 0.73 29 29 100 3.3 0.6759 No -- Yes 
No statistical significance between Study Area and Reference 
Not a known Hanford contaminant/IL compound 

Arsenic 14 35 40 1.13 1 30 3 0.962 NC -- -- Yes 
Study Area maximum similar to Reference maximum 
Detects distributed across RM 362-363, 341-342 and 358; 
Arsenic is a Reference COPC in SW/SED 

Cadmium 4 35 11 0.2 3 30 10 0.192 NC -- -- Yes 
Study Area mean < Reference mean 
Study Area concentrations similar to Reference concentrations 

Cobalt 5 35 14 2.82 5 30 17 2.77 NC -- -- Yes 
Study Area maximum ≈ Reference maximum 
Study Area mean (0.99) ≈ Reference mean (0.94) 

Lithium 3 35 9 23.4 9 30 30 2.4 NC -- -- No Site maximum ≈ 10x Reference maximum 

Mercury 38 38 100 0.612 31 32 97 0.721 0.0080 Yes Study Area No 
Study Area mean > Reference mean, statistically significant; 
Note, however, that Study Area maximum < Reference 
maximum 

Selenium 35 35 100 2.67 30 30 100 1.6 0.1084 No -- Yes No statistical difference between Study Area and Reference 

Vanadium 17 35 49 2.5 14 30 47 2.31 0.3984 No -- Yes No statistical difference between Study Area and Reference 

Zinc 35 35 100 32.8 29 30 97 33.9 0.0954 No -- Yes No statistical difference between Study Area and Reference 
a Chemical units are mg/kg; radionuclide units are pCi/g.   
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 

-- = not applicable 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 

IL = inclusion list 
KM = Kaplan-Meier 
NA = no quantitative analysis; all pesticides and PCBs in fish tissue were considered Reference COPCs 
NC = not calculated 
PCB = polychlorinated biphenyl 
SED = sediment 
SW = surface water 
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Table 3-73.  300 Area Sub-Area Fish Carcass Study Area to Reference Comparison. 

Contaminant of 
Potential Concern 

(COPC) 

Detects - 
Study 
Area 

Total 
Study 
Area 

FOD 
Study 

Area (%) 

Maximum Study 
Area 

Concentration a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration a 
P-Value b 

Statistically 
Significant? c 

Study Area Mean 
or Reference Mean 

Higher? 

Study Area 
Consistent with 

Reference? 

Study Area or 
Reference 

COPC in Fillet? 
Outcome/Rationale d 

Beta-HCH 9 30 30 0.0945 8 28 29 0.13 0.9762 No -- Yes Reference 
Reference COPC. No statistical difference between 
Study Area and Reference 
Reference designation based on fish fillet 

DDD 34 35 97 0.356 25 28 89 0.596 0.7500 No -- Yes Reference 
Reference COPC. No statistical difference between 
Study Area and Reference 
Reference designation based on fish fillet 

DDE 35 35 100 1.2 28 28 100 1.51 0.8519 No -- Yes Reference 
Reference COPC. No statistical difference between 
Study Area and Reference 
Reference designation based on fish fillet 

Dieldrin 6 30 20 0.0322 5 28 18 0.0645 NC -- -- Yes Reference 
Reference COPC. Study Area maximum < 2 
Reference detects 
Reference designation based on fish fillet 

Gamma-HCH 
(Lindane) 

1 30 3 0.0211 2 28 7 0.0215 NC -- -- Yes Reference 
Reference COPC. Study Area maximum ≈ 
Reference maximum 
Reference designation based on fish fillet 

Heptachlor 5 30 17 0.037 2 28 7 0.15 NC -- -- Yes Reference 
Reference COPC. Study Area detects < Reference 
minimum 
Reference designation based on fish fillet 

Total Dioxin-Like 
PCBs (KM) 

35 35 100 3.8E-05 29 29 100 3.0E-04 0.0391 Yes Reference Yes Reference 
Reference COPC. Study Area < Reference, 
statistically significant 
Reference designation based on fish fillet 

Total Non-dioxin 
PCBs (KM) 

35 35 100 1.4 29 29 100 5.0 0.0354 Yes Reference Yes Reference 
Reference COPC. Study Area < Reference, 
statistically significant 
Reference designation based on fish fillet 

Cobalt 9 35 26 2 6 28 21 1.96 NC -- -- Yes Reference 

Reference COPC. Study Area maximum ≈ 
Reference maximum and Study Area mean (0.99) = 
Reference mean 
Reference designation based on fish fillet 

Mercury 38 38 100 0.266 29 30 97 0.377 0.0969 No -- Yes Study Area 
Study Area COPC. No statistical difference between 
Study Area and Reference 
Study Area designation based on fish fillet 

Uranium 1 35 3 20 1 28 4 2.35 NC -- -- No NCC 
Study Area COPC. Study Area maximum > 
Reference maximum 

Carbon-14 2 35 6 6.18 0 28 0 ND (16100) NC -- -- No NCC Study Area COPC. All Reference samples ND 
a Chemical units are mg/kg; radionuclide units are pCi/g. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 
d If COPC is present in fillet, than Study Area or Reference determination for carcass is based on fillet determination. 

-- = not applicable 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 

KM = Kaplan-Meier 
MDA= minimum detectable activity  
NC = not calculated 
NCC = not a constituent of concern for that medium 
ND = nondetect at concentration indicated 
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Table 3-74.  300 Area Sub-Area Fish Liver/Kidney Study Area to Reference Comparison. 

Contaminant of 
Potential Concern 

(COPC) 

Detects - 
Study 
Area 

Total 
Study 
Area 

FOD 
Study 

Area (%) 

Maximum Study 
Area 

Concentration a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration a 
P-Value b 

Statistically 
Significant? c 

Study Area Mean 
or Reference 

Mean Higher? 

Study Area 
Consistent with 

Reference? 

Study Area or 
Reference 

COPC in Fillet? 
Outcome/Rationale d 

Beta-HCH 17 22 77 0.179 7 12 58 0.0819 0.123 No -- Yes Reference 
Reference COPC. No statistical difference between 
Study Area and Reference 
Reference designation based on fish fillet 

Delta-HCH 3 12 25 0.0303 4 9 44 0.0183 NC -- -- No Reference 

Reference COPC. Study Area maximum > Reference 
maximum 
Study Area mean (0.0167) > Reference mean (0.0116) 
Reference designation based on fish fillet 

DDD 45 46 98 0.629 33 33 100 0.372 0.224 No -- Yes Reference 
Reference COPC. No statistical difference between 
Study Area and Reference 
Reference designation based on fish fillet 

DDE 49 49 100 1.59 35 35 100 1.36 0.441 No -- Yes Reference 
Reference COPC. No statistical difference between 
Study Area and Reference 
Reference designation based on fish fillet 

DDT 21 26 81 2.74 12 15 80 2.77 0.163 No -- Yes Reference 
Reference COPC. No statistical difference between 
Study Area and Reference 
Reference designation based on fish fillet 

Dieldrin 3 12 25 0.0467 1 6 17 0.0177 NC -- -- No Reference 

Reference COPC. Study Area maximum > Reference 
maximum 
Site detects at separate river miles (341 and 363) 
Reference designation based on fish fillet 

Gamma-HCH 
(Lindane) 

1 10 10 0.0192 1 7 14 0.0177 NC -- -- No Reference 
Reference COPC. Single Study Area detect > single 
Reference detect,  
Reference designation based on fish fillet 

Heptachlor epoxide 6 16 38 0.0375 1 7 14 0.0178 NC -- -- No NCC 
Study Area COPC. All Study Area detects > single 
Reference detect 

Total Dioxin-Like 
PCBs (KM) 

9 9 100 4.8E-05 4 4 100 1.7E-05 0.0372 Yes Study Area No Reference 
Reference COPC. Study Area > Reference, statistically 
significant 
Reference designation based on fish fillet 

Total Non-dioxin 
PCBs (KM) 

9 9 100 1.3 4 4 100 0.52 0.3159 No -- Yes Reference 
Reference COPC. No statistical difference between 
Study Area and Reference 
Reference designation based on fish fillet 

Arsenic 15 50 30 1.0 2 38 5 0.98 NC -- -- Yes Reference 

Reference COPC. Study Area maximum ≈ Reference 
maximum 
Study Area mean (0.40) ≈ Reference mean (0.41) 
Reference designation based on fish fillet 

Cadmium 50 50 100 15.4 38 38 100 12.7 0.352 No -- Yes Reference 
Reference COPC. No statistical difference between 
Study Area and Reference 
Reference designation based on fish fillet 

Mercury 50 50 100 0.873 38 38 100 0.329 0.0051 Yes Study Area No Study Area 
Study Area COPC. Study Area> Reference, 
statistically significant 
Study Area designation based on fish fillet 

Uranium 1 50 2 20 0 38 0 ND (19.6) NC -- -- No NCC Study Area COPC. All Reference samples ND 
a Chemical units are mg/kg; radionuclide units are pCi/g. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 
d If COPC is present in fillet, than Study Area or Reference determination for carcass is based on fillet determination. 

-- = not applicable 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 

HCH  = hexachlorocyclohexane 
KM = Kaplan-Meier 
MDA= minimum detectable activity  
NC = not calculated 
NCC = not a constituent of concern for that medium 
ND = nondetect at concentration indicated 
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Table 3-75.  Summary of Study Area to Reference 
 Comparison for 300 Area Sub-Area Fish 

(All Species Combined). 

Contaminant of Potential Concern 
(COPC) 

300 Area 

Fillet Carcass 
Liver & 
Kidney 

Final 
Decisiona 

Pesticides/Polychlorinated Biphenyls 

beta-HCH R R R R 

delta-HCH R; Q NCC S; Q R 

DDD R R R R 

DDE R R R R 

DDT R; Q NCC R R 

Dieldrin R; Q R; Q S; Q R 

gamma-HCH (lindane) R; Q R; Q S; Q R 

Heptachlor R; Q R; Q NCC R 

Heptachlor epoxide NCC NCC S; Q S 

Total Dioxin-Like PCBs R R S R 

Total Non-dioxin PCBs R R R R 

Metals 

Arsenic R; Q NCC R; Q R 

Cadmium R; Q NCC R R 

Cobalt R; Q R; Q NCC R 

Lithium S; Q NCC NCC S 

Mercury S R S S 

Selenium R NCC NCC R 

Uranium NCC S; Q S; Q S 

Vanadium R NCC NCC R 

Zinc R NCC NCC R 

Radionuclides 

Carbon-14 NCC S; Q NCC S 
NOTE:  Shaded cells indicate where carcass or liver/kidney is designated as Study Area, whereas 
fillet is designated a Reference COPC. 
a  The final designation in fish tissue is based on fillet designation, where available. 
NCC = not contaminant of potential concern in this area and/or medium 
Q = result based on qualitative evaluation.   
R = Study Area data for COPC are consistent with Reference data 
S = Hanford Reach concentrations higher than Reference. 
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Table 3-76.  300 Area Sub-Area Summary of Study Area to  

Reference Comparison.  (2 Pages) 

Contaminant of  
Potential Concern 

300 Area Sub-Area 
Surface 
Water 

Sediment Soil 
Fish Tissue 
(All Species) 

Volatile Organic Compounds 
1,1,2-Trichloroethane S NCC NCC NCC 

1,2-Dichloroethane S NCC NCC NCC 

Chloroform S NCC NCC NCC 

Semivolatile Organic Compounds 
Bis(2-ethylhexyl) phthalate R NCC NCC NCC 

Pesticides/Polychlorinated Biphenyls 
beta-HCH NCC NCC NCC R 

delta-HCH NCC NCC NCC R 
DDD NCC NCC NCC R 
DDE NCC NCC NCC R 
DDT NCC NCC NCC R 
Dieldrin NCC NCC NCC R 
gamma-HCH (lindane) NCC NCC NCC R 
Heptachlor NCC NCC NCC R 
Heptachlor epoxide NCC NCC NCC S 

Total dioxin-like PCBs NCC NCC NCC R 
Total nondioxin PCBs R NCC NCC R 

Metals 
Aluminum NCC R R NCC 

Arsenic R R S R 

Cadmium NCC NCC NCC R 

Chromium R R S NCC 

Cobalt NCC R R R 

Hexavalent chromium NCC S NCC NCC 

Iron NCC R R NCC 

Lithium R NCC NCC S 

Manganese NCC R R NCC 

Mercury NCC NCC NCC S 

Selenium NCC NCC NCC R 

Thallium S R R NCC 

Uranium NCC R NCC S 

Vanadium NCC R R R 

Zinc NCC NCC NCC R 

Inorganics 
Fluoride S NCC NCC NCC 

Radionuclides 
Carbon-14 NCC R NCC S 

Cesium-137 NCC R R NCC 

Cobalt-60 NCC S S NCC 

Europium-152 NCC S S NCC 

Strontium-90 NCC NCC S NCC 

Technetium-99 NCC S NCC NCC 
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Table 3-76.  300 Area Sub-Area Summary of Study Area to  
Reference Comparison.  (2 Pages) 

Contaminant of  
Potential Concern 

300 Area Sub-Area 
Surface 
Water 

Sediment Soil 
Fish Tissue 
(All Species) 

Tritium NCC S NCC NCC 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 
NCC = not contaminant of potential concern in this area and/or medium 
PCB = polychlorinated biphenyl 
R = Study Area data for contaminant of potential concern are consistent with Reference data 
S = Study Area data for contaminant of potential concern are higher than Reference data 
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Table 3-77.  Lake Wallula Sub-Area Surface Water Study Area to Reference Comparison. 

Contaminant of  
Potential Concern 

Detects - 
Study Area 

Total Study 
Area 

FOD 
Study Area 

(%) 

Maximum 
Study Area 

Concentration a 

Detects -
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration a 
P-Value b 

Statistically 
Significant? c 

Study Area 
Mean/Reference 
Mean Higher? 

Study Area 
Consistent With 

Reference? 
Rationale 

Total nondioxin PCBs (KM) 2 2 100 0.00000091 4 4 100 0.0000011 NC -- -- Yes Study Area maximum < Reference maximum 

TPH-diesel range 2 15 13 0.087 0 20 0 ND (0.041) NC -- -- No All Reference samples are ND 

TPH-motor oil (high boiling 
point) 

1 15 7 0.11 1 21 5 0.151 NC -- -- Yes 
Single Study Area detect < single Reference 
detect 

Arsenic 5 21 24 0.0029 36 58 62 0.0084 NC -- -- Yes 
Study Area maximum < Reference maximum 
Study Area mean (0.0011) < Reference mean 
(0.0021) 

Bis(2-ethylhexyl) phthalate 1 14 7 0.0005 4 30 13 0.001 NC -- -- Yes 
Study Area maximum < Reference maximum 
Study Area mean (0.0005) < Reference mean 
(0.0012) 

Hexavalent chromium 1 18 6 0.004 4 30 13 0.02 NC -- -- Yes 
Single Study Area detect < all Reference 
detects 

Chromium 4 21 19 0.00101 25 59 42 0.00357 NC -- -- Yes 
Study Area maximum < Reference maximum  
Study Area mean (0.00041) < Reference mean 
(0.00052) 

Fluoride 3 6 50 0.11 46 59 78 0.37 NC -- -- Yes 
Study Area maximum < Reference maximum 
Study Area mean (0.11) = Reference mean  

Lithium 14 18 78 0.0125 16 30 53 0.00639 0.0033 Yes Reference Yes 
Study Area mean < Reference mean, 
statistically significant 

Thallium 3 21 14 0.0000151 9 50 18 0.0000155 NC -- -- Yes 
Study Area maximum ≈ Reference maximum 
Study Area mean (0.000013) only slightly 
above Reference mean (0.000010) 

Plutonium-239/240 1 19 5 1.19 1 30 3 0.234 NC -- -- No 
Study Area detect > Reference detect and 
Reference MDAs 

a Chemical units are mg/L; radionuclide units are pCi/L. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 

-- = not applicable 
FOD = frequency of detection 
KM = Kaplan-Meier 
MDA = minimum detectable activity 
NC = not calculated 
PCB = polychlorinated biphenyl 
TPH = total petroleum hydrocarbons 
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Table 3-78.  Lake Wallula Sub-Area Sediment Study Area to Reference Comparison. 

Contaminant of  
Potential Concern 

Detects - 
Study Area 

Total Study 
Area 

FOD 
Study Area 

(%) 

Maximum 
Study Area 

Concentration a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration a 
P-Value b 

Statistically 
Significant? c 

Study Area 
Mean/Reference 
Mean Higher? 

Study Area 
Consistent With 

Reference? 
Rationale 

Aluminum 117 117 100 32700 79 79 100 70500 0.0578 No -- Yes 
No statistical difference between Study Area and 
Reference 
Study Area maximum < Reference maximum 

Arsenic 148 151 98 18.2 115 127 91 15.1 0.0536 No -- Yes 
No statistical difference between Study Area and 
Reference 

Chromium 151 151 100 80.5 127 127 100 93 0.0566 No -- Yes 
No statistical difference between Study Area and 
Reference 
Study Area maximum < Reference maximum 

Cobalt 117 117 100 26 77 77 100 15 0.7878 No -- Yes 
No statistical difference between Study Area and 
Reference 

Hexavalent chromium 3 59 5 1.73 5 39 13 0.958 NC -- -- No 
Study Area maximum > Reference maximum and 
Study Area mean (0.53) > Reference mean (0.44) 

Iron 117 117 100 82600 77 77 100 40000 0.2839 No -- Yes 
No statistical difference between Study Area and 
Reference 

Manganese 117 117 100 795 79 79 100 1230 0.0840 No -- Yes 
No statistical difference between Study Area and 
Reference 
Study Area maximum < Reference maximum 

Thallium 41 135 30 3.12 28 101 28 1.88 0.7224 No -- Yes 
No statistical difference between Study Area and 
Reference 

Vanadium 117 117 100 207 77 77 100 104 0.1808 No -- Yes 
No statistical difference between Study Area and 
Reference 

Cesium-137 120 139 86 1.26 81 96 84 0.649 0.0103 Yes Reference Yes Study Area < Reference, statistically significant 

Cobalt-60 20 138 14 0.0861 1 96 1 0.009 NC -- -- No 
Study Area FOD (14%) > Reference FOD (1%); 
Study Area maximum > single Reference detect 

Europium-152 22 125 18 1.33 0 76 0 ND (0.198) NC -- -- No 
All Reference samples are ND; Study Area detect 
~7x > Reference MDA 

Europium-154 1 123 1 0.12 0 88 0 ND (0.22) NC -- -- No All Reference samples are ND 
a Chemical units are mg/kg; radionuclide units are pCi/g. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 

-- = not applicable 
FOD = frequency of detection 
MDA = minimum detectable activity 
NC = not calculated 
ND = nondetect at concentration indicated 
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Table 3-79.  Lake Wallula Sub-Area Fish Fillet Study Area to Reference Comparison. 

Contaminant of 
Potential Concern 

Detects - 
Study Area 

Total  
Study Area 

FOD 
Study Area 

(%) 

Maximum 
Study Area 

Concentration a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration a 
P-Value b 

Statistically 
Significant? c 

Study Area 
Mean/Reference 
Mean Higher? 

Study Area 
Consistent  

With Reference? 
Rationale 

beta-HCH 13 31 42 0.318 12 30 40 1.87 0.6920 No -- Yes 
No statistical difference between Study Area and Reference 
Not a known Hanford contaminant/IL compound 

DDD 23 31 74 0.286 28 30 93 0.243 0.0229 Yes Reference Yes 
Study Area < Reference, statistically significant 
Not a known Hanford contaminant/IL compound 

DDE 31 31 100 0.68 30 30 100 1.19 0.1705 No -- Yes 
No statistical difference between Study Area and Reference 
Not a known Hanford contaminant/IL compound 

DDT 4 31 13 0.021 2 30 7 0.019 NC -- -- Yes 

Study area maximum similar to Reference maximum 
Not detected in SW 
In SED, Study Area mean < Reference mean 
Not a known Hanford contaminant/IL compound 

Dieldrin 5 31 16 0.0386 4 30 13 0.0264 NC -- -- Yes 
Study Area maximum  > Reference maximum 
Not detected in SW/SED 
Not a known Hanford contaminant/IL compound 

gamma-HCH (lindane) 2 31 6 0.0267 4 30 13 0.0753 NC -- -- Yes 
Study Area maximum < Reference maximum 
Not a known Hanford contaminant/IL compound 

Heptachlor 4 31 13 0.0837 1 30 3 0.123 NC -- -- Yes 
Study Area maximum < Reference maximum 
Not a COPC in SW/SED 
Not a known Hanford contaminant/IL compound 

Total dioxin-like PCBs 
(KM) 

31 31 100 1.5E-05 29 29 100 2.1E-04 0.5944 No -- Yes 
No statistical difference between Study Area and Reference 
Not a known Hanford contaminant/IL compound 

Total nondioxin PCBs 
(KM) 

31 31 100 0.41 29 29 100 3.3 0.3289 No -- Yes 
No statistical difference between Study Area and Reference 
Not a known Hanford contaminant/IL compound 

Arsenic 7 31 23 0.944 1 30 3 0.962 NC -- -- Yes 
Study Area maximum < Reference maximum 
Study area detects distributed throughout subarea. 

Cadmium 8 31 26 0.185 3 30 10 0.192 NC -- -- Yes 
Study Area maximum < Reference maximum 
Study Area mean (0.043) < Reference mean (0.055) 

Cobalt 4 31 13 2.34 5 30 17 2.77 NC -- -- Yes Study Area maximum < Reference maximum 

Lithium 7 31 23 2.31 9 30 30 2.4 NC -- -- Yes 
Study Area maximum < Reference maximum 
Not detected in SED 
Reference COPC in SW 

Mercury 32 32 100 0.401 31 32 97 0.721 0.6102 No -- Yes 
No statistical difference between Study Area and Reference 
Study Area mean (0.10) < Published mean (0.18) 
Concentrations in SW/SED upriver > Study Area 

Selenium 31 31 100 2.92 30 30 100 1.6 0.0873 No -- Yes No statistical difference between Study Area and Reference 

Vanadium 18 31 58 2.31 14 30 47 2.31 0.3588 No -- Yes No statistical difference between Study Area and Reference 

Zinc 27 31 87 38.2 29 30 97 33.9 0.3229 No -- Yes No statistical difference between Study Area and Reference 
a Chemical units are mg/kg; radionuclide units are pCi/g. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 

-- = not applicable 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 

IL = inclusion list 
KM = Kaplan-Meier 
NA = no quantitative analysis; all pesticides and PCBs in fish tissue were considered Reference COPCs 
NC = not calculated 
PCB = polychlorinated biphenyl 
SED = sediment 
SW = surface water 
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Table 3-80.  Lake Wallula Sub-Area Fish Carcass Study Area to Reference Comparison. 

Contaminant of 
Potential Concern 

(COPC) 

Detects - 
Study 
Area 

Total 
Study 
Area 

FOD 
Study 

Area (%) 

Maximum Study 
Area 

Concentration a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration a 

P-Value 

b 
Statistically 

Significant? c 

Study Area Mean 
or Reference 

Mean Higher? 

Study Area 
Consistent with 

Reference? 

Study Area or 
Reference 

COPC in Fillet? 
Outcome/Rationale d 

Beta-HCH 16 31 52 0.696 8 28 29 0.13 0.0724 No -- Yes Reference 
Reference COPC. No statistical difference between 
Study Area and Reference 
Reference designation based on fish fillet 

DDD 26 31 84 0.305 25 28 89 0.596 0.0137 Yes Reference Yes Reference 
Reference COPC. Study Area < Reference, 
statistically significant 
Reference designation based on fish fillet 

DDE 31 31 100 1 28 28 100 1.51 0.0369 Yes Reference Yes Reference 
Reference COPC. Study Area < Reference, 
statistically significant 
Reference designation based on fish fillet 

Dieldrin 5 31 16 0.0301 5 28 18 0.0645 NC -- -- Yes Reference 
Reference COPC. Study Area maximum < 
Reference maximum 
Reference designation based on fish fillet 

Gamma-HCH 
(Lindane) 

3 31 10 0.0337 2 28 7 0.0215 NC -- -- No Reference 

Reference COPC. Study Area maximum > 
Reference maximum 
Detects at multiple river miles (RM 315, 328), 
Study Area mean (0.0248) > Reference mean 
(0.011) 
Reference designation based on fish fillet 

Heptachlor 4 31 13 0.0324 2 28 7 0.15 NC -- -- Yes Reference 
Reference COPC. All Study Area detects < 
Reference minimum 
Reference designation based on fish fillet 

Total Dioxin-Like 
PCBs (KM) 

31 31 100 6.6E-05 29 29 100 3.0E-04 0.9058 No -- Yes Reference 
Reference COPC. No statistical difference between 
Study Area and Reference 
Reference designation based on fish fillet 

Total Non-dioxin 
PCBs (KM) 

31 31 100 0.76 29 29 100 5.0 0.1644 No -- Yes Reference 
Reference COPC. No statistical difference between 
Study Area and Reference 
Reference designation based on fish fillet 

Cobalt 6 31 19 1.96 6 28 21 1.96 NC -- -- Yes Reference 
Reference COPC. Study Area maximum = 
Reference maximum 
Reference designation based on fish fillet 

Mercury 32 32 100 0.285 29 30 97 0.377 0.3174 No -- Yes Reference 
Reference COPC. No statistical difference between 
Study Area and Reference 
Reference designation based on fish fillet 

Uranium 4 31 13 19.6 1 28 4 2.35 NC -- -- No NCC 
Study Area COPC. Study Area maximum > 
Reference maximum 

Carbon-14 1 31 3 141 0 28 0 ND (16100) NC -- -- No NCC Study Area COPC. All Reference samples ND 
a Chemical units are mg/kg; radionuclide units are pCi/g. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 
d If COPC is present in fillet, than Study Area or Reference determination for carcass is based on fillet determination. 

-- = not applicable 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 

KM = Kaplan-Meier 
MDA = minimum detectable activity  
NC = not calculated 
NCC = not a constituent of concern for that medium 
ND = nondetect at concentration indicated 
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Table 3-81.  Lake Wallula Sub-Area Fish Liver/Kidney Study Area to Reference Comparison. 

Contaminant of 
Potential Concern 

(COPC) 

Detects - 
Study 
Area 

Total 
Study 
Area 

FOD 
Study 

Area (%) 

Maximum Study 
Area 

Concentration a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration a 

P-Value 

b 

Statistically 
Significant? 

c 

Study Area Mean 
or Reference 

Mean Higher? 

Study Area 
Consistent with 

Reference? 

Study Area or 
Reference 

COPC in Fillet? 
Outcome/Rationale d 

Beta-HCH 9 9 100 0.0669 7 12 58 0.0819 0.0292 Yes Study Area No Reference 
Reference COPC. Study Area > Reference, statistically 
significant 
Reference designation based on fish fillet 

Delta-HCH 3 3 100 0.019 4 9 44 0.0183 NC -- -- Yes NCC 
Reference COPC. Study Area maximum > Reference 
maximum, however Study Area mean (0.0124) ≈ 
Reference mean (0.0116) 

DDD 37 37 100 0.344 33 33 100 0.372 0.6676 No -- Yes Reference 
Reference COPC. No statistical difference between Study 
Area and Reference 
Reference designation based on fish fillet 

DDE 37 37 100 0.791 35 35 100 1.36 0.4813 No -- Yes Reference 
Reference COPC. No statistical difference between Study 
Area and Reference 
Reference designation based on fish fillet 

DDT 13 13 100 2.36 12 15 80 2.77 0.4742 No -- Yes Reference 
Reference COPC. No statistical difference between Study 
Area and Reference 
Reference designation based on fish fillet 

Dieldrin 1 1 100 0.0246 1 6 17 0.0177 NC -- -- No Reference 
Reference COPC. Single Study Area detect > single 
Reference detect 
Reference designation based on fish fillet 

Heptachlor epoxide 1 5 20 0.0195 1 7 14 0.0177 NC -- -- No NCC 
Study Area COPC. Single Study Area detect > single 
Reference detect 

Total Dioxin-Like 
PCBs (KM) 

6 6 100 1.4E-05 4 4 100 1.7E-05 0.594 No -- Yes Reference 
Reference COPC. No statistical difference between Study 
Area and Reference 
Reference designation based on fish fillet 

Total Non-dioxin 
PCBs (KM) 

6 6 100 0.31 4 4 100 0.52 0.594 No -- Yes Reference 
Reference COPC. No statistical difference between Study 
Area and Reference 
Reference designation based on fish fillet 

Arsenic 13 42 31 1.21 2 38 5 0.98 NC -- -- No Reference 

Reference COPC. Study Area maximum > Reference 
maximum 
Study Area FOD > Reference FOD 
Reference designation based on fish fillet 

Cadmium 42 42 100 5.16 38 38 100 12.7 0.9118 No -- Yes Reference 
Reference COPC. No statistical difference between Study 
Area and Reference 
Reference designation based on fish fillet 

Mercury 42 42 100 0.189 38 38 100 0.329 0.2575 No -- Yes Reference 
Reference COPC. No statistical difference between Study 
Area and Reference 
Reference designation based on fish fillet 

Carbon-14 1 42 2 7.52 0 38 0 ND (5.15) NC -- -- No NCC Study Area COPC. All Reference samples ND 
a Chemical units are mg/kg; radionuclide units are pCi/g. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 
d If COPC is present in fillet, than Study Area or Reference determination for carcass is based on fillet determination. 

-- = not applicable 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 

KM = Kaplan-Meier 
MDA = minimum detectable activity  
NC = not calculated 
NCC = not a constituent of concern for that medium 
ND = nondetect at concentration indicated 
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Table 3-82.  Summary of Study Area to Reference 
Comparison for Lake Wallula Sub-Area Fish  

(All Species Combined). 

Contaminant of Potential 
Concern (COPC) 

Lake Wallula 

Fillet Carcass 
Liver & 
Kidney 

Final 
Decisiona 

Pesticides/Polychlorinated Biphenyls 

beta-HCH R R S R 

delta-HCH NCC NCC R; Q R 

DDD R R R R 

DDE R R R R 

DDT R; Q NCC R R 

Dieldrin R; Q R; Q S; Q R 

gamma-HCH (lindane) R; Q S; Q NCC R 

Heptachlor R; Q R; Q NCC R 

Heptachlor epoxide NCC NCC S; Q S 

Total Dioxin-Like PCBs R R R R 

Total Non-dioxin PCBs R R R R 

Metals 

Arsenic R; Q NCC S; Q R 

Cadmium R; Q NCC R R 

Cobalt R; Q R; Q NCC R 

Lithium R; Q NCC NCC R 

Mercury R R R R 

Selenium R NCC NCC R 

Tin R NCC NCC R 

Uranium NCC S; Q NCC S 

Vanadium R NCC NCC R 

Zinc R NCC NCC R 

Radionuclides 

Carbon-14 NCC S; Q S; Q S 

NOTE:  Shaded cells indicate where carcass or liver/kidney is designated as Study Area, 
whereas fillet is designated a Reference COPC. 
a  The final designation in fish tissue is based on fillet designation, where available. 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 
NCC = not contaminant of potential concern in this area and/or medium 
Q = result based on qualitative evaluation 
R = Study Area data for COPC are consistent with Reference data 
S = Hanford Reach concentrations higher than Reference 

 
  

Exhibit 12d



 DOE/RL-2010-117 

Data Evaluation Rev. 0 

 
  

 
Columbia River Component Risk Assessment 
Volume II, Part 2:  Baseline Human Health Risk Assessment 
September 2012  3-118 

 
Table 3-83.  Lake Wallula Sub-Area Summary of Study Area  

to Reference Comparison. (2 Pages) 

Contaminant of Potential Concern 
Lake Wallula Sub-Area 

Surface 
Water 

Sediment 
Fish Tissue 

(All Species) 
Semivolatile Organic Compounds 

Bis(2-ethylhexyl) phthalate R NCC NCC 

TPH-diesel range S NCC NCC 

TPH-motor oil (high boiling point) R NCC NCC 

Pesticides/Polychlorinated Biphenyls 
beta-HCH NCC NCC R 

delta-HCH NCC NCC R 

DDD NCC NCC R 

DDE NCC NCC R 

DDT NCC NCC R 

Dieldrin NCC NCC R 

gamma-HCH (lindane) NCC NCC R 

Heptachlor NCC NCC R 

Heptachlor epoxide NCC NCC S 

Total dioxin-like PCBs NCC NCC R 

Total nondioxin PCBs R NCC R 

Metals 
Aluminum NCC R NCC 

Arsenic R R R 

Cadmium NCC NCC R 

Chromium R R NCC 

Cobalt NCC R R 

Hexavalent chromium R S NCC 

Iron NCC R NCC 

Lithium R NCC R 

Manganese NCC R NCC 

Mercury NCC NCC R 

Selenium NCC NCC R 

Thallium R R NCC 

Uranium NCC NCC S 

Vanadium NCC R R 

Zinc NCC NCC R 

Inorganics 
Fluoride R NCC NCC 

Radionuclides 
Carbon-14 NCC NCC S 
Cesium-137 NCC R NCC 

Cobalt-60 NCC S NCC 

Europium-152 NCC S NCC 

Europium-154 NCC S NCC 
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Table 3-83.  Lake Wallula Sub-Area Summary of Study Area  
to Reference Comparison. (2 Pages) 

Contaminant of Potential Concern 
Lake Wallula Sub-Area 

Surface 
Water 

Sediment 
Fish Tissue 

(All Species) 
Plutonium-239/240 S NCC NCC 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 
NCC = not contaminant of potential concern in this area and/or medium 
PCB = polychlorinated biphenyl 
R = Study Area data for contaminant of potential concern are consistent with Reference data 

S = Study Area data for contaminant of potential concern are higher than Reference data 
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Table 3-84.  Bass Fillet Study Area to Reference Comparison. 

Contaminant of 
Potential Concern 

Detects - 
Study Area 

Total 
Study Area 

FOD 
Study Area 

(%) 

Maximum 
Study Area 

Concentration 
a 

Detects-
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration 
a 

P-Value b Statistically 
Significant? c 

Study Area 
Mean or 

Reference 
Mean Higher? 

Study Area 
Consistent With 

Reference? 
Rationale 

DDD 9 13 69 0.251 3 5 60 0.00913 NC -- -- Yes 
Not a COPC in SW/SED 
Not a known Hanford contaminant/IL compound 

DDE 13 13 100 0.239 5 5 100 0.0607 0.8437 No -- Yes 
No statistical difference between Study Area and Reference 
Not a known Hanford contaminant/IL compound 

gamma-HCH (lindane) 1 6 17 0.0199 0 5 0 ND(0.00912) NC -- -- Yes 
Not a COPC in SW/SED 
Not a known Hanford contaminant/IL compound 

Total dioxin-like PCBs 
(KM) 

15 15 100 1.0E-05 5 5 100 3.6E-06 0.8614 No -- Yes 
No statistical difference between Study Area and Reference 
Not a known Hanford contaminant/IL compound 

Total nondioxin PCBs 
(KM) 

15 15 100 0.22 5 5 100 0.11 0.9657 No -- Yes 
No statistical difference between Study Area and Reference 
Not a known Hanford contaminant/IL compound 

Arsenic (total inorganic) 1 15 7 0.00322 0 5 0 ND (0.003) NC -- -- Yes 

All Reference samples ND 
Study Area maximum < 5x maximum Reference RL 
Study Area maximum < Published 75th percentile (0.005) 
Study Area mean (0.0032) < Published mean (0.0041) 

Cadmium 2 15 13 0.051 0 5 0 ND (0.192) NC -- -- Yes 
Not a COPC in SW/SED 
All Reference samples ND but Study Area maximum < Reference 
RL 

Cobalt 9 15 60 1.9 0 5 0 ND (1.92) NC -- -- Yes 
All Reference samples ND but Study Area maximum < Reference 
RL 
Cobalt is Reference related in SW/SED 

Mercury 13 13 100 0.102 5 5 100 0.122 0.9215 No -- Yes No statistical difference between Study Area and Reference 

Selenium 15 15 100 1.13 5 5 100 1.14 0.2945 No -- Yes No statistical difference between Study Area and Reference 

Vanadium 15 15 100 0.52 3 5 60 0.263 NC -- -- Yes 
Study Area maximum < 2x Reference maximum 
Study Area mean (0.38) < 2x Reference mean (0.22) 
Reference COPC in SED throughout Study Area 

Zinc 15 15 100 30.1 5 5 100 15.2 0.7934 No -- Yes No statistical difference between Study Area and Reference 
a Chemical units are mg/kg; radionuclide units are pCi/g. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 

COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
IL = inclusion list 
KM = Kaplan-Meier 

NA = no quantitative analysis; all pesticides and PCBs in fish tissue were considered Reference COPCs 
NC = not calculated 
ND = nondetect at concentration indicated 
PCB = polychlorinated biphenyl 
RL = reporting limit 
SED = sediment 
SW = surface water 
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Table 3-85.  Bass Carcass Study Area to Reference Comparison. 

Contaminant of 
Potential Concern 

(COPC) 

Detects - 
Study 
Area 

Total 
Study 
Area 

FOD 
Study 

Area (%) 

Maximum 
Study Area 

Concentration 

a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration a 

P-Value 

b 
Statistically 

Significant? c 

Study Area 
Mean or 

Reference 
Mean Higher? 

Study Area 
Consistent 

with 
Reference? 

Study Area or 
Reference 
COPC in 

Fillet? 

Outcome/Rationale d 

beta-HCH 1 6 17 0.0647 1 5 20 0.0396 NC -- -- No NCC Study Area COPC.   Study Area detect > Reference detect 

DDD 13 13 100 0.279 5 5 100 0.0413 0.0384 Yes Study Area No Reference 
Reference COPC. Study Area > Reference, statistically 
significant 
Reference designation based on fish fillet 

DDE 13 13 100 0.515 5 5 100 0.346 0.2782 No -- Yes Reference 
Reference COPC. No statistical difference between Study Area 
and Reference 
Reference designation based on fish fillet 

Total Dioxin-Like PCBs 
(KM) 

15 15 100 3.6E-05 5 5 100 1.9E-05 0.9304 No -- Yes Reference 
Reference COPC.  No statistical difference between Study Area 
and Reference 
Reference designation based on fish fillet 

Total Non-dioxin PCBs 
(KM) 

15 15 100 0.82 5 5 100 0.39 0.9304 No -- Yes Reference 
Reference COPC.  No statistical difference between Study Area 
and Reference 
Reference designation based on fish fillet 

Cobalt 10 15 67 1.56 1 5 20 0.79 NC -- -- No Reference 
Reference COPC.  Study Area maximum and mean (1.11) > 
single Reference detect 
Reference designation based on fish fillet 

Mercury 13 13 100 0.118 5 5 100 0.103 0.9215 No -- Yes Reference 
Reference COPC.  No statistical difference between Study Area 
and Reference 
Reference designation based on fish fillet 

Uranium 5 15 33 2.37 1 5 20 2.35 NC -- -- Yes NCC 
Reference COPC.  Study Area mean (1.89) < Reference mean 
(2.35) 
Study Area maximum ≈ Reference maximum 

a Chemical units are mg/kg; radionuclide units are pCi/g. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 
d If COPC is present in fillet, than Study Area or Reference determination for carcass is based on fillet determination. 

-- = not applicable 

COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
HCH = hexachlorocyclohexane 
FOD = frequency of detection 

KM = Kaplan-Meier 
MDA = minimum detectable activity  
NC = not calculated 
NCC = not a constituent of concern for that medium 
ND = nondetect at concentration indicated 
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Table 3-86.  Carp Fillet Study Area to Reference Comparison. 

Contaminant of 
Potential Concern 

Detects - 
Study 
Area 

Total 
Study 
Area 

FOD 
Study Area 

(%) 

Maximum 
Study Area 

Concentration 
a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration 
a 

P-Value b Statistically 
Significant? c 

Study Area 
Mean or 

Reference Mean 
Higher? 

Study Area 
Consistent With 

Reference? 
Rationale 

beta-HCH 8 15 53 0.318 0 4 0 ND(0.0112) NC -- -- Yes 
Not a COPC in SW/SED 
Not a known Hanford contaminant/IL compound 

DDD 15 15 100 0.355 4 4 100 0.148 0.7263 No -- Yes 
No statistical difference between Study Area and Reference 
Not a known Hanford contaminant/IL compound 

DDE 15 15 100 0.998 4 4 100 1.19 0.3953 No -- Yes 
No statistical difference between Study Area and Reference 
Not a known Hanford contaminant/IL compound 

DDT 2 15 13 0.0237 0 4 0 ND(0.0112) NC -- -- Yes 
Not a COPC in SW/SED 
Not a known Hanford contaminant/IL compound 

Heptachlor 4 15 27 0.0837 0 4 0 ND(0.0112) NC -- -- Yes 
Not a COPC in SW/SED 
Not a known Hanford contaminant/IL compound 

Total dioxin-like PCBs 
(KM) 

15 15 100 2.5E-05 4 4 100 1.6E-05 0.3421 No -- Yes 
No statistical difference between Study Area and Reference 
Not a known Hanford contaminant/IL compound 

Total nondioxin PCBs 
(KM) 

15 15 100 0.53 4 4 100 0.42 0.6527 No -- Yes 
No statistical difference between Study Area and Reference 
Not a known Hanford contaminant/IL compound 

Arsenic (total inorganic) 7 15 47 0.00536 1 4 25 0.00545 NC -- -- Yes Study Area maximum < Reference maximum 

Cadmium 7 15 47 0.081 2 4 50 0.085 NC -- -- Yes 
Not a COPC in SW/SED 
Study Area maximum ≈ Reference maximum 
Study Area mean (0.05) < Reference mean (0.07) 

Cobalt 1 15 7 2.34 1 4 25 0.692 NC -- -- Yes Cobalt is Reference related in SW/SED 

Lithium 11 15 73 1.01 2 4 50 0.869 NC -- -- Yes 
Study Area maximum < 2x Reference maximum 
Study Area mean (0.558) < Reference mean (0.771) 
Lithium is Reference related in SW 

Mercury 15 15 100 0.18 4 4 100 0.13 0.0571 No -- Yes No statistical difference between Study Area and Reference 

Selenium 15 15 100 1.43 4 4 100 1.26 0.6527 No -- Yes No statistical difference between Study Area and Reference 

Tin 14 15 93 64.7 3 4 75 18.6 NC -- -- No 
Study Area maximum > 2x Reference maximum 
Study Area mean (26) > 2x Reference mean (12.9) 

Vanadium 12 15 80 0.344 2 4 50 0.277 NC -- -- Yes 
Study Area maximum < 2x Reference maximum 
Study Area mean (0.3) = Reference mean 
Reference COPC in SW/SED 

Zinc 15 15 100 38.2 4 4 100 33.9 0.8808 No -- Yes No statistical difference between Study Area and Reference 
a Chemical units are mg/kg; radionuclide units are pCi/g. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 

COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
IL = inclusion list 

KM = Kaplan-Meier 
NA = no quantitative analysis; all pesticides and PCBs in fish tissue were considered Reference COPCs 
NC = not calculated 
ND = nondetect at concentration indicated 
PCB = polychlorinated biphenyl 
SED = sediment 
SW = surface water 
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Table 3-87.  Carp Carcass Study Area to Reference Comparison. 

Contaminant of Potential 
Concern (COPC) 

Detects 
- Study 
Area 

Total 
Study 
Area 

FOD 
Study 

Area (%) 

Maximum Study 
Area 

Concentration a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration a 

P-Value 

b 
Statistically 

Significant? c 

Study Area 
Mean or 

Reference Mean 
Higher? 

Study Area 
Consistent 

with 
Reference? 

Study Area or 
Reference 

COPC in Fillet? 
Outcome/Rationale d 

beta-HCH 7 15 47 0.199 2 4 50 0.0855 NC -- -- No Reference 

Reference COPC. Study Area maximum > 
Reference maximum 
Study Area mean (0.068) > Reference mean (0.061)
Reference designation based on fish fillet 

delta-HCH 1 15 7 0.0333 0 4 0 ND (0.00033) NC -- -- No NCC Study Area COPC. All Reference samples ND 

DDD 15 15 100 0.356 4 4 100 0.144 0.9601 No -- Yes Reference 
Reference COPC. No statistical difference between 
Study Area and Reference 
Reference designation based on fish fillet 

DDE 15 15 100 1.2 4 4 100 1.02 0.1934 No -- Yes Reference 
Reference COPC. No statistical difference between 
Study Area and Reference 
Reference designation based on fish fillet 

Heptachlor 2 15 13 0.0324 0 4 0 ND (0.00033) NC -- -- No Reference 
Reference COPC. All Reference samples ND 
Reference designation based on fish fillet 

Total Dioxin-Like PCBs (KM) 15 15 100 6.6E-05 4 4 100 1.9E-05 0.0143 Yes Study Area No Reference 
Reference COPC. Study Area > Reference, 
statistically significant 
Reference designation based on fish fillet 

Total Non-dioxin PCBs (KM) 15 15 100 0.76 4 4 100 0.47 0.0801 No -- Yes Reference 
Reference COPC. No statistical difference between 
Study Area and Reference 
Reference designation based on fish fillet 

Cobalt 5 15 33 1.23 0 4 0 ND (1.27) NC -- -- Yes Reference 
Reference COPC. All Reference samples ND but 
Study Area maximum < Reference RL 
Reference designation based on fish fillet 

Mercury 15 15 100 0.11 4 4 100 0.07 0.0876 No -- Yes Reference 
Reference COPC. No statistical difference between 
Study Area and Reference 
Reference designation based on fish fillet 

Uranium 3 15 20 2.36 0 4 0 ND (12.7) NC -- -- Yes NCC 
Reference COPC. All Reference samples ND but 
Study Area maximum < Reference RL 

Carbon-14 1 15 7 6.18 0 4 0 ND (-0.217) NC -- -- No NCC Study Area COPC. All Reference samples ND 
a Chemical units are mg/kg; radionuclide units are pCi/g. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 
d If COPC is present in fillet, than Study Area or Reference determination for carcass is based on fillet determination. 

-- = not applicable 

COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
HCH = hexachlorocyclohexane 
FOD = frequency of detection 

KM = Kaplan-Meier 
MDA = minimum detectable activity  
NC = not calculated 
NCC = not a constituent of concern for that medium 
ND = nondetect at concentration indicated 
RL  = reporting limit 
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Table 3-88.  Sturgeon Fillet Study Area to Reference Comparison. 

Contaminant of 
Potential Concern 

Detects - 
Study 
Area 

Total 
Study 
Area 

FOD 
Study Area 

(%) 

Maximum  
Study Area 

Concentration a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration a 
P-Value b Statistically 

Significant? c 

Study Area 
Mean or 

Reference Mean 
Higher? 

Study Area 
Consistent With 

Reference? 
Rationale 

Aldrin 2 25 8 0.0192 0 5 0 ND(0.0104) NC -- -- Yes 
Not a COPC in SW/SED 
Not a known Hanford contaminant/IL compound 

beta-HCH 8 25 32 0.115 0 5 0 ND(0.0104) NC -- -- Yes 
Not a COPC in SW/SED 
Not a known Hanford contaminant/IL compound 

DDD 22 25 88 0.136 5 5 100 0.144 0.0007 Yes Reference Yes 
Study Area < Reference, statistically significant 
Not a known Hanford contaminant/IL compound 

DDE 25 25 100 0.376 5 5 100 0.833 0.0167 Yes Reference Yes 
Study Area < Reference, statistically significant 
Not a known Hanford contaminant/IL compound 

DDT 7 25 28 0.0149 0 5 0 ND(0.0104) NC -- -- Yes 
Not a COPC in SW/SED 
Not a known Hanford contaminant/IL compound 

delta-HCH 2 25 8 0.0183 0 5 0 ND(0.0104) NC -- -- Yes 
Not a COPC in SW/SED 
Not a known Hanford contaminant/IL compound 

Dieldrin 2 25 8 0.024 0 5 0 ND(0.0104) NC -- -- Yes 
Not detected in SW/SED 
Not a known Hanford contaminant/IL compound 

gamma-HCH (lindane) 3 25 12 0.0268 0 5 0 ND(0.0104) NC -- -- Yes 
Not a COPC in SW/SED 
Not a known Hanford contaminant/IL compound 

Heptachlor 2 25 8 0.0197 1 5 20 0.123 NC -- -- Yes 
Not a COPC in SW/SED 
Study Area maximum < Reference detect 
Not a known Hanford contaminant/IL compound 

Total dioxin-like PCBs (KM) 25 25 100 1.6E-05 5 5 100 1.4E-05 0.2657 No -- Yes 
No statistical difference between Study Area and Reference 
Not a known Hanford contaminant/IL compound 

Total nondioxin PCBs (KM) 25 25 100 0.31 5 5 100 0.36 0.469 No -- Yes 
No statistical difference between Study Area and Reference 
Not a known Hanford contaminant/IL compound 

Arsenic (total inorganic) 3 25 12 0.00453 0 5 0 ND (0.003) NC -- -- Yes 
All Reference samples ND 
Study Area maximum < Published 75th percentile (0.005) 
Study Area mean (0.0035) < Published mean (0.0041) 

Cadmium 2 25 8 0.053 0 5 0 ND (0.164) NC -- -- Yes 
Not a COPC in SW/SED 
All Reference samples ND but Study Area maximum < 
Reference RL 

Lithium 3 25 12 0.689 2 5 40 0.641 NC -- -- Yes 
Study Area maximum < 2x Reference maximum 
Study Area mean (0.613) < 2x Reference mean (0.506) 
Lithium is Reference related in SW 

Mercury 29 29 100 0.612 6 7 86 0.103 0.0062 Yes Study Area No Study Area > Reference, statistically significant 

Selenium 25 25 100 2.92 5 5 100 1.6 0.9335 No -- Yes No statistical difference between Study Area and Reference 

Vanadium 8 25 32 0.284 0 5 0 ND (2.05) NC -- -- Yes 
All Reference samples ND but Study Area maximum < 
Reference RL 
Study Area maximum within published range (0.01-4.16) 

a Chemical units are mg/kg; radionuclide units are pCi/g. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 

COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
IL = inclusion list 

KM = Kaplan-Meier 
NA = no quantitative analysis; all pesticides and PCBs in fish tissue were considered Reference COPCs 
ND = nondetect at concentration indicated 
PCB = polychlorinated biphenyl 
RL = reporting limit 
SED = sediment 
SW = surface water 
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Table 3-89.  Sturgeon Carcass Study Area to Reference Comparison. 

Contaminant of Potential 
Concern (COPC) 

Detects 
- Study 
Area 

Total 
Study 
Area 

FOD 
Study 

Area (%) 

Maximum Study 
Area 

Concentration a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration a 

P-Value 

b 
Statistically 

Significant? c 

Study Area 
Mean or 

Reference 
Mean Higher? 

Study Area 
Consistent 

with 
Reference? 

Study Area or 
Reference 

COPC in Fillet? 
Outcome/Rationale d 

Aldrin 4 25 16 0.0147 2 5 40 0.0161 NC -- -- Yes Reference 

Reference COPC. Study Area maximum < Reference 
maximum 
Study Area mean (0.0065) < Reference mean (0.012) 
Reference designation based on fish fillet 

beta-HCH 12 25 48 0.112 0 5 0 ND (0.00806) NC -- -- No Reference 
Reference COPC. All Reference samples ND 
Reference designation based on fish fillet 

DDD 25 25 100 0.178 5 5 100 0.266 0.00694 Yes Study Area No Reference 
Reference COPC. Study Area > Reference, statistically 
significant 
Reference designation based on fish fillet 

DDE 25 25 100 0.9 5 5 100 1.51 0.0845 No -- Yes Reference 
Reference COPC. No statistical difference between Study 
Area and Reference 
Reference designation based on fish fillet 

gamma-HCH (Lindane) 3 25 12 0.0355 0 5 0 ND (0.00806) NC -- -- No Reference 
Reference COPC. All Reference samples ND 
Reference designation based on fish fillet 

Heptachlor 2 25 8 0.037 2 5 40 0.15 NC -- -- Yes Reference 

Reference COPC. Study Area maximum < Reference 
maximum 
Study Area mean (0.0077) < Reference mean (0.14) 
Reference designation based on fish fillet 

Total Dioxin-Like PCBs 
(KM) 

25 25 100 6.0E-05 5 5 100 1.5E-05 0.2006 No -- Yes Reference 
Reference COPC. No statistical difference between Study 
Area and Reference 
Reference designation based on fish fillet 

Total Non-dioxin PCBs 
(KM) 

25 25 100 0.77 5 5 100 0.50 0.4039 No -- Yes Reference 
Reference COPC. No statistical difference between Study 
Area and Reference 
Reference designation based on fish fillet 

Cobalt 10 25 40 1.37 2 5 40 1.11 NC -- -- No NCC 
Study Area COPC. Study Area maximum > Reference 
maximum 
Study Area mean (1.03) > Reference mean (0.93) 

Mercury 29 29 100 0.138 6 7 86 0.16 0.0442 Yes Study Area No Study Area 
Study Area COPC. Study Area > Reference, statistically 
significant 
Study Area designation based on fish fillet 

a Chemical units are mg/kg; radionuclide units are pCi/g. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 
d If COPC is present in fillet, than Study Area or Reference determination for carcass is based on fillet determination. 

-- = not applicable 

COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
HCH = hexachlorocyclohexane 
FOD = frequency of detection 

KM = Kaplan-Meier 
MDA = minimum detectable activity  
NC = not calculated 
NCC = not a constituent of concern for that medium 
ND = nondetect at concentration indicated 
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Table 3-90.  Sucker Fillet Study Area to Reference Comparison. 

Contaminant of 
Potential Concern 

Detects - 
Study 
Area 

Total 
Study Area 

FOD 
Study Area 

(%) 

Maximum 
Study Area 

Concentration a 

Detects-
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration 
a 

P-Value b Statistically 
Significant? c 

Study Area 
Mean or 

Reference 
Mean Higher? 

Study Area 
Consistent With 

Reference? 
Rationale 

DDD 14 15 93 0.0584 5 5 100 0.243 0.05 Yes Reference Yes 
Study Area < Reference, statistically significant 
Not a known Hanford contaminant/IL compound 

DDE 15 15 100 0.329 5 5 100 0.182 0.5122 No -- Yes 
Not a COPC in SW/SED 
No statistical difference between Study Area and Reference 
Not a known Hanford contaminant/IL compound 

DDT 2 15 13 0.0181 0 5 0 ND(0.019) NC -- -- Yes 
Not a COPC in SW/SED 
Not a known Hanford contaminant/IL compound 

delta-HCH 4 15 27 0.0757 0 5 0 ND(0.019) NC -- -- Yes 
Not a COPC in SW/SED 
Not a known Hanford contaminant/IL compound 

Endrin 1 15 7 0.0321 0 5 0 ND(0.019) NC -- -- Yes 
Not a COPC in SW/SED 
Not a known Hanford contaminant/IL compound 

Total dioxin-like PCBs 
(KM) 

15 15 100 1.1E-05 5 5 100 4.9E-06 0.0052 Yes Study Area No Study Area > Reference, statistically significant 

Total nondioxin PCBs (KM) 15 15 100 0.23 5 5 100 0.12 0.004 Yes Study Area No Study Area > Reference, statistically significant 

Arsenic (total inorganic) 4 15 27 0.00356 1 5 20 0.00312 NC -- -- Yes 

Study Area mean (0.0031) = Reference mean (0.0031) 
Study Area maximum < 2x Reference maximum 
Study Area maximum < Published 75th percentile (0.005) 
Study Area mean (0.0031) < Published mean (0.0041) 
Reference COPC in SW/SED 

Cadmium 1 15 7 0.04 1 5 20 0.034 NC -- -- Yes 
Not a COPC in SW/SED 
Study Area maximum < 2x Reference maximum 

Mercury 15 15 100 0.172 5 5 100 0.144 0.2214 No -- Yes No statistical difference between Study Area and Reference 

Selenium 15 15 100 1.06 5 5 100 0.948 0.0446 Yes Study Area No Study Area > Reference, statistically significant 

Zinc 15 15 100 18.5 5 5 100 19.6 0.0362 Yes Reference Yes Study Area < Reference, statistically significant 

Carbon-14 1 15 7 6.06 0 5 0 ND(2.06) NC -- -- No 
All Reference samples ND; Study Area detect > Reference 
MDAs 

a Chemical units are mg/kg; radionuclide units are pCi/g..  
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.    
c Significance level for p-value set at 0.05. 

COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 

IL = inclusion list 
 

KM = Kaplan-Meier 
MDA = minimum detectable activity  
NA = no quantitative analysis; all pesticides and PCBs in fish tissue were considered Reference COPCs 
ND = nondetect at concentration indicated 
PCB = polychlorinated biphenyl 
SED = sediment 
SW = surface water 
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Table 3-91.  Sucker Carcass Study Area to Reference Comparison. 

Contaminant of Potential 
Concern (COPC) 

Detects - 
Study 
Area 

Total 
Study 
Area 

FOD 
Study 
Area 
(%) 

Maximum 
Study Area 

Concentration 

a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration 

a 

P-Value 

b 
Statistically 

Significant? c 

Study Area 
Mean or 

Reference 
Mean Higher? 

Study Area 
Consistent 

with 
Reference? 

Study Area or 
Reference 
COPC in 

Fillet? 

Outcome/Rationale d 

beta-HCH 1 15 7 0.0482 2 5 40 0.0279 NC -- -- No NCC Study Area COPC. Study Area detect > Reference maximum 

delta-HCH 1 15 7 0.0359 0 5 0 ND (0.0146) NC -- -- No Reference 
Reference COPC. All Reference samples ND 
Reference designation based on fish fillet 

DDD 15 15 100 0.133 5 5 100 0.596 0.003 Yes Reference Yes Reference 
Reference COPC. Study Area < Reference, statistically 
significant 
Reference designation based on fish fillet 

DDE 15 15 100 0.739 5 5 100 1.49 0.2215 No -- Yes Reference 
Reference COPC. No statistical difference between Study 
Area and Reference 
Reference designation based on fish fillet 

Total Dioxin-Like PCBs (KM) 15 15 100 2.1E-05 5 5 100 1.4E-05 0.0548 No -- Yes Study Area 
Study Area COPC. No statistical difference between Study 
Area and Reference 
Study Area designation based on fish fillet 

Total Non-dioxin PCBs (KM) 15 15 100 0.45 5 5 100 0.33 0.1161 No -- Yes Study Area 
Study Area COPC. No statistical difference between Study 
Area and Reference 
Study Area designation based on fish fillet 

Mercury 15 15 100 0.103 5 5 100 0.075 0.9304 No -- Yes Reference 
Reference COPC. No statistical difference between Study 
Area and Reference 
Reference designation based on fish fillet 

Carbon-14 1 15 7 8.19 0 5 0 ND (-0.934) NC -- -- No Study Area 
Study Area COPC. All Reference samples ND 
Study Area designation based on fish fillet 

a Chemical units are mg/kg; radionuclide units are pCi/g. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 
d If COPC is present in fillet, than Study Area or Reference determination for carcass is based on fillet determination. 

-- = not applicable 
COPC = contaminant of potential concern 
FOD = frequency of detection 

KM = Kaplan-Meier 
MDA = minimum detectable activity  
NC = not calculated 
NCC = not a constituent of concern for that medium 
ND = nondetect at concentration indicated 
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Table 3-92.  Walleye Fillet Study Area to Reference Comparison. 

Contaminant of 
Potential Concern 

Detects - 
Study 
Area 

Total 
Study Area 

FOD 
Study Area 

(%) 

Maximum 
Study Area 

Concentration 
a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration 
a 

P-Value b Statistically 
Significant? c 

Study Area 
Mean or 

Reference 
Mean 

Higher? 

Study Area 
Consistent with 

Reference? 
Rationale 

alpha-Chlordane 1 16 6 0.0106 0 6 0 ND(0.0182) NC -- -- Yes 
Not a COPC in SW/SED 
Not a known Hanford contaminant/IL compound 

beta-HCH 10 16 63 0.173 6 6 100 1.87 0.0007 Yes Reference Yes 
Study Area < Reference, statistically significant 
Not a known Hanford contaminant/IL compound 

DDD 8 16 50 0.0556 6 6 100 0.226 <0.0001 Yes Reference Yes 
Study Area < Reference, statistically significant 
Not a known Hanford contaminant/IL compound 

DDE 16 16 100 0.416 6 6 100 0.655 0.0057 Yes Reference Yes 
Study Area < Reference, statistically significant 
Not a known Hanford contaminant/IL compound 

DDT 3 16 19 0.00773 1 6 17 0.0115 NC -- -- Yes 
Not a COPC in SW/SED 
Study Area maximum < Reference maximum 
Not a known Hanford contaminant/IL compound 

gamma-HCH (lindane) 2 16 13 0.0267 4 6 67 0.0753 NC -- -- Yes 
Not a COPC in SW/SED 
Study Area maximum < Reference maximum 
Not a known Hanford contaminant/IL compound 

Heptachlor 3 16 19 0.0249 0 6 0 ND(0.0182) NC -- -- Yes 
Not a COPC in SW/SED 
Not a known Hanford contaminant/IL compound 

Total dioxin-like PCBs 
(KM) 

16 16 100 2.6E-05 5 5 100 1.4E-05 0.5915 No -- Yes 
No statistical difference between Study Area and Reference 
Not a known Hanford contaminant/IL compound 

Total nondioxin PCBs 
(KM) 

16 16 100 0.56 5 5 100 0.32 0.4328 No -- Yes 
No statistical difference between Study Area and Reference 
Not a known Hanford contaminant/IL compound 

Arsenic (total inorganic) 7 16 44 0.00515 0 5 0 ND (0.003) NC -- -- Yes 
All Reference samples ND 
Study Area maximum < Published 75th percentile (0.005) 

Cadmium 1 16 6 0.047 0 6 0 ND (0.192) NC -- -- Yes 
Not a COPC in SW/SED 
All Reference samples ND but Study Area maximum < 
Reference RL 

Cobalt 1 16 6 0.712 2 6 33 1.3 NC -- -- Yes Study Area maximum < Reference maximum 

Lithium 6 16 38 1.11 2 6 33 0.539 NC -- -- No 
Study Area maximum > 2x Reference maximum 
Study Area mean (0.608) > Reference mean (0.469) 

Mercury 16 16 100 0.606 6 6 100 0.721 0.5309 No -- Yes No statistical difference between Study Area and Reference 

Selenium 16 16 100 0.729 6 6 100 0.754 0.0183 Yes Reference Yes Study Area < Reference, statistically significant 

Vanadium 16 16 100 0.393 6 6 100 0.399 0.0601 No -- Yes No statistical difference between Study Area and Reference 
a Chemical units are mg/kg; radionuclide units are pCi/g. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 

COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
IL = inclusion list 

KM = Kaplan-Meier 
NA = no quantitative analysis; all pesticides and PCBs in fish tissue were considered Reference COPCs 
ND = nondetect at concentration indicated 
PCB = polychlorinated biphenyl 
SED = sediment 
SW = surface water 
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Table 3-93.  Walleye Carcass Study Area to Reference Comparison. 

Contaminant of Potential 
Concern (COPC) 

Detects 
- Study 
Area 

Total 
Study 
Area 

FOD 
Study 
Area 
(%) 

Maximum 
Study Area 

Concentration 

a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration 

a 

P-Value 

b 

Statistically 
Significant? 

c 

Study Area 
Mean or 

Reference Mean 
Higher? 

Study Area 
Consistent 

with 
Reference? 

Study Area or 
Reference 

COPC in Fillet? 
Outcome/Rationale d 

alpha-HCH 1 16 6 0.0157 0 4 0 ND (0.0109) NC -- -- Yes NCC 
Reference COPC. All Reference samples ND but single 
Study Area detect is similar to average of Reference RLs. 

beta-HCH 8 16 50 0.696 2 4 50 0.13 NC -- -- No Reference 

Reference COPC. Study Area maximum > 2x Reference 
maximum 
Study Area mean (0.073) > Reference mean (0.070). 
However, Reference designation based on fish fillet 

DDE 16 16 100 1.14 4 4 100 1.28 0.0527 No -- Yes Reference 
Reference COPC. No statistical difference between Study 
Area and Reference 
Reference designation based on fish fillet 

gamma-HCH (Lindane) 3 16 19 0.0337 2 4 50 0.0125 NC -- -- No Reference 

Reference COPC. Study Area maximum > Reference 
maximum 
Study Area mean (0.0252) > Reference mean (0.0117) 
Reference designation based on fish fillet 

Heptachlor 3 16 19 0.0351 0 4 0 ND (0.0109) NC -- -- No Reference 
Reference COPC. All reference samples ND 
Reference designation based on fish fillet 

Total Dioxin-Like PCBs (KM) 16 16 100 9.3E-05 5 5 100 3.1E-05 0.8365 No -- Yes Reference 
Reference COPC. No statistical difference between Study 
Area and Reference 
Reference designation based on fish fillet 

Total Non-dioxin PCBs (KM) 16 16 100 2.4 5 5 100 0.66 0.5357 No -- Yes Reference 
Reference COPC. No statistical difference between Study 
Area and Reference 
Reference designation based on fish fillet 

Mercury 16 16 100 0.45 4 4 100 0.377 0.7767 No -- Yes Reference 
Reference COPC. No statistical difference between Study 
Area and Reference 
Reference designation based on fish fillet 

a Chemical units are mg/kg; radionuclide units are pCi/g. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 
d If COPC is present in fillet, than Study Area or Reference determination for carcass is based on fillet determination. 

-- = not applicable 

COPC = contaminant of potential concern 
DDE = dichlorodiphenyldichloroethylene 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 

KM = Kaplan-Meier 
MDA = minimum detectable activity  
NC = not calculated 
NCC = not a constituent of concern for that medium 
ND = nondetect at concentration indicated 

 
  

Exhibit 12d



 DOE/RL-2010-117 

Data Evaluation Rev. 0 

 
  

 
Columbia River Component Risk Assessment 
Volume II, Part 2:  Baseline Human Health Risk Assessment 
September 2012 3-131 

Table 3-94.  Whitefish Fillet Study Area to Reference Comparison. 

Contaminant of 
Potential Concern 

Detects - 
Study 
Area 

Total 
Study Area 

FOD 
Study Area 

(%) 

Maximum 
Study Area 

Concentration 
a 

Detects-
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration 
a 

P-Value b Statistically 
Significant? c 

Study Area 
Mean or 

Reference 
Mean 

Higher? 

Study Area 
Consistent 

with 
Reference? 

Rationale 

alpha-HCH 1 15 7 0.00901 0 5 0 ND(0.00884) NC -- -- Yes 
Not a COPC in SW/SED 
Not a known Hanford contaminant/IL compound 

alpha-Chlordane 1 15 7 0.00739 0 5 0 ND(0.00884) NC -- -- Yes 
Not a COPC in SW/SED 
Not a known Hanford contaminant/IL compound 

DDD 15 15 100 0.124 5 5 100 0.0542 0.0068 Yes Study Area No Study Area > Reference, statistically significant 

DDE 15 15 100 0.592 5 5 100 0.382 0.5124 No -- Yes 
No statistical difference between Study Area and Reference 
Not a known Hanford contaminant/IL compound 

Dieldrin 15 15 100 0.0386 4 5 80 0.0264 0.0389 Yes Study Area No Study Area > Reference, statistically significant 

Endrin aldehyde 2 15 13 0.01 0 5 0 ND(0.00884) NC -- -- Yes 
Not a COPC in SW/SED 
Not a known Hanford contaminant/IL compound 

gamma-HCH (lindane) 2 15 13 0.0191 0 5 0 ND(0.00884) NC -- -- Yes 
Not a COPC in SW/SED 
Not a known Hanford contaminant/IL compound 

Heptachlor 2 15 13 0.0184 0 5 0 ND(0.00884) NC -- -- Yes 
Not a COPC in SW/SED 
Not a known Hanford contaminant/IL compound 

Total dioxin-like PCBs 
(KM) 

15 15 100 2.8E-05 5 5 100 2.1E-04 0.9304 No -- Yes 
No statistical difference between Study Area and Reference  
Not a known Hanford contaminant/IL compound 

Total nondioxin PCBs 
(KM) 

15 15 100 0.73 5 5 100 3.3 0.9304 No -- Yes 
No statistical difference between Study Area and Reference  
Not a known Hanford contaminant/IL compound 

Antimony 1 15 7 2.55 0 5 0 ND (0.441) NC -- -- No All Reference samples ND 

Cadmium 3 15 20 0.055 0 5 0 ND (0.185) NC -- -- Yes 
Not a COPC in SW/SED 
All Reference samples ND but Study Area maximum < Reference RL 

Cobalt 1 15 7 1.12 1 5 20 2.77 NC -- -- Yes Study Area maximum < Reference maximum 
Mercury 15 15 100 0.099 5 5 100 0.054 0.0113 Yes Study Area No Study Area > Reference, statistically significant 

Nickel 1 15 7 0.208 0 5 0 ND (2.82) NC -- -- Yes 
All Reference samples ND but single Study Area detect < Reference 
RL 

Selenium 15 15 100 1.28 5 5 100 0.86 0.0017 Yes Study Area No Study Area > Reference, statistically significant 
Tin 15 15 100 161 5 5 100 27.4 0.0184 Yes Study Area No Study Area > Reference, statistically significant 

Vanadium 5 15 33 0.222 0 5 0 ND (2.31) NC -- -- Yes 
All Reference samples ND and Study Area maximum < Reference RL 
Reference COPC in SED 
Study Area maximum within range of published values 

Zinc 15 15 100 17.7 5 5 100 14.5 0.9304 No -- Yes No statistical difference between Study Area and Reference 
a Chemical units are mg/kg; Radionuclide units are pCi/g.  
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.     
c Significance level for p-value set at 0.05. 

COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
IL = inclusion list 
KM = Kaplan-Meier 
 

NA = no quantitative analysis; all pesticides and PCBs in fish tissue were considered Reference COPCs 
ND = nondetect at concentration indicated 
PCB = polychlorinated biphenyl 
RL = reporting limit 
SED = sediment 
SW = surface water 
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Table 3-95.  Whitefish Carcass Study Area to Reference Comparison. 

Contaminant of Potential 
Concern (COPC) 

Detects 
- Study 
Area 

Total 
Study 
Area 

FOD 
Study 
Area 
(%) 

Maximum 
Study Area 

Concentration 

a 

Detects - 
Reference 

Total 
Reference 

FOD 
Reference 

(%) 

Maximum 
Reference 

Concentration 

a 

P-Value 

b 
Statistically 

Significant? c 

Study Area 
Mean or 

Reference 
Mean Higher? 

Study Area 
Consistent 

with 
Reference? 

Study Area or 
Reference 

COPC in Fillet? 
Outcome/Rationale d 

delta-HCH 7 15 47 0.0287 4 5 80 0.0147 0.6840 No -- Yes NCC 
Reference COPC. No statistical difference between Study 
Area and Reference 

DDD 15 15 100 0.176 2 5 40 0.119 NC -- -- No Study Area 

Study Area COPC. Study Area maximum > Reference 
maximum 
Study Area mean (0.087) > Reference mean (0.043) 
Study Area designation based on fish fillet 

DDE 15 15 100 1.19 5 5 100 0.546 0.2751 No -- Yes Reference 
Reference COPC. No statistical difference between Study 
Area and Reference 
Reference designation based on fish fillet 

Dieldrin 15 15 100 0.0514 5 5 100 0.0645 0.6944 No -- Yes Study Area 
Study Area COPC. No statistical difference between 
Study Area and Reference 
Study Area designation based on fish fillet 

gamma-HCH (Lindane) 1 15 7 0.0188 0 5 0 ND (0.00806) NC -- -- No Reference 
Reference COPC. All Reference samples ND 
Reference designation based on fish fillet 

Heptachlor 2 15 13 0.0208 0 5 0 ND (0.00806) NC -- -- No Reference 
Reference COPC. All Reference samples ND 
Reference designation based on fish fillet 

Total Dioxin-Like PCBs (KM) 15 15 100 3.5E-05 5 5 100 3.0E-04 0.4321 No -- Yes Reference 
Reference COPC. No statistical difference between Study 
Area and Reference 
Reference designation based on fish fillet 

Total Non-dioxin PCBs (KM) 15 15 100 1.4 5 5 100 5.0 0.9646 No -- Yes Reference 
Reference COPC. No statistical difference between Study 
Area and Reference 
Reference designation based on fish fillet 

Carbon-14 2 15 13 141 0 5 0 ND (16100) NC -- -- No NCC Study Area COPC. All Reference samples ND 
a Chemical units are mg/kg; radionuclide units are pCi/g. 
b P-values are based on the following tests:  generalized Wilcoxon test, Wilcoxon Rank-Sum test, and Student's t-test.   
c Significance level for p-value set at 0.05. 
d If COPC is present in fillet, than Study Area or Reference determination for carcass is based on fillet determination. 

-- = not applicable 

COPC = contaminant of potential concern 
FOD = frequency of detection 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
HCH = hexachlorocyclohexane 

KM = Kaplan-Meier 
MDA = minimum detectable activity  
NC = not calculated 
NCC = not a constituent of concern for that medium 
ND = nondetect at concentration indicated 
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Table 3-96.  Summary of  Study Area to Reference Comparison for Fish Tissue by Individual Species. 

Contaminant of Potential Concern 
(COPC) 

Bass Carp Sturgeon Sucker Walleye Whitefish 

Fillet Carcass 
Final 

Decision 
Fillet Carcass 

Final 
Decision 

Fillet Carcass 
Final 

Decision 
Fillet Carcass 

Final 
Decision 

Fillet Carcass 
Final 

Decision 
Fillet Carcass 

Final 
Decisiona 

Pesticides/Polychlorinated Biphenyls 
Aldrin NCC NCC NCC NCC NCC NCC R; Q R; Q R NCC NCC NCC NCC NCC NCC NCC NCC NCC 
alpha-Chlordane NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC R; Q NCC R R; Q NCC R 
alpha-HCH NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC R; Q R R; Q NCC R 

beta-HCH NCC S; Q S R; Q S; Q R R; Q S; Q R NCC S; Q S R S; Q R NCC NCC NCC 

delta-HCH NCC NCC NCC NCC S; Q S R; Q NCC R R; Q S; Q R NCC NCC NCC NCC R R 

DDD R; Q S R R R R R S R R R R R NCC R S S; Q S 

DDE R R R R R R R R R R R R R R R R R R 

DDT NCC NCC NCC R; Q NCC R R; Q NCC R R; Q NCC R R; Q NCC R NCC NCC NCC 

Dieldrin NCC NCC NCC NCC NCC NCC R; Q NCC R NCC NCC NCC NCC NCC NCC S R S 

Endrin NCC NCC NCC NCC NCC NCC NCC NCC NCC R; Q NCC R NCC NCC NCC NCC NCC NCC 

Endrin aldehyde NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC R; Q NCC R 

gamma-HCH (Lindane) R; Q NCC R NCC NCC NCC R; Q S; Q R NCC NCC NCC R; Q S; Q R R; Q S; Q R 

Heptachlor NCC NCC NCC R; Q S; Q R R; Q R; Q R NCC NCC NCC R; Q S; Q R R; Q S; Q R 

Heptachlor epoxide NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC 

Total Dioxin-Like PCBs R R R R S R R R R S R S R R R R R R 

Total Non-dioxin PCBs R R R R R R R R R S R S R R R R R R 

Metals 
Antimony NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC S; Q NCC S 

Arsenic R; Q NCC R R; Q NCC R R; Q NCC R R; Q NCC R R; Q NCC R NCC NCC NCC 

Cadmium R; Q NCC R R; Q NCC R R; Q NCC R R; Q NCC R R; Q NCC R R; Q NCC R 

Cobalt R; Q S; Q R R; Q R; Q R NCC S; Q S NCC NCC NCC R; Q NCC R R; Q NCC R 

Lithium NCC NCC NCC R; Q NCC R R; Q NCC R NCC NCC NCC S; Q NCC S NCC NCC NCC 

Mercury R R R R R R S S S R R R R R R S NCC S 

Nickel NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC R; Q NCC R 

Selenium R NCC R R NCC R R NCC R S NCC S R NCC R S NCC S 

Tin NCC NCC NCC S; Q NCC S NCC NCC NCC NCC NCC NCC NCC NCC NCC S NCC S 

Uranium NCC R; Q R NCC R; Q R NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC NCC 

Vanadium R; Q NCC R R; Q NCC R R; Q NCC R NCC NCC NCC R NCC R R; Q NCC R 

Zinc R NCC R R NCC R NCC NCC NCC R NCC R NCC NCC NCC R NCC R 

Radionuclides 

Carbon-14 NCC NCC NCC NCC S; Q S NCC NCC NCC S; Q S; Q S NCC NCC NCC NCC S; Q S 
NOTE:  Shaded cells indicate where carcass or liver/kidney is designated as Study Area, whereas fillet is designated a Reference COPC. 
a  The final designation in fish tissue is based on fillet designation, where available. 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 
NCC = not contaminant of potential concern in this area and/or medium 
PCB = polychlorinated biphenyl 
Q = result based on qualitative evaluation 
R = Study Area data for COPC are consistent with Reference data 
S = Hanford Reach concentrations higher than Reference 
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Table 3-97.  Fish Species Summary Study Area to Reference Comparison.  

Contaminant of 
Potential Concern 

Fish Species (Carcass and Fillet) 

Bass Carp Sturgeon Sucker Walleye Whitefish 

Pesticides/Polychlorinated Biphenyls 

Aldrin NCC NCC R NCC NCC NCC 

alpha-HCH NCC NCC NCC NCC R R 

alpha-Chlordane NCC NCC NCC NCC R R 

beta-HCH S R R S R NCC 

delta-HCH NCC S R R NCC R 

DDD R R R R R S 

DDE R R R R R R 

DDT NCC R R R R NCC 

Dieldrin NCC NCC R NCC NCC S 

Endrin NCC NCC NCC R NCC NCC 

Endrin aldehyde NCC NCC NCC NCC NCC R 

gamma-HCH (lindane) R NCC R NCC R R 

Heptachlor NCC R R NCC R R 

Total dioxin-like PCBs R R R S R R 

Total nondioxin PCBs R R R S R R 

Metals 

Antimony NCC NCC NCC NCC NCC S 

Arsenic R R R R R NCC 

Cadmium R R R R R R 

Cobalt R R S NCC R R 

Lithium NCC R R NCC S NCC 

Mercury R R S R R S 

Nickel NCC NCC NCC NCC NCC R 

Selenium R R R S R S 

Tin NCC S NCC NCC NCC S 

Uranium R R NCC NCC NCC NCC 

Vanadium R R R NCC R R 

Zinc R R NCC R NCC R

Radionuclides 
Carbon-14 NCC S NCC S NCC S 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 
NCC = not contaminant of potential concern in this species 
PCB = polychlorinated biphenyl 
R = Study Area data for contaminant of potential concern are consistent with Reference data 
S = Study Area data for contaminant of potential concern are higher than Reference data 
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Table 3-98.  Summary of Study Area to Reference Comparison by Media and Sub-Area.  (2 Pages) 

Contaminant of 
Potential Concern 

Surface Water Sediment Island Soil Fish Tissue 

100 Area 300 Area LW 100 Area 300 Area LW 100 Area 300 Area 100 Area 300 Area 
Lake 

Wallula 
Volatile Organic Compounds 

1,1,2-Trichloroethane NCC S NCC NCC NCC NCC NCC NCC NCC NCC NCC 

1,2-Dichloroethane NCC S NCC NCC NCC NCC NCC NCC NCC NCC NCC 

Chloroform NCC S NCC NCC NCC NCC NCC NCC NCC NCC NCC 

Semivolatile Organic Compounds 
Bis(2-ethylhexyl) phthalate NCC R R NCC NCC NCC NCC NCC NCC NCC NCC 

TPH-diesel range NCC NCC S NCC NCC NCC NCC NCC NCC NCC NCC 

TPH-motor oil NCC NCC R NCC NCC NCC NCC NCC NCC NCC NCC 

Pesticides/Polychlorinated Biphenyls 
beta-HCH NCC NCC NCC NCC NCC NCC NCC NCC R R R 

delta-HCH NCC NCC NCC NCC NCC NCC NCC NCC R R R 

DDD NCC NCC NCC NCC NCC NCC NCC NCC R R R 

DDE NCC NCC NCC NCC NCC NCC NCC NCC R R R 

DDT NCC NCC NCC NCC NCC NCC NCC NCC R R R 

Dieldrin NCC NCC NCC NCC NCC NCC NCC NCC R R R 

gamma-HCH (lindane) NCC NCC NCC NCC NCC NCC NCC NCC R R R 

Heptachlor NCC NCC NCC NCC NCC NCC NCC NCC R R R 

Heptachlor epoxide NCC NCC NCC NCC NCC NCC NCC NCC NCC S S 

Total dioxin-like PCBs NCC NCC NCC NCC NCC NCC NCC NCC R R R 

Total nondioxin PCBs R R R NCC NCC NCC NCC NCC R R R 

Metals 
Aluminum NCC NCC NCC R R R R R NCC NCC NCC 

Arsenic R R R R R R S S R R R 

Cadmium NCC NCC NCC NCC NCC NCC NCC NCC R R R 

Chromium R R R R R R S S NCC NCC NCC 

Cobalt NCC NCC NCC R R R R R R R R 

Hexavalent chromium NCC NCC R S S S NCC NCC NCC NCC NCC 

Iron NCC NCC NCC R R R R R NCC NCC NCC 

Lithium R R R NCC NCC NCC NCC NCC R S R 

Manganese NCC NCC NCC R R R R R NCC NCC NCC 

Mercury NCC NCC NCC NCC NCC NCC NCC NCC S S R 

Selenium NCC NCC NCC NCC NCC NCC NCC NCC R R R 

Thallium R S R R R R NCC R NCC NCC NCC 

Uranium NCC NCC NCC S R NCC NCC NCC S S S 

Vanadium NCC NCC NCC R R R R R R R R 

Zinc NCC NCC NCC NCC NCC NCC NCC NCC R R R 
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Table 3-98.  Summary of Study Area to Reference Comparison by Media and Sub-Area.  (2 Pages) 

Contaminant of 
Potential Concern 

Surface Water Sediment Island Soil Fish Tissue 

100 Area 300 Area LW 100 Area 300 Area LW 100 Area 300 Area 100 Area 300 Area 
Lake 

Wallula 
Inorganics 

Fluoride S S R NCC NCC NCC NCC NCC NCC NCC NCC 

Radionuclides 
Carbon-14 NCC NCC NCC R R NCC S NCC S S S

Cesium-137 R NCC NCC R R R R R NCC NCC NCC 

Cobalt-60 NCC NCC NCC S S S NCC S NCC NCC NCC 

Europium-152 NCC NCC NCC S S S NCC S NCC NCC NCC 

Europium-154 NCC NCC NCC NCC NCC S NCC NCC NCC NCC NCC 

Plutonium-239/240 NCC NCC S NCC NCC NCC NCC NCC NCC NCC NCC 

Strontium-90 NCC NCC NCC NCC NCC NCC NCC S NCC NCC NCC 

Technetium-99 NCC NCC NCC S S NCC NCC NCC NCC NCC NCC 

Tritium NCC NCC NCC NCC S NCC NCC NCC NCC NCC NCC 

DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 
NCC = not contaminant of potential concern in this area and/or medium 
PCB = polychlorinated biphenyl 
TPH = total petroleum hydrocarbons 
R = Study Area data for contaminant of potential concern are consistent with Reference data 
S = Study Area data for contaminant of potential concern are higher than Reference data 
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  Table 4-1.  Summary of Exposure Scenarios.   

Scenario 
Time 

Frame 

Exposure 
Medium 

Exposure 
Point 

Receptor 
Population 

Receptor Exposure Route 
Type of 
Analysis 

Rationale for Selection or Exclusion of Exposure 
Pathway 

Current/ 
future 

Sediment, island 
soil, dust, 
surface water 

Columbia 
River 

Casual User Child and 
adult 

Ingestion, dermal 
contact,  dust 
inhalation, 
external radiation 

Quantified A recreational user is assumed to swim, water-ski, and/or 
play at a beach along or within the Columbia River.  
These activities may result in dermal contact with and 
incidental ingestion of surface water and sediment/island 
soil, inhalation of dust, and external radiation to 
radionuclides in the sediment/island soils.  

Current/ 
future 

Fish tissue, 
sediment, island 
soil, dust, 
surface water 

Columbia 
River 

Avid Angler Older 
child/adult 

Ingestion, dermal 
contact, dust 
inhalation, 
external radiation 

Quantified Anglers are assumed to eat their catch.  Anglers would 
also be exposed to surface water and shoreline 
sediments/island soil during fishing-related recreational 
activities (e.g., boating, fly-fishing).  A young child 
(<6 years) may also consume fish that has been caught 
and brought home. 

Current/ 
future 

Fish tissue, 
sediment, island 
soil, fugitive 
dust, surface 
water 

Columbia 
River 

Yakama 
Nation 

Child/adult Ingestion, dermal 
contact, dust 
inhalation, 
external radiation  

Quantified Yakama Nation members living in the Columbia River 
basin could be exposed to contaminants in sediment, 
island soil, and surface water while fishing or swimming 
in the river.  Yakama Nation members who live in the 
area are also known to regularly consume fish as part of 
their diet.  Thus, relevant exposure pathways include 
dermal contact and incidental ingestion of surface water 
and sediment/island soil, inhalation of (soil-borne) dust, 
external radiation to sediment/soil, and ingestion of fish. 

Future Surface water Drinking 
water taken 
from 
Columbia 
River 

Hypothetical 
Residents 

NA Ingestion, dermal 
contact, inhalation 
(while showering) 

Comparative Surface water is treated and used as potable water by the 
Tri-Cities.  It is assumed this treatment meets all 
applicable regulations.  However, (untreated) surface 
water exposure point concentrations were compared to 
federal drinking water standards and risk-based 
benchmarks protective of tap water. 

Future Dredged 
sediment   

Dredged 
sediments 
from portions 
of the 
Columbia 
River behind 
McNary Dam 

Hypothetical 
Residents 

NA Ingestion, dermal 
contact, dust 
inhalation 

Comparative It is assumed that dredge spoils may be used as upland 
fill.  Therefore, it was conservatively assumed that in the 
future, hypothetical residents may be exposed to dredged 
sediments (as upland soil).  A comparative evaluation 
was conducted in which sediment exposure point 
concentrations from behind McNary Dam were 
compared to risk-based benchmarks for soil (residential 
use). 

NA = not applicable because analysis consists of a comparative, semi-quantitative comparison to medium-specific, risk-based benchmarks (see Appendix A) 
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September 2012 4-2 

Table 4-2.  Samples Used in the Calculation of Exposure Point  
Concentrations for the 100-A Location.  (3 Pages) 

River Mile a Sediment Surface Water 

Sample Designation b Sample Location Sample Designation b Sample Location 

366 

HT-1SSD Hanford Townsite IS8-4SW Island 8 

HT-2SSD Hanford Townsite IS8-5SW Island 8 

IS9-3SSD Island 9 IS8-5SW-RES Island 8 

367 

RFD-10SSD Reactor F Downriver IS8-1SW Island 8 

RFD-4SSD Reactor F Downriver IS8-2SW Island 8 

RFD-5SSD Reactor F Downriver IS8-3SW Island 8 

RFD-6SSD Reactor F Downriver -- -- 

RFD-7SSD Reactor F Downriver -- -- 

RFD-9SSD Reactor F Downriver -- -- 

RFLS-3SD Reactor F Left Side -- -- 

RFLS-4SD Reactor F Left Side -- -- 

RFLS-5SD Reactor F Left Side -- -- 

368 

RFD-1SSD Reactor F Downriver HL 1065 100-F Reactor Area 

RFD-2SSD Reactor F Downriver HL 622 100-F Reactor Area 

RFD-3SSD Reactor F Downriver HL 1796 100-F Reactor Area 

RFLS-1SD Reactor F Left Side HL 215 100-F Reactor Area 

RFLS-1SSD Reactor F Left Side HL 205 100-F Reactor Area 

RFLS-2SD Reactor F Left Side -- -- 

RFLS-2SSD Reactor F Left Side -- -- 

RFLS-3SSD Reactor F Left Side -- -- 

RFLS-4SSD Reactor F Left Side -- -- 

RFLS-5SSD Reactor F Left Side -- -- 

379 

JT100N3A 100-N Reactor Area JT100N3A 100-N Reactor Area 

N Outfall 100-N Reactor Area N Outfall 100-N Reactor Area 

RNC-1SD Reactor N Inlet Structure T100N1A 100-N Reactor Area 

RNC-2SD Reactor N Inlet Structure T100N2A 100-N Reactor Area 

RNLS-1SSD Reactor N Left Side T100N5Ring 100-N Reactor Area 

RNLS-2SSD Reactor N Left Side HL 1029 100-N Reactor Area 

RNLS-3SSD Reactor N Left Side HL 1050 100-N Reactor Area 

RNLS-4SSD Reactor N Left Side HL 1098 100-N Reactor Area 

RNLS-5SSD Reactor N Left Side HL 1176 100-N Reactor Area 

T100N1A 100-N Reactor Area HL 1183 100-N Reactor Area 

T100N2A 100-N Reactor Area HL 1296 100-N Reactor Area 

T100N3A 100-N Reactor Area HL 1417 100-N Reactor Area 

T100N5Ring 100-N Reactor Area HL 1425 100-N Reactor Area 
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Table 4-2.  Samples Used in the Calculation of Exposure Point  
Concentrations for the 100-A Location.  (3 Pages) 

River Mile a Sediment Surface Water 

Sample Designation b Sample Location Sample Designation b Sample Location 

379 

-- -- HL 1570 100-N Reactor Area 

-- -- HL 1617 100-N Reactor Area 

-- -- HL 1687 100-N Reactor Area 

-- -- HL 1761 100-N Reactor Area 

-- -- HL 1795 100-N Reactor Area 

-- -- HL 1904 100-N Reactor Area 

-- -- HL 206 100-N Reactor Area 

-- -- HL 2084 100-N Reactor Area 

-- -- HL 216 100-N Reactor Area 

-- -- HL 326 100-N Reactor Area 

-- -- HL 368 100-N Reactor Area 

-- -- HL 405 100-N Reactor Area 

-- -- HL 55 100-N Reactor Area 

-- -- HL 689 100-N Reactor Area 

-- -- HL 739 100-N Reactor Area 

-- -- HL 83 100-N Reactor Area 

-- -- HL 947 100-N Reactor Area 

-- -- HL 980 100-N Reactor Area 

380 

J100K24 100-K Reactor Area J100K24 100-K Reactor Area 

-- -- HL 1729 100-K Reactor Area 

-- -- HL 1958 100-K Reactor Area 

-- -- HL 666 100-K Reactor Area 

-- -- HL 816 100-K Reactor Area 

381 

K Intake Test 3A 100-K Reactor Area K Intake Test 3A 100-K Reactor Area 

RKC2-1SD Reactor K South Inlet Structure T100K2B 100-K Reactor Area 

RKC2-2SD Reactor K South Inlet Structure T100K3A 100-K Reactor Area 

RKLS-14SSD Reactor K Left Side -- -- 

T100K2B 100-K Reactor Area -- -- 

T100K3A 100-K Reactor Area -- -- 

382 

KWIN Test 1 100-K Reactor Area KWIN Test 1 100-K Reactor Area 

RBLS-7SSD Reactor B Left Side Slough RBLS-1SW 
Reactor B Left Side 

Slough 
RKC1-1SD Reactor K North Inlet Structure T100K1C 100-K Reactor Area 

RKC1-2SD Reactor K North Inlet Structure -- -- 

RKLS-12SSD Reactor K Left Side -- -- 

RKLS-13SSD Reactor K Left Side -- -- 

RKLS-15SSD Reactor K Left Side -- -- 

383 

J100BC47 100-B/C Reactor Area J100BC47 100-B/C Reactor Area 

RBLS-1SSD Reactor B Left Side Slough -- -- 

RBLS-2SSD Reactor B Left Side Slough -- -- 

RBLS-3SSD Reactor B Left Side Slough -- -- 
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Table 4-2.  Samples Used in the Calculation of Exposure Point  
Concentrations for the 100-A Location.  (3 Pages) 

River Mile a Sediment Surface Water 

Sample Designation b Sample Location Sample Designation b Sample Location 

384 

2A-A 100-B/C Reactor Area 2A-A 100-B/C Reactor Area 

J100BC23 100-B/C Reactor Area J100BC23 100-B/C Reactor Area 

RBC-1SD Reactor B Inlet Structure T100BC1J1 100-B/C Reactor Area 

RBC-2SD Reactor B Inlet Structure T100BC1J5 100-B/C Reactor Area 

RBLS-16SSD Reactor B Left Side Slough T100BC3C 100-B/C Reactor Area 

T100BC1J1 100-B/C Reactor Area T100BC4A 100-B/C Reactor Area 

T100BC1J5 100-B/C Reactor Area T100BC5C 100-B/C Reactor Area 

T100BC3C 100-B/C Reactor Area T100BC6J10 100-B/C Reactor Area 

T100BC4A 100-B/C Reactor Area HL 1430 100-B/C Reactor Area 

T100BC5C 100-B/C Reactor Area HL 1780 100-B/C Reactor Area 

T100BC6J10 100-B/C Reactor Area HL 1797 100-B/C Reactor Area 

NOTE:  100-A comprises RMs 387 to 379 and RMs 368 to 366. 
a Going from downriver to upriver. 
b For data prior to 2008, a unique identification with the prefix “HL” was assigned to each sample since no sample designation is available. 

-- = not applicable 
HL = historical location 
RM = river mile 
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Table 4-3.  Samples Used in the Calculation of Exposure Point Concentrations for the 100-B Location.  (3 Pages) 

River 
Mile a 

Sediment Surface Water Soil 

Sample Designation b Sample Location Sample Designation b Sample Location Sample Designation b Sample Location 

369 

J100F11 100-F Reactor Area J100F11 100-F Reactor Area -- -- 

T100F2A 100-F Reactor Area T100F2A 100-F Reactor Area -- -- 

-- -- HL 1983 100-F Reactor Area -- -- 

-- -- HL 422 100-F Reactor Area -- -- 

370 

HT-10SD White Bluffs; H-Slough J100H43 White Bluffs WB-10S White Bluffs 

HT-2SD White Bluffs; H-Slough T100H6A White Bluffs WB-8S White Bluffs 

HT-4SD White Bluffs; H-Slough HL 545 100-F/White Bluffs WB-9S White Bluffs 

HT-6SD White Bluffs; H-Slough -- -- -- -- 

HT-8SD White Bluffs; H-Slough -- -- -- -- 

HT-9SD White Bluffs; H-Slough -- -- -- -- 

J100H43 White Bluffs -- -- -- -- 

LI-10SD Locke Island -- -- -- -- 

T100H6A White Bluffs -- -- -- -- 

WBT-10SSD White Bluffs -- -- -- -- 

WBT-1SSD White Bluffs -- -- -- -- 

WBT-2SSD White Bluffs -- -- -- -- 

WBT-3SSD White Bluffs -- -- -- -- 

WBT-4SSD White Bluffs -- -- -- -- 

WBT-6SSD White Bluffs -- -- -- -- 

WBT-8SSD White Bluffs -- -- -- -- 

371 

LI-11SSD Locke Island RH-6SW 100-H Reactor LI-1S Locke Island 

LI-5SD Locke Island -- -- LI-2S Locke Island 

LI-6SD Locke Island -- -- LI-3S Locke Island 

LI-7SD Locke Island -- -- WB-1S White Bluffs 

LI-8SD Locke Island -- -- WB-2S White Bluffs 

LI-9SD Locke Island -- -- WB-3S White Bluffs 

-- -- -- -- WB-4S White Bluffs 

-- -- -- -- WB-5S White Bluffs 

-- -- -- -- WB-6S White Bluffs 

-- -- -- -- WB-7S White Bluffs 
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Table 4-3.  Samples Used in the Calculation of Exposure Point Concentrations for the 100-B Location.  (3 Pages) 

River 
Mile a 

Sediment Surface Water Soil 

Sample Designation b Sample Location Sample Designation b Sample Location Sample Designation b Sample Location 

372 

J100H44 100-H Reactor J100H44 100-H Reactor LI-10S Locke Island 

LI-3SD Locke Island T100H2A 100-H Reactor LI-4S Locke Island 

LI-4SD Locke Island -- -- LI-5S Locke Island 

-- -- -- -- LI-6S Locke Island 

-- -- -- -- LI-7S Locke Island 

-- -- -- -- LI-8S Locke Island 

-- -- -- -- LI-9S Locke Island 

373 

LI-1SD Locke Island T100H1A 100-H Reactor -- -- 

LI-2SD Locke Island T100H1E 100-H Reactor -- -- 

RH-10SSD Reactor H Island -- -- -- -- 

RH-1SSD Reactor H Island -- -- -- -- 

RH-2SSD Reactor H Island -- -- -- -- 

RH-3SSD Reactor H Island -- -- -- -- 

RH-4SSD Reactor H Island -- -- -- -- 

RH-5SSD Reactor H Island -- -- -- -- 

RH-6SSD Reactor H Island -- -- -- -- 

RH-7SSD Reactor H Island -- -- -- -- 

RH-8SSD Reactor H Island -- -- -- -- 

RH-9SSD Reactor H Island -- -- -- -- 

T100H1A 100-H Reactor -- -- -- -- 

T100H1E 100-H Reactor -- -- -- -- 

374 

RDD-10SSD Reactor D Downriver RDD-2SW Reactor D Downriver I3-10S Island 3 

RDD-11SD Reactor D Downriver RDD-3SW Reactor D Downriver I3-3S Island 3 

RDD-12SD Reactor D Downriver -- -- I3-8S Island 3 

RDD-13SD Reactor D Downriver -- -- I3-9S Island 3 

RDD-14SD Reactor D Downriver -- -- -- -- 

375 

RDD-3SD Reactor D Downriver RDD-1SW Reactor D Downriver I3-1S Island 3 

RDD-5SD Reactor D Downriver -- -- I3-2S Island 3 

RDD-6SD Reactor D Downriver -- -- I3-5S Island 3 

RDD-7SD Reactor D Downriver -- -- I3-6S Island 3 

RDD-8SSD Reactor D Downriver -- -- I3-7S Island 3 
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Table 4-3.  Samples Used in the Calculation of Exposure Point Concentrations for the 100-B Location.  (3 Pages) 

River 
Mile a 

Sediment Surface Water Soil 

Sample Designation b Sample Location Sample Designation b Sample Location Sample Designation b Sample Location 

376 

RDD-10SD Reactor D Downriver -- -- -- -- 

RDD-8SD Reactor D Downriver -- -- -- -- 

RDD-9SD Reactor D Downriver -- -- -- -- 

377 

J100D39 D-Island J100D36 D-Island -- -- 

J100D9 D-Island J100D39 D-Island -- -- 

RDD-1SD Reactor D Downriver J100D9 D-Island -- -- 

RDD-2SD Reactor D Downriver -- -- -- -- 

RDD-3SSD Reactor D Downriver -- -- -- -- 

378 

RDC-1SD Reactor D Inlet Structure T100D1A 100-D Reactor Area -- -- 

T100D1A 100-D Reactor Area T100D2A 100-D Reactor Area -- -- 

T100D2A 100-D Reactor Area T100D3A 100-D Reactor Area -- -- 

T100D3A 100-D Reactor Area HL 1428 100-D Reactor Area -- -- 

-- -- HL 1961 100-D Reactor Area -- -- 

-- -- HL 915 100-D Reactor Area -- -- 

NOTE:  100-B comprises RMs 378 to 369. 
a Going from downriver to upriver. 
b For data prior to 2008, a unique identification with the prefix “HL” was assigned to each sample since no sample designation is available. 

-- = not applicable 
HL = historical location 
RM = river mile 
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Table 4-4.  Samples Used in the Calculation of Exposure Point Concentrations for the 300-A Location.  (10 Pages) 

River 
Mile a 

Sediment Surface Water Soil 

Sample Designation b Sample Location Sample Designation b Sample Location Sample Designation b Sample Location 

340 

300D-5SSD 300 Area Downriver LG-1SW Leslie Groves City Park -- -- 

LG-1SSD Leslie Groves City Park HL 1016 300 Area Downriver -- -- 

LG-2SSD Leslie Groves City Park HL 1017 300 Area Downriver -- -- 

LG-3SSD Leslie Groves City Park HL 1039 300 Area Downriver -- -- 

LG-4SSD Leslie Groves City Park HL 106 300 Area Downriver -- -- 

LG-5SSD Leslie Groves City Park HL 1142 300 Area Downriver -- -- 

-- -- HL 1153 300 Area Downriver -- -- 

-- -- HL 1210 300 Area Downriver -- -- 

-- -- HL 1212 300 Area Downriver -- -- 

-- -- HL 1217 300 Area Downriver -- -- 

-- -- HL 1264 300 Area Downriver -- -- 

-- -- HL 1291 300 Area Downriver -- -- 

-- -- HL 1364 300 Area Downriver -- -- 

-- -- HL 1367 300 Area Downriver -- -- 

-- -- HL 1435 300 Area Downriver -- -- 

-- -- HL 1484 300 Area Downriver -- -- 

-- -- HL 1488 300 Area Downriver -- -- 

-- -- HL 1511 300 Area Downriver -- -- 

-- -- HL 1543 300 Area Downriver -- -- 

-- -- HL 1577 300 Area Downriver -- -- 

-- -- HL 1594 300 Area Downriver -- -- 

-- -- HL 1790 300 Area Downriver -- -- 

-- -- HL 1798 300 Area Downriver -- -- 

-- -- HL 1805 300 Area Downriver -- -- 

-- -- HL 1814 300 Area Downriver -- -- 

-- -- HL 1881 300 Area Downriver -- -- 

-- -- HL 1940 300 Area Downriver -- -- 

-- -- HL 1963 300 Area Downriver -- -- 

-- -- HL 1971 300 Area Downriver -- -- 

-- -- HL 1994 300 Area Downriver -- -- 

-- -- HL 2001 300 Area Downriver -- -- 

-- -- HL 2013 300 Area Downriver -- -- 
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Table 4-4.  Samples Used in the Calculation of Exposure Point Concentrations for the 300-A Location.  (10 Pages) 

River 
Mile a 

Sediment Surface Water Soil 

Sample Designation b Sample Location Sample Designation b Sample Location Sample Designation b Sample Location 

340 

-- -- HL 2061 300 Area Downriver -- -- 

-- -- HL 2068 300 Area Downriver -- -- 

-- -- HL 2071 300 Area Downriver -- -- 

-- -- HL 209 300 Area Downriver -- -- 

-- -- HL 2091 300 Area Downriver -- -- 

-- -- HL 2101 300 Area Downriver -- -- 

-- -- HL 2125 300 Area Downriver -- -- 

-- -- HL 226 300 Area Downriver -- -- 

-- -- HL 230 300 Area Downriver -- -- 

-- -- HL 283 300 Area Downriver -- -- 

-- -- HL 286 300 Area Downriver -- -- 

-- -- HL 295 300 Area Downriver -- -- 

-- -- HL 323 300 Area Downriver -- -- 

-- -- HL 362 300 Area Downriver -- -- 

-- -- HL 369 300 Area Downriver -- -- 

-- -- HL 450 300 Area Downriver -- -- 

-- -- HL459 300 Area Downriver -- -- 

-- -- HL 460 300 Area Downriver -- -- 

-- -- HL 484 300 Area Downriver -- -- 

-- -- HL 497 300 Area Downriver -- -- 

-- -- HL 517 300 Area Downriver -- -- 

-- -- HL 57 300 Area Downriver -- -- 

-- -- HL 583 300 Area Downriver -- -- 

-- -- HL 591 300 Area Downriver -- -- 

-- -- HL 598 300 Area Downriver -- -- 

-- -- HL 607 300 Area Downriver -- -- 

-- -- HL 614 300 Area Downriver -- -- 

-- -- HL 618 300 Area Downriver -- -- 

-- -- HL 626 300 Area Downriver -- -- 

-- -- HL 64 300 Area Downriver -- -- 

-- -- HL 687 300 Area Downriver -- -- 

-- -- HL 704 300 Area Downriver -- -- 

-- -- HL 818 300 Area Downriver -- -- 
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Table 4-4.  Samples Used in the Calculation of Exposure Point Concentrations for the 300-A Location.  (10 Pages) 

River 
Mile a 

Sediment Surface Water Soil 

Sample Designation b Sample Location Sample Designation b Sample Location Sample Designation b Sample Location 

340 

-- -- HL 841 300 Area Downriver -- -- 

-- -- HL 847 300 Area Downriver -- -- 

-- -- HL 849 300 Area Downriver -- -- 

-- -- HL 858 300 Area Downriver -- -- 

-- -- HL 869 300 Area Downriver -- -- 

-- -- HL 910 300 Area Downriver -- -- 

-- -- HL 94 300 Area Downriver -- -- 

-- -- HL 959 300 Area Downriver -- -- 

-- -- HL 974 300 Area Downriver -- -- 

341 

300D-2SSD 300 Area Downriver HL 108 300 Area Downriver -- -- 

300D-3SSD 300 Area Downriver HL 1097 300 Area Downriver -- -- 

300D-4SSD-RES 300 Area Downriver HL 1140 300 Area Downriver -- -- 

-- -- HL 1202 300 Area Downriver -- -- 

-- -- HL 1342 300 Area Downriver -- -- 

-- -- HL 1349 300 Area Downriver -- -- 

-- -- HL 1668 300 Area Downriver -- -- 

-- -- HL 1712 300 Area Downriver -- -- 

-- -- HL 1755 300 Area Downriver -- -- 

-- -- HL 1833 300 Area Downriver -- -- 

-- -- HL 332 300 Area Downriver -- -- 

-- -- HL 502 300 Area Downriver -- -- 

-- -- HL 723 300 Area Downriver -- -- 

-- -- HL 91 300 Area Downriver -- -- 

-- -- HL 964 300 Area Downriver -- -- 

342 

300D-1SSD 300 Area Downriver HL 1025 300 Area Downriver GI-10S Island 19/Gull Island 

-- -- HL 1282 300 Area Downriver GI-10S-RES Island 19/Gull Island 

-- -- HL 1360 300 Area Downriver GI-1S Island 19/Gull Island 

-- -- HL 1522 300 Area Downriver GI-2S Island 19/Gull Island 

-- -- HL 1531 300 Area Downriver GI-2S-RES Island 19/Gull Island 

-- -- HL 157 300 Area Downriver GI-3S Island 19/Gull Island 

-- -- HL 1572 300 Area Downriver GI-4S Island 19/Gull Island 

-- -- HL 1585 300 Area Downriver GI-4S-RES Island 19/Gull Island 

-- -- HL 1601 300 Area Downriver GI-5S Island 19/Gull Island 
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Table 4-4.  Samples Used in the Calculation of Exposure Point Concentrations for the 300-A Location.  (10 Pages) 

River 
Mile a 

Sediment Surface Water Soil 

Sample Designation b Sample Location Sample Designation b Sample Location Sample Designation b Sample Location 

342 

-- -- HL 2087 300 Area Downriver GI-6S Island 19/Gull Island 

-- -- HL 2094 300 Area Downriver GI-6S-RES Island 19/Gull Island 

-- -- HL 2165 300 Area Downriver GI-7S Island 19/Gull Island 

-- -- HL 265 300 Area Downriver GI-8S Island 19/Gull Island 

-- -- HL 791 300 Area Downriver GI-8S-RES Island 19/Gull Island 

-- -- -- -- GI-9S Island 19/Gull Island 

343 

300DC4-1SD 300 Area Downriver T3005J5 300 Area Downriver -- -- 

300DC4-2SD 300 Area Downriver HL 1083 300 Area Downriver -- -- 

300LS-10SSD 300 Area Left Side HL 1205 300 Area Downriver -- -- 

300LS-6SSD 300 Area Left Side HL 1444 300 Area Downriver -- -- 

300LS-7SSD 300 Area Left Side HL 1704 300 Area Downriver -- -- 

300LS-8SSD 300 Area Left Side HL 1740 300 Area Downriver -- -- 

300LS-9SSD 300 Area Left Side HL 1775 300 Area Downriver -- -- 

T3005J5 300 Area Left Side HL 1850 300 Area Downriver -- -- 

-- -- HL 1886 300 Area Downriver -- -- 

-- -- HL 1930 300 Area Downriver -- -- 

-- -- HL 1959 300 Area Downriver -- -- 

-- -- HL 2079 300 Area Downriver -- -- 

-- -- HL 2118 300 Area Downriver -- -- 

-- -- HL 2144 300 Area Downriver -- -- 

-- -- HL 2148 300 Area Downriver -- -- 

-- -- HL 2171 300 Area Downriver -- -- 

-- -- HL 2172 300 Area Downriver -- -- 

-- -- HL 333 300 Area Downriver -- -- 

-- -- HL 38 300 Area Downriver -- -- 

-- -- HL 398 300 Area Downriver -- -- 

-- -- HL 551 300 Area Downriver -- -- 

-- -- HL 634 300 Area Downriver -- -- 

-- -- HL 636 300 Area Downriver -- -- 

-- -- HL 707 300 Area Downriver -- -- 

-- -- HL 794 300 Area Downriver -- -- 
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Table 4-4.  Samples Used in the Calculation of Exposure Point Concentrations for the 300-A Location.  (10 Pages) 

River 
Mile a 

Sediment Surface Water Soil 

Sample Designation b Sample Location Sample Designation b Sample Location Sample Designation b Sample Location 

344 

300DC3-1SD 300 Area J30013 300 Area -- -- 

300LS-1SSD 300 Area Left Side J30016 300 Area -- -- 

300LS-2SSD 300 Area Left Side J30019 300 Area -- -- 

300LS-3SSD 300 Area Left Side HL 1175 300 Area -- -- 

300LS-4SSD 300 Area Left Side HL 1243 300 Area -- -- 

300LS-5SSD 300 Area Left Side HL 1248 300 Area -- -- 

J30013 300 Area HL 1318 300 Area -- -- 

J30016 300 Area HL 1495 300 Area -- -- 

J30019 300 Area HL 1612 300 Area -- -- 

-- -- HL 1677 300 Area -- -- 

-- -- HL 1827 300 Area -- -- 

-- -- HL 1877 300 Area -- -- 

-- -- HL 315 300 Area -- -- 

-- -- HL 321 300 Area -- -- 

-- -- HL 354 300 Area -- -- 

-- -- HL 357 300 Area -- -- 

-- -- HL 397 300 Area -- -- 

-- -- HL 431 300 Area -- -- 

-- -- HL 486 300 Area -- -- 

-- -- HL 49 300 Area -- -- 

-- -- HL 510 300 Area -- -- 

-- -- HL 692 300 Area -- -- 

-- -- HL 776 300 Area -- -- 

-- -- HL 857 300 Area -- -- 

-- -- HL 872 300 Area -- -- 

-- -- HL 90 300 Area -- -- 

-- -- HL 942 300 Area -- -- 

-- -- HL 966 300 Area -- -- 

347 

IS16-2SSD Island 16 -- -- -- -- 

IS16-3SSD Island 16 -- -- -- -- 

IS16-4SSD Island 16 -- -- -- -- 

348 WI-9SSD Wooded Island -- -- -- -- 
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Table 4-4.  Samples Used in the Calculation of Exposure Point Concentrations for the 300-A Location.  (10 Pages) 

River 
Mile a 

Sediment Surface Water Soil 

Sample Designation b Sample Location Sample Designation b Sample Location Sample Designation b Sample Location 

349 

WI-10SSD Wooded Island WI-1SW Wooded Island WI-10S Wooded Island 

WI-11SSD Wooded Island WI-1SW-RES Wooded Island WI-1S Wooded Island 

WI-12SSD Wooded Island -- -- WI-2S Wooded Island 

WI-6SSD Wooded Island -- -- WI-3S Wooded Island 

WI-7SSD Wooded Island -- -- WI-4S Wooded Island 

WI-8SSD Wooded Island -- -- WI-5S Wooded Island 

-- -- -- -- WI-6S Wooded Island 

-- -- -- -- WI-7S Wooded Island 

-- -- -- -- WI-8S Wooded Island 

-- -- -- -- WI-9S Wooded Island 

350 

HL 139 Wooded Island JHTS40 Wooded Island -- -- 

IS15-10SSD Island 15 -- -- -- -- 

IS15-1SD Island 15 -- -- -- -- 

IS15-1SD-RES Island 15 -- -- -- -- 

IS15-2SD Island 15 -- -- -- -- 

IS15-2SD-RES Island 15 -- -- -- -- 

IS15-4SSD Island 15 -- -- -- -- 

IS15-5SSD Island 15 -- -- -- -- 

IS15-6SSD Island 15 -- -- -- -- 

IS15-7SSD Island 15 -- -- -- -- 

IS15-8SSD Island 15 -- -- -- -- 

IS15-9SSD Island 15 -- -- -- -- 

JHTS40 Wooded Island -- -- -- -- 

WI-1SD Wooded Island -- -- -- -- 

WI-3SD Wooded Island -- -- -- -- 

WI-3SSD Wooded Island -- -- -- -- 

WI-4SSD Wooded Island -- -- -- -- 

WI-5SD Wooded Island -- -- -- -- 

WI-5SSD Wooded Island -- -- -- -- 

351 

IS14-1SD Island 14 -- -- -- -- 

IS14-1SD-RES Island 14 -- -- -- -- 

IS14-1SSD Island 14 -- -- -- -- 

IS14-2SD Island 14 -- -- -- -- 
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Table 4-4.  Samples Used in the Calculation of Exposure Point Concentrations for the 300-A Location.  (10 Pages) 

River 
Mile a 

Sediment Surface Water Soil 

Sample Designation b Sample Location Sample Designation b Sample Location Sample Designation b Sample Location 

351 

IS14-2SD-RES Island 14 -- -- -- -- 

IS14-2SSD Island 14 -- -- -- -- 

IS14-3SD Island 14 -- -- -- -- 

IS14-3SSD Island 14 -- -- -- -- 

IS14-4SD Island 14 -- -- -- -- 

IS14-4SSD Island 14 -- -- -- -- 

IS14-5SD Island 14 -- -- -- -- 

IS14-7SSD Island 14 -- -- -- -- 

IS14-8SSD Island 14 -- -- -- -- 

IS14-9SSD Island 14 -- -- -- -- 

WI-2SSD Wooded Island -- -- -- -- 

352 

HMSTD-10SSD Homestead Island -- -- HI-10S Homestead Island 

HMSTD-1SD Homestead Island -- -- HI-4S Homestead Island 

HMSTD-1SD-RES Homestead Island -- -- HI-5S Homestead Island 

HMSTD-2SD Homestead Island -- -- HI-6S Homestead Island 

HMSTD-2SD-RES Homestead Island -- -- HI-7S Homestead Island 

HMSTD-3SD Homestead Island -- -- HI-8S Homestead Island 

HMSTD-4SD Homestead Island -- -- HI-9S Homestead Island 

HMSTD-5SD Homestead Island -- -- -- -- 

HMSTD-6SSD Homestead Island -- -- -- -- 

HMSTD-7SSD Homestead Island -- -- -- -- 

HMSTD-8SSD Homestead Island -- -- -- -- 

HMSTD-9SSD Homestead Island -- -- -- -- 

IS13-1SD Island 13 -- -- -- -- 

IS13-2SD Island 13 -- -- -- -- 

IS13-3SD Island 13 -- -- -- -- 

IS13-3SD-RES Island 13 -- -- -- -- 

IS13-5SD Island 13 -- -- -- -- 

IS13-5SD-RES Island 13 -- -- -- -- 

353 

HMSTD-1SSD Homestead Island -- -- HI-1S Homestead Island 

HMSTD-2SSD Homestead Island -- -- HI-2S Homestead Island 

HMSTD-3SSD Homestead Island -- -- HI-3S Homestead Island 

HMSTD-4SSD Homestead Island -- -- -- -- 
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Table 4-4.  Samples Used in the Calculation of Exposure Point Concentrations for the 300-A Location.  (10 Pages) 

River 
Mile a 

Sediment Surface Water Soil 

Sample Designation b Sample Location Sample Designation b Sample Location Sample Designation b Sample Location 

353 
HMSTD-5SSD Homestead Island -- -- -- -- 

IS12-10SSD Island 12 -- -- -- -- 

354 
IS12-2SSD Island 12 -- -- -- -- 

IS12-4SSD Island 12 -- -- -- -- 

355 

HL 813 Ringold Recreational -- -- -- -- 

RG-10SSD Ringold Recreational -- -- -- -- 

RG-1SSD Ringold Recreational -- -- -- -- 

RG-2SSD Ringold Recreational -- -- -- -- 

RG-3SSD Ringold Recreational -- -- -- -- 

RG-4SSD Ringold Recreational -- -- -- -- 

RG-5SSD Ringold Recreational -- -- -- -- 

RG-7SSD Ringold Recreational -- -- -- -- 

RG-8SSD Ringold Recreational -- -- -- -- 

RG-9SSD Ringold Recreational -- -- -- -- 

356 

IS11-3SSD Island 11 IS11-1SW Island 11 -- -- 

IS11-4SSD Island 11 RG-3SW Ringold Recreational -- -- 

IS11-5SSD Island 11 -- -- -- -- 

IS11-6SSD Island 11 -- -- -- -- 

SI-4SD Savage Island -- -- -- -- 

SI-5SD Savage Island -- -- -- -- 

357 

JHTS19 Savage Island JHTS19 Savage Island -- -- 

SI-10SD Savage Island -- -- -- -- 

SI-1SSD Savage Island -- -- -- -- 

SI-2SSD Savage Island -- -- -- -- 

SI-3SD Savage Island -- -- -- -- 

SI-3SSD Savage Island -- -- -- -- 

358 

JHTS18 Savage Island JHTS18 Savage Island -- -- 

JHTS33 Savage Island JHTS33 Savage Island -- -- 

SI-8SD Savage Island HL 289 Savage Island -- -- 

SI-9SD Savage Island HL 319 Savage Island -- -- 
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Table 4-4.  Samples Used in the Calculation of Exposure Point Concentrations for the 300-A Location.  (10 Pages) 

River 
Mile a 

Sediment Surface Water Soil 

Sample Designation b Sample Location Sample Designation b Sample Location Sample Designation b Sample Location 

359 

SI-11SD Savage Island SI-2SW Savage Island -- -- 

SI-12SD Savage Island HL 1005 Savage Island -- -- 

SI-1SD Savage Island HL 1088 Savage Island -- -- 

SI-2SD Savage Island HL 1126 Savage Island -- -- 

SI-6SD Savage Island HL 1171 Savage Island -- -- 

SI-7SD Savage Island HL 1394 Savage Island -- -- 

-- -- HL 1597 Savage Island -- -- 

-- -- HL 1694 Savage Island -- -- 

-- -- HL 1816 Savage Island -- -- 

-- -- HL 2040 Savage Island -- -- 

-- -- HL 276 Savage Island -- -- 

-- -- HL 415 Savage Island -- -- 

-- -- HL 570 Savage Island -- -- 

-- -- HL 868 Savage Island  --  -- 

360 

HT-10SSD Hanford Townsite JHTS9 Hanford Townsite -- -- 

HT-9SSD Hanford Townsite HL 573 Hanford Townsite -- -- 

JHTS9 Hanford Townsite HL 7 Hanford Townsite -- -- 

361 

HT-4SSD Hanford Townsite HL 1119 Hanford Townsite -- -- 

-- -- HL 310 Hanford Townsite -- -- 

-- -- HL 579 Hanford Townsite -- -- 

-- -- HL 658 Hanford Townsite -- -- 

362 
HT-12SD Hanford Townsite -- -- -- -- 

HT-14SD Hanford Townsite -- -- -- -- 

363 

HT-11SD Hanford Townsite -- -- -- -- 

HT-13SD Hanford Townsite -- -- -- -- 

HT-3SSD Hanford Townsite -- -- -- -- 

HT-5SSD Hanford Townsite -- -- -- -- 

HT-6SSD Hanford Townsite -- -- -- -- 

HT-7SSD Hanford Townsite -- -- -- -- 

HT-8SSD Hanford Townsite -- -- -- -- 
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Table 4-4.  Samples Used in the Calculation of Exposure Point Concentrations for the 300-A Location.  (10 Pages) 

River 
Mile a 

Sediment Surface Water Soil 

Sample Designation b Sample Location Sample Designation b Sample Location Sample Designation b Sample Location 

365 

-- -- HL 1835 Hanford Townsite -- -- 

-- -- HL 311 Hanford Townsite -- -- 

-- -- HL 541 Hanford Townsite -- -- 

NOTE:  300-A comprises RMs 365 to 340, excluding Johnson Island (RMs 345 and 346).   
a Going from downriver to upriver. 
b For data prior to 2008, a unique identification with the prefix “HL” was assigned to each sample since no sample designation is available. 

-- = not applicable 
HL = historical location 
RM = river mile 
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Table 4-5.  Samples Used in the Calculation of Exposure Point  
Concentrations for the 300-B Location.   

River 
Mile a 

Sediment Surface Water Soil 
Sample 

Designation b Sample Location 
Sample 

Designation b 
Sample 

Location  
Sample 

Designation b 
Sample 

Location  

345 

300DC2-1SD 300 Area J3002 300 Area JI-10S Johnson Island 

300DC2-2SD 300 Area J3008 300 Area JI-10S-RES Johnson Island 

300ISL-10SSD Johnson Island T3001J3 300 Area JI-6S Johnson Island 

J3002 300 Area T3003A 300 Area JI-6S-RES Johnson Island 

J3008 300 Area -- -- JI-7S Johnson Island 

JSI-10SD Johnson Island -- -- JI-8S Johnson Island 

JSI-6SD Johnson Island -- -- JI-8S-RES Johnson Island 

JSI-8SD Johnson Island -- -- JI-9S Johnson Island 

JSI-9SD Johnson Island -- -- -- -- 

PC-1SSD 
Johnson Island/ 
Potholes Canal 

-- -- -- -- 

PC-2SSD 
Johnson Island/ 
Potholes Canal 

-- -- -- -- 

PC-3SSD 
Johnson Island/ 
Potholes Canal 

-- -- -- -- 

T3001J3 300 Area -- -- -- -- 

T3003A 300 Area -- -- -- -- 

346 

300ISL-2SSD Johnson Island HL 1614 300 Area JI-1S Johnson Island 

300ISL-3SSD Johnson Island HL 564 300 Area JI-2S Johnson Island 

300ISL-5SSD Johnson Island -- -- JI-3S Johnson Island 

300ISL-7SSD Johnson Island -- -- JI-4S Johnson Island 

-- -- -- -- JI-5S Johnson Island 

NOTE:  300-B comprises Johnson Island (RMs 345 and 346).   
a Going from downriver to upriver. 
b For data prior to 2008, a unique identification with the prefix “HL” was assigned to each sample since no sample designation is available. 

-- = not applicable 
HL = historical location 
RM = river mile 
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Columbia River Component Risk Assessment 
Volume II, Part 2:  Baseline Human Health Risk Assessment 
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Table 4-6.  Samples Used in the Calculation of Exposure Point  
Concentrations for the Lake Wallula-A Location.  (3 Pages) 

River Mile a Sediment Surface Water 

Sample Designation b Sample Location Sample Designation b Sample Location 

297 
HL 1310 Lake Wallula -- -- 

HL 1346 Lake Wallula -- -- 

298 

HR-5SSD Hat Rock State Park HRB-1SW Hat Rock State Park 

HR-6SSD Hat Rock State Park -- -- 

HR-7SSD Hat Rock State Park -- -- 

HR-8SSD Hat Rock State Park -- -- 

LW-5SD Lake Wallula -- -- 

299 -- -- HRM-1SW Hat Rock State Park 

300 -- -- LW-1SW Lake Wallula 

301 LW-4SD Lake Wallula -- -- 

305 
LWC2-1SD Lake Wallula -- -- 

LWC2-2SD Lake Wallula -- -- 

306 --  HR-1SW Hat Rock State Park 

308 --  LW-2SW Lake Wallula 

310 LW-1SD Lake Wallula -- -- 

312 

LWC1-1SD Lake Wallula PK-1SW Port Kelley Boat Ramp 

LWC1-2SD Lake Wallula -- -- 

PK-10SSD Port Kelley Boat Ramp -- -- 

315 

HL 1048  “Wallula Bay” -- -- 

HL 1105  “Wallula Bay” -- -- 

WB-3SD  “Wallula Bay” -- -- 

WB-4SD  “Wallula Bay” -- -- 

316 

HL 2152  “Wallula Bay” -- -- 

PM-1SD Paper Mill Channel -- -- 

PM-2SD Paper Mill Channel -- -- 

WB-1SD  “Wallula Bay” -- -- 

WB-2SD “Wallula Bay” -- -- 

317 BI-2SSD  Badger Island -- -- 

318 BI-1SSD Badger Island -- -- 

320 

PHMU-1SSD  Peninsula HMU -- -- 

PHMU-2SSD Peninsula HMU -- -- 

PHMU-3SSD Peninsula HMU -- -- 

THMU-2SSD Toothaker HMU -- -- 

321 

FIC2-1SD 
Foundation Island 

Downriver 
-- -- 

FIC2-2SD 
Foundation Island 

Downriver 
-- -- 

THMU-1SSD  Toothaker HMU -- -- 

322 HL 1362 Lake Wallula -- -- 

323 

HL 511 Lake Wallula -- -- 

FIC1-1SD 
Foundation Island 

Upriver 
-- -- 

FIC1-2SD 
Foundation Island 

Upriver 
-- -- 

324 HL 1033  Lake Wallula -- -- 
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Table 4-6.  Samples Used in the Calculation of Exposure Point  
Concentrations for the Lake Wallula-A Location.  (3 Pages) 

River Mile a Sediment Surface Water 

Sample Designation b Sample Location Sample Designation b Sample Location 

325 

HL 287 Above Two Rivers Park SP-1SW Sacajawea Park 

HL 480  Above Two Rivers Park TR-1SW Sacajawea Park 

SP-2SSD  Sacajawea Park -- -- 

SP-3SSD  Sacajawea Park -- -- 

SP-9SSD  Sacajawea Park -- -- 

TR-1SSD  Two Rivers Park -- -- 

TR-2SSD  Two Rivers Park -- -- 

TR-3SSD  Two Rivers Park -- -- 

326 

HL 1178  Sacajawea Park -- -- 

HL 580  Sacajawea Park -- -- 

SP-1SSD  Sacajawea Park -- -- 

327 -- -- CM-1SW Cascade Marina 

328 

HL 644  Clover Island CI-1SW Clover Island 

CI-10SD  Clover Island -- -- 

CI-10SD-RES  Clover Island -- -- 

CI-7SD  Clover Island -- -- 

CI-7SD-RES  Clover Island -- -- 

CI-8SD  Clover Island -- -- 

CI-8SD-RES  Clover Island -- -- 

CI-9SD  Clover Island -- -- 

CI-9SD-RES  Clover Island -- -- 

CM-1SD  Cascade Marina -- -- 

CM-1SD-RES Cascade Marina -- -- 

CM-2SD Cascade Marina -- -- 

CM-2SD-RES Cascade Marina -- -- 

CM-3SD Cascade Marina -- -- 

CM-3SD-RES Cascade Marina -- -- 

CM-4SD Cascade Marina -- -- 

CM-4SD-RES Cascade Marina -- -- 

CM-5SD Cascade Marina -- -- 

CM-5SD-RES Cascade Marina -- -- 

329 

CI-1SD  Clover Island -- -- 

CI-1SD-RES Clover Island -- -- 

CI-2SD Clover Island -- -- 

CI-2SD-RES Clover Island -- -- 

CI-3SD Clover Island -- -- 

CI-3SD-RES Clover Island -- -- 

CI-4SD Clover Island -- -- 

CI-4SD-RES Clover Island -- -- 

CI-5SD Clover Island -- -- 

CI-5SD-RES Clover Island -- -- 

CI-6SD Clover Island -- -- 

CI-6SD-RES Clover Island -- -- 

330 
-- -- CP-1SW-F Columbia Park 

-- -- CP-1SW-S Columbia Park 
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Volume II, Part 2:  Baseline Human Health Risk Assessment 
September 2012  4-21 

Table 4-6.  Samples Used in the Calculation of Exposure Point  
Concentrations for the Lake Wallula-A Location.  (3 Pages) 

River Mile a Sediment Surface Water 

Sample Designation b Sample Location Sample Designation b Sample Location 

331 

CP-1SD Columbia Park -- -- 

CP-2SD Columbia Park -- -- 

CP-3SD Columbia Park -- -- 

333 -- -- HL 423 Goat Island 

334 

BL-5SSD Bateman Island HL 169 Bateman Island 

BL-6SSD Bateman Island BL-1SW  Bateman Island 

BL-7SSD Bateman Island -- -- 

BL-8SSD Bateman Island -- -- 

BL-9SSD Bateman Island -- -- 

335 

BL-1SSD Bateman Island -- -- 

BL-2SSD Bateman Island -- -- 

BL-3SSD Bateman Island -- -- 

BL-4SSD Bateman Island -- -- 

336 

CPM-1SD Columbia Point Marina CPM-1SW Columbia Point Marina 

CPM-4SD Columbia Point Marina -- -- 

CPM-5SD Columbia Point Marina -- -- 

337 

HL 1297 
Above Columbia & 

Yakima 
-- -- 

CPM-2SD Columbia Point Marina -- -- 

HA-6SSD  Howard Amon City Park -- -- 

HA-8SSD Howard Amon City Park -- -- 

338 

HA-1SSD Howard Amon City Park HA-1SW Howard Amon City Park 

HA-2SSD Howard Amon City Park -- -- 

HA-3SSD Howard Amon City Park -- -- 

HA-4SSD Howard Amon City Park -- -- 

HA-5SSD Howard Amon City Park -- -- 

339 

300D-3SD 300 Area -- -- 

300D-4SD 300 Area -- -- 

300D-5SD 300 Area -- -- 

300DC5-1SD 300 Area Downriver -- -- 

300DC5-2SD 300 Area Downriver -- -- 

300DC6-1SD 300 Area Downriver -- -- 

300DC6-2SD 300 Area Downriver -- -- 

NOTE:  Lake Wallula-A comprises RMs 339 to 297.   
a Going from downriver to upriver. 
b For data prior to 2008, a unique identification with the prefix “HL” was assigned to each sample since no sample designation is 

available. 

-- = not applicable 
HL = historical location 
RM = river mile 
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Volume II, Part 2:  Baseline Human Health Risk Assessment 
September 2012  4-22 

Table 4-7.  Samples Used in the Calculation of Exposure Point  
Concentrations for the Lake Wallula-B Location.  (2 Pages) 

River 
Mile a 

Sediment Surface Water 

Sample Designation b Sample Location Sample Designation b Sample Location 

292 

MDBR-1SD McNary Dam Boat Ramp HL 1414 McNary Dam 

MDBR-2SD McNary Dam Boat Ramp HL 320 McNary Dam 

MDBR-3SD McNary Dam Boat Ramp HL 931 McNary Dam 

MDBR-4SD McNary Dam Boat Ramp -- -- 

MDBR-5SD McNary Dam Boat Ramp -- -- 

MDBR-6SD McNary Dam Boat Ramp -- -- 

HL 1112 McNary Dam -- -- 

HL 1414 McNary Dam -- -- 

HL 1552 McNary Dam Boat Ramp -- -- 

HL 1735 McNary Dam Boat Ramp -- -- 

HL 1830 McNary Dam Boat Ramp -- -- 

HL 260 McNary Dam Boat Ramp -- -- 

HL 403 McNary Dam Boat Ramp -- -- 

HL 784 McNary Dam Boat Ramp -- -- 

HL 799 McNary Dam Boat Ramp -- -- 

HL 862 McNary Dam Boat Ramp -- -- 

HL 931 McNary Dam Boat Ramp -- -- 

293 

MBRA-1SD McNary Dam Beach MD-3SW McNary Dam 

MBRA-1SSD McNary Dam Beach MDBR-1SW McNary Dam Boat Ramp 

MBRA-2SD McNary Dam Beach MDBR-2SW McNary Dam Boat Ramp 

MBRA-2SSD McNary Dam Beach -- -- 

MBRA-3SD McNary Dam Beach -- -- 

MBRA-3SSD McNary Dam Beach -- -- 

MBRA-4SD McNary Dam Beach -- -- 

MBRA-4SSD McNary Dam Beach -- -- 

MBRA-5SSD McNary Dam Beach -- -- 

MDC-1SD McNary Dam -- -- 

MDC-2SD McNary Dam -- -- 

HL 1122 McNary Dam -- -- 

HL 1361 McNary Dam -- -- 

HL 1627 McNary Dam -- -- 

HL 1683 McNary Dam -- -- 

HL 1738 McNary Dam -- -- 

HL 1747 McNary Dam -- -- 

HL 1764 McNary Dam -- -- 

HL 1843 McNary Dam -- -- 

HL 1992 McNary Dam -- -- 

HL 24 McNary Dam Beach -- -- 

HL 430 McNary Dam -- -- 

HL 505 McNary Dam -- -- 

HL 555 McNary Dam -- -- 

HL 585 McNary Dam -- -- 
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Table 4-7.  Samples Used in the Calculation of Exposure Point  
Concentrations for the Lake Wallula-B Location.  (2 Pages) 

River 
Mile a 

Sediment Surface Water 

Sample Designation b Sample Location Sample Designation b Sample Location 

293 

HL 678 McNary Dam -- -- 

HL 682 McNary Dam -- -- 

HL 836 McNary Dam Beach -- -- 

HL 913 McNary Dam Beach -- -- 

294 

HL 1107 McNary Dam -- -- 

HL 1128 McNary Dam -- -- 

HL 1263 McNary Dam Beach -- -- 

HL 1529 McNary Dam -- -- 

HL 1560 McNary Dam -- -- 

HL 1717 McNary Dam Beach -- -- 

HL 1879 McNary Dam -- -- 

HL 1932 McNary Dam -- -- 

HL 374 McNary Dam -- -- 

HL 491 McNary Dam -- -- 

HL 616 McNary Dam -- -- 

HL 721 McNary Dam -- -- 

HL 772 McNary Dam -- -- 

HL 823 McNary Dam -- -- 

HL 987 McNary Dam -- -- 

296 HL 779 McNary Dam HL 779 McNary Dam 

NOTE:  Lake Wallula-B comprises RMs 296 to 292.   
a Going from downriver to upriver. 
b For data prior to 2008, a unique identification with the prefix “HL” was assigned to each sample since no sample designation is 

available. 

-- = not applicable 
HL = historical location 
RM = river mile 
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Table 4-8.  Summary of Sediment Exposure Point Concentrations for 100-A. 

Contaminant 
of Potential 

Concern 

CAS 
Number 

Units 

Sediment Exposure Point Concentrations for 100-A 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL EPC Basis b 

Metals 

Aluminum 7429-90-5 mg/kg 64 64 100% 7906 MOD 20754 8671 95% Modified-t UCL 

Arsenic 7440-38-2 mg/kg 64 64 100% 4.6 MOD 9.4 4.9 95% Student's-t UCL 

Chromium 7440-47-3 mg/kg 64 64 100% 24 MOD 67 26 95% Modified-t UCL 

Cobalt 7440-48-4 mg/kg 64 64 100% 5.7 MOD 17 6.1 95% Modified-t UCL 

Hexavalent 
chromium 

18540-29-9 mg/kg 14 59 24% 0.42 KM 1.4 0.56 95% KM (Percentile 
Bootstrap) UCL 

Iron 7439-89-6 mg/kg 64 64 100% 18979 MOD 51348 20147 95% Approximate 
Gamma UCL 

Manganese 7439-96-5 mg/kg 64 64 100% 264 MOD 645 290 95% Modified-t UCL 

Thallium 7440-28-0 mg/kg 18 64 28% 0.36 KM 1.2 0.41 95% KM (t) UCL 

Uranium 7440-61-1 mg/kg 3 61 5% 5.3 KM 7.2 NC Maximum 

Vanadium 7440-62-2 mg/kg 64 64 100% 44 MOD 122 47 95% Modified-t UCL 

Radionuclides 

Cesium-137 10045-97-3 pCi/g 40 64 63% 0.12 KM 0.45 0.15 95% KM (Percentile 
Bootstrap) UCL 

Cobalt-60 10198-40-0 pCi/g 4 64 6% 0.040 KM 0.10 NC Maximum 

Europium-152 14683-23-9 pCi/g 5 64 8% 0.12 KM 0.26 0.17 95% KM (Percentile 
Bootstrap) UCL 

Technetium-
99 

14133-76-7 pCi/g 1 44 2% 0.59 D 0.59 NC Maximum 

a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
 D = Where there is only one detected value for the indicated COPC, that value was used as the CTE mean. 
 MAX = Where there is too small a sample size to calculate a raw mean statistic using ProUCL, the maximum detected value is used as the CTE mean. 
 MOD = Where FOD is 100%, the mean of the detected values was used as the CTE mean. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size.  

CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
EPC = exposure point concentration 
FOD = frequency of detection 

KM = Kaplan-Meier 
KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
NC = not calculated due to low frequency of detection or small sample size 
RME = reasonable maximum exposure 
UCL = upper confidence limit
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Table 4-9.  Summary of Sediment Exposure Point Concentrations for 100-B. 

Contaminant 
of Potential 

Concern 

CAS 
Number 

Units 

Sediment Exposure Point Concentrations for 100-B 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL EPC Basis b 

Metals 

Aluminum 7429-90-5 mg/kg 63 63 100% 10862 MOD 25036 14195 95% Chebyshev (Mean, Sd) UCL 

Arsenic 7440-38-2 mg/kg 63 63 100% 4.9 MOD 14 5.4 95% Approximate Gamma UCL 

Chromium 7440-47-3 mg/kg 63 63 100% 28 MOD 275 49 95% Chebyshev (Mean, Sd) UCL 

Cobalt 7440-48-4 mg/kg 63 63 100% 6.5 MOD 18 7.0 95% Approximate Gamma UCL 

Hexavalent 
chromium 

18540-29-9 mg/kg 19 62 31% 0.60 KM 7.4 0.90 95% KM (% Bootstrap) UCL 

Iron 7439-89-6 mg/kg 63 63 100% 21220 MOD 34778 22240 95% Student's-t UCL 

Manganese 7439-96-5 mg/kg 63 63 100% 326 MOD 1515 379 95% Modified-t UCL 

Thallium 7440-28-0 mg/kg 7 63 11% 0.27 KM 1.2 0.31 95% KM (t) UCL 

Uranium 7440-61-1 mg/kg 3 63 5% 6.7 KM 9.4 NC Maximum 

Vanadium 7440-62-2 mg/kg 63 63 100% 49 MOD 90 51 95% Student's-t UCL 

Radionuclides 

Carbon-14 14762-75-5 pCi/g 2 51 4% 3.2 MAX 3.2 NC Maximum 

Cesium-137 10045-97-3 pCi/g 41 63 65% 0.089 KM 0.39 0.11 95% KM (t) UCL 

Cobalt-60 10198-40-0 pCi/g 3 63 5% 0.025 KM 0.037 NC Maximum 

Europium-152 14683-23-9 pCi/g 3 63 5% 0.064 KM 0.24 NC Maximum 
a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
 D = Where there is only one detected value for the indicated COPC, that value was used as the CTE mean. 
 MAX = Where there is too small a sample size to calculate a raw mean statistic using ProUCL, the maximum detected value is used as the CTE mean. 
 MOD = Where FOD is 100%, the mean of the detected values was used as the CTE mean. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size.  

CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
EPC = exposure point concentration 
FOD = frequency of detection 

KM = Kaplan-Meier 
KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
NC = not calculated due to low frequency of detection or small sample size 
RME = reasonable maximum exposure 
UCL = upper confidence limit 
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Table 4-10.  Summary of Sediment Exposure Point Concentrations for 300-A. 

Contaminant 
of Potential 

Concern 

CAS 
Number 

Units 

Sediment Exposure Point Concentrations for 300-A 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximu
m 

Detected 
Value 

UCL EPC Basis b 

Metals 

Aluminum 7429-90-5 mg/kg 148 148 100% 9314 MOD 15730 9667 95% Student's-t UCL 

Arsenic 7440-38-2 mg/kg 148 148 100% 4.5 MOD 15 4.8 95% Modified-t UCL 

Chromium 7440-47-3 mg/kg 148 148 100% 17 MOD 30 18 95% Student's-t UCL 

Cobalt 7440-48-4 mg/kg 148 148 100% 5.6 MOD 8.7 5.8 95% Student's-t UCL 

Hexavalent 
chromium 

18540-29-9 mg/kg 27 130 21% 0.45 KM 17 0.72 95% KM (% Bootstrap) 
UCL 

Iron 7439-89-6 mg/kg 148 148 100% 19078 MOD 31168 19662 95% Modified-t UCL 

Manganese 7439-96-5 mg/kg 148 148 100% 274 MOD 719 287 95% Modified-t UCL 

Thallium 7440-28-0 mg/kg 5 148 3% 0.26 KM 0.81 0.28 95% KM (t) UCL 

Uranium 7440-61-1 mg/kg 2 146 1% 7.7 MAX 7.7 NC Maximum 

Vanadium 7440-62-2 mg/kg 148 148 100% 42 MOD 92 44 95% Modified-t UCL 

Radionuclides 

Carbon-14 14762-75-5 pCi/g 2 135 1% 5.0 MAX 5.0 NC Maximum 

Cesium-137 10045-97-3 pCi/g 96 150 64% 0.079 KM 0.47 0.093 95% KM (BCA) UCL 

Cobalt-60 10198-40-0 pCi/g 2 150 1% 0.059 MAX 0.059 NC Maximum 

Europium-152 14683-23-9 pCi/g 7 149 5% 0.12 KM 0.38 0.15 95% KM (Percentile 
Bootstrap) UCL 

Technetium-99 14133-76-7 pCi/g 2 139 1% 6.8 MAX 6.8 NC Maximum 

Tritium 10028-17-8 pCi/g 1 5 20% 15 D 15 NC Maximum 
a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
 D = Where there is only one detected value for the indicated COPC, that value was used as the CTE mean. 
 MAX = Where there is too small a sample size to calculate a raw mean statistic using ProUCL, the maximum detected value is used as the CTE mean. 
 MOD = Where FOD is 100%, the mean of the detected values was used as the CTE mean. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size.  

BCA = bias-corrected accelerated bootstrap method 
CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
EPC = exposure point concentration 
FOD = frequency of detection 

KM = Kaplan-Meier 
KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
NC = not calculated due to low frequency of detection or small sample size 
RME = reasonable maximum exposure 
UCL = upper confidence limit 
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Table 4-11.  Summary of Sediment Exposure Point Concentrations for 300-B. 

Contaminant of 
Potential 
Concern 

CAS Number Units 

Sediment Exposure Point Concentrations for 300-B 

Number of 
Detects 

Number of 
Samples 

FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL EPC Basis b 

Metals 

Aluminum 7429-90-5 mg/kg 5 5 100% 9674 MOD 11494 11376 95% Student's-t 
UCL 

Arsenic 7440-38-2 mg/kg 5 5 100% 4.7 MOD 5.5 5.2 95% Student's-t 
UCL 

Chromium 7440-47-3 mg/kg 5 5 100% 17 MOD 19 19 95% Student's-t 
UCL 

Cobalt 7440-48-4 mg/kg 5 5 100% 5.1 MOD 5.8 5.8 95% Student's-t 
UCL 

Hexavalent 
chromium 

18540-29-9 mg/kg 1 5 20% 0.26 D 0.26 NC Maximum 

Iron 7439-89-6 mg/kg 5 5 100% 19747 MOD 22176 22048 95% Student's-t 
UCL 

Manganese 7439-96-5 mg/kg 5 5 100% 291 MOD 366 343 95% Student's-t 
UCL 

Vanadium 7440-62-2 mg/kg 5 5 100% 43 MOD 55 51 95% Student's-t 
UCL 

Radionuclides 

Carbon-14 14762-75-5 pCi/g 2 5 40% 5.6 MAX 5.6 NC Maximum 

Cesium-137 10045-97-3 pCi/g 5 5 100% 0.13 MOD 0.16 0.15 95% Student's-t 
UCL 

a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
 D = Where there is only one detected value for the indicated COPC, that value was used as the CTE mean. 
 MAX = Where there is too small a sample size to calculate a raw mean statistic using ProUCL, the maximum detected value is used as the CTE mean. 
 MOD = Where FOD is 100%, the mean of the detected values was used as the CTE mean. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size.  

CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
EPC = exposure point concentration 

FOD = frequency of detection 
NC = not calculated due to low frequency of detection or small sample size 
RME = reasonable maximum exposure 
UCL = upper confidence limit 
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Table 4-12.  Summary of Sediment Exposure Point Concentrations for LW-A. 

Contaminant 
of Potential 

Concern 

CAS 
Number 

Units 

Sediment Exposure Point Concentrations for LW-A 

Number 
of Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL EPC Basis b 

Metals 

Aluminum 7429-90-5 mg/kg 96 96 100% 10949 MOD 32716 11846 95% Approximate 
Gamma UCL 

Arsenic 7440-38-2 mg/kg 108 110 98% 5.0 KM 18 5.4 95% KM (BCA) UCL 

Chromium 7440-47-3 mg/kg 110 110 100% 20 MOD 80 22 95% Approximate 
Gamma UCL 

Cobalt 7440-48-4 mg/kg 96 96 100% 7.2 MOD 26 7.7 95% Approximate 
Gamma UCL 

Hexavalent 
chromium 

18540-29-9 mg/kg 3 42 7% 0.541 KM 1.7 NC Maximum 

Iron 7439-89-6 mg/kg 96 96 100% 23794 MOD 82569 25300 95% Modified-t UCL 

Manganese 7439-96-5 mg/kg 96 96 100% 308 MOD 795 332 95% H-UCL 

Thallium 7440-28-0 mg/kg 18 98 18% 0.41 KM 3.1 0.48 95% KM (t) UCL 

Vanadium 7440-62-2 mg/kg 96 96 100% 58 MOD 207 62 95% Modified-t UCL 

Radionuclides 

Cesium-137 10045-97-3 pCi/g 70 83 84% 0.10 KM 0.39 0.12 95% KM (BCA) UCL 

Cobalt-60 10198-40-0 pCi/g 1 83 1% 0.022 D 0.022 NC Maximum 

Europium-152 14683-23-9 pCi/g 4 83 5% 0.11 KM 0.27 NC Maximum 
a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
 D = Where there is only one detected value for the indicated COPC, that value was used as the CTE mean. 
 MOD = Where FOD is 100%, the mean of the detected values was used as the CTE mean. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size.  

BCA = bias-corrected accelerated bootstrap method 
CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
EPC = exposure point concentration 
FOD = frequency of detection 

H-UCL = UCL based upon Land’s H-statistic 
KM = Kaplan-Meier 
KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
NC = not calculated due to low frequency of detection or small sample size 
RME = reasonable maximum exposure 
UCL = upper confidence limit
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Table 4-13.  Summary of Sediment Exposure Point Concentrations for LW-B. 

Contaminant 
of Potential 

Concern 

CAS 
Number 

Units 

Sediment Exposure Point Concentrations for LW-B 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a  

Maximum 
Detected 

Value 
UCL EPC Basis b 

Metals 

Aluminum 7429-90-5 mg/kg 21 21 100% 10216 MOD 23631 12936 95% Approximate Gamma 
UCL 

Arsenic 7440-38-2 mg/kg 40 41 98% 6.4 KM 12 8.4 95% KM (Chebyshev) UCL 

Chromium 7440-47-3 mg/kg 41 41 100% 35 MOD 74 52 95% Chebyshev (Mean, Sd) 
UCL 

Cobalt 7440-48-4 mg/kg 21 21 100% 8.7 MOD 17 9.9 95% Student's-t UCL 

Iron 7439-89-6 mg/kg 21 21 100% 25795 MOD 34223 27545 95% Student's-t UCL 

Manganese 7439-96-5 mg/kg 21 21 100% 370 MOD 640 422 95% Student's-t UCL 

Thallium 7440-28-0 mg/kg 23 37 62% 0.74 KM 2.5 0.99 95% KM (BCA) UCL 

Vanadium 7440-62-2 mg/kg 21 21 100% 68 MOD 96 73 95% Student's-t UCL 

Radionuclides 

Cesium-137 10045-97-3 pCi/g 50 56 89% 0.29 KM 1.3 0.64 99% KM (Chebyshev) UCL 

Cobalt-60 10198-40-0 pCi/g 19 55 35% 0.017 KM 0.086 0.021 95% KM (t) UCL 

Europium-152 14683-23-9 pCi/g 18 42 43% 0.15 KM 1.3 0.59 99% KM (Chebyshev) UCL 

Europium-154 15585-10-1 pCi/g 1 40 3% 0.12 D 0.12 NC Maximum 
a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
 D = Where there is only one detected value for the indicated COPC, that value was used as the CTE mean. 
 MOD = Where FOD is 100%, the mean of the detected values was used as the CTE mean. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size.

BCA = bias-corrected accelerated bootstrap method 
CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
EPC = exposure point concentration 
FOD = frequency of detection 

KM = Kaplan-Meier 
KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
NC = not calculated due to low frequency of detection or small sample size 
RME = reasonable maximum exposure 
UCL = upper confidence limit 
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Table 4-14.  Summary of Surface Water Exposure Point Concentrations for 100-A. 

Contaminant of 
Potential 
Concern 

CAS Number Units 

Surface Water Exposure Point Concentrations for 100-A 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL EPC Basis b 

Pesticides/PCB 

Total nondioxin 
PCBs 

Total 
nondioxin 

PCBs (KM) 
µg/L 1 1 100% 0.00041 D 0.00041 NC Maximum 

Metals/Inorganics 

Arsenic 7440-38-2 µg/L 23 49 47% 0.605 KM 0.777 0.630 95% KM (t) UCL 

Chromium 7440-47-3 µg/L 20 49 41% 0.219 KM 1.72 0.336 95% KM (% 
Bootstrap) UCL 

Fluoride 7782-41-4 µg/L 75 82 91% 84 KM 140 92 95% KM (BCA) 
UCL 

Lithium 7439-93-2 µg/L 5 26 19% 7.8 KM 17 15 95% KM (Percentile 
Bootstrap) UCL 

Thallium 7440-28-0 µg/L 26 49 53% 0.135 KM 1.25 0.430 95% KM 
(Chebyshev) UCL 

Radionuclides 

Cesium-137 10045-97-3 pCi/L 2 27 7% 4.22 KM 8.54 NC Maximum 
a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
 D = Where there is only one detected value for the indicated COPC, that value was used as the CTE mean. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size.  

CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
EPC = exposure point concentration 
FOD = frequency of detection 
KM = Kaplan-Meier 

KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RME = reasonable maximum exposure 
UCL = upper confidence limit 
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Table 4-15.  Summary of Surface Water Exposure Point Concentrations for 100-B. 

Contaminant 
of Potential 

Concern 

CAS 
Number 

Units 

Surface Water Exposure Point Concentrations for 100-B 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL EPC Basis b 

Metals/Inorganics 

Arsenic 7440-38-2 µg/L 4 22 18% 0.588 KM 0.687 NC Maximum 

Chromium 7440-47-3 µg/L 8 22 36% 1.19 KM 18.4 6.59 97.5% KM 
(Chebyshev) UCL 

Fluoride 7782-41-4 µg/L 8 8 100% 45 MOD 84 58 95% Student's-t UCL 

Lithium 7439-93-2 µg/L 8 18 44% 3.82 KM 5.97 5.14 95% KM (t) UCL 

Thallium 7440-28-0 µg/L 5 22 23% 0.227 KM 1.08 1.56 97.5% KM 
(Chebyshev) UCL 

a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size.  

CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
EPC = exposure point concentration 
FOD = frequency of detection 

KM = Kaplan-Meier 
NC = not calculated due to low frequency of detection or small sample size 
RME = reasonable maximum exposure 
UCL = upper confidence limit 
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Table 4-16.  Summary of Surface Water Exposure Point Concentrations for 300-Area. 

Contaminant of 
Potential Concern  

CAS 
Number 

Units 

Surface Water Exposure Point Concentrations for 300-Area 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL EPC Basis b 

VOCs 

1,1,2-
Trichloroethane 

79-00-5 µg/L 5 82 6% 0.64 KM 0.88 0.78 95% KM (Percentile 
Bootstrap) UCL 

1,2-Dichloroethane 107-06-2 µg/L 6 80 8% 0.18 KM 1.1 0.93 95% KM (% Bootstrap) 
UCL 

Chloroform 67-66-3 µg/L 5 80 6% 3.8 KM 5.5 4.8 95% KM (Percentile 
Bootstrap) UCL 

SVOCs/Petroleum Hydrocarbons 

Bis(2-ethylhexyl) 
phthalate 

117-81-7 µg/L 1 5 20% 0.6 D 0.6 NC Maximum 

Pesticides/PCB 

Total nondioxin 
PCBs 

Total 
Nondioxin 

PCBs (KM) 

µg/L 1 1 100% 0.00083 D 0.00083 NC Maximum 

Metals/Inorganics 

Arsenic 7440-38-2 µg/L 214 233 92% 0.684 KM 2.87 0.705 95% KM (BCA) UCL 

Chromium 7440-47-3 µg/L 203 234 87% 0.241 KM 6.44 0.300 95% KM (BCA) UCL 

Fluoride 7782-41-4 µg/L 297 318 93% 75 KM 160 79 95% KM (BCA) UCL 

Lithium 7439-93-2 µg/L 11 18 61% 6.37 KM 13.7 8.86 95% KM (Percentile 
Bootstrap) UCL 

Thallium 7440-28-0 µg/L 180 222 81% 0.0192 KM 0.0593 0.0203 95% KM (BCA) UCL 
a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
 D = Where there is only one detected value for the indicated COPC, that value was used as the CTE mean. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size.  

BCA = bias-corrected accelerated bootstrap method 
CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
EPC = exposure point concentration 
FOD = frequency of detection 

KM = Kaplan-Meier 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RME = reasonable maximum exposure 
UCL = upper confidence limit 
VOC = volatile organic compound 

  

Exhibit 12d



 

 

 C
olum

bia R
iver C

om
ponent R

isk A
ssessm

ent 
V

olum
e II, P

art 2:  B
aseline H

um
an H

ealth R
isk A

ssessm
ent 

Septem
ber 2012 

4-33 

 
D

O
E

/R
L

-2010-117 

E
xp

osu
re A

ssessm
en

t 
R

ev. 0 

 

Table 4-17.  Summary of Surface Water Exposure Point Concentrations for LW-A. 

Contaminant 
of Potential 

Concern 

CAS 
Number 

Units 

Surface Water Exposure Point Concentrations for LW-A 

Number 
of Detects 

Number of 
Samples 

FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL EPC Basis b 

SVOCs/Petroleum Hydrocarbons 

TPH - motor 
oil (high 
boiling) 

TPH/OILH µg/L 1 13 8% 110 D 110 NC Maximum 

Pesticides/PCB 

Total 
nondioxin 
PCBs 

Total 
nondioxin 

PCBs (KM) 

µg/L 2 2 100% 0.00091 MAX 0.00091 NC Maximum 

Metals 

Arsenic 7440-38-2 µg/L 2 15 13% 2.9 MAX 2.9 NC Maximum 

Chromium 7440-47-3 µg/L 1 15 7% 1.01 D 1.01 NC Maximum 

Lithium 7439-93-2 µg/L 11 15 73% 3.28 KM 12.5 4.91 95% KM 
(BCA) UCL 

Radionuclide 

Plutonium-
239/240 

PU-239/240 pCi/L 1 15 7% 1.19 D 1.19 NC Maximum 

a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
 D = Where there is only one detected value for the indicated COPC, that value was used as the CTE mean. 
 MAX = Where there is too small a sample size to calculate a raw mean statistic using ProUCL, the maximum detected value is used as the CTE mean. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size.  

BCA = bias-corrected accelerated boostrap method 

CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
EPC = exposure point concentration 
FOD = frequency of detection 

KM = Kaplan-Meier 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RME = reasonable maximum exposure 
TPH = total petroleum hydrocarbons  
UCL = upper confidence limit 
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Table 4-18.  Summary of Surface Water Exposure Point Concentrations for LW-B. 

Contaminant of 
Potential 
Concern  

CAS Number Units 

Surface Water Exposure Point Concentrations for LW-B 

Number of 
Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL EPC Basis b 

SVOCs/Petroleum Hydrocarbons 

Bis(2-ethylhexyl) 
phthalate 

117-81-7 µg/L 1 2 50% 0.5 MAX 0.5 NC Maximum 

TPH - diesel-
range 

TPH/DIESEL µg/L 2 2 100% 87 MAX 87 NC Maximum 

Metals/Inorganics 

Arsenic 7440-38-2 µg/L 3 6 50% 0.907 KM 0.995 NC Maximum 

Chromium 7440-47-3 µg/L 3 6 50% 0.372 KM 0.429 NC Maximum 

Hexavalent 
chromium 

18540-29-9 µg/L 1 3 33% 4 D 4 NC Maximum 

Fluoride 7782-41-4 µg/L 3 3 100% 110 MOD 110 NC Maximum 

Lithium 7439-93-2 µg/L 3 3 100% 2.9 MOD 3.2 NC Maximum 

Thallium 7440-28-0 µg/L 3 6 50% 0.0135 KM 0.0151 NC Maximum 
a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
 D = Where there is only one detected value for the indicated COPC, that value was used as the CTE mean. 
 MAX = Where there is too small a sample size to calculate a raw mean statistic using ProUCL, the maximum detected value is used as the CTE mean. 
 MOD = Where FOD is 100%, the mean of the detected values was used as the CTE mean. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size.  

CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
EPC = exposure point concentration 

FOD = frequency of detection  

KM = Kaplan-Meier 

NC = not calculated due to low frequency of detection or small sample size 
RME = reasonable maximum exposure 
UCL = upper confidence limit 
SVOC  = semi-volatile organic compound  
TPH  = total petroleum hydrocarbons 
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Table 4-19.  Summary of Island Soil Exposure Point Concentrations for 100-B. 

Contaminant 
of Potential 

Concern  
CAS Number Units 

Island Soil Exposure Point Concentrations for 100-B 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL EPC Basis b 

Metals 

Aluminum 7429-90-5 mg/kg 29 29 100% 8356 MOD 12500 8933 95% Approximate 
Gamma UCL 

Arsenic 7440-38-2 mg/kg 29 29 100% 4.96 MOD 8.99 5.55 95% Approximate 
Gamma UCL 

Chromium 7440-47-3 mg/kg 29 29 100% 17.3 MOD 20.8 18.0 95% Student's-t UCL 

Cobalt 7440-48-4 mg/kg 29 29 100% 5.80 MOD 7.42 6.14 95% Approximate 
Gamma UCL 

Iron 7439-89-6 mg/kg 29 29 100% 18076 MOD 21500 18890 95% Approximate 
Gamma UCL 

Manganese 7439-96-5 mg/kg 29 29 100% 269 MOD 377 288 95% Approximate 
Gamma UCL 

Vanadium 7440-62-2 mg/kg 29 29 100% 39.2 MOD 50.9 41.1 95% Student's-t UCL 

Radionuclides 

Carbon-14 14762-75-5 pCi/g 1 29 3% 65.5 D 65.5 NC Maximum 

Cesium-137 10045-97-3 pCi/g 27 29 93% 0.179 KM 0.454 0.212 95% KM (Percentile 
Bootstrap) UCL 

a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
 D = Where there is only one detected value for the indicated COPC, that value was used as the CTE mean. 
 MOD = Where FOD is 100%, the mean of the detected values was used as the CTE mean. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size.  

CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
EPC = exposure point concentration 
FOD = frequency of detection 

KM = Kaplan-Meier 
NC = not calculated due to low frequency of detection or small sample size 
RME = reasonable maximum exposure 
UCL = upper confidence limit 
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Table 4-20.  Summary of Island Soil Exposure Point Concentrations for 300-A.   

Contaminant 
of Potential 

Concern  
CAS Number Units 

Island Soil Exposure Point Concentrations for 300-A 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected Value 

UCL EPC Basis b 

Metals 

Aluminum 7429-90-5 mg/kg 35 35 100% 7852 MOD 10700 8191 95% Student's-t 
UCL 

Arsenic 7440-38-2 mg/kg 35 35 100% 4.83 MOD 9.37 5.27 95% 
Approximate 
Gamma UCL 

Chromium 7440-47-3 mg/kg 35 35 100% 17.1 MOD 20.9 17.7 95% Student's-t 
UCL 

Cobalt 7440-48-4 mg/kg 35 35 100% 5.60 MOD 7.13 5.82 95% Student's-t 
UCL 

Iron 7439-89-6 mg/kg 35 35 100% 18097 MOD 24200 18775 95% Student's-t 
UCL 

Manganese 7439-96-5 mg/kg 35 35 100% 261 MOD 377 274 95% 
Approximate 
Gamma UCL 

Thallium 7440-28-0 mg/kg 2 35 6% 0.23 MAX 0.23 NC Maximum 

Vanadium 7440-62-2 mg/kg 35 35 100% 39.0 MOD 59.3 40.7 95% Student's-t 
UCL 

Radionuclides 

Cesium-137 10045-97-3 pCi/g 27 30 90% 0.152 KM 0.354 0.178 95% KM (t) UCL 

Strontium-90 10098-97-2 pCi/g 1 30 3% 1.81 D 1.81 NC Maximum 
a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
 D = Where there is only one detected value for the indicated COPC, that value was used as the CTE mean. 
 MAX = Where there is too small a sample size to calculate a raw mean statistic using ProUCL, the maximum detected value is used as the CTE mean. 
 MOD = Where FOD is 100%, the mean of the detected values was used as the CTE mean. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size.  

CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
EPC = exposure point concentration 
FOD = frequency of detection 

KM = Kaplan-Meier 
KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
NC = not calculated due to low frequency of detection or small sample size 
RME = reasonable maximum exposure 
UCL = upper confidence limit 
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Table 4-21.  Summary of Island Soil Exposure Point Concentrations for 300-B.   

Contaminant 
of Potential 

Concern  
CAS Number Units 

Island Soil Exposure Point Concentrations for 300-B 

Number 
of Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL EPC Basis b 

Metals 

Aluminum 7429-90-5 mg/kg 13 13 100% 8108 MOD 9170 8500 95% Student's-t UCL 

Arsenic 7440-38-2 mg/kg 13 13 100% 6.12 MOD 8.68 6.71 95% Student's-t UCL 

Chromium 7440-47-3 mg/kg 13 13 100% 17.5 MOD 21.8 18.9 95% Student's-t UCL 

Cobalt 7440-48-4 mg/kg 13 13 100% 6.17 MOD 7.22 6.50 95% Student's-t UCL 

Iron 7439-89-6 mg/kg 13 13 100% 19069 MOD 24300 20677 95% Student's-t UCL 

Manganese 7439-96-5 mg/kg 13 13 100% 280 MOD 328 295 95% Student's-t UCL 

Thallium 7440-28-0 mg/kg 3 13 23% 0.292 KM 0.324 NC Maximum 

Vanadium 7440-62-2 mg/kg 13 13 100% 42.5 MOD 55.6 46.5 95% Student's-t UCL 

Radionuclides 

Cesium-137 10045-97-3 pCi/g 10 10 100% 0.388 MOD 0.569 0.468 95% Student's-t UCL 

Cobalt-60 10198-40-0 pCi/g 1 10 10% 0.016 D 0.016 NC Maximum 

Europium-152 14683-23-9 pCi/g 7 10 70% 0.13 KM 0.342 0.189 95% KM (Percentile 
Bootstrap) UCL 

Strontium-90 10098-97-2 pCi/g 1 10 10% 0.784 D 0.784 NC Maximum 
a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
 D = Where there is only one detected value for the indicated COPC, that value was used as the CTE mean. 
 MOD = Where FOD is 100%, the mean of the detected values was used as the CTE mean. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size.  

CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
EPC = exposure point concentration 
FOD = frequency of detection 

KM = Kaplan-Meier 
NC = not calculated due to low frequency of detection or small sample size 
RME = reasonable maximum exposure 
UCL = upper confidence limit 
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Table 4-22.  Fish Sample Locations by Sub-Area.   

Sub-Area 

100 Area 300 Area Lake Wallula 

100SA WALLEYE 1 through 6 300SA WALLEYE 1 through 5 LWSA-WAL 1 through 5 

100SA-BASS 1 through 5 300SA-BASS 1 through 5 LWSA-BASS 1 through 5 

100SA-CARP 1 through 5 300SA-CARP 1 through 5 LWSA-CARP 1 through 5 

100SA-SUCKER 1 through 5 300SA-SUCKER 1 through 5 LWSA-SUCKER 1 through 5 

100SA-WF 1 through 5 300SA-WF 1 through 5 LWSA-WF 1 through 5 

STURGEON 1 through 9 STURGEON 10 through 19 STURGEON 20 through 25 

WAL = walleye 
WF = whitefish 
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Table 4-23.  Summary of Fish Fillet Representative Concentrations (All Species) for 100-A/B. (2 Pages) 

Contaminant of 
Potential 
Concern  

CAS Number Units 

Fish Fillet Representative Concentrations for 100-A/B 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL 

Representative 
Concentrations - 

Fillet Basis b 

Pesticides/PCBs 

beta-HCH 319-85-7 mg/kg 4 30 13% 0.0263 KM 0.106 NC Maximum 

delta-HCH 319-86-8 mg/kg 1 30 3% 0.00763 D 0.00763 NC Maximum 

DDD 72-54-8 mg/kg 32 33 97% 0.0645 KM 0.239 0.112  95% KM 
(Chebyshev) UCL 

DDE 72-55-9 mg/kg 33 33 100% 0.218 MOD 0.998 0.28 95% Approximate 
Gamma UCL 

DDT 50-29-3 mg/kg 4 30 13% 0.00841 KM 0.0237 NC Maximum 

Dieldrin 60-57-1 mg/kg 6 30 20% 0.00839 KM 0.0255 0.0224  95% KM 
(Percentile 
Bootstrap) UCL 

gamma-HCH 
(Lindane) 

58-89-9 mg/kg 5 31 16% 0.00866 KM 0.0268 0.0197  95% KM 
(Percentile 
Bootstrap) UCL 

Heptachlor 76-44-8 mg/kg 3 30 10% 0.0075 KM 0.0249 NC Maximum 

Total dioxin-like 
PCBs 

Total dioxin-like 
PCBs (KM) 

mg/kg 35 35 100% 1.0E-05 MOD 2.6E-05 1.3E-05 95% Approximate 
Gamma UCL 

Total nondioxin 
PCBs 

Total nondioxin 
PCBs (KM) 

mg/kg 35 35 100% 0.22 MOD 0.55 0.28 95% H-UCL 

Metals 

Arsenic (Total 
inorganic) 

TIAS mg/kg 6 35 17% 0.0034 KM 0.00536 0.00411  95% KM 
(Percentile 
Bootstrap) UCL 

Cadmium 7440-43-9 mg/kg 4 35 11% 0.047 KM 0.065 NC Maximum 

Cobalt 7440-48-4 mg/kg 4 35 11% 0.966 KM 1.83 NC Maximum 

Lithium 7439-93-2 mg/kg 10 35 29% 0.595 KM 1.11 0.708 95% KM (t) UCL 

Mercury 7439-97-6 mg/kg 33 33 100% 0.162 MOD 0.606 0.197 95% Approximate 
Gamma UCL 

Selenium 7782-49-2 mg/kg 35 35 100% 0.919 MOD 1.59 0.991 95% Approximate 
Gamma UCL 

Vanadium 7440-62-2 mg/kg 21 35 60% 0.3 KM 0.52 0.34 95% KM (t) UCL 

Zinc 7440-66-6 mg/kg 35 35 100% 11.5 MOD 34.7 14.1 95% Approximate 
Gamma UCL 
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Table 4-23.  Summary of Fish Fillet Representative Concentrations (All Species) for 100-A/B. (2 Pages) 

Contaminant of 
Potential 
Concern  

CAS Number Units 

Fish Fillet Representative Concentrations for 100-A/B 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL 

Representative 
Concentrations - 

Fillet Basis b 

Radionuclides 

Carbon-14 14762-75-5 pCi/g 1 35 3% 6.06 D 6.06 NC Maximum 
a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
 D = Where there is only one detected value for the indicated COPC, that value was used as the CTE mean. 
 MOD = Where FOD is 100%, the mean of the detected values was used as the CTE mean. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size. 

CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
H-UCL = UCL based upon Land’s H-statistic 

HCH = hexachlorocyclohexane 
KM = Kaplan-Meier 
KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RME = reasonable maximum exposure 
TIAS = total inorganic arsenic 
UCL = upper confidence limit
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Table 4-24.  Summary of Fish Carcass Representative Concentrations (All Species) for 100-A/B. (2 Pages) 

Contaminant of 
Potential Concern  

CAS Number Units 

Fish Carcass Representative Concentrations for 100-A/B 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL 

Representative 
Concentrations - 
Carcass Basis b 

Pesticides/PCBs 

beta-HCH 319-85-7 mg/kg 4 31 13% 0.0172 KM 0.112 NC Maximum 

delta-HCH 319-86-8 mg/kg 8 30 27% 0.00889 KM 0.0333 0.0135 95% KM (Percentile 
Bootstrap) UCL 

DDD 72-54-8 mg/kg 33 33 100% 0.0853 MOD 0.241 0.104  95% Approximate 
Gamma UCL 

DDE 72-55-9 mg/kg 33 33 100% 0.487 MOD 1.02 0.561  95% Approximate 
Gamma UCL 

DDT 50-29-3 mg/kg 19 30 63% 0.0124 KM 0.0401 0.0157 95% KM (Percentile 
Bootstrap) UCL 

Dieldrin 60-57-1 mg/kg 5 30 17% 0.0236 KM 0.0514 0.0356 95% KM (Percentile 
Bootstrap) UCL 

gamma-HCH 
(Lindane) 

58-89-9 mg/kg 3 30 10% 0.0119 KM 0.0355 NC Maximum 

Total dioxin-like 
PCBs 

Total dioxin-like 
PCBs (KM) 

mg/kg 35 35 100% 2.2E-05 MOD 9.3E-05 2.6E-05 95% Approximate 
Gamma UCL 

Total nondioxin 
PCBs 

Total nondioxin 
PCBs (KM) 

mg/kg 35 35 100% 0.47 MOD 2.4 0.56 95% H-UCL 

Metals 

Arsenic (Total 
inorganic) 

TIAS mg/kg 11 35 31% 0.00357 KM 0.00743 0.00438 95% KM (Percentile 
Bootstrap) UCL 

Cadmium 7440-43-9 mg/kg 16 35 46% 0.055 KM 0.092 0.062 95% KM (t) UCL 

Cobalt 7440-48-4 mg/kg 10 35 29% 1.0 KM 1.5 1.1 95% KM (t) UCL 

Lithium 7439-93-2 mg/kg 8 35 23% 0.724 KM 1.85 0.885 95% KM (Percentile 
Bootstrap) UCL 

Mercury 7439-97-6 mg/kg 33 33 100% 0.11 MOD 0.45 0.13  95% Approximate 
Gamma UCL 

Selenium 7782-49-2 mg/kg 35 35 100% 0.968 MOD 1.55 1.04 95% Student's-t UCL 

Uranium 7440-61-1 mg/kg 3 35 9% 2.06 KM 2.36 NC Maximum 

Vanadium 7440-62-2 mg/kg 27 35 77% 0.411 KM 0.966 0.474 95% KM (Percentile 
Bootstrap) UCL 

Zinc 7440-66-6 mg/kg 35 35 100% 28 MOD 107 48 95% Chebyshev 
(Mean, Sd) UCL 
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Table 4-24.  Summary of Fish Carcass Representative Concentrations (All Species) for 100-A/B. (2 Pages) 

Contaminant of 
Potential Concern  

CAS Number Units 

Fish Carcass Representative Concentrations for 100-A/B 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL 

Representative 
Concentrations - 
Carcass Basis b 

Radionuclides 

Carbon-14 14762-75-5 pCi/g 1 35 3% 8.19 D 8.19 NC Maximum 
a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
 MOD = Where FOD is 100%, the mean of the detected values was used as the CTE mean. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size.  

CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
H-UCL = UCL based upon Land’s H-statistic 

HCH = hexachlorocyclohexane 
KM = Kaplan-Meier 
KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RME = reasonable maximum exposure 
TIAS = total inorganic arsenic 
UCL = upper confidence limit
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Table 4-25.  Summary of Fish Liver/Kidney Representative Concentrations (All Species) for 100-A/B. (2 Pages) 

Contaminant of 
Potential 
Concern  

CAS Number Units 

Fish Liver/Kidney Representative Concentrations for 100-A/B 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL 

Representative 
Concentrations – 

Liver/Kidney Basis b 

Pesticides/PCBs 

beta-HCH 319-85-7 mg/kg 19 25 76% 0.0607 KM 0.222 0.0809 95% KM (Percentile 
Bootstrap) UCL 

DDD 72-54-8 mg/kg 48 49 98% 0.0891 KM 0.274 0.134 95% KM (Chebyshev) 
UCL 

DDE 72-55-9 mg/kg 49 49 100% 0.416 MOD 1.94 0.513 95% Approximate 
Gamma UCL 

DDT 50-29-3 mg/kg 33 33 100% 0.28 MOD 3.1 0.79 95% Chebyshev (Mean, 
Sd) UCL 

Dieldrin 60-57-1 mg/kg 1 11 9% 0.0243 D 0.0243 NC Maximum 

gamma-HCH 
(Lindane) 

58-89-9 mg/kg 3 12 25% 0.0141 KM 0.0388 NC Maximum 

Heptachlor 76-44-8 mg/kg 2 12 17% 0.0363 MAX 0.0363 NC Maximum 

Total dioxin-like 
PCBs 

Total dioxin-like 
PCBs (KM) 

mg/kg 8 8 100% 2.5E-05 MOD 4.0E-05 3.4E-05 95% Student's-t UCL 

Total nondioxin 
PCBs 

Total nondioxin 
PCBs (KM) 

mg/kg 8 8 100% 0.64 MOD 1.1 0.86 95% Student's-t UCL 

Metals 

Arsenic (total 
inorganic) 

TIAS mg/kg 
19 49 39% 0.00493 KM 0.0282 0.0062 95% KM (Percentile 

Bootstrap) UCL 

Cadmium 7440-43-9 mg/kg 49 49 100% 2.33 MOD 13.4 3.86 95% H-UCL 

Lithium 7439-93-2 mg/kg 0 49 0% ND ND ND NC ND 

Mercury 7439-97-6 mg/kg 49 49 100% 0.128 MOD 0.752 0.161 95% H-UCL 

Selenium 7782-49-2 mg/kg 49 49 100% 1.98 MOD 4.12 2.15 95% Student's-t UCL 

Uranium 7440-61-1 mg/kg 2 49 4% 1.77 KM 2.00 NC Maximum 

Vanadium 7440-62-2 mg/kg 30 49 61% 0.413 KM 1.73 0.531 95% KM (BCA) UCL 

Zinc 7440-66-6 mg/kg 44 49 90% 85.1 KM 534 166 95% KM (Chebyshev) 
UCL 
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Table 4-25.  Summary of Fish Liver/Kidney Representative Concentrations (All Species) for 100-A/B. (2 Pages) 

Contaminant of 
Potential 
Concern  

CAS Number Units 

Fish Liver/Kidney Representative Concentrations for 100-A/B 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL 

Representative 
Concentrations – 

Liver/Kidney Basis b 

Radionuclides 

Carbon-14 14762-75-5 pCi/g 2 49 4% 7.98 MAX 7.98 NC Maximum 
a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
 D = Where there is only one detected value for the indicated COPC, that value was used as the CTE mean. 
 MAX = Where there is too small a sample size to calculate a raw mean statistic using ProUCL, the maximum detected value is used as the CTE mean. 
 MOD = Where FOD is 100%, the mean of the detected values was used as the CTE mean. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size.  
c Liver/kidney samples were not analyzed for total inorganic arsenic.  Therefore, total inorganic arsenic values were converted from total arsenic values based on carcass and fillet 

results (i.e., the ratio of total inorganic arsenic to total arsenic is 1% for carcass and fillet). 

BCA = bias-corrected accelerated bootstrap method 
CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
H-UCL = UCL based upon Land’s H-statistic 

HCH = hexachlorocyclohexane 
KM = Kaplan-Meier 
KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RME = reasonable maximum exposure 
TIAS = total inorganic arsenic 
UCL = upper confidence limit 
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Table 4-26.  Summary of Fish Fillet Representative Concentrations  

(All Species) for 300-A/B.  (2 Pages) 

Contaminant of 
Potential Concern  

CAS Number Units 

Fish Fillet Representative Concentrations for 300-A/B 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL 

Representative 
Concentrations - 

Fillet Basis b 

Pesticides/PCBs 

beta-HCH 319-85-7 mg/kg 9 30 30% 0.0354 KM 0.224 0.0541 95% KM (Percentile 
Bootstrap) UCL 

delta-HCH 319-86-8 mg/kg 5 30 17% 0.0215 KM 0.0757 0.0389 95% KM (Percentile 
Bootstrap) UCL 

DDD 72-54-8 mg/kg 28 35 80% 0.0822 KM 0.355 0.108  95% KM (BCA) 
UCL 

DDE 72-55-9 mg/kg 35 35 100% 0.223 MOD 0.995 0.296 95% Approximate 
Gamma UCL 

DDT 50-29-3 mg/kg 6 30 20% 0.00699 KM 0.0181 0.00958 95% KM (Percentile 
Bootstrap) UCL 

Dieldrin 60-57-1 mg/kg 6 30 20% 0.021 KM 0.033 0.028 95% KM (Percentile 
Bootstrap) UCL 

gamma-HCH 
(Lindane) 

58-89-9 mg/kg 1 30 3% 0.008 D 0.008 NC Maximum 

Heptachlor 76-44-8 mg/kg 4 30 13% 0.013 KM 0.039 NC Maximum 

Total dioxin-like 
PCBs 

Total dioxin-like 
PCBs (KM) 

mg/kg 35 35 100% 7.4E-06 MOD 2.8E-05 9.5E-06 95% Approximate 
Gamma UCL 

Total nondioxin 
PCBs 

Total nondioxin 
PCBs (KM) 

mg/kg 35 35 100% 0.17 MOD 0.73 0.21 95% Approximate 
Gamma UCL 

Metals 

Arsenic (total 
inorganic) 

TIAS mg/kg 4 35 11% 0.0036 KM 0.0045 NC Maximum 

Cadmium 7440-43-9 mg/kg 4 35 11% 0.055 KM 0.081 NC Maximum 

Cobalt 7440-48-4 mg/kg 5 35 14% 0.986 KM 2.82 1.16 95% KM (Percentile 
Bootstrap) UCL 

Lithium 7439-93-2 mg/kg 3 35 9% 0.563 KM 0.605 NC Maximum 

Mercury 7439-97-6 mg/kg 38 38 100% 0.154 MOD 0.612 0.184 95% Approximate 
Gamma UCL 

Selenium 7782-49-2 mg/kg 35 35 100% 0.987 MOD 2.67 1.10 95% Modified-t UCL 

Vanadium 7440-62-2 mg/kg 17 35 49% 0.319 KM 0.443 0.346 95% KM (t) UCL 
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Table 4-26.  Summary of Fish Fillet Representative Concentrations  
(All Species) for 300-A/B.  (2 Pages) 

Contaminant of 
Potential Concern  

CAS Number Units 

Fish Fillet Representative Concentrations for 300-A/B 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL 

Representative 
Concentrations - 

Fillet Basis b 

Zinc 7440-66-6 mg/kg 35 35 100% 10.7 MOD 32.8 12.9 95% Approximate 
Gamma UCL 

a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
 D = Where there is only one detected value for the indicated COPC, that value was used as the CTE mean. 
 MOD = Where FOD is 100%, the mean of the detected values was used as the CTE mean. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size.  

BCA = bias-corrected accelerated bootstrap method 
CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 

HCH = hexachlorocyclohexane 
KM = Kaplan-Meier 
KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RME = reasonable maximum exposure 
TIAS = total inorganic arsenic 
UCL = upper confidence limit
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Table 4-27.  Summary of Fish Carcass Representative Concentrations  

(All Species) for 300-A/B.  (2 Pages) 

Contaminant of 
Potential Concern  

CAS Number Units 

Fish Carcass Representative Concentrations (RCs) for 300-A/B 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL 

Representative 
Concentrations - 
Carcass Basis b 

Pesticides/PCBs 

beta-HCH 319-85-7 mg/kg 9 30 30% 0.0239 KM 0.0945 0.0339  95% KM (Percentile 
Bootstrap) UCL 

delta-HCH 319-86-8 mg/kg 5 30 17% 0.00891 KM 0.0359 0.014  95% KM (Percentile 
Bootstrap) UCL 

DDD 72-54-8 mg/kg 34 35 97% 0.11 KM 0.356 0.18 95% KM (Chebyshev) 
UCL 

DDE 72-55-9 mg/kg 35 35 100% 0.49 MOD 1.2 0.74 95% Chebyshev 
(Mean, Sd) UCL 

DDT 50-29-3 mg/kg 17 32 53% 0.013 KM 0.053 0.016 95% KM (t) UCL 

Dieldrin 60-57-1 mg/kg 6 30 20% 0.00953 KM 0.0322 0.0287  95% KM (Percentile 
Bootstrap) UCL 

gamma-HCH 
(Lindane) 

58-89-9 mg/kg 1 30 3% 0.0188 D 0.0188 NC Maximum 

Heptachlor 76-44-8 mg/kg 5 30 17% 0.021 KM 0.037 0.031  95% KM (Percentile 
Bootstrap) UCL 

Total dioxin-like 
PCBs 

Total dioxin-like 
PCBs (KM) 

mg/kg 35 35 100% 1.6E-05 MOD 3.8E-05 1.8E-05 95% Student's-t UCL 

Total nondioxin 
PCBs 

Total nondioxin 
PCBs (KM) 

mg/kg 35 35 100% 0.41 MOD 1.4 0.47 95% Approximate 
Gamma UCL 

Metals 

Arsenic (total 
inorganic) 

TIAS mg/kg 10 35 29% 0.0036 KM 0.0063 0.0042 95% KM (Percentile 
Bootstrap) UCL 

Cadmium 7440-43-9 mg/kg 16 35 46% 0.0685 KM 0.131 0.0813 95% KM (t) UCL 

Cobalt 7440-48-4 mg/kg 9 35 26% 0.988 KM 1.56 1.08  95% KM (t) UCL 

Lithium 7439-93-2 mg/kg 8 35 23% 0.953 KM 1.46 1.11 95% KM (Percentile 
Bootstrap) UCL 

Mercury 7439-97-6 mg/kg 38 38 100% 0.0813 MOD 0.266 0.0957 95% Approximate 
Gamma UCL 

Selenium 7782-49-2 mg/kg 35 35 100% 1.04 MOD 1.92 1.13 95% Approximate 
Gamma UCL 

Uranium 7440-61-1 mg/kg 1 35 3% 2.37 D 2.37 NC Maximum 

Vanadium 7440-62-2 mg/kg 24 35 69% 0.425 KM 0.991 0.494 95% KM (Percentile 
Bootstrap) UCL 
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Table 4-27.  Summary of Fish Carcass Representative Concentrations  
(All Species) for 300-A/B.  (2 Pages) 

Contaminant of 
Potential Concern  

CAS Number Units 

Fish Carcass Representative Concentrations (RCs) for 300-A/B 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL 

Representative 
Concentrations - 
Carcass Basis b 

Zinc 7440-66-6 mg/kg 35 35 100% 30.0 MOD 143 53.4 95% Chebyshev 
(Mean, Sd) UCL 

Radionuclides 

Carbon-14 14762-75-5 pCi/g 2 35 6% 4.96 KM 6.18 NC Maximum 
a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
 D = Where there is only one detected value for the indicated COPC, that value was used as the CTE mean. 
 MOD = Where FOD is 100%, the mean of the detected values was used as the CTE mean. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size.  

CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 

KM = Kaplan-Meier 
KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RME = reasonable maximum exposure 
TIAS = total inorganic arsenic 
UCL = upper confidence limit 
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Table 4-28.  Summary of Fish Liver/Kidney Representative Concentrations (All Species) for 300-A/B. (2 Pages) 

Contaminant of 
Potential Concern  

CAS Number Units 

Fish Liver/Kidney Representative Concentrations (RCs) for 300-A/B 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL 

Representative 
Concentrations – 

Liver/Kidney Basis b 

Pesticides/PCBs 

beta-HCH 319-85-7 mg/kg 17 22 77% 0.0451 KM 0.179 0.0593 95% KM (Percentile 
Bootstrap) UCL 

delta-HCH 319-86-8 mg/kg 3 12 25% 0.0167 KM 0.0303 NC Maximum 

DDD 72-54-8 mg/kg 45 46 98% 0.123 KM 0.629 0.198 95% KM (Chebyshev) 
UCL 

DDE 72-55-9 mg/kg 49 49 100% 0.415 MOD 1.59 0.513 95% Approximate 
Gamma UCL 

DDT 50-29-3 mg/kg 21 26 81% 0.29 KM 2.74 1.53  99% KM 
(Chebyshev) UCL 

Dieldrin 60-57-1 mg/kg 3 12 25% 0.0115 KM 0.0467 NC Maximum 

gamma-HCH 
(Lindane) 

58-89-9 mg/kg 1 10 10% 0.0131 D 0.0131 NC Maximum 

Heptachlor epoxide 1024-57-3 mg/kg 6 16 38% 0.018 KM 0.0375 0.0245 95% KM (Percentile 
Bootstrap) UCL 

Total dioxin-like 
PCBs 

Total dioxin-
like PCBs 
(KM) 

mg/kg 9 9 100% 2.0E-05 MOD 4.8E-05 2.9E-05 95% Student's-t UCL 

Total nondioxin 
PCBs 

Total 
nondioxin 
PCBs (KM) 

mg/kg 9 9 100% 0.55 MOD 1.3 0.80 95% Student's-t UCL 

Metals 

Arsenic (total 
inorganic) c 

TIAS mg/kg 15 50 30% 0.00404 KM 0.00885 0.00467 95% KM (t) UCL 

Cadmium 7440-43-9 mg/kg 50 50 100% 2.40 MOD 15.4 3.32 95% Approximate 
Gamma UCL 

Lithium 7439-93-2 mg/kg 0 50 0% ND ND ND NC ND 

Mercury 7439-97-6 mg/kg 50 50 100% 0.125 MOD 0.873 0.16  95% H-UCL 

Selenium 7782-49-2 mg/kg 50 50 100% 2.00 MOD 5.19 2.23 95% Modified-t UCL 

Uranium 7440-61-1 mg/kg 1 50 2% 1.45 D 1.45 NC Maximum 

Vanadium 7440-62-2 mg/kg 33 50 66% 0.482 KM 3.62 0.665  95% KM (BCA) UCL 
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Table 4-28.  Summary of Fish Liver/Kidney Representative Concentrations (All Species) for 300-A/B. (2 Pages) 

Contaminant of 
Potential Concern  

CAS Number Units 

Fish Liver/Kidney Representative Concentrations (RCs) for 300-A/B 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL 

Representative 
Concentrations – 

Liver/Kidney Basis b 

Zinc 7440-66-6 mg/kg 45 50 90% 81.7 KM 587 159 95% KM (Chebyshev) 
UCL 

a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
 D = Where there is only one detected value for the indicated COPC, that value was used as the CTE mean. 
 MOD = Where FOD is 100%, the mean of the detected values was used as the CTE mean. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size.  
c Liver/kidney samples were not analyzed for total inorganic arsenic.  Therefore, total inorganic arsenic values were converted from total arsenic values based on carcass and fillet 

results (i.e., the ratio of total inorganic arsenic to total arsenic is 1% for carcass and fillet). 

BCA = bias-corrected accelerated bootstrap method 
CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 

H-UCL = UCL based upon Land’s H-statistic 
KM = Kaplan-Meier 
KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RME = reasonable maximum exposure 
TIAS = total inorganic arsenic 
UCL = upper confidence limit 
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Table 4-29.  Summary of Fish Fillet Representative Concentrations (All Species) for LW-A/B. (2 Pages) 

Contaminant of 
Potential Concern  

CAS 
Number 

Units 

Fish Fillet Representative Concentrations for LW-A/B 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL 

Representative 
Concentrations - 

Fillet Basis b 

Pesticides/PCBs 

beta-HCH 319-85-7 mg/kg 13 31 42% 0.0579 KM 0.318 0.0778 95% KM (t) UCL 

DDD 72-54-8 mg/kg 23 31 74% 0.0426 KM 0.286 0.066 95% KM (BCA) 
UCL 

DDE 72-55-9 mg/kg 31 31 100% 0.16 MOD 0.68 0.22 95% Approximate 
Gamma UCL 

DDT 50-29-3 mg/kg 4 31 13% 0.00655 KM 0.0149 NC Maximum 

Dieldrin 60-57-1 mg/kg 5 31 16% 0.0185 KM 0.0386 0.0342 95% KM (Percentile 
Bootstrap) UCL 

gamma-HCH 
(Lindane) 

58-89-9 mg/kg 2 31 6% 0.0267 MAX 0.0267 NC Maximum 

Heptachlor 76-44-8 mg/kg 4 31 13% 0.0114 KM 0.0837 NC Maximum 

Total dioxin-like 
PCBs 

Total dioxin-
like PCBs 

(KM) 

mg/kg 31 31 100% 4.8E-06 MOD 1.5E-05 6.7E-06 95% Approximate 
Gamma UCL 

Total nondioxin 
PCBs 

Total 
nondioxin 

PCBs (KM) 

mg/kg 31 31 100% 0.12 MOD 0.41 0.15 95% Approximate 
Gamma UCL 

Metals 

Arsenic (total 
inorganic) 

TIAS mg/kg 12 31 39% 0.0030 KM 0.0052 0.0032 95% KM (t) UCL 

Cadmium 7440-43-9 mg/kg 8 31 26% 0.043 KM 0.055 0.047 95% KM (Percentile 
Bootstrap) UCL 

Cobalt 7440-48-4 mg/kg 4 31 13% 0.911 KM 2.34 NC Maximum 

Lithium 7439-93-2 mg/kg 7 31 23% 0.59 KM 1.01 0.703 95% KM (Percentile 
Bootstrap) UCL 

Mercury 7439-97-6 mg/kg 32 32 100% 0.104 MOD 0.401 0.124 95% Approximate 
Gamma UCL 

Selenium 7782-49-2 mg/kg 31 31 100% 1.07 MOD 2.92 1.23 95% Modified-t 
UCL 

Vanadium 7440-62-2 mg/kg 18 31 58% 0.281 KM 0.475 0.315 95% KM (Percentile 
Bootstrap) UCL 
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Table 4-29.  Summary of Fish Fillet Representative Concentrations (All Species) for LW-A/B. (2 Pages) 

Contaminant of 
Potential Concern  

CAS 
Number 

Units 

Fish Fillet Representative Concentrations for LW-A/B 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL 

Representative 
Concentrations - 

Fillet Basis b 

Zinc 7440-66-6 mg/kg 27 31 87% 12.0 KM 38.2 14.7 95% KM (BCA) 
UCL 

a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
 D = Where there is only one detected value for the indicated COPC, that value was used as the CTE mean. 
 MAX = Where there is too small a sample size to calculate a raw mean statistic using ProUCL, the maximum detected value is used as the CTE mean. 
 MOD = Where FOD is 100%, the mean of the detected values was used as the CTE mean. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size.  

BCA = bias-corrected accelerated bootstrap method 
CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 

KM = Kaplan-Meier 
KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
LW = Lake Wallula  
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RC = representative concentration 
RME = reasonable maximum exposure 
TIAS = total inorganic arsenic 
UCL = upper confidence limit

  

Exhibit 12d



 

 

 C
olum

bia R
iver C

om
ponent R

isk A
ssessm

ent 
V

olum
e II, P

art 2:  B
aseline H

um
an H

ealth R
isk A

ssessm
ent 

Septem
ber 2012 

4-53 

 
D

O
E

/R
L

-2010-117 

E
xp

osu
re A

ssessm
en

t 
R

ev. 0 

 
Table 4-30.  Summary of Fish Carcass Representative Concentrations (All Species) for LW-A/B. (2 Pages) 

Contaminant of 
Potential Concern  

CAS Number Units 

Fish Carcass Representative Concentrations for LW-A/B 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL 

Representative 
Concentrations - 
Carcass Basis b 

Pesticides/PCBs 

beta-HCH 319-85-7 mg/kg 16 31 52% 0.0579 KM 0.696 0.112 95% KM (BCA) UCL 

delta-HCH 319-86-8 mg/kg 7 31 23% 0.00688 KM 0.0238 0.00977 95% KM (Percentile 
Bootstrap) UCL 

DDD 72-54-8 mg/kg 26 31 84% 0.0588 KM 0.305 0.115  95% KM (Chebyshev) 
UCL 

DDE 72-55-9 mg/kg 31 31 100% 0.3 MOD 1 0.4 95% Approximate 
Gamma UCL 

DDT 50-29-3 mg/kg 13 31 42% 0.0109 KM 0.0337 0.0135 95% KM (Percentile 
Bootstrap) UCL 

Dieldrin 60-57-1 mg/kg 5 31 16% 0.0091 KM 0.0301 0.0172 95% KM (Percentile 
Bootstrap) UCL 

gamma-HCH 
(Lindane) 

58-89-9 mg/kg 3 31 10% 0.0248 KM 0.0337 NC Maximum 

Heptachlor 76-44-8 mg/kg 4 31 13% 0.00816 KM 0.0324 NC Maximum 

Total dioxin-like PCBs Total dioxin-like 
PCBs (KM) 

mg/kg 31 31 100% 1.3E-05 MOD 6.6E-05 1.6E-05 95% Approximate 
Gamma UCL 

Total nondioxin PCBs Total nondioxin 
PCBs (KM) 

mg/kg 31 31 100% 0.25 MOD 0.76 0.29 95% Approximate 
Gamma UCL 

Metals 

Arsenic (total 
inorganic) 

TIAS mg/kg 13 31 42% 0.00339 KM 0.00712 0.00377 95% KM (Percentile 
Bootstrap) UCL 

Cadmium 7440-43-9 mg/kg 11 31 35% 0.060 KM 0.089 0.067 95% KM (t) UCL 

Cobalt 7440-48-4 mg/kg 6 31 19% 1.01 KM 1.29 1.14 95% KM (t) UCL 

Lithium 7439-93-2 mg/kg 10 31 32% 0.892 KM 1.52 1.12 95% KM (Percentile 
Bootstrap) UCL 

Mercury 7439-97-6 mg/kg 32 32 100% 0.0725 MOD 0.285 0.0856 95% Approximate 
Gamma UCL 

Selenium 7782-49-2 mg/kg 31 31 100% 1.08 MOD 1.93 1.19 95% Student's-t UCL 

Uranium 7440-61-1 mg/kg 4 31 13% 1.6 KM 2.1 NC Maximum 

Vanadium 7440-62-2 mg/kg 20 31 65% 0.383 KM 0.883 0.45 95% KM (BCA) UCL 

Zinc 7440-66-6 mg/kg 27 31 87% 34.1 KM 167 67.4 95% KM (Chebyshev) 
UCL 
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Table 4-30.  Summary of Fish Carcass Representative Concentrations (All Species) for LW-A/B. (2 Pages) 

Contaminant of 
Potential Concern  

CAS Number Units 

Fish Carcass Representative Concentrations for LW-A/B 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL 

Representative 
Concentrations - 
Carcass Basis b 

Radionuclides 

Carbon-14 14762-75-5 pCi/g 1 31 3% 141 D 141 NC Maximum 
a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
 D = Where there is only one detected value for the indicated COPC, that value was used as the CTE mean. 
 MOD = Where FOD is 100%, the mean of the detected values was used as the CTE mean. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size.  

BCA = bias-corrected accelerated bootstrap method 
CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 

KM = Kaplan-Meier 
KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
LW = Lake Wallula  
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RME = reasonable maximum exposure 
TIAS = total inorganic arsenic 
UCL = upper confidence limit 
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Table 4-31.  Summary of Fish Liver/Kidney Representative Concentrations (All Species) for LW-A/B. 
(2 Pages) 

Contaminant of 
Potential 
Concern  

CAS Number Units 

Fish Liver/Kidney Representative Concentrations for LW-A/B 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL EPC Basis b 

Pesticides/PCBs 

beta-HCH 319-85-7 mg/kg 9 9 100% 0.0338 MOD 0.0669 0.0424 95% Modified-t UCL 

delta-HCH 319-86-8 mg/kg 3 3 100% 0.012 MOD 0.019 NC Maximum 

DDD 72-54-8 mg/kg 37 37 100% 0.136 MOD 0.344 0.21 95% Chebyshev 
(Mean, Sd) UCL 

DDE 72-55-9 mg/kg 37 37 100% 0.278 MOD 0.791 0.347 95% Approximate 
Gamma UCL 

DDT 50-29-3 mg/kg 13 13 100% 0.482 MOD 2.36 1.34 95% Adjusted Gamma 
UCL 

Dieldrin 60-57-1 mg/kg 1 1 100% 0.0246 D 0.0246 NC Maximum 

Heptachlor 
epoxide 

1024-57-3 mg/kg 1 5 20% 0.0177 D 0.0177 NC Maximum 

Total dioxin-like 
PCBs 

Total dioxin-
like PCBs (KM) 

mg/kg 6 6 100% 7.3E-06 MOD 1.4E-05 1.1E-05 95% Student's-t UCL 

Total nondioxin 
PCBs 

Total nondioxin 
PCBs (KM) 

mg/kg 6 6 100% 0.19 MOD 0.30 0.26 95% Student's-t UCL 

Metals 

Arsenic (total 
inorganic) c 

TIAS mg/kg 13 42 31% 0.00406 KM 0.0121 0.00472 95% KM (t) UCL 

Cadmium 7440-43-9 mg/kg 42 42 100% 1.30 MOD 5.16 2.26 95% Chebyshev 
(Mean, Sd) UCL 

Lithium 7439-93-2 mg/kg 6 42 14% 0.457 KM 0.644 0.523 95% KM (t) UCL 

Mercury 7439-97-6 mg/kg 42 42 100% 0.0613 MOD 0.189 0.0707 95% Approximate 
Gamma UCL 

Selenium 7782-49-2 mg/kg 42 42 100% 2.09 MOD 6.95 2.35 95% Approximate 
Gamma UCL 

Vanadium 7440-62-2 mg/kg 33 42 79% 0.477 KM 2.05 0.587 95% KM (BCA) UCL 
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Table 4-31.  Summary of Fish Liver/Kidney Representative Concentrations (All Species) for LW-A/B. 
(2 Pages) 

Contaminant of 
Potential 
Concern  

CAS Number Units 

Fish Liver/Kidney Representative Concentrations for LW-A/B 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

CTE RME 

Mean 
Mean 
Basis a 

Maximum 
Detected 

Value 
UCL EPC Basis b 

Zinc 7440-66-6 mg/kg 37 42 88% 102 KM 594 204 95% KM (Chebyshev) 
UCL 

a Where frequency of detection is less than 100%, the mean is calculated using the Kaplan-Meier method unless otherwise noted. 
 D = Where there is only one detected value for the indicated COPC, that value was used as the CTE mean. 
 MOD = Where FOD is 100%, the mean of the detected values was used as the CTE mean. 
b Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size.  
c Liver/kidney samples were not analyzed for total inorganic arsenic.  Therefore, total inorganic arsenic values were converted from total arsenic values based on carcass and 

fillet results (i.e., the ratio of total inorganic arsenic to total arsenic is 1% for carcass and fillet). 

BCA = bias-corrected accelerated bootstrap method 
CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 

KM = Kaplan-Meier 
KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
LW = Lake Wallula  
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RME = reasonable maximum exposure 
TIAS = total inorganic arsenic 
UCL = upper confidence limit 
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Table 4-32.  Fish Tissue Exposure Point Concentrations for the Avid Angler  
Scenario by Sub-Area – Central Tendency Exposure. 

Contaminants of 
Potential Concern 

CAS Number Units 
Avid Angler a 

100 Area 300 Area LW 

Pesticides/PCBs 

beta-HCH 319-85-7 mg/kg 0.0258 0.0348 0.0579 

delta-HCH 319-86-8 mg/kg 0.00769 0.0209 0.000344 

DDD 72-54-8 mg/kg 0.0655 0.0836 0.0434 

DDE 72-55-9 mg/kg 0.231 0.236 0.171 

DDT 50-29-3 mg/kg 0.00861 0.00728 0.00677 

Dieldrin 60-57-1 mg/kg 0.00915 0.0203 0.0180 

gamma-HCH (Lindane) 58-89-9 mg/kg 0.00882 0.00854 0.0266 

Heptachlor 76-44-8 mg/kg 0.00713 0.0137 0.0112 

Total dioxin-like PCBs Total dioxin-like PCBs 
(KM) 

mg/kg 1.1E-05 7.8E-06 5.3E-06 

Total nondioxin PCBs Total nondioxin PCBs 
(KM) 

mg/kg 0.23 0.18 0.13 

Metals 

Arsenic (total inorganic) TIAS mg/kg 0.00341 0.00360 0.00306 

Cadmium 7440-43-9 mg/kg 0.0469 0.0552 0.0437 

Cobalt 7440-48-4 mg/kg 0.969 0.986 0.916 

Lithium 7439-93-2 mg/kg 0.601 0.583 0.605 

Mercury 7439-97-6 mg/kg 0.159 0.150 0.102 

Selenium 7782-49-2 mg/kg 0.921 0.990 1.07 

Uranium 7440-61-1 mg/kg 0.103 0.119 0.081 

Vanadium 7440-62-2 mg/kg 0.306 0.324 0.286 

Zinc 7440-66-6 mg/kg 12.3 1.50 13.1 

Radionuclides 

Carbon-14 14762-75-5 pCi/g 6.17 0.248 7.05 
a Fish tissue EPCs for the avid angler adult and youth were calculated by weighting the representative concentration (RC) of each 

tissue type (fillet, carcass and liver / kidney) by a diet allocation factor.  The avid angler EPC assumed that 95% of the fish diet 
consisted of fillet, and 5% consisted of carcass.  It was assumed that this receptor did not consume organ meat.  Thus, the EPC 
was calculated by the following equation:  EPC fish angler = (0.95 x RC fillet) + (0.05 x RC carcass). 

CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
EPC = exposure point concentration 

HCH = hexachlorocyclohexane 
KM = Kaplan-Meier 
LW = Lake Wallula 
NCC = not a contaminant of potential concern for the indicated tissue type 
PCB = polychlorinated biphenyl  
TIAS = total inorganic arsenic 
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Table 4-33.  Fish Tissue Exposure Point Concentrations for the Avid Angler and Yakama Nation Scenarios by 

Sub-Area – Reasonable Maximum Exposure.  (2 Pages) 

Contaminants of 
Potential 
Concern  

CAS Number Units 
Avid Angler a Yakama Nation b 

100 Area 300 Area LW 100 Area 300 Area LW 

Pesticides/PCBs 

beta-HCH 319-85-7 mg/kg 0.106 0.0531 0.0795 0.105 0.0534 0.0777 

delta-HCH 319-86-8 mg/kg 0.00792 0.0377 0.000489 0.00754 0.0372 0.00144 

DDD 72-54-8 mg/kg 0.112 0.112 0.0685 0.113 0.116 0.0757 

DDE 72-55-9 mg/kg 0.294 0.318 0.232 0.306 0.329 0.238 

DDT 50-29-3 mg/kg 0.0233 0.00989 0.0148 0.0617 0.0860 0.0812 

Dieldrin 60-57-1 mg/kg 0.0231 0.0278 0.0334 0.0232 0.0287 0.0329 

gamma-HCH 
(Lindane) 

58-89-9 mg/kg 0.0205 0.00854 0.0271 0.0214 0.00880 0.0257 

Heptachlor 76-44-8 mg/kg 0.0237 0.0386 0.0811 0.0242 0.0366 0.0770 

Heptachlor 
epoxide 

1024-57-3 mg/kg NCC NCC NCC NCC 0.00123 0.000885 

Total dioxin-like 
PCBs 

Total dioxin-like 
PCBs (KM) 

mg/kg 1.3E-05 9.9E-06 7.2E-06 1.4E-05 1.1E-05 7.4E-06 

Total nondioxin 
PCBs 

Total nondioxin 
PCBs (KM) 

mg/kg 0.30 0.22 0.16 0.33 0.25 0.17 

Metals 

Arsenic (total 
inorganic) 

TIAS mg/kg 0.0041 0.0045 0.0033 0.0042 0.0045 0.0033 

Cadmium 7440-43-9 mg/kg 0.0649 0.0810 0.0483 0.255 0.243 0.159 

Cobalt 7440-48-4 mg/kg 1.79 1.16 2.28 1.70 1.10 2.16 

Lithium 7439-93-2 mg/kg 0.717 0.630 0.724 0.681 0.600 0.715 

Mercury 7439-97-6 mg/kg 0.194 0.180 0.122 0.192 0.178 0.119 

Selenium 7782-49-2 mg/kg 0.993 1.11 1.23 1.05 1.16 1.28 

Uranium 7440-61-1 mg/kg 0.118 0.119 0.105 0.218 0.191 0.105 

Vanadium 7440-62-2 mg/kg 0.345 0.353 0.322 0.354 0.369 0.335 

Zinc 7440-66-6 mg/kg 15.8 2.67 17.4 23.4 10.6 26.8 
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Table 4-33.  Fish Tissue Exposure Point Concentrations for the Avid Angler and Yakama Nation Scenarios by 
Sub-Area – Reasonable Maximum Exposure.  (2 Pages) 

Contaminants of 
Potential 
Concern  

CAS Number Units 
Avid Angler a Yakama Nation b 

100 Area 300 Area LW 100 Area 300 Area LW 

Radionuclides 

Carbon-14 14762-75-5 pCi/g 6.17 0.309 7.05 6.26 0.309 7.32 
a Fish tissue EPCs for the avid angler adult and youth were calculated by weighting the representative concentration (RC) of each tissue type (fillet, carcass and liver/kidney) by a 

diet allocation factor.  The avid angler EPC assumed that 95% of the fish diet consisted of fillet, and 5% consisted of carcass.  It was assumed that this receptor did not consume 
organ meat.  Thus, the EPC was calculated by the following equation:  EPC fish angler = (0.95 x RC fillet) + (0.05 x RC carcass). 

b Fish tissue EPCs for the Yakama Nation scenario are based on the assumption that the fish diet consisted of 90% fillet, 5% liver/kidney and 5% carcass.  These assumptions are 
based on recommendations of 90% fillet/10% non-fillet as per Harris and Harper (2004) and Harris and Harper (1997).  Thus, the EPC for the Yakama Nation scenario was 
calculated by the following equation:  EPC fish NA = (0.9 x RC fillet) + (0.05 x RC carcass) + (0.05 x RC liver / kidney). 

CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
EPC = exposure point concentration 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane  

HCH = hexachlorocyclohexane 
KM = Kaplan-Meier 
LW = Lake Wallula  
NCC = not a contaminant of potential concern for the indicated exposure point area  
PCB = polychlorinated biphenyl 
TIAS = total inorganic arsenic 
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Table 4-34.  Summary of Fish Fillet Representative Concentrations for Bass. 

Contaminant of 
Potential Concern  

Units 

Bass Fillet Representative Concentrations 

Number 
of Detects 

Number 
of 

Samples 
FOD 

RME 

Maximum 
Detected 

Value 
UCL RC - Fillet Basis a 

Pesticides/PCBs 

DDD mg/kg 9 13 69% 2.51E-01 2.14E-01 95% KM (BCA) UCL 

DDE mg/kg 13 13 100% 2.39E-01 7.10E-02 95% H-UCL 

gamma-HCH (Lindane) mg/kg 1 6 17% 1.99E-02 NC Maximum 

Total dioxin-like PCBs mg/kg 15 15 100% 1.02E-05 4.17E-06 95% Approximate Gamma UCL 

Total nondioxin PCBs mg/kg 15 15 100% 2.16E-01 9.35E-02 95% Approximate Gamma UCL 

Metals 

Arsenic (total inorganic) mg/kg 1 15 7% 3.22E-03 NC Maximum 

Cadmium mg/kg 2 15 13% 5.10E-02 NC Maximum 

Cobalt mg/kg 9 15 60% 1.90E+00 1.21E+00 95% KM (t) UCL 

Mercury mg/kg 13 13 100% 1.02E-01 8.21E-02 95% Student's-t UCL 

Selenium mg/kg 15 15 100% 1.13E+00 9.89E-01 95% Student's-t UCL 

Vanadium mg/kg 15 15 100% 5.20E-01 4.26E-01 95% Student's-t UCL 

Zinc mg/kg 15 15 100% 3.01E+01 1.47E+01 95% Modified-t UCL 
a Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size. 

BCA = bias-corrected accelerated bootstrap method 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
FOD = frequency of detection 
H-UCL = UCL based upon Land’s H-statistic 
HCH = hexachlorocyclohexane 

KM = Kaplan-Meier 
KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RC = representative concentration 
RME = reasonable maximum exposure 
UCL = upper confidence limit
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Table 4-35.  Summary of Fish Carcass Representative Concentrations for Bass. 

Contaminant of 
Potential Concern 

Units 

Bass Carcass Representative Concentrations 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

RME 

Maximum 
Detected 

Value 
UCL RC - Carcass Basis a 

Pesticides/PCBs 

DDD mg/kg 13 13 100% 0.279 0.268 95% Chebyshev (Mean, Sd) UCL 

DDE mg/kg 13 13 100% 0.515 0.345 95% Approximate Gamma UCL 

Total dioxin-like PCBs mg/kg 15 15 100% 3.6E-05 1.8E-05 95% Approximate Gamma UCL 

Total nondioxin PCBs mg/kg 15 15 100% 0.82 0.38 95% Approximate Gamma UCL 

Metals 

Arsenic (total inorganic) mg/kg 4 15 27% 0.0040 NC Maximum 

Cadmium mg/kg 4 15 27% 0.04 NC Maximum 

Cobalt mg/kg 10 15 67% 1.56 1.26  95% KM (Percentile Bootstrap) UCL 

Mercury mg/kg 13 13 100% 0.118 0.079 95% Student's-t UCL 

Selenium mg/kg 15 15 100% 1.6 1.2 95% Student's-t UCL 

Uranium mg/kg 5 15 33% 2.37 2.20 95% KM (t) UCL 

Vanadium mg/kg 14 15 93% 0.885 0.544  95% KM (BCA) UCL 

Zinc mg/kg 15 15 100% 30.8 23.2 95% Student's-t UCL 
a Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size. 

BCA = bias-corrected accelerated bootstrap method 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane  
FOD = frequency of detection 

KM = Kaplan-Meier 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RC = representative concentration 
RME = reasonable maximum exposure 
UCL = upper confidence limit 
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Table 4-36.  Summary of Fish Fillet Representative Concentrations for Carp. 

Contaminant of 
Potential Concern  

Units 

Carp Fillet Representative Concentrations 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

RME 

Maximum 
Detected Value 

UCL RC - Fillet Basis a 

Pesticides/PCBs 

beta-HCH mg/kg 8 15 53% 0.318 0.166 95% KM (Percentile Bootstrap) UCL 

DDD mg/kg 15 15 100% 0.355 0.189 95% Approximate Gamma UCL 

DDE mg/kg 15 15 100% 0.998 0.637 95% Student's-t UCL 

DDT mg/kg 2 15 13% 0.0237 NC Maximum 

Heptachlor mg/kg 4 15 27% 0.0837 NC Maximum 

Total dioxin-like PCBs mg/kg 15 15 100% 2.5E-05 1.7E-05 95% Student's-t UCL 

Total nondioxin PCBs mg/kg 15 15 100% 0.53 0.36 95% Student's-t UCL 

Metals 

Arsenic (total inorganic) mg/kg 7 15 47% 0.00536 0.00405 95% KM (Percentile Bootstrap) UCL 

Cadmium mg/kg 7 15 47% 0.081 0.062 95% KM (t) UCL 

Cobalt mg/kg 1 15 7% 2.34 NC Maximum 

Lithium mg/kg 11 15 73% 1.01 0.648 95% KM (Percentile Bootstrap) UCL 

Mercury mg/kg 15 15 100% 0.18 0.14 95% Student's-t UCL 

Selenium mg/kg 15 15 100% 1.43 0.947 95% Approximate Gamma UCL 

Tin mg/kg 14 15 93% 64.7 33.8 95% KM (t) UCL 

Vanadium mg/kg 12 15 80% 0.344 0.317 95% KM (t) UCL 

Zinc mg/kg 15 15 100% 38.2 29.2 95% Student's-t UCL 
a Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size. 

COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
KM = Kaplan-Meier 

KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RC = representative concentration 
RME = reasonable maximum exposure 
UCL = upper confidence limit 
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Table 4-37.  Summary of Fish Carcass Representative Concentrations for Carp. 

Contaminant of Potential 
Concern  

Units 

Carp Carcass Representative Concentrations 

Number of 
Detects 

Number of 
Samples 

FOD 

RME 

Maximum Detected 
Value 

UCL RC - Carcass Basis a 

Pesticides/PCBs 

beta-HCH mg/kg 7 15 47% 0.199 0.0868  95% KM (t) UCL 

delta-HCH mg/kg 1 15 7% 0.0333 NC Maximum 

DDD mg/kg 15 15 100% 0.356 0.239 95% H-UCL 

DDE mg/kg 15 15 100% 1.2 0.94 95% Student's-t UCL 

DDT mg/kg 3 15 20% 0.0317 NC Maximum 

Heptachlor mg/kg 2 15 13% 0.0324 NC Maximum 

Total dioxin-like PCBs mg/kg 15 15 100% 6.6E-05 3.2E-05 95% Approximate Gamma UCL 

Total nondioxin PCBs mg/kg 15 15 100% 0.76 0.54 95% Student's-t UCL 

Metals 

Arsenic (total inorganic) mg/kg 9 15 60% 0.00743 0.00611 95% KM (Percentile Bootstrap) UCL 

Cadmium mg/kg 13 15 87% 0.131 0.0959 95% KM (BCA) UCL 

Cobalt mg/kg 5 15 33% 1.23 1.10 95% KM (t) UCL 

Lithium mg/kg 13 15 87% 1.85 1.25 95% KM (t) UCL 

Mercury mg/kg 15 15 100% 0.11 0.083 95% Student's-t UCL 

Selenium mg/kg 15 15 100% 1.6 1.0 95% Modified-t UCL 

Tin mg/kg 14 15 93% 95.2 41.3 95% KM (Chebyshev) UCL 

Uranium mg/kg 3 15 20% 2.36 NC Maximum 

Vanadium mg/kg 15 15 100% 0.991 0.683 95% Student's-t UCL 

Zinc mg/kg 15 15 100% 167 118 95% Modified-t UCL 

Radionuclides 

Carbon-14 pCi/g 1 15 7% 6.18 NC Maximum 
a Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size. 

BCA =  bias-corrected accelerated bootstrap method 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
H-UCL = UCL based upon Land’s H-statistic 
HCH = hexachlorocyclohexane 

KM = Kaplan-Meier 
KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RC = representative concentration 
RME = reasonable maximum exposure 
UCL = upper confidence limit 
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Table 4-38.  Summary of Fish Fillet Representative Concentrations for Sturgeon. 

Contaminant of 
Potential Concern  

Units 

Sturgeon Fillet Representative Concentrations 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

RME 

Maximum 
Detected 

Value 
UCL RC - Fillet Basis a 

Pesticides/PCBs 

Aldrin mg/kg 2 25 8% 0.0192 NC Maximum 

beta-HCH mg/kg 8 25 32% 0.115 0.0315 95% KM (t) UCL 

DDD mg/kg 22 25 88% 0.136 0.0722  95% KM (Chebyshev) UCL 

DDE mg/kg 25 25 100% 0.376 0.186 95% Student's-t UCL 

DDT mg/kg 7 25 28% 0.0149 0.00959 95% KM (Percentile Bootstrap) UCL 

delta-HCH mg/kg 2 25 8% 0.0183 NC Maximum 

Dieldrin mg/kg 2 25 8% 0.024 NC Maximum 

gamma-HCH (Lindane) mg/kg 3 25 12% 0.0268 NC Maximum 

Heptachlor mg/kg 2 25 8% 0.0197 NC Maximum 

Total dioxin-like PCBs mg/kg 25 25 100% 1.6E-05 9.0E-06 95% Approximate Gamma UCL 

Total nondioxin PCBs mg/kg 25 25 100% 0.31 0.17 95% Approximate Gamma UCL 

Metals 

Arsenic (total 
inorganic) 

mg/kg 3 25 12% 0.0045 NC Maximum 

Cadmium mg/kg 2 25 8% 0.053 NC Maximum 

Cobalt mg/kg 1 25 4% 2.82 NC Maximum 

Lithium mg/kg 3 25 12% 0.689 NC Maximum 

Mercury mg/kg 29 29 100% 0.612 0.215 95% Approximate Gamma UCL 

Selenium mg/kg 25 25 100% 2.92 1.57 95% Approximate Gamma UCL 

Vanadium mg/kg 8 25 32% 0.284 0.259 95% KM (t) UCL 
a Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size. 

COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
KM = Kaplan-Meier 

KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RC = representative concentration 
RME = reasonable maximum exposure 
UCL = upper confidence limit 
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Table 4-39.  Summary of Fish Carcass Representative Concentrations for Sturgeon. 

Contaminant of 
Potential Concern  

Units 

Sturgeon Carcass Representative Concentrations 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

RME 

Maximum 
Detected 

Value 
UCL RC - Carcass Basis a 

Pesticides/PCBs 

Aldrin mg/kg 4 25 16% 0.0147 NC Maximum 

beta-HCH mg/kg 12 25 48% 0.112 0.0343 95% KM (t) UCL 

DDD mg/kg 25 25 100% 0.178 0.0781 95% Student's-t UCL 

DDE mg/kg 25 25 100% 0.9 0.5 95% Approximate Gamma UCL 

DDT mg/kg 14 25 56% 0.053 0.014 95% KM (t) UCL 

delta-HCH mg/kg 6 25 24% 0.0168 0.00876 95% KM (Percentile Bootstrap) 
UCL 

Dieldrin mg/kg 1 25 4% 0.00559 NC Maximum 

gamma-HCH (Lindane) mg/kg 3 25 12% 0.0355 NC Maximum 

Heptachlor mg/kg 2 25 8% 0.037 NC Maximum 

Total dioxin-like PCBs mg/kg 25 25 100% 6.0E-05 2.1E-05 95% Approximate Gamma UCL 

Total nondioxin PCBs mg/kg 25 25 100% 0.77 0.44 95% Student's-t UCL 

Metals 

Arsenic (total inorganic) mg/kg 3 25 12% 0.0050 NC Maximum 

Cadmium mg/kg 1 25 4% 0.046 NC Maximum 

Cobalt mg/kg 10 25 40% 1.37 1.11 95% KM (t) UCL 

Lithium mg/kg 5 25 20% 1.52 1.16 95% KM (Percentile Bootstrap) 
UCL 

Mercury mg/kg 29 29 100% 0.138 0.0863 95% Student's-t UCL 

Selenium mg/kg 25 25 100% 1.93 1.31 95% Approximate Gamma UCL 

Vanadium mg/kg 13 25 52% 0.576 0.34 95% KM (t) UCL 
a Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size. 

COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
KM = Kaplan-Meier 

KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RC = representative concentration 
RME = reasonable maximum exposure 
UCL = upper confidence limit 
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Table 4-40.  Summary of Fish Fillet Representative Concentrations for Sucker.   

Contaminant of 
Potential Concern  

Units 

Sucker Fillet Representative Concentrations 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

RME 

Maximum 
Detected 

Value 
UCL RC - Fillet Basis a 

Pesticides/PCBs 

DDD mg/kg 14 15 93% 0.0584 0.0433 95% KM (t) UCL 

DDE mg/kg 15 15 100% 0.329 0.234 95% Student's-t UCL 

DDT mg/kg 2 15 13% 0.0181 NC Maximum 

delta-HCH mg/kg 4 15 27% 0.0757 NC Maximum 

Endrin mg/kg 1 15 7% 0.0321 NC Maximum 

Total dioxin-like PCBs mg/kg 15 15 100% 1.1E-05 7.0E-06 95% Student's-t UCL 

Total nondioxin PCBs mg/kg 15 15 100% 0.23 0.17 95% Student's-t UCL 

Metals 

Arsenic (total 
inorganic) 

mg/kg 4 15 27% 0.0036 NC Maximum 

Cadmium mg/kg 1 15 7% 0.04 NC Maximum 

Mercury mg/kg 15 15 100% 0.172 0.133 95% Student's-t UCL 

Selenium mg/kg 15 15 100% 1.06 0.946 95% Student's-t UCL 

Zinc mg/kg 15 15 100% 18.5 13.8 95% Student's-t UCL 

Radionuclides 

Carbon-14 pCi/g 1 15 7% 6.06 NC Maximum 
a Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size. 

COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
KM = Kaplan-Meier 

KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff 
    value 

NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RC = representative concentration 
RME = reasonable maximum exposure 
UCL = upper confidence limit
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Table 4-41.  Summary of Fish Carcass Representative Concentrations for Sucker. 

Contaminant of 
Potential Concern  

Units 

Sucker Carcass Representative Concentrations 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

RME 

Maximum 
Detected 

Value 
UCL RC - Carcass Basis a 

Pesticides/PCBs 

beta-HCH mg/kg 1 15 7% 0.0482 NC Maximum 

DDD mg/kg 15 15 100% 0.133 0.0899 95% Student's-t UCL 

DDE mg/kg 15 15 100% 0.739 0.504 95% Student's-t UCL 

DDT mg/kg 7 15 47% 0.0401 0.022  95% KM (Percentile Bootstrap) UCL 

delta-HCH mg/kg 1 15 7% 0.0359 NC Maximum 

Endrin mg/kg 1 15 7% 0.0252 NC Maximum 

Total dioxin-like PCBs mg/kg 15 15 100% 2.1E-05 1.6E-05 95% Student's-t UCL 

Total nondioxin PCBs mg/kg 15 15 100% 0.45 0.35 95% Student's-t UCL 

Metals 

Arsenic (total 
inorganic) 

mg/kg 10 15 67% 0.0063 0.0044  95% KM (Percentile Bootstrap) UCL 

Cadmium mg/kg 13 15 87% 0.069 0.055 95% KM (t) UCL 

Mercury mg/kg 15 15 100% 0.103 0.075 95% Student's-t UCL 

Selenium mg/kg 15 15 100% 1.3 1.0 95% Student's-t UCL 

Zinc mg/kg 15 15 100% 30 23.4 95% Student's-t UCL 

Radionuclides 

Carbon-14 pCi/g 1 15 7% 8.19 NC Maximum 
a Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size. 

COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
KM = Kaplan-Meier 

KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RC = representative concentration 
RME = reasonable maximum exposure 
UCL = upper confidence limit 
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Table 4-42.  Summary of Fish Fillet Representative Concentrations for Walleye. 

Contaminant of 
Potential Concern  

Units 

Walleye Fillet Representative Concentrations 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

RME 

Maximum 
Detected 

Value 
UCL RC - Fillet Basis a 

Pesticides/PCBs 

alpha-Chlordane mg/kg 1 16 6% 0.0106 NC Maximum 

beta-HCH mg/kg 10 16 63% 0.173 0.0682 95% KM (Percentile Bootstrap) UCL 

DDD mg/kg 8 16 50% 0.0556 0.0208 95% KM (t) UCL 

DDE mg/kg 16 16 100% 0.416 0.186 95% Approximate Gamma UCL 

DDT mg/kg 3 16 19% 0.00773 NC Maximum 

gamma-HCH (Lindane) mg/kg 2 16 13% 0.0267 NC Maximum 

Heptachlor mg/kg 3 16 19% 0.0249 NC Maximum 

Total dioxin-like PCBs mg/kg 16 16 100% 2.6E-05 1.4E-05 95% Approximate Gamma UCL 

Total nondioxin PCBs mg/kg 16 16 100% 0.55 0.25 95% Approximate Gamma UCL 

Metals 

Arsenic (total inorganic) mg/kg 7 16 44% 0.0052 0.0040 95% KM (Percentile Bootstrap) UCL 

Cadmium mg/kg 1 16 6% 0.047 NC Maximum 

Cobalt mg/kg 1 16 6% 0.712 NC Maximum 

Lithium mg/kg 6 16 38% 1.11 0.753 95% KM (Percentile Bootstrap) UCL 

Mercury mg/kg 16 16 100% 0.606 0.314 95% Approximate Gamma UCL 

Selenium mg/kg 16 16 100% 0.729 0.649 95% Student's-t UCL 

Vanadium mg/kg 16 16 100% 0.393 0.313 95% Student's-t UCL 
a Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size. 

COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
KM = Kaplan-Meier 

KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RC = representative concentration 
RME = reasonable maximum exposure 
UCL = upper confidence limit 
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Table 4-43.  Summary of Fish Carcass Representative Concentrations for Walleye. 

Contaminant of 
Potential Concern  

Units 

Walleye Carcass Representative Concentrations 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

RME 

Maximum 
Detected 

Value 
UCL RC - Carcass Basis a 

Pesticides/PCBs 

alpha-HCH mg/kg 1 16 6% 0.0157 NC Maximum 

alpha-Chlordane mg/kg 6 16 38% 0.0222 0.0159 95% KM (t) UCL 

beta-HCH mg/kg 8 16 50% 0.696 0.151 95% KM (t) UCL 

DDD mg/kg 10 16 63% 0.162 0.0495 95% KM (Percentile Bootstrap) UCL 

DDE mg/kg 16 16 100% 1.14 0.506 95% Approximate Gamma UCL 

DDT mg/kg 11 16 69% 0.0337 0.0161 95% KM (BCA) UCL 

gamma-HCH (Lindane) mg/kg 3 16 19% 0.0337 NC Maximum 

Heptachlor mg/kg 3 16 19% 0.0351 NC Maximum 

Total dioxin-like PCBs mg/kg 16 16 100% 9.3E-05 2.9E-05 95% Approximate Gamma UCL 

Total nondioxin PCBs mg/kg 16 16 100% 2.4 0.79 95% H-UCL 

Metals 

Arsenic (total inorganic) mg/kg 8 16 50% 0.0045 0.0035 95% KM (Percentile Bootstrap) UCL 

Lithium mg/kg 5 16 31% 1.46 1.13 95% KM (Percentile Bootstrap) UCL 

Mercury mg/kg 16 16 100% 0.45 0.23 95% Approximate Gamma UCL 

Selenium mg/kg 16 16 100% 0.841 0.711 95% Student's-t UCL 

Vanadium mg/kg 16 16 100% 0.533 0.446 95% Student's-t UCL 
a Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size. 

BCA = bias-corrected accelerated bootstrap method 
COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
H-UCL = UCL based upon Land’s H-statistic 

KM = Kaplan-Meier 
KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff 

    value 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RC = representative concentration 
RME = reasonable maximum exposure 
UCL = upper confidence limit 
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Table 4-44.  Summary of Fish Fillet Representative Concentrations for Whitefish. 

Contaminant of 
Potential Concern  

Units 

Whitefish Fillet Representative Concentrations 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

RME 

Maximum 
Detected 

Value 
UCL RC - Fillet Basis a 

Pesticides/PCBs 

alpha-Chlordane mg/kg 1 15 7% 0.00739 NC Maximum 

alpha-HCH mg/kg 1 15 7% 0.00901 NC Maximum 

DDD mg/kg 15 15 100% 0.124 0.0915 95% Student's-t UCL 

DDE mg/kg 15 15 100% 0.592 0.266 95% Approximate Gamma UCL 

Dieldrin mg/kg 15 15 100% 0.0386 0.0294 95% Student's-t UCL 

Endrin aldehyde mg/kg 2 15 13% 0.01 NC Maximum 

gamma-HCH (Lindane) mg/kg 2 15 13% 0.0191 NC Maximum 

Heptachlor mg/kg 2 15 13% 0.0184 NC Maximum 

Total dioxin-like PCBs mg/kg 15 15 100% 2.8E-05 1.4E-05 95% Approximate Gamma UCL 

Total nondioxin PCBs mg/kg 15 15 100% 0.73 0.43  95% Chebyshev (Mean, Sd) UCL 

Metals 

Antimony mg/kg 1 15 7% 0.208 NC Maximum 

Cadmium mg/kg 3 15 20% 0.055 NC Maximum 

Cobalt mg/kg 1 15 7% 1.12 NC Maximum 

Mercury mg/kg 15 15 100% 0.099 0.070 95% Student's-t UCL 

Nickel mg/kg 1 15 7% 2.55 NC Maximum 

Selenium mg/kg 15 15 100% 1.28 1.10 95% Student's-t UCL 

Tin mg/kg 15 15 100% 161 67.5 95% Approximate Gamma UCL 

Vanadium mg/kg 5 15 33% 0.222 0.207 95% KM (t) UCL 

Zinc mg/kg 15 15 100% 17.7 12.9 95% Student's-t UCL 
a Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size. 

COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
FOD = frequency of detection 
HCH = hexachlorocyclohexane 
KM = Kaplan-Meier 

KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RC = representative concentration 
RME = reasonable maximum exposure 
UCL = upper confidence limit
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Table 4-45.  Summary of Fish Carcass Representative Concentrations for Whitefish. 

Contaminant of 
Potential Concern  

Units 

Whitefish Carcass Representative Concentrations 

Number 
of 

Detects 

Number 
of 

Samples 
FOD 

RME 

Maximum 
Detected 

Value 
UCL RC - Carcass Basis a 

Pesticides/PCBs 

DDD mg/kg 15 15 100% 0.176 0.111 95% Student's-t UCL 

DDE mg/kg 15 15 100% 1.19 0.563 95% Approximate Gamma UCL 

Dieldrin mg/kg 15 15 100% 0.0514 0.0321 95% Student's-t UCL 

Endrin aldehyde mg/kg 6 15 40% 0.0165 0.00995 95% KM (Percentile Bootstrap) 
UCL 

gamma-HCH (Lindane) mg/kg 1 15 7% 0.0188 NC Maximum 

Heptachlor mg/kg 2 15 13% 0.0208 NC Maximum 

Total dioxin-like PCBs mg/kg 15 15 100% 3.5E-05 1.9E-05 95% Student's-t UCL 

Total nondioxin PCBs mg/kg 15 15 100% 1.4 0.61 95% H-UCL 

Metals 

Cadmium mg/kg 12 15 80% 0.089 0.066 95% KM (t) UCL 

Mercury mg/kg 15 15 100% 0.076 0.052 95% Student's-t UCL 

Selenium mg/kg 15 15 100% 1.55 1.36 95% Student's-t UCL 

Tin mg/kg 14 15 93% 38.4 19.6 95% KM (t) UCL 

Vanadium mg/kg 13 15 87% 0.625 0.388 95% KM (t) UCL 

Zinc mg/kg 15 15 100% 33.9 26.5 95% Student's-t UCL 

Radionuclides 

Carbon-14 mg/kg 2 15 13% 141 NC Maximum 
a Maximum detected values are used where UCLs could not be calculated due to low frequency of detection or small sample size. 

COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
FOD = frequency of detection 
H-UCL = UCL based upon Land’s H-statistic 
HCH = hexachlorocyclohexane 

KM = Kaplan-Meier 

KM (t) = UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value 
NC = not calculated due to low frequency of detection or small sample size 
PCB = polychlorinated biphenyl 
RC = representative concentration 
RME = reasonable maximum exposure 
UCL = upper confidence limit 
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Table 4-46.  Summary of the Exposure Point Concentrations for  
Fish Species - Reasonable Maximum Exposure. 

Contaminants of 
Potential Concern  

Units 
Bass a 
EPC 

Carp a 
EPC 

Sturgeon a 
EPC 

Sucker a 
EPC 

Walleye a 
EPC 

Whitefish a 
EPC 

Pesticides/PCBs 

Aldrin mg/kg NCC NCC 0.0190 NCC NCC NCC

alpha-HCH mg/kg NCC NCC NCC NCC 0.000785 0.00856 

alpha-Chlordane mg/kg NCC NCC NCC NCC 0.0109 0.00702 

beta-HCH mg/kg 0.00324 0.162 0.0316 0.00241 0.0723 NCC 

delta-HCH mg/kg NCC 0.00167 0.0178 0.0737 NCC 0.000945

DDD mg/kg 0.217 0.192 0.0725 0.0456 0.0222 0.0925 

DDE mg/kg 0.0847 0.652 0.200 0.248 0.202 0.281 

DDT mg/kg NCC 0.0241 0.00981 0.0183 0.00815 NCC 

Dieldrin mg/kg NCC NCC 0.0231 NCC NCC 0.0295 

Endrin mg/kg NCC NCC NCC 0.0318 NCC NCC 

Endrin aldehyde mg/kg NCC NCC NCC NCC NCC 0.0100 

gamma-HCH (lindane) mg/kg 0.0189 NCC 0.0272 NCC 0.0271 0.0191 

Heptachlor mg/kg NCC 0.0811 0.0206 NCC 0.0254 0.0185 

Total dioxin-like PCBs mg/kg 4.9E-06 1.8E-05 9.6E-06 7.4E-06 1.4E-05 1.5E-05 

Total nondioxin PCBs mg/kg 0.11 0.37 0.19 0.18 0.28 0.44 

Metals 

Antimony mg/kg NCC NCC NCC NCC NCC 0.198 

Arsenic (total inorganic) mg/kg 0.0033 0.00415 0.00455 0.0036 0.0040 NCC 

Cadmium mg/kg 0.0505 0.0636 0.0527 0.0408 0.0447 0.0556 

Cobalt mg/kg 1.21 2.28 2.73 NCC 0.676 1.06 

Lithium mg/kg NCC 0.678 0.712 NCC 0.772 NCC

Mercury mg/kg 0.0819 0.141 0.209 0.130 0.310 0.0692 

Nickel mg/kg NCC NCC NCC NCC NCC 2.42 

Selenium mg/kg 1.00 0.950 1.56 0.950 0.652 1.11 

Tin mg/kg NCC 34.1 NCC NCC NCC 65.1 

Uranium mg/kg 0.110 0.118 NCC NCC NCC NCC 

Vanadium mg/kg 0.432 0.335 0.263 NCC 0.320 0.216 

Zinc mg/kg 15.2 33.6 NCC 14.3 NCC 13.6 

Radionuclides 

Carbon-14 pCi/g NCC 0.309 NCC 6.17 NCC 7.05 
a Fish tissue EPCs for the avid angler adult and youth were calculated by weighting the representative concentration of each tissue type 

(fillet, carcass, and liver/kidney) by a diet allocation factor.  The avid angler EPC assumed that 95% of the fish diet consisted of fillet, 
and 5% consisted of carcass.  It was assumed that this receptor did not consume organ meat.  Thus, the EPC was calculated by the 
following equation:  EPC fish angler = (0.95 x RC fillet) + (0.05 x RC carcass). 

COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 

EPC = exposure point concentration 
HCH = hexachlorocyclohexane 
NCC = not a contaminant of potential concern for the indicated tissue type 
PCB = polychlorinated biphenyl 

 

Exhibit 12d



 

 

 C
olum

bia R
iver C

om
ponent R

isk A
ssessm

ent 
V

olum
e II, P

art 2:  B
aseline H

um
an H

ealth R
isk A

ssessm
ent 

Septem
ber 2012 

4-73 

 
D

O
E

/R
L

-2010-117 

E
xp

osu
re A

ssessm
en

t 
R

ev. 0 

 

 
Table 4-47.  Comparison of Total Arsenic and Inorganic Arsenic  

Concentrations in Sturgeon Fillet Tissue. 

Sub-Area 
Sample 

Identification 
Total Arsenic 
Concentration 

Total Inorganic Arsenic 
Concentration 

Concentration 
Units 

Fraction of Inorganic 
Arsenic 

300 Area STURGEON 17 0.66 0.0045 mg/kg 0.7% 

Lake Wallula STURGEON 20 0.94 0.0035 mg/kg 0.4% 

Lake Wallula STURGEON 21 0.55 0.00385 mg/kg 0.7% 

 
 

Table 4-48.  Comparison of Total and Methylmercury  
Concentrations in Sturgeon Fillet Tissue. 

Fish Sample 
Designation 

Total 
Mercury 

Methylmercury 
Concentration 

Units 
Methyl/Total Ratio 

STURGEON 17 0.091 0.104 mg/kg 114% 

STURGEON 18 0.103 0.106 mg/kg 103% 

STURGEON 19 0.26 0.24 mg/kg 93% 

STURGEON 20 0.068 0.072 mg/kg 106% 

STURGEON 27 0.013 0.014 mg/kg 103% 

STURGEON 28 0.082 0.096 mg/kg 117% 
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Table 4-49.  Summary of Exposure Parameters – Central Tendency Exposure. 

Exposure 
Parameter 

Code 
Definition Units 

Casual User Avid Angler 

Adult Child Adult Youth Child a 

BW Body weight kg 70 16.6 70 37 17 

SAsw 
Skin surface area - surface 
water 

cm2 18,000 6,600 5,700 4,015 NA 

SAsed-soil 
Skin surface area - sediment 
and soil 

cm2 5,700 2,800 5,700 4,015 NA 

IRsw Ingestion rate - surface water L/hr 0.05 0.05 0.025 0.025 NA 

IRsed-soil 
Ingestion rate - sediment and 
soil 

mg/day 50 100 50 50 NA 

IRf Ingestion rate - fish g/day NA NA 27.6 14.6 6.5 

EV Event frequency events/day 1 1 1 1 1 

EF 
Exposure frequency - surface 
water, soil, and sediment 

days/yr 47 47 47 47 NA 

EFf Exposure frequency - fish days/yr NA NA 365 365 365 

ED Exposure duration yr 9 6 9 7 6 

ETout or te 
Exposure time outdoors - 
sediment, surface water, and 
soil 

hr/day 4 4 6.1 6.1 NA 

AFsed Sediment adherence factor mg/cm2 0.1 0.2 0.1 0.2 NA 

AFsoil Soil adherence factor mg/cm2 0.01 0.04 0.01 0.04 NA 

InhR Inhalation rate m3/day 13.25 7.6 13.25 14.4 NA 

PEF Particulate emission factor m3/kg 1.36E+09 1.36E+09 1.36E+09 1.36E+09 NA 

ATc Averaging time-cancer yr 70 70 70 70 70 

ATnc Averaging time-noncancer yr 9 6 9 7 6 
a Child receptor avid angler scenario is for fish consumption exposure only. 

NA = not applicable; exposure parameter not relevant to scenario 
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Table 4-50.  Summary of Exposure Parameters – Reasonable Maximum Exposure. 

Exposure 
Parameter 

Code 
Definition Units 

Casual User Avid Angler Yakama Nationb 

Adult Child Adult Youth Child a Adult Child 

BW Body weight kg 70 16.6 70 37 17 70 16 

SAsw 
Skin surface area - 
surface water 

cm2 18,000 6,600 5,700 4,015 NA 18,000 6,600 

SAsed-soil 
Skin surface area - 
sediment and soil 

cm2 5,700 2,800 5,700 4,015 NA 5,700 2,800 

IRsw 
Ingestion rate - surface 
water 

L/hr 0.05 0.05 0.025 0.025 NA 0.05 0.05 

IRsed-soil 
Ingestion rate - 
sediment and soil 

mg/day 100 200 100 100 NA 200 400 

IRf Ingestion rate - fish g/day NA NA 232.4 122.8 55.1 519 363 

EV Event frequency events/day 1 1 1 1 1 1 1 

EF 
Exposure frequency - 
soil/sediment/surface 
water 

days/yr 58 58 58 58 NA 150 150 

EFf 
Exposure frequency - 
fish 

days/yr NA NA 365 365 365 365 365 

ED Exposure duration years 30 6 30 7 6 70 6 

ETout or te 
Exposure time outdoors 
-soil/sediment/surface 
water 

hr/event 6.1 6.1 6.7 6.7 NA 7 7 

AFsed 
Sediment adherence 
factor 

mg/cm2 0.1 0.2 0.1 0.2 NA 0.3 0.2 

AFsoil Soil adherence factor mg/cm2 0.07 0.2 0.07 0.2 NA 0.3 0.2 

InhR Inhalation rate m3/day 13.25 7.6 13.25 14.4 NA 26 16 

PEF 
Particulate emission 
factor 

m3/kg 1.36E+09 1.36E+09 1.36E+09 1.36E+09 NA 1.36E+09 1.36E+09 

ATc Averaging time-cancer yr 70 70 70 70 70 70 70 

ATnc 
Averaging time-
noncancer 

yr 30 6 30 7 6 70 6 

a Child receptor avid angler scenario is for fish consumption exposure only. 
b Only one scenario was evaluated for the Yakama Nation scenario, based on RME exposure point concentrations. 

NA = not applicable; exposure parameter not relevant to scenario 
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Table 4-51.  Summary of Dermal Absorption Fractions from Soil. 

Contaminant of 
Potential Concern 

CAS 
Number 

Dermal Absorption 
Fraction from Soil 

Source a 

Volatile Organic Compounds 

1,1,2-Trichloroethane 79-00-5 NA NA 

1,2-Dichloroethane 107-06-2 NA NA 

Chloroform 67-66-3 NA NA 

Trichloroethene 79-01-6 NA NA 

Semivolatile Organic Compounds 

Bis(2-ethylhexyl) phthalate 117-81-7 0.1 Default value for SVOCs; EPA 2004 

TPH - diesel range TPHDIESEL 0.13 Default value for PAHs; EPA 2004 

TPH - motor oil (high boiling) TPH/OILH 0.13 Default value for PAHs; EPA 2004 

Pesticides/PCBs 

Aldrin 309-00-2 0.1 Default value for SVOCs; EPA 2004 

alpha-HCH 319-84-6 0.1 Default value for SVOCs; EPA 2004 

Metals 

Aluminum 7429-90-5 NA NA 

Arsenic 7440-38-2 0.03 EPA 2004 

Chromium 7440-47-3 NA NA 

Cobalt 7440-48-4 NA NA 

Hexavalent chromium 18540-29-9 NA NA 

Iron 7439-89-6 NA NA 

Lead 7439-92-1 NA NA 

Manganese 7439-96-5 NA NA 

Mercury 7439-97-6 NA NA 

Uranium 7440-61-1 NA NA 

Vanadium 7440-62-2 NA NA 
a Unless otherwise noted, values are from Exhibit 3-4, EPA/540/R-99/005, 2004, Risk Assessment Guidance for Superfund, 

Volume I:  Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment), Final, 
OSWER 9285.7-02EP, Office of Superfund Remediation and Technology Innovation, U.S. Environmental Protection 
Agency, Washington, D.C.  For constituents with no available values, 0% dermal absorption was assumed.  

CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
EPA = U.S. Environmental Protection Agency 
HCH = hexachlorocyclohexane 
NA = not available 

PAH = polycyclic aromatic hydrocarbons 
PCB = polychlorinated biphenyl 
SVOC = semivolatile organic compound 
TPH = total petroleum hydrocarbons 
VOC = volatile organic compound 
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Table 4-52.  Constituent-Specific Parameters Used in Estimating Dermal Absorption from Water. 

Contaminant of 
Potential Concern  

CAS Number 
Permeability 

Coefficient (Kp) 
(cm/hr) 

Taub 
(hr/event) 

Bb t*b 
Fraction 

Absorbedb 
(unitless) 

Exclude?
(Is Kp 
outside 
EPD?) 

1,1,2-Trichloroethane 79-00-5 0.00644 a 0.596 b 0.0286 1.43 1   No 

1,2-Dichloroethane 107-06-2 0.0042 a 0.382 b 0.0161 0.918 1   No 

Arsenic 7440-38-2 0.001 c NA NA NA NA NA 

Bis(2-Ethylhexyl)phthalate 117-81-7 0.0249 a 16.6 b 0.19 39.9 0.8  No 

Chloroform 67-66-3 0.00683 a 0.498 b 0.0287 1.19 1   No 

Chromium 7440-47-3 0.001 c NA NA NA NA NA 

Fluoride 7782-41-4 0.001 c NA NA NA NA NA 

Hexavalent chromium 18540-29-9 0.002 a NA NA NA NA NA 

Lithium 7439-93-2 0.001 c NA NA NA NA NA 

Thallium 7440-28-0 0.001 c NA NA NA NA NA 

Total nondioxin PCBs 
Total nondioxin 

PCBs (KM) 
0.751 a 4.63 4.9 20.3 0.6  Yes 

Total petroleum hydrocarbons - 
diesel range 

TPHDIESEL NA NA NA NA NA Yes 

Total petroleum hydrocarbons - 
motor oil (high boiling) 

TPH/OILH NA NA NA NA NA Yes 

a Kp value obtained from EPA/540/R-99/005, 2004, Risk Assessment Guidance for Superfund, Volume I:  Human Health Evaluation Manual (Part E, Supplemental 
Guidance for Dermal Risk Assessment), Final, OSWER 9285.7-02EP, Office of Superfund Remediation and Technology Innovation, U.S. Environmental Protection 
Agency, Washington, D.C.   

b Tau, FA, B, and t* obtained from EPA/540/R-99/005, 2004, Risk Assessment Guidance for Superfund, Volume I:  Human Health Evaluation Manual (Part E, 
Supplemental Guidance for Dermal Risk Assessment), Final, OSWER 9285.7-02EP, Office of Superfund Remediation and Technology Innovation, U.S. Environmental 
Protection Agency, Washington, D.C.   

c A default value of 0.001 cm/hr was used to represent the Kp for inorganic compounds not tested, as recommended in EPA/540/R-99/005, 2004, Risk Assessment 
Guidance for Superfund, Volume I:  Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment), Final, OSWER 9285.7-02EP, 
Office of Superfund Remediation and Technology Innovation, U.S. Environmental Protection Agency, Washington, D.C. 

B = dimensionless ratio of the permeability coefficient of a compound through the  
 stratum corneum relative to its permeability coefficient across the viable epidermis 
CAS = Chemical Abstract Services 
COPC = contaminant of potential concern 
EPA = U.S. Environmental Protection Agency 
EPD = effective predictive domain; EPA recommends against quantifying exposure  
 for compounds with a Kp outside of the EPD  

KM = Kaplan-Meier 

Kp = permeability coefficient 
NA = not applicable; either parameter is not relevant  
 (for inorganic constituents) or no information is available. 
PCB = polychlorinated biphenyl 
t* = time to reach steady-state 
TPH = total petroleum hydrocarbons 
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Table 4-53.  Summary of Radionuclide Dose Conversion Factors. 

Radionuclides 
CAS 

Number 

Dose 
Conversion 

Factor 
Includes 
Progeny? 

Half-Life 
(yr) 

Adult 
Ingestion 

Dose 
Conversion 

Factor 
(mrem/pCi) 

1 to 7 Year 
Ingestion 

Dose 
Conversion 

Factor 
(mrem/pCi) 

7 to 14 Year 
Ingestion 

Dose 
Conversion 

Factor 
(mrem/pCi) 

Adult 
Inhalation 

Dose 
Conversion 

Factor 
(mrem/pCi) 

1 to 7 Year 
Inhalation 

Dose 
Conversion 

Factor 
(mrem/pCi) 

7 to 14 Year 
Inhalation 

Dose 
Conversion 

Factor 
(mrem/pCi) 

External 
Dose 

Conversion 
Factor 

(mrem/yr 
per pCi/g) 

Carbon-14 14762-75-5 No 5730 0.0000021 0.00000404 0.00000272 0.000021 0.0000444 0.0000263 0.0000135 

Cesium-137 10045-97-3 Yes 30.1 0.000048 0.000037 0.0000402 0.00019 0.000278 0.000171 0.00075 

Cobalt-60 10198-40-0 No 5.27 0.000013 0.0000691 0.0000374 0.00011 0.000235 0.000142 16.2 

Europium-152 14683-23-9 No 13.3 0.0000052 0.0000172 0.00000867 0.00016 0.000278 0.000175 7.01 

Europium-154 15585-10-1 No 8.8 0.0000074 0.0000274 0.0000135 0.0002 0.000392 0.000231 7.68 

Plutonium-
239/240 

PU-239/240 No 24100 0.00093 0.00128 0.000967 0.44 0.586 0.433 0.000295 

Strontium-90 10098-97-2 Yes 29.1 0.000104 0.00019 0.000243 0.0006 0.00108 0.000645 0.000704 

Technetium-99 14133-76-7 No 213000 0.0000024 0.0000101 0.0000043 0.000048 0.0000968 0.0000608 0.000126 

Tritium 10028-17-8 No 12.4 0.00000016 0.000000299 0.000000195 0.00000096 0.00000256 0.0000013 0 

Uranium-
233/234 

U-233/234 No 245000 0.00019 0.00037 0.000289 0.0335 0.0771 0.0433 0.0014 

Uranium-234 13966-29-5 No 245000 0.00018 0.000352 0.000274 0.035 0.0765 0.0423 0.000402 

Uranium-235 15117-96-1 Yes 704000000 0.00017 0.000342 0.000262 0.031 0.0685 0.0388 0.721 

Uranium-238 U-238 Yes 4470000000 0.00017 0.000321 0.000251 0.0296 0.0648 0.0356 0.000103 

NOTE:  Dose conversion factors obtained from RESRAD v. 6.5 (October 30, 2009), which are based on dose conversion factors provided by EPA 402-R-99-001, 1999, Cancer Risk Coefficients for 
Environmental Exposure to Radionuclides, Federal Guidance Report No. 13, Prepared by Oak Ridge National Laboratory for the U.S. Environmental Protection Agency, Office of Air and Radiation, 
Washington, D.C. 
NOTE:  Child and youth dose conversion factors are age-weighted for a child 1 <7 years and youth 7 <14 years. 
CAS = Chemical Abstract Services 
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Table 5-1.  Chronic Oral Reference Doses.  (4 Pages) 

Contaminant 
of Potential 

Concern 
CAS Number 

Oral RfD 
(mg/kg-day) 

Species Critical Effect Target Organ UF MF Source Notes 

Volatile and Semivolatile Organic Compounds 

1,1,2-
Trichloroethane 

79-00-5 4.0E-03 Mouse Clinical serum chemistry Liver 1,000 1 IRIS 2012 Tier 1 

1,2-
Dichloroethane 

107-06-2 2.0E-02 Rat Increased kidney weight, 
renal tubular regeneration 

Kidney 3,000 1 Screening value 
STSC 2010 

Tier 2 

Bis-2-
ethylhexyl 
phthalate 

117-81-7 2.0E-02 Guinea 
pig 

Increased relative liver 
weight 

Liver, kidney 1,000 1 IRIS 2012 Tier 1 

Chloroform 67-66-3 1.0E-02 Dog Moderate/marked fatty 
cyst formation in liver, 
elevated serum glutamic 
pyruvic transaminase 

Liver 100 1 IRIS 2012 Tier 1 

Total petroleum 
hydrocarbons-
motor oil 

NA 3.0E-02 Mouse Renal tubular failure; 
decreased kidney weight 

Kidney 3,000 1 IRIS 2012 Tier 1 value for 
pyrene 

Total petroleum 
hydrocarbons-
diesel range 

NA 3.0E-02 Mouse Renal tubular failure; 
decreased kidney weight 

Kidney 3,000 1 IRIS 2012 Tier 1 value for 
pyrene 

Pesticides/Polychlorinated Biphenyls 

Aldrin 309-00-2 3.0E-05 Rat Liver toxicity Liver 1,000 1 IRIS 2012 Tier 1 

alpha-HCH 319-84-6 8.0E-03 Rat Liver toxicity Liver 10 10 ATSDR MRL 
2005 

Tier 3 

alpha-
Chlordane 

5103-71-9 5.0E-04 Mouse Hepatic necrosis Liver 300 1 IRIS 2012 Tier 1 value for 
technical chlordane 

beta-HCH 319-85-7 3.0E-04 Rat Liver and kidney toxicity Liver 1,000 1 IRIS 2012 Tier 1 value for 
gamma-HCH due to 
structural similarity 

delta-HCH 319-86-8 3.0E-04 Rat Liver and kidney toxicity Liver 1,000 1 IRIS 2012 Tier 1 value for 
gamma-HCH due to 
structural similarity 

DDD 72-54-8 NA NA NA NA NA NA NA No data 

DDE 72-55-9 NA NA NA NA NA NA NA No data 

DDT 50-29-3 5.0E-04 Rat Liver lesions Liver 100 1 IRIS 2012 Tier 1 

Dieldrin 60-57-1 5.0E-05 Rat Liver lesions Liver 100 1 IRIS 2012 Tier 1 
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Table 5-1.  Chronic Oral Reference Doses.  (4 Pages) 

Contaminant 
of Potential 

Concern 
CAS Number 

Oral RfD 
(mg/kg-day) 

Species Critical Effect Target Organ UF MF Source Notes 

Endosulfan I 959-98-8 6.0E-03 Rat Reduced body weight gain 
in males and females; 
increased incidence of 
marked progressive 
glomerulonephrosis and 
blood vessel aneurysms in 
males 

Whole body 100 1 IRIS 2012 Tier 1 value for 
endosulfan 

Endrin 72-20-8 3.0E-04 Dog Mild histological lesions 
in liver, occasional 
convulsions 

Liver 100 1 IRIS 2012 Tier 1 

Endrin 
aldehyde 

7421-93-4 3.0E-04 Dog Mild histological liver 
lesions, occasional 
convulsions 

Liver 100 1 IRIS 2012 Tier 1 value for 
endrin due to 
structural similarity 

gamma-HCH 
(lindane) 

58-89-9 3.0E-04 Rat Liver and kidney toxicity Liver, kidney 1,000 1 IRIS 2012 Tier 1 

Heptachlor 76-44-8 5.0E-04 Rat Liver weight increases in 
males 

Liver 300 1 IRIS 2012 Tier 1 

Heptachlor 
epoxide 

1024-57-3 1.3E-05 Dog Increased liver-to-body 
weight ratio in both males 
and females 

Liver 1000 1 IRIS 2012 Tier 1 

Total dioxin-
like PCBs 

Total 
dioxin-like 
PCBs (KM) 

7E-10 Human Decreased sperm count 
and motility 

Reproduction 30 1 IRIS 2012 Tier 1 value for 
2,3,7,8-TCDD 

Total nondioxin 
PCBs 

Total 
nondioxin 

PCBs (KM) 

2.0E-05 Monkey Ocular exudate, inflamed 
and prominent Meibomian 
glands, distorted growth of 
finger and toe nails; 
decreased antibody (IgG 
and IgM) response to 
sheep erythrocytes 

Eyes, nails, skin, 
immune system 

300 1 IRIS 2012 Tier 1 value for 
Aroclor 1254 

Metals 

Aluminum 7429-90-5 1.0E+00 Mouse Neurotoxicity Nervous System 100 NA PPRTV/STSC 
2006a 

Tier 2 

Antimony 7440-36-0 4.00E-04 Rat Longevity, blood, glucose 
and cholesterol 

Whole body 1000 1 IRIS 2012 Tier 1 

Arsenic 7440-38-2 3.0E-04 Human Hyperpigmentation, 
keratosis, and possible 
vascular complications 

Skin 3 1 IRIS 2012 Tier 1 

Cadmium 
(food) 

7440-43-9 1.0E-03 Human Significant proteinuria; 
food exposure 

Kidney 10 1 IRIS 2012 Tier 1 
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Table 5-1.  Chronic Oral Reference Doses.  (4 Pages) 

Contaminant 
of Potential 

Concern 
CAS Number 

Oral RfD 
(mg/kg-day) 

Species Critical Effect Target Organ UF MF Source Notes 

Cadmium 
(water) 

7440-43-9 5.0E-04 Human Significant proteinuria; 
food exposure 

Kidney 10 1 IRIS 2012 Tier 1 

Chromium 7440-47-3 1.5E+00 Rat No effects observed NA 100 10 IRIS 2012 Tier 1 value for 
chromium(III), 
insoluble salts 

Cobalt 7440-48-4 3.0E-04 Human Decreased iodine uptake Thyroid 3,000 NA PPRTV/STSC 
2008a 

Tier 2 

Fluoride 7782-41-4 6.00E-02 Human Dental fluorosis Teeth 1 1 IRIS 2012 Tier 1 (fluorine 
(soluble fluoride) 

Hexavalent 
chromium 

18540-29-9 3.0E-03 Rat No effects reported Blood, tissues 300 3 IRIS 2012 Tier 1 

Iron 7439-89-6 7.0E-01 Human Adverse gastrointestinal 
effects 

GI 1.5 NA PPRTV/STSC 
2006b 

Tier 2 

Lithium 7439-93-2 2.0E-03 Human Multiple effects, various 
organs 

Whole body 1000 NA PPRTV/STSC 
2008b 

Tier 2 

Manganese 
(food) 

7439-96-5 1.4E-01 Human Central nervous system 
effects 

Central nervous 
system 

1 1 IRIS 2012 Tier 1 

Manganese 
(soil and water) 

7439-96-5 4.7E-02 Human Central nervous system 
effects 

Central nervous 
system 

1 3 IRIS 2012 Tier 1 

Mercury 7439-97-6 3.0E-04 Rat Autoimmune effects Immune system 1,000 1 IRIS 2012 Tier 1 value for 
mercuric chloride 

Methylmercury 22967-92-6 1.0E-04 Human Developmental 
neuropsychological 
impairment 

Central nervous 
system 

10 1 IRIS 2012 Tier 1 

Nickel 7440-02-0 2.0E-02 Rat Decreased body and organ 
weights 

Whole body 300 1 IRIS 2012 Tier 1 value for 
nickel soluble salts 

Selenium 7782-49-2 5.0E-03 Human Clinical selenosis Blood, whole 
body 

3 1 IRIS 2012 Tier 1 

Thallium 7440-28-0 1.0E-05 Rat Hair follicle atrophy; 
alopecia 

Skin 3000 1 Screening 
value/STSC 

2010 

Tier 2 

Tin 7440-31-5 6.0E-01 Rat Kidney/liver lesions Kidney, liver 100 1 HEAST 1997 Tier 3 

Uranium 
(inorganic) 

7440-61-1 6.0E-04 Rat Renal effects Kidney 100 1 EPA and USGS 
2000 

The RfD is the basis 
for the current 
MCL.  
Recommended by 
Region 10 for use in 
the Upper Columbia 
River risk 
assessment 
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Table 5-1.  Chronic Oral Reference Doses.  (4 Pages) 

Contaminant 
of Potential 

Concern 
CAS Number 

Oral RfD 
(mg/kg-day) 

Species Critical Effect Target Organ UF MF Source Notes 

Vanadium 7440-62-2 9.0E-03 Rat Decreased hair cystine Hair 100 1 IRIS 2012 Tier 1 value for 
vanadium pentoxide 

Zinc 7440-66-6 3.0E-01 Human Decreases in erythrocyte 
superoxide dismutase 
activity in healthy adult 
male and female 
volunteers 

Whole body 3 1 IRIS 2012 Tier 1 

NOTE:  Tiers 1, 2, and 3 refer to the hierarchy of information sources specified by OSWER 9285.7-53, 2003, “Human Health Toxicity Values in Superfund Risk Assessments,” 
Memorandum from M. B. Cook, Director of the Office of Superfund Remediation and Technology Innovation, to Superfund National Policy Managers, Office of Solid Waste and 
Emergency Response, U.S. Environmental Protection Agency, Washington, D.C., December 5. 

ATSDR = Agency for Toxic Substances and Disease Registry 
CAS = Chemical Abstract Services 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
EPA = U.S. Environmental Protection Agency 
GI = gastrointestinal 
HCH = hexachlorocyclohexane  
HEAST = Health Effects Assessment Summary Table 
IRIS = Integrated Risk Information System, accessed July 2012 

KM = Kaplan-Meier 
MCL = maximum contaminant level  
MF = modifying factor 
MRL = minimal risk level, last updated December 2009 
NA = not available 
PCB = polychlorinated biphenyl 
PPRTV = Provisional Peer-Reviewed Toxicity Values, Superfund Technical Support Center 
RfD = reference dose 
STSC = Superfund Technical Support Center 
UF = uncertainty factor 

Sources: 

ATSDR 2005, Toxicological Profile for Hexachlorocyclohexane, Agency for Toxic Substances and Disease Registry, U.S. Department of Health and Human Services, Atlanta, Georgia. 

EPA and USGS, 2000, Radionuclides Notice of Data Availability Technical Support Document, U.S. Environmental Protection Agency and U.S. Geological Survey, Washington, D.C.  Available at 
http://www.epa.gov/ogwdw/radionuclides/pdfs/regulation_radionuclides_rulemaking_techsupportdoc.pdf 

HEAST, 1997, EPA/540/R 97/036, 1997,  Health Effects Assessment Summary Tables, FY 1997 Update, Office of Solid Waste and Emergency Response, U.S. Environmental Protection Agency, 
Washington, D.C.  Available at http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=2877. 

IRIS, 2012, Integrated Risk Information System (IRIS) On-Line Database, U.S. Environmental Protection Agency, National Center for Exposure Assessment, Office of Research & Development, 
Washington, D.C.  Available at http://www.epa.gov/iris. 

STSC, 2006a, Provisional Peer Reviewed Toxicity Values for Aluminum (CASRN 7429-90-5), October 23, 2006, Superfund Health Risk Technical Support Center, National Center for Environmental 
Assessment, Office of Research and Development, U.S. Environmental Protection Agency, Cincinnati, Ohio. 

STSC, 2006b, Provisional Peer Reviewed Toxicity Values for Iron and Compounds:  Derivation of a Subchronic and Chronic Oral Reference Dose (CASRN 7439-89-6), September 11, 2006, Superfund 
Health Risk Technical Support Center, National Center for Environmental Assessment, Office of Research and Development, U.S. Environmental Protection Agency, Cincinnati, Ohio. 

STSC, 2008a, Provisional Peer Reviewed Toxicity Values for Cobalt (CASRN 7440-48-4), August 25, 2008, Superfund Health Risk Technical Support Center, National Center for Environmental 
Assessment, Office of Research and Development, U.S. Environmental Protection Agency, Cincinnati, Ohio. 

STSC, 2008b, Provisional Peer Reviewed Toxicity Values for Lithium (CASRN 7439-93-2), June 12, 2008, Superfund Health Risk Technical Support Center, National Center for Environmental 
Assessment, Office of Research and Development, U.S. Environmental Protection Agency, Cincinnati, Ohio. 

STSC, 2010, Provisional Peer Reviewed Toxicity Values for Thallium and Compounds: Metallic Thallium (7440-28-0), Thallium (I) acetate (563-68-8), Thallium (I) carbonate (6533-73-9), Thallium (I) 
chloride (7791-12-0), Thallium (I) nitrate (10102-45-1), Thallium (I) oxide (1314-12-1), Thallium (III) oxide (1314-32-5), Thallium (I) selenite (12039-52-0), and Thallium (I) sulfate (7446-18-6). 
October 8, 2010. Superfund Health Risk Technical Support Center, National Center for Environmental Assessment, Office of Research and Development, U.S. Environmental Protection Agency, 
Cincinnati, Ohio.
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Table 5-2.  Chronic Inhalation Reference Concentrations.  (3 Pages) 

Contaminant of 
Potential Concern 

CAS Number 
Inhalation 

RfC 
(mg/m3) 

Species Critical Effect Target Organ UF MF Source Notes 

Volatile and Semivolatile Organic Compounds 
1,1,2-Trichloroethane 79-00-5 NA NA NA NA NA NA NA No data 

1,2-Dichloroethane 
107-06-2 2.4E+00 Rat 

Liver effects Liver 
NA NA ATSDR MRL 

2001 
Tier 3 

Bis(2-ethylhexy)phthalate 117-81-7 NA NA NA NA NA NA NA No data 

Chloroform 
67-66-3 9.8E-02 Human 

Liver effects Liver 
NA NA ATSDR MRL 

1997 
Tier 3 

TPH - diesel range NA NA NA NA NA NA NA NA No data 
TPH - motor oil (high 
boiling) 

NA NA NA NA NA NA NA NA No data 

Pesticides/Polychlorinated Biphenyls 
Aldrin 309-00-2 NA NA NA NA NA NA NA No data 
alpha-HCH 319-84-6 NA NA NA NA NA NA NA No data 

alpha-Chlordane 
5103-71-9 7.0E-04 Rat 

Hepatic effects Liver 
1,000 1 IRIS 2012 Tier 1 value for 

technical chlordane 
beta-HCH 319-85-7 NA NA NA NA NA NA NA No data 
delta-HCH 319-86-8 NA NA NA NA NA NA NA No data 
DDD 72-54-8 NA NA NA NA NA NA NA No data 
DDE 72-55-9 NA NA NA NA NA NA NA No data 
DDT 50-29-3 NA NA NA NA NA NA NA No data 
Dieldrin 60-57-1 NA NA NA NA NA NA NA No data 
Endrin 72-20-8 NA NA NA NA NA NA NA No data 
Endrin aldehyde 7421-93-4 NA NA NA NA NA NA NA No data 
          
gamma-HCH (lindane) 58-89-9 NA NA NA NA NA NA NA No data 
Heptachlor 76-44-8 NA NA NA NA NA NA NA No data 
Heptachlor epoxide 1024-57-3 NA NA NA NA NA NA NA No data 
Total dioxin-like PCBs Total 

dioxin-like 
PCBs (KM) 

4.0E-08 Rat 

Development 

Alimentary (liver) 
reproductive, 
endocrine, 
respiratory, 
hematopoietic 
systems 

NA NA CalEPA REL 
2012 

Tier 3 value for 
2,3,7,8-TCDD 

Total nondioxin PCBs Total 
nondioxin 

PCBs (KM) 

NA NA NA NA NA NA NA No data 

Metals 
Aluminum 7429-90-5 5.0E-03 Human Nervous system 

effects 
Nervous system 300 NA PPRTV/STSC 

2006a 
Tier 2 
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Table 5-2.  Chronic Inhalation Reference Concentrations.  (3 Pages) 

Contaminant of 
Potential Concern 

CAS Number 
Inhalation 

RfC 
(mg/m3) 

Species Critical Effect Target Organ UF MF Source Notes 

Antimony 7440-36-0 2.00E-04 Rat Pulmonary toxicity; 
chronic interstitial 
inflammation 

Respiratory system 300 1 IRIS 2012 Tier 1 value for 
antimony trioxide 

Arsenic 7440-38-2 1.5E-05 Human 
Development 

Cardiovascular 
system, CNS, lung, 
skin 

NA NA CalEPA REL 
2012 

Tier 3 

Cadmium 7440-43-9 1.0E-05 Human 
Proteinuria Kidney 

3 3 ATSDR MRL 
2008 

Tier 3 

Chromium 7440-47-3 NA NA NA NA NA NA NA No data 
Cobalt 7440-48-4 6.0E-06 Human Decreased 

pulmonary function, 
respiratory tract 
irritation 

Respiratory system 300 NA PPRTV/ 
STSC 2008a 

Tier 2 

Fluoride 7782-41-4 1.30E-02 Human 
Skeletal fluorosis 

Bone, teeth 10 1 CalEPA REL 
2012 

Tier 3 

Hexavalent chromium 18540-29-9 1.0E-04 Rat Lactate 
dehydrogenase in 
bronchioalveolar 
lavage fluid 

Respiratory system 300 1 IRIS 2012 Tier 1 value for 
chromium(VI), 
particulates 

Iron 7439-89-6 NA NA NA NA NA NA NA No data 
Lithium 7439-93-2 NA NA NA NA NA NA NA No data 
Manganese 7439-96-5 5.0E-05 Human Impairment of 

neurobehavioral 
function 

CNS 1,000 1 IRIS 2012 Tier 1 

Mercury 7439-97-6 3.0E-04 Human Hand tremor; 
increases in memory 
disturbances; slight 
subjective and 
objective evidence 
of autonomic 
dysfunction 

CNS 30 1 IRIS 2012 Tier 1 value for 
elemental mercury 

Methyl mercury 22967-92-6 NA NA NA NA NA NA NA No data 
Nickel 7440-02-0 9.0E-05 Rat Lung inflammation 

and bronchialization
Respiratory system 30 1 ATSDR MRL 

2005 
Tier 3 

Selenium 7782-49-2 2.0E-02 Human 

NA 

Alimentary system; 
cardiovascular 
system; nervous 
system 

3 1 CalEPA REL 
2012 

Tier 3 

Thallium 7440-28-0 NA NA NA NA NA NA NA No data 
Tin 7440-31-5 NA NA NA NA NA NA NA No data 
Uranium (inorganic) 7440-61-1 3.0E-04 Dog Kidney effects Kidney NA NA ATSDR MRL 

1999 
Tier 3 
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Table 5-2.  Chronic Inhalation Reference Concentrations.  (3 Pages) 

Contaminant of 
Potential Concern 

CAS Number 
Inhalation 

RfC 
(mg/m3) 

Species Critical Effect Target Organ UF MF Source Notes 

Vanadium 7440-62-2 7.0E-06 Rat, 
mouse 

Nonneoplastic 
lesions 

Respiratory system 300 NA PPRTV/ 
STSC 2008b 

Tier 2 value for 
vanadium pentoxide 

Zinc 7440-66-6 NA NA NA NA NA NA NA No data 
NOTE:  Tiers 1, 2, and 3 refer to the hierarchy of information sources specified by OSWER 9285.7-53, 2003, “Human Health Toxicity Values in Superfund Risk Assessments,” Memorandum 
from M. B. Cook, Director of the Office of Superfund Remediation and Technology Innovation, to Superfund National Policy Managers, Office of Solid Waste and Emergency Response, 
U.S. Environmental Protection Agency, Washington, D.C., December 5. 

ATSDR = Agency for Toxic Substances and Disease Registry 
CNS = central nervous system 
CAS = Chemical Abstract Services 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
EPA = U.S. Environmental Protection Agency 
HCH = hexachlorocyclohexane 
IRIS = Integrated Risk Information System, accessed July 2012 
KM = Kaplan-Meier 

MF = modifying factor 
MRL = minimal risk level, last updated December 2009 
NA = not available 
PCB = polychlorinated biphenyl 
PPRTV = Provisional Peer-Reviewed Toxicity Values, Superfund Technical Support Center 
RfC = reference concentration 
REL = reference exposure level, chronic, updated December 2008 
STSC = Superfund Technical Support Center 
TPH       = total petroleum hydrocarbons 
UF = uncertainty factor 

Sources: 

ATSDR 1997, Toxicological Profile for Chloroform, Agency for Toxic Substances and Disease Registry, U.S. Department of Health and Human Services, Atlanta, Georgia.   

ATSDR 1999, Toxicological Profile for Uranium and Compounds, Agency for Toxic Substances and Disease Registry, U.S. Department of Health and Human Services, Atlanta, Georgia.   

ATSDR 2001, Toxicological Profile for 1,2-Dichloroethane, Agency for Toxic Substances and Disease Registry, U.S. Department of Health and Human Services, Atlanta, Georgia. 

ATSDR 2005, Toxicological Profile for Nickel, Agency for Toxic Substances and Disease Registry, U.S. Department of Health and Human Services, Atlanta, Georgia. 

ATSDR 2008, Toxicological Profile for Cadmium, Draft for Public Comment, Agency for Toxic Substances and Disease Registry, U.S. Department of Health and Human Services, Atlanta, Georgia. 

CalEPA, 2012, Toxicity Criteria Database, California Environmental Protection Agency, Sacramento, California.  Available at http://oehha.ca.gov/risk/chemicalDB/index.asp. 

IRIS, 2012, Integrated Risk Information System (IRIS) On-Line Database, U.S. Environmental Protection Agency, National Center for Exposure Assessment, Office of Research & Development, 
Washington, D.C.  Available at http://www.epa.gov/iris. 

STSC, 2006a, Provisional Peer Reviewed Toxicity Values for Aluminum (CASRN 7429-90-5), October 23, 2006, Superfund Health Risk Technical Support Center, National Center for Environmental 
Assessment, Office of Research and Development, U.S. Environmental Protection Agency, Cincinnati, Ohio. 

STSC, 2008a, Provisional Peer Reviewed Toxicity Values for Cobalt (CASRN 7440-48-4), August 25, 2008, Superfund Health Risk Technical Support Center, National Center for Environmental 
Assessment, Office of Research and Development, U.S. Environmental Protection Agency, Cincinnati, Ohio. 

STSC, 2008b, Provisional Peer Reviewed Toxicity Values for Vanadium Pentoxide (CASRN 1314-62-1), April 30, 2008, Superfund Health Risk Technical Support Center, National Center for 
Environmental Assessment, Office of Research and Development, U.S. Environmental Protection Agency, Cincinnati, Ohio.
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Table 5-3.  Oral Cancer Slope Factors.  (3 Pages) 

Contaminant of 
Potential Concern 

CAS Number 
Oral CSF 

(mg/kg-day)-1 
Species Tumors Observed 

Dose Response 
Model 

Source Notes 
EPA WOE 

Characterization 

Volatile and Semivolatile Organic Compounds 

1,1,2-Trichloroethane 
79-00-5 5.70E-02 Mouse 

Hepatocellular 
carcinoma 

Linearized multistage 
procedure, extra risk 

IRIS 2012 Tier 1 C 

1,2-Dichloroethane 

107-06-2 9.10E-02 Rat Hemangiosarcomas 

Linearized multistage 
procedure with time-
to-death analysis, 
extra risk 

IRIS 2012 Tier 1 B2 

Bis(2-
ethylhexy)phthalate 

117-81-7 1.40E-02 Mouse Hepatocellular 
carcinoma and 
adenomia 

Linearized multistage 
procedure, extra risk 

IRIS 2012 Tier 1 B2 

Chloroform 
67-66-3 3.10E-02 NA NA NA 

CalEPA 
2012 

Tier 3 B2 

TPH - diesel range NA NA NA NA NA NA NA NA 

TPH - motor oil (high 
boiling) 

NA NA NA NA NA NA NA NA 

Pesticides/Polychlorinated Biphenyls 

Aldrin 309-00-2 1.70E+01 Mouse 
Liver carcinoma 

Linearized multistage 
procedure, extra risk 

IRIS 2012 Tier 1 B2 

alpha-HCH 319-84-6 6.30E+00 Mouse Hepatic nodules and 
hepatocellular 
carcinoma 

Linearized multistage 
procedure, extra risk 

IRIS 2012 Tier 1 B2 

alpha-Chlordane 5103-71-9 3.50E-01 Mouse 
Hepatocellular 
carcinoma 

Linearized multistage 
procedure, extra risk; 
chlordane (technical) 

IRIS 2012 Tier 1 value for 
technical 
chlordane 

B2 

beta-HCH 319-85-7 1.80E+00 Mouse Hepatic nodules and 
hepatocellular 
carcinoma 

Linearized multistage 
procedure, extra risk 

IRIS 2012 Tier 1 C 

delta-HCH 319-86-8 NA NA NA NA NA No data D 

DDD 72-54-8 2.40E-01 Mouse 
Liver 

Linearized multistage 
procedure, extra risk 

IRIS 2012 Tier 1 B2 

DDE 72-55-9 3.40E-01 Mouse, 
hamster 

Hepatocellular 
carcinomas, 
hepatomas 

Linearized multistage 
procedure, extra risk 

IRIS 2012 Tier 1 B2 

DDT 50-29-3 3.40E-01 Mouse, 
rat 

Liver tumors, 
benign and 
malignant 

Linearized multistage 
procedure, extra risk 

IRIS 2012 Tier 1 B2 

Dieldrin 60-57-1 1.60E+01 Mouse Liver carcinoma Linearized multistage 
procedure, extra risk 

IRIS 2012 Tier 1 B2 
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Table 5-3.  Oral Cancer Slope Factors.  (3 Pages) 

Contaminant of 
Potential Concern 

CAS Number 
Oral CSF 

(mg/kg-day)-1 
Species Tumors Observed 

Dose Response 
Model 

Source Notes 
EPA WOE 

Characterization 

Endosulfan I 959-98-8 NA NA NA NA NA No data NA 

Endrin 72-20-8 NA NA NA NA NA No data D 

Endrin aldehyde 7421-93-4 NA NA NA NA NA No data NA 

gamma-HCH (lindane) 58-89-9 NA NA NA NA NA No data NA 

Heptachlor 76-44-8 4.50E+00 Mouse Hepatocellular 
carcinoma 

Linearized multistage 
procedure, extra risk 

IRIS 2012 Tier 1 B2 

Heptachlor epoxide 1024-57-3 9.10E+00 Mouse Hepatocellular 
carcinoma 

Linearized multistage 
procedure, extra risk 

IRIS 2012 Tier 1 B2 

Total dioxin-like PCBs Total dioxin-
like PCBs 

(KM) 

1.30E+05 NA NA NA CalEPA 
2012 

Tier 3 value for 
2,3,7,8-TCDD 

B2 

Total nondioxin PCBs Total 
nondioxin 

PCBs (KM) 

2.00E+00 Rat Liver hepatocellular 
adenomas, 
carcinoma, 
cholangiomas or 
cholangiosarcomas 

Linear extrapolation 
below LED10s 

IRIS 2012 Tier 1 value for 
PCBs; high risk 

and 
persistence, 
upper-bound 
slope factor 

B2 

Metals 

Aluminum 7429-90-5 NA NA NA NA NA No data NA 

Antimony 7440-36-0 NA NA NA NA NA No data NA 

Arsenic 7440-38-2 1.50E+00 Human Skin cancer Time- and dose-
related formulation 
with the multistage 
model 

IRIS 2012 Tier 1 A 

Cadmium (food and 
water) 

7440-43-9 NA NA NA NA NA No data B1 

Chromium 7440-47-3 NA NA NA NA NA No data D 

Cobalt 7440-48-4 NA NA NA NA NA No data NA 

Fluoride 7782-41-4 NA NA NA NA NA No data NA 

Hexavalent chromium 18540-29-9 NA NA NA NA NA No data D (oral) 

Iron 7439-89-6 NA NA NA NA NA No data NA 

Lithium 7439-93-2 NA NA NA NA NA No data NA 

Manganese (food) 7439-96-5 NA NA NA NA NA No data D 

Manganese (soil and 
water) 

7439-96-5 NA NA NA NA NA No data D 

Mercury 7439-97-6 NA NA NA NA NA No data C (for mercuric 
chloride) 

Methyl Mercury 22967-92-6 NA NA NA NA NA No data C 
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Table 5-3.  Oral Cancer Slope Factors.  (3 Pages) 

Contaminant of 
Potential Concern 

CAS Number 
Oral CSF 

(mg/kg-day)-1 
Species Tumors Observed 

Dose Response 
Model 

Source Notes 
EPA WOE 

Characterization 

Nickel 7440-02-0 NA NA NA NA NA No data NA 

Selenium 7782-49-2 NA NA NA NA NA No data D 

Thallium 7440-28-0 NA NA NA NA NA No data NA 

Tin 7440-31-5 NA NA NA NA NA No data NA 

Uranium (inorganic) 7440-61-1 NA NA NA NA NA No data NA 

Vanadium 7440-62-2 NA NA NA NA NA No data NA 

Zinc 7440-66-6 NA NA NA NA NA No data D 

NOTE:  Tiers 1, 2, and 3 refer to the hierarchy of information sources specified by OSWER 9285.7-53, 2003, “Human Health Toxicity Values in Superfund Risk Assessments,” 
Memorandum from M. B. Cook, Director of the Office of Superfund Remediation and Technology Innovation, to Superfund National Policy Managers, Office of Solid Waste and 
Emergency Response, U.S. Environmental Protection Agency, Washington, D.C., December 5. 

CAS = Chemical Abstract Services 
CSF = cancer slope factor 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
EPA = U.S. Environmental Protection Agency 
HCH = hexachlorocyclohexane 

IRIS = Integrated Risk Information System, accessed July 2012 
KM = Kaplan-Meier 
NA = not available 
PCB = polychlorinated biphenyl 
TPH    = total petroleum hydrocarbons 
WOE = weight of evidence 

Sources: 

CalEPA, 2012, Toxicity Criteria Database, California Environmental Protection Agency, Sacramento, California.  Available at http://oehha.ca.gov/risk/chemicalDB/index.asp. 

IRIS, 2012, Integrated Risk Information System (IRIS) On-Line Database, U.S. Environmental Protection Agency, National Center for Exposure Assessment, Office of Research & Development, 
Washington, D.C.  Available at http://www.epa.gov/iris. 

WOE Characterization: 

A = Human carcinogen  
B = Probable human carcinogen 
B1 = Limited human data are available 
B2 = Sufficient evidence in animals and inadequate or no evidence in humans 
C = Possible human carcinogen 
D = Not classifiable as to human carcinogenicity 
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Table 5-4.  Inhalation Unit Risk Values.  (3 Pages) 

Contaminant of 
Potential Concern 

CAS Number 
Inhalation 
Unit Risk 
(µg/m3)-1 

Species Tumors Observed 
Dose Response 

Model 
Source Notes 

EPA WOE 
Characterization

Volatile and Semivolatile Organic Compounds 

1,1,2-Trichloroethane 79-00-5 1.6E-05 Mouse 
Hepatocellular 
carcinoma 

Linearized 
multistage 
procedure, extra risk

IRIS 2012 Tier 1 C 

1,2-Dichloroethane 107-06-2 2.6E-05 Rat Hemangiosarcomas 
Linearized 
multistage 
procedure, extra risk

IRIS 2012 Tier 1 B2 

Bis(2-
ethylhexy)phthalate 

117-81-7 2.4E-06 NA NA NA 
CalEPA 

2012 
Tier 3 B2 

Chloroform 67-66-3 2.3E-05 Mouse 
Hepatocellular 
carcinoma 

Linearized 
multistage 
procedure, extra risk

IRIS 2012 Tier 1 B2 

TPH - diesel range NA NA NA NA NA NA NA NA 
TPH - motor oil (high 
boiling) 

NA NA NA NA NA NA NA NA 

Pesticides/Polychlorinated Biphenyls 

Aldrin 309-00-2 4.9E-03 Mouse Liver carcinoma 
Linearized 
multistage 
procedure, extra risk

IRIS 2012 
Tier 1 

B2 

alpha-HCH 319-84-6 1.8E-03 Mouse 
Hepatic nodules and 
hepatocellular 
carcinomas 

Linearized 
multistage 
procedure, extra risk

IRIS 2012 
Tier 1 

B2 

alpha-Chlordane 5103-71-9 1.0E-04 Mouse 
Hepatocellular 
carcinoma 

Linearized 
multistage 
procedure, extra risk

IRIS 2012 Tier 1 value for 
technical 
chlordane 

B2 

beta-HCH 319-85-7 5.3E-04 Mouse 
Hepatic nodules and 
hepatocellular 
carcinomas 

Linearized 
multistage 
procedure, extra risk

IRIS 2012 
Tier 1 

C 

delta-HCH 319-86-8 NA NA NA NA NA No data D 

DDD 72-54-8 6.9E-05 NA NA NA 
CalEPA 

2012 
Tier 3 

B2 

DDE 72-55-9 9.7E-05 NA NA NA 
CalEPA 

2012 
Tier 3 

B2 

DDT 50-29-3 9.7E-05 Mouse/rat
Liver tumors, benign 
and malignant 

Linear multistage 
procedure, extra risk

IRIS 2012 Tier 1 B2 

Dieldrin 60-57-1 4.6E-03 Mouse Liver carcinoma 
Linearized 
multistage 
procedure 

IRIS 2012 Tier 1 B2 

Endrin 72-20-8 NA NA NA NA NA No data D 
Endrin aldehyde 7421-93-4 NA NA NA NA NA No data NA 
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Table 5-4.  Inhalation Unit Risk Values.  (3 Pages) 

Contaminant of 
Potential Concern 

CAS Number 
Inhalation 
Unit Risk 
(µg/m3)-1 

Species Tumors Observed 
Dose Response 

Model 
Source Notes 

EPA WOE 
Characterization

gamma-HCH 
(lindane) 58-89-9 5.3E-04 Mouse 

Hepatic nodules and 
hepatocellular 
carcinomas 

Linearized 
multistage 
procedure, extra risk

IRIS 2012 Tier 1 value for 
beta-HCH 

NA 

Heptachlor 
76-44-8 1.3E-03 Mouse 

Hepatocellular 
carcinoma 

Linearized 
multistage 
procedure, extra risk

IRIS 2012 Tier 1 B2 

Heptachlor epoxide 1024-57-3 2.6E-03 Mouse Hepatocellular 
carcinoma 

Linearized 
multistage 
procedure, extra risk

IRIS 2012 Tier 1 B2 

Total dioxin-like 
PCBs 

Total 
dioxin-like 
PCBs (KM) 

3.8E+01 NA NA NA CalEPA 
2012 

Tier 3 value for 
2,3,7,8-TCDD 

B2 

Total nondioxin 
PCBs 

Total 
nondioxin 

PCBs (KM) 

5.7E-04 Rat Liver hepatocellular 
adenomas, 
carcinoma, 
cholangiomas or 
cholangiosarcomas 

Linear extrapolation 
below LED10s 

IRIS 2012 Tier 1 value for 
PCBs; high risk 
and persistence, 
converted from 
oral slope factor

B2 

Metals 
Aluminum 7429-90-5 NA NA NA NA NA No data NA 
Antimony 7440-36-0 NA NA NA NA NA No data NA 

Arsenic 7440-38-2 4.3E-03 Human Lung cancer 
Absolute risk, linear 
model 

IRIS 2012 Tier 1 A 

Cadmium 7440-43-9 1.8E-03 Human Lung, trachea, 
bronchus cancer 
deaths 

Two stage; only first 
affected by 
exposure; extra risk 

IRIS 2012 Tier 1 B1 

Chromium 7440-47-3 NA NA NA NA NA No data D 

Cobalt 7440-48-4 9.0E-03 
Rat, 

mouse 
Lung adenoma, 
carcinoma 

Linear extrapolation 
PPRTV/ 

STSC 2008 
Tier 2 NA 

Fluoride 7782-41-4 NA NA NA NA NA No data NA 
Hexavalent 
chromium 

18540-29-9 1.2E-02 Human Lung cancer 
Multistage, extra 
risk 

IRIS 2012 Tier 1 A (inhalation) 

Iron 7439-89-6 NA NA NA NA NA No data NA 
Lithium 7439-93-2 NA NA NA NA NA No data NA 
Manganese 7439-96-5 NA NA NA NA NA No data D 

Mercury 7439-97-6 NA NA NA NA 
NA No data C (for mercuric 

chloride) 
Methyl mercury 22967-92-6 NA NA NA NA NA No data C 
Nickel 7440-02-0 2.4E-04 Human Lung and nasal 

tumors 
Additive and 
multiplicative 

IRIS 2012 Tier 1 value for 
refinery dust 

A 

Selenium 7782-49-2 NA NA NA NA NA No data D 
Thallium 7440-28-0 NA NA NA NA NA No data NA 
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Table 5-4.  Inhalation Unit Risk Values.  (3 Pages) 

Contaminant of 
Potential Concern 

CAS Number 
Inhalation 
Unit Risk 
(µg/m3)-1 

Species Tumors Observed 
Dose Response 

Model 
Source Notes 

EPA WOE 
Characterization

Tin 7440-31-5 NA NA NA NA NA No data NA 
Uranium (inorganic) 7440-61-1 NA NA NA NA NA No data NA 
Vanadium 7440-62-2 NA NA NA NA NA No data NA 
Zinc 7440-66-6 NA NA NA NA NA No data D 
NOTE:  Tiers 1, 2, and 3 refer to the hierarchy of information sources specified by OSWER 9285.7-53, 2003, “Human Health Toxicity Values in Superfund Risk Assessments,” 
Memorandum from M. B. Cook, Director of the Office of Superfund Remediation and Technology Innovation, to Superfund National Policy Managers, Office of Solid Waste and 
Emergency Response, U.S. Environmental Protection Agency, Washington, D.C., December 5. 

CAS = Chemical Abstract Services 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
EPA = U.S. Environmental Protection Agency 
HCH = hexachlorocyclohexane 
IRIS = Integrated Risk Information System, accessed July 2012 

KM = Kaplan-Meier 
NA = not available 
PCB = polychlorinated biphenyl 
PPRTV = Provisional Peer-Reviewed Toxicity Values, Superfund Technical Support 
Center 
TPH    = total petroleum hydrocarbons 
WOE = weight of evidence 

Sources: 

CalEPA, 2012, Toxicity Criteria Database, California Environmental Protection Agency, Sacramento, California.  Available at http://oehha.ca.gov/risk/chemicalDB/index.asp. 

IRIS, 2012, Integrated Risk Information System (IRIS) On-Line Database, U.S. Environmental Protection Agency, National Center for Exposure Assessment, Office of Research & Development, 
Washington, D.C.  Available at http://www.epa.gov/iris. 

STSC, 2008, Provisional Peer Reviewed Toxicity Values for Cobalt (CASRN 7440-48-4), August 25, 2008, Superfund Health Risk Technical Support Center, National Center for Environmental 
Assessment, Office of Research and Development, U.S. Environmental Protection Agency, Cincinnati, Ohio. 

WOE Characterization: 

A = Human carcinogen 
B = Probable human carcinogen 
B1 = Limited human data are available 
B2 = Sufficient evidence in animals and inadequate or no evidence in humans 
C = Possible human carcinogen 
D = Not classifiable as to human carcinogenicity
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Table 5-5.  Cancer Slope Factors for Radionuclides. 

Radionuclide CAS Number 

Slope 
Factor 

Includes 
Progeny? 

Half-Life 
(yr) 

Soil 
Ingestion 

Slope Factor 
(risk/pCi) 

Food Ingestion 
Slope Factor 

(risk/pCi) 

Water 
Ingestion 

Slope Factor 
(risk/pCi) 

Inhalation 
Slope Factor 

(risk/pCi) 

External Slope 
Factor 

(risk/yr per 
pCi/g) 

Carbon-14 14762-75-5 No 5,730 2.79E-12 2.00E-12 1.55E-12 7.07E-12 7.83E-12 

Cesium-137 10045-97-3 Yes 30.1 4.33E-11 3.74E-11 3.04E-11 1.19E-11 2.55E-06 

Cobalt-60 10198-40-0 No 5.27 4.03E-11 2.23E-11 1.57E-11 3.58E-11 1.24E-05 

Europium-152 14683-23-9 No 13.3 1.62E-11 8.70E-12 6.07E-12 9.10E-11 5.30E-06 

Europium-154 15585-10-1 No 8.8 2.85E-11 1.49E-11 1.03E-11 1.15E-10 5.83E-06 

Plutonium-239/240 a PU-239/240 No 24,100 2.77E-10 1.74E-10 1.35E-10 3.33E-08 2.00E-10 

Strontium-90 10098-97-2 Yes 29.1 1.44E-10 9.53E-11 7.40E-11 1.13E-10 1.96E-08 

Technetium-99 14133-76-7 No 213,000 7.66E-12 4.00E-12 2.75E-12 1.41E-11 8.14E-11 

Tritium b 10028-17-8 No 12.4 2.20E-13 1.44E-13 1.12E-13 1.99E-13 0.00E+00 

NOTE:  Half-life and slope factors are from EPA, 2001, Health Effects Assessment Summary Tables (HEAST), Radionuclides Table, U.S. Environmental Protection Agency, 
Office of Radiation and Indoor Air, Washington, D.C.   
a Slope factors are the maximum slope factor between plutonium-239 and plutonium-240. 
b Slope factors are the more protective values relating to organically-bound tritium. 

CAS = Chemical Abstract Services 
EPA = U.S. Protection Agency 
HEAST = Health Effects Assessment Summary Tables, Fiscal Year 1997 Update 
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Table 5-6.  Gastrointestinal Absorption Efficiencies and Calculation of 
Dermal Reference Doses and Cancer Slope Factors.  (2 Pages) 

Contaminant of 
Potential Concern 

CAS Number 
ABSGI 

(%) 
Oral RfD 

(mg/kg-day) 
Dermal RfD 
(mg/kg-day) 

Oral CSF 
(mg/kg-day)-1 

Dermal CSF 
(mg/kg-day)-1 

Volatile and Semivolatile Organic Compounds 
1,1,2-Trichloroethane 79-00-5 100 4.00E-03 4.00E-03 5.70E-02 5.70E-02 

1,2-Dichloroethane 107-06-2 100 2.00E-02 2.00E-02 9.10E-02 9.10E-02 

Bis(2-ethylhexyl)phthalate 117-81-7 100 2.00E-02 2.00E-02 1.40E-02 1.40E-02 

Chloroform 67-66-3 100 1.00E-02 1.00E-02 3.10E-02 3.10E-02 
TPH - diesel range NA 100 3.00E-02 3.00E-02 NA NA 

TPH - motor oil (high 
boiling) 

NA 
100 3.00E-02 3.00E-02 

NA NA 

Pesticides/Polychlorinated Biphenyls 
Aldrin 309-00-2 100 3.00E-05 3.00E-05 1.70E+01 1.70E+01 

alpha-HCH 319-84-6 100 8.00E-03 8.00E-03 6.30E+00 6.30E+00 

alpha-Chlordane 5103-71-9 100 5.00E-04 5.00E-04 3.50E-01 3.50E-01 

beta-HCH 319-85-7 100 3.00E-04 3.00E-04 1.80E+00 1.80E+00 

delta-HCH 319-86-8 100 3.00E-04 3.00E-04 NA NA 

DDD 72-54-8 100 NA NA 2.40E-01 2.40E-01 

DDE 72-55-9 100 NA NA 3.40E-01 3.40E-01 

DDT 50-29-3 100 5.00E-04 5.00E-04 3.40E-01 3.40E-01 

Dieldrin 60-57-1 100 5.00E-05 5.00E-05 1.60E+01 1.60E+01 

Endrin 72-20-8 100 3.00E-04 3.00E-04 NA NA 

Endrin aldehyde 7421-93-4 100 3.00E-04 3.00E-04 NA NA 

gamma-HCH (lindane) 58-89-9 100 3.00E-04 3.00E-04 NA NA 

Heptachlor 76-44-8 100 5.00E-04 5.00E-04 4.50E+00 4.50E+00 

Heptachlor epoxide 1024-57-3 100 1.30E-05 1.30E-05 9.10E+00 9.10E+00 
Total dioxin-like PCBs Total dioxin-like PCBs 

(KM) 
100 7.00E-10 7.00E-10 1.30E+05 1.30E+05 

Total nondioxin PCBs Total nondioxin PCBs 
(KM) 

100 2.00E-05 2.00E-05 2.00E+00 2.00E+00 

Metals 
Aluminum 7429-90-5 100 1.00E+00 1.00E+00 NA NA 

Antimony 7440-36-0 15 4.00E-04 6.00E-05 NA NA 

Arsenic 7440-38-2 100 3.00E-04 3.00E-04 1.50E+00 1.50E+00 

Cadmium-food 7440-43-9 2.5 1.00E-03 2.50E-05 NA NA 

Cadmium-water 7440-43-9 5 5.00E-04 2.50E-05 NA NA 

Chromium 7440-47-3 1.3 1.50E+00 1.95E-02 NA NA 

Cobalt 7440-48-4 100 3.00E-04 3.00E-04 NA NA 
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Table 5-6.  Gastrointestinal Absorption Efficiencies and Calculation of 
Dermal Reference Doses and Cancer Slope Factors.  (2 Pages) 

Contaminant of 
Potential Concern 

CAS Number 
ABSGI 

(%) 
Oral RfD 

(mg/kg-day) 
Dermal RfD 
(mg/kg-day) 

Oral CSF 
(mg/kg-day)-1 

Dermal CSF 
(mg/kg-day)-1 

Fluoride 7782-41-4 100 6.00E-02 6.00E-02 NA NA 

Hexavalent chromium 18540-29-9 100 3.00E-03 3.00E-03 NA NA 

Iron 7439-89-6 100 7.00E-01 7.00E-01 NA NA 

Lithium 7439-93-2 100 2.00E-03 2.00E-03 NA NA 

Manganese (soil and water) 7439-96-5 4 4.70E-02 1.88E-03 NA NA 

Mercury 7439-97-6 7 3.00E-04 2.10E-05 NA NA 

Methylmercury 22967-92-6 100 -- -- NA NA 

Nickel 7440-02-0 4 2.00E-02 8.00E-4 NA NA 

Selenium 7782-49-2 100 5.00E-03 5.00E-03 NA NA 

Thallium 7440-28-0 100 1.00E-05 1.00E-05 NA NA 

Tin 7440-31-5 100 6.00E-01 6.00E-01 NA NA 

Uranium (inorganic) 7440-61-1 100 6.00E-04 6.00E-04 NA NA 

Vanadium 7440-62-2 2.6 9.00E-03 2.34E-04 NA NA 

Zinc 7440-66-6 100 3.00E-01 3.00E-01 NA NA 

NOTES:  ABSGI = Gastrointestinal absorption efficiencies from Exhibit 4-1 of EPA/540/R-99/005, 2004, Risk Assessment Guidance for Superfund, Volume I:  Human 
Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment), Final, OSWER 9285.7-02EP, Office of Superfund Remediation and 
Technology Innovation, U.S. Environmental Protection Agency, Washington, D.C.  If no ABSgi adjustment was recommended, then a value of 100% was used (i.e., no 
adjustment was made to the oral RfD). 
Dermal toxicity values were calculated from oral toxicity values using the equations below. 
Equations (from RAGS Part E [EPA/540/R-99/005, 2004, Risk Assessment Guidance for Superfund, Volume I:  Human Health Evaluation Manual (Part E, Supplemental 
Guidance for Dermal Risk Assessment), Final, OSWER 9285.7-02EP, Office of Superfund Remediation and Technology Innovation, U.S. Environmental Protection 
Agency, Washington, D.C.]): 
Dermal RfD = Oral RfD * ABSGI/100 (Eq. 4.3) 
Dermal CSF = Oral CSF / ABSGI/100 (Eq. 4.2). 

-- = not applicable; methylmercury is associated only with the fish ingestion pathway. 
100 = oral value was not adjusted 
CAS = Chemical Abstract Services 
CSF = cancer slope factor 
DDD = dichlorodiphenyldichloroethane 
DDE = dichlorodiphenyldichloroethylene 
DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 
KM = Kaplan-Meier 
NA = not available 
PCB = polychlorinated biphenyl 
RfD = reference dose 
TPH = total petroleum hydrocarbons 
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Table 6-1.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Casual User Child - 100-A Reasonable Maximum Exposure.   

Receptor Population: Current/Future Casual User 
Receptor Age: Child    
Exposure Point: 100-A    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium 
Study Area 

COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard
Surface water 0.005 0.2 0.2 41% 

Sediment 0.02 0.2 0.3 59% 

Total Cumulative Noncancer Hazard = 0.03 0.4 0.4  
 

Cumulative Chemical Cancer Risk  

Surface water 0 3.E-07 3.E-07 17% 

Sediment 0 1.E-06 1.E-06 83% 

Total Cumulative Chemical Cancer Risk = 0 2.E-06 2.E-06  
 

Cumulative Radiation Cancer Risk
Surface water 0 3.E-08 3.E-08 4% 

Sediment 5.E-07 9.E-08 6.E-07 96% 

Total Cumulative Radiation Cancer Risk = 5.E-07 1.E-07 6.E-07  
 

Annual Total Effective Dose Equivalent (mrem/yr)  

Surface water 0 0.006 0.006 5% 

Sediment 0.1 0.00007 0.1 95% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.1 0.006 0.1  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for 
the indicated environmental medium. 
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Table 6-2.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Casual User Child - 100-B Reasonable Maximum Exposure. 

Receptor Population: Current/Future Casual User  
Receptor Age: Child    
Exposure Point: 100-B    
Exposure Medium: All - Reasonable Maximum Exposure  

Exposure Medium 
Study Area 

COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard
Surface water 0.003 0.5 0.5 71% 

Sediment 0.02 0.1 0.1 18% 

Island soil 0.02 0.06 0.08 11% 

Total Cumulative Noncancer Hazard = 0.04 0.7 0.8  
 

Cumulative Chemical Cancer Risk
Surface water 0 3.E-07 3.E-07 16% 

Sediment 0 8.E-07 8.E-07 41% 

Island soil 8.E-07 1.E-10 8.E-07 43% 

Total Cumulative Chemical Cancer Risk = 8.E-07 1.E-06 2.E-06  
 

Cumulative Radiation Cancer Risk

Surface water 0 0 0 0% 

Sediment 4.E-07 7.E-08 5.E-07 78% 

Island soil 6.E-09 1.E-07 1.E-07 22% 

Total Cumulative Radiation Cancer Risk = 4.E-07 2.E-07 6.E-07  
 

Annual Total Effective Dose Equivalent (mrem/yr)
Surface water 0 0 0 0% 

Sediment 0.09 0.0001 0.09 98% 

Island soil 0.002 0.00005 0.002 2% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.09 0.0002 0.09  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 

Exhibit 12d



 

 

 C
olum

bia R
iver C

om
ponent R

isk A
ssessm

ent 
V

olum
e II, P

art 2:  B
aseline H

um
an H

ealth R
isk A

ssessm
ent 

Septem
ber 2012 

6-3 

 
D

O
E

/R
L

-2010-117 

R
isk

 C
h

aracterization
 

R
ev. 0 

 

Table 6-3.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose  
Equivalent - Casual User Child - 300-A Reasonable Maximum Exposure. 

Receptor Population: Current/Future Casual User   
Receptor Age: Child    
Exposure Point: 300-A    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium 
Study Area 

COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.02 0.02 0.04 15% 

Sediment 0.0002 0.1 0.1 46% 

Island soil 0.02 0.08 0.1 39% 

Total Cumulative Noncancer Hazard = 0.04 0.2 0.3  
     

Cumulative Chemical Cancer Risk     

Surface water 1.E-07 3.E-07 5.E-07 24% 

Sediment 0 7.E-07 7.E-07 36% 

Island soil 8.E-07 1.E-10 8.E-07 40% 

Total Cumulative Chemical Cancer Risk = 9.E-07 1.E-06 2.E-06  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 4.E-07 6.E-08 4.E-07 77% 

Island soil 2.E-08 1.E-07 1.E-07 23% 

Total Cumulative Radiation Cancer Risk = 4.E-07 2.E-07 6.E-07  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.08 0.0001 0.08 97% 

Island soil 0.002 0.00004 0.002 3% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.08 0.0002 0.08  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-4.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Casual User Child - 300-B Reasonable Maximum Exposure. 

Receptor Population: Current/Future Casual User  
Receptor Age: Child    
Exposure Point: 300-B    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.02 0.02 0.04 16% 

Sediment 0.00008 0.09 0.09 35% 

Island soil 0.03 0.1 0.1 49% 

Total Cumulative Noncancer Hazard = 0.04 0.2 0.2  
     

Cumulative Chemical Cancer Risk     

Surface water 1.E-07 3.E-07 5.E-07 21% 

Sediment 0 7.E-07 7.E-07 34% 

Island soil 1.E-06 1.E-10 1.E-06 44% 

Total Cumulative Chemical Cancer Risk = 1.E-06 1.E-06 2.E-06  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 0 1.E-07 1.E-07 14% 

Island soil 3.E-07 3.E-07 6.E-07 86% 

Total Cumulative Radiation Cancer Risk = 3.E-07 4.E-07 7.E-07  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0 0.0002 0.0002 0.3% 

Island soil 0.06 0.0001 0.06 100% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.06 0.0003 0.07  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for 
the indicated environmental medium 
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Table 6-5.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 

Equivalent - Casual User Child - LW-A Reasonable Maximum Exposure. 

Receptor Population: Current/Future Casual User   
Receptor Age: Child    
Exposure Point: LW-A    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium 
Study Area 

COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0 0.05 0.05 15% 

Sediment 0.001 0.3 0.3 85% 

Total Cumulative Noncancer Hazard = 0.001 0.3 0.3  
     

Cumulative Chemical Cancer Risk     

Surface water 0 1.E-06 1.E-06 46% 

Sediment 0 1.E-06 1.E-06 54% 

Total Cumulative Chemical Cancer Risk = 0 3.E-06 3.E-06  
     

Cumulative Radiation Cancer Risk     

Surface water 2.E-08 0 2.E-08 3% 

Sediment 4.E-07 7.E-08 5.E-07 97% 

Total Cumulative Radiation Cancer Risk = 4.E-07 7.E-08 5.E-07  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0.03 0 0.03 23% 

Sediment 0.09 0.00005 0.09 77% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.1 0.00005 0.1  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for 
the indicated environmental medium. 
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Table 6-6.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Casual User Child - LW-B Reasonable Maximum Exposure. 

Receptor Population: Current/Future Casual User  
Receptor Age: Child    
Exposure Point: LW-B    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium 
Study Area 

COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard         

Surface water 0.008 0.03 0.04 9% 

Sediment 0 0.4 0.4 91% 

Total Cumulative Noncancer Hazard = 0.008 0.5 0.5  
     

Cumulative Chemical Cancer Risk     

Surface water 0 4.E-07 4.E-07 17% 

Sediment 0 2.E-06 2.E-06 83% 

Total Cumulative Chemical Cancer Risk = 0 3.E-06 3.E-06  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 1.E-06 4.E-07 1.E-06 100% 

Total Cumulative Radiation Cancer Risk = 1.E-06 4.E-07 1.E-06  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.2 0.0003 0.2 100% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.2 0.0003 0.2  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected 
for the indicated environmental medium. 
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Table 6-7.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose Equivalent - 
Casual User Child - 100-A Central Tendency Exposure. 

Receptor Population: Current/Future Casual User  
Receptor Age: Child    
Exposure Point: 100-A    
Exposure Medium: All - Central Tendency Exposure  

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.002 0.03 0.04 28% 

Sediment 0.007 0.09 0.1 72% 

Total Cumulative Noncancer Hazard = 0.009 0.1 0.1  
     

Cumulative Chemical Cancer Risk     

Surface water 0 1.E-07 1.E-07 20% 

Sediment 0 5.E-07 5.E-07 80% 

Total Cumulative Chemical Cancer Risk = 0 7.E-07 7.E-07  
     

Cumulative Radiation Cancer Risk     

Surface water 0 7.E-09 7.E-09 4% 

Sediment 1.E-07 4.E-08 2.E-07 96% 

Total Cumulative Radiation Cancer Risk = 1.E-07 5.E-08 2.E-07  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0.001 0.001 4% 

Sediment 0.03 0.00002 0.03 96% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.03 0.001 0.03  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 

 

  

Exhibit 12d



 

 

 C
olum

bia R
iver C

om
ponent R

isk A
ssessm

ent 
V

olum
e II, P

art 2:  B
aseline H

um
an H

ealth R
isk A

ssessm
ent 

Septem
ber 2012 

6-8 

 
D

O
E

/R
L

-2010-117 

R
isk

 C
h

aracterization
 

R
ev. 0 

 

Table 6-8.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Casual User Child - 100-B Central Tendency Exposure. 

Receptor Population: Current/Future Casual User  
Receptor Age: Child    
Exposure Point: 100-B    
Exposure Medium: All - Central Tendency Exposure 

Exposure Medium 
Study Area 

COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard         

Surface water 0.001 0.05 0.05 37% 

Sediment 0.004 0.05 0.05 39% 

Island soil 0.007 0.02 0.03 23% 

Total Cumulative Noncancer Hazard = 0.01 0.1 0.1  
     

Cumulative Chemical Cancer Risk     

Surface water 0 1.E-07 1.E-07 18% 

Sediment 0 3.E-07 3.E-07 45% 

Island soil 3.E-07 7.E-11 3.E-07 36% 

Total Cumulative Chemical Cancer Risk = 3.E-07 5.E-07 7.E-07  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 8.E-08 3.E-08 1.E-07 65% 

Island soil 3.E-09 6.E-08 6.E-08 35% 

Total Cumulative Radiation Cancer Risk = 9.E-08 9.E-08 2.E-07  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.02 0.00004 0.02 97% 

Island soil 0.0006 0.00002 0.0007 3% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.02 0.00006 0.02  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for 
the indicated environmental medium. 
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Table 6-9.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Casual User Child - 300-A Central Tendency Exposure. 

Receptor Population: Current/Future Casual User  
Receptor Age: Child    
Exposure Point: 300-A    
Exposure Medium: All - Central Tendency Exposure 

Exposure Medium 
Study Area 

COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.007 0.01 0.02 17% 

Sediment 0.00006 0.05 0.05 45% 

Island soil 0.007 0.03 0.04 37% 

Total Cumulative Noncancer Hazard = 0.01 0.09 0.1  
     

Cumulative Chemical Cancer Risk     

Surface water 5.E-08 2.E-07 2.E-07 28% 

Sediment 0 3.E-07 3.E-07 39% 

Island soil 3.E-07 7.E-11 3.E-07 33% 

Total Cumulative Chemical Cancer Risk = 3.E-07 5.E-07 8.E-07  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 2.E-07 3.E-08 2.E-07 78% 

Island soil 8.E-09 5.E-08 6.E-08 22% 

Total Cumulative Radiation Cancer Risk = 2.E-07 8.E-08 3.E-07  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.04 0.00006 0.04 98% 

Island soil 0.0008 0.00002 0.0009 2% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.04 0.00007 0.04  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for 
the indicated environmental medium. 
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Table 6-10.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Casual User Child - 300-B Central Tendency Exposure. 

Receptor Population: Current/Future Casual User 
Receptor Age: Child    
Exposure Point: 300-B    
Exposure Medium: All - Central Tendency Exposure 

Exposure Medium 
Study Area 

COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard         

Surface water 0.007 0.01 0.02 19% 

Sediment 0.00003 0.03 0.03 34% 

Island soil 0.008 0.04 0.04 47% 

Total Cumulative Noncancer Hazard = 0.02 0.08 0.09  
     

Cumulative Chemical Cancer Risk     

Surface water 5.E-08 2.E-07 2.E-07 26% 

Sediment 0 3.E-07 3.E-07 36% 

Island soil 3.E-07 8.E-11 3.E-07 38% 

Total Cumulative Chemical Cancer Risk = 4.E-07 5.E-07 9.E-07  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 0 4.E-08 4.E-08 15% 

Island soil 1.E-07 1.E-07 2.E-07 85% 

Total Cumulative Radiation Cancer Risk = 1.E-07 2.E-07 3.E-07  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0 0.00007 0.00007 0.3% 

Island soil 0.03 0.00004 0.03 100% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.03 0.0001 0.03  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for 
the indicated environmental medium. 
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Table 6-11.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Casual User Child - LW-A Central Tendency Exposure. 

Receptor Population: Current/Future Casual User 
Receptor Age: Child    
Exposure Point: LW-A    
Exposure Medium: All - Central Tendency Exposure 

Exposure Medium 
Study Area 

COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0 0.03 0.03 19% 

Sediment 0.0001 0.1 0.1 81% 

Total Cumulative Noncancer Hazard = 0.0001 0.1 0.1  
     

Cumulative Chemical Cancer Risk     

Surface water 0 7.E-07 7.E-07 53% 

Sediment 0 6.E-07 6.E-07 47% 

Total Cumulative Chemical Cancer Risk = 0 1.E-06 1.E-06  
     

Cumulative Radiation Cancer Risk     

Surface water 9.E-09 0 9.E-09 6% 

Sediment 1.E-07 3.E-08 1.E-07 94% 

Total Cumulative Radiation Cancer Risk = 1.E-07 3.E-08 2.E-07  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0.01 0 0.01 37% 

Sediment 0.02 0.00002 0.02 63% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.04 0.00002 0.04  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-12.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Casual User Child - LW-B Central Tendency Exposure. 

Receptor Population: Current/Future Casual User 
Receptor Age: Child    
Exposure Point: LW-B    
Exposure Medium: All - Central Tendency Exposure 

Exposure Medium 
Study Area 

COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.004 0.02 0.02 12% 

Sediment 0 0.1 0.1 88% 

Total Cumulative Noncancer Hazard = 0.004 0.2 0.2  
     

Cumulative Chemical Cancer Risk     

Surface water 0 2.E-07 2.E-07 21% 

Sediment 0 8.E-07 8.E-07 79% 

Total Cumulative Chemical Cancer Risk = 0 1.E-06 1.E-06  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 2.E-07 1.E-07 3.E-07 100% 

Total Cumulative Radiation Cancer Risk = 2.E-07 1.E-07 3.E-07  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.05 0.00006 0.05 100% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.05 0.00006 0.05  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for 
the indicated environmental medium. 
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Table 6-13.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Casual User Adult - 100-A Reasonable Maximum Exposure. 

Receptor Population: Current/Future Casual User 
Receptor Age: Adult    
Exposure Point: 100-A    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.001 0.05 0.05 62% 

Sediment 0.003 0.03 0.03 38% 

Total Cumulative Noncancer Hazard = 0.004 0.08 0.08  
     

Cumulative Chemical Cancer Risk     

Surface water 0 4.E-07 4.E-07 31% 

Sediment 0 8.E-07 8.E-07 69% 

Total Cumulative Chemical Cancer Risk = 0 1.E-06 1.E-06  
     

Cumulative Radiation Cancer Risk     

Surface water 0 1.E-07 1.E-07 4% 

Sediment 3.E-06 5.E-07 3.E-06 96% 

Total Cumulative Radiation Cancer Risk = 3.E-06 6.E-07 3.E-06  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0.007 0.007 6% 

Sediment 0.1 0.00005 0.1 94% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.1 0.007 0.1  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-14.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Casual User Adult - 100-B Reasonable Maximum Exposure. 

Receptor Population: Current/Future Casual User 
Receptor Age: Adult    
Exposure Point: 100-B    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard         

Surface water 0.0009 0.2 0.2 85% 

Sediment 0.002 0.02 0.02 9% 

Island soil 0.003 0.008 0.01 6% 

Total Cumulative Noncancer Hazard = 0.005 0.2 0.2  
     

Cumulative Chemical Cancer Risk     

Surface water 0 4.E-07 4.E-07 29% 

Sediment 0 5.E-07 5.E-07 36% 

Island soil 5.E-07 7.E-10 5.E-07 35% 

Total Cumulative Chemical Cancer Risk = 5.E-07 9.E-07 1.E-06  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 2.E-06 3.E-07 2.E-06 78% 

Island soil 2.E-08 7.E-07 7.E-07 22% 

Total Cumulative Radiation Cancer Risk = 2.E-06 1.E-06 3.E-06  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.09 0.00004 0.09 99% 

Island soil 0.0004 0.00004 0.0005 0.5% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.09 0.00008 0.09  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-15.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose Equivalent - 
Casual User Adult - 300-A Reasonable Maximum Exposure. 

Receptor Population: Current/Future Casual User  
Receptor Age: Adult    
Exposure Point: 300-A    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total Percent Contribution 

Cumulative Noncancer Hazard     

Surface water 0.005 0.007 0.01 31% 

Sediment 0.00003 0.01 0.01 37% 

Island soil 0.002 0.01 0.01 32% 

Total Cumulative Noncancer Hazard = 0.008 0.03 0.04  
     

Cumulative Chemical Cancer Risk     

Surface water 3.E-07 5.E-07 8.E-07 46% 

Sediment 0 5.E-07 5.E-07 27% 

Island soil 5.E-07 7.E-10 5.E-07 27% 

Total Cumulative Chemical Cancer Risk = 8.E-07 1.E-06 2.E-06  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 2.E-06 3.E-07 2.E-06 78% 

Island soil 7.E-08 6.E-07 6.E-07 22% 

Total Cumulative Radiation Cancer Risk = 2.E-06 8.E-07 3.E-06  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.08 0.00005 0.08 99% 

Island soil 0.0006 0.00003 0.0006 0.8% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.08 0.00008 0.08  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-16.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose Equivalent - 
Casual User Adult - 300-B Reasonable Maximum Exposure. 

Receptor Population: Current/Future Casual User 
Receptor Age: Adult    
Exposure Point: 300-B    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.005 0.007 0.01 32% 

Sediment 0.00001 0.01 0.01 28% 

Island soil 0.003 0.01 0.01 40% 

Total Cumulative Noncancer Hazard = 0.008 0.03 0.04  
     

Cumulative Chemical Cancer Risk     

Surface water 3.E-07 5.E-07 8.E-07 42% 

Sediment 0 5.E-07 5.E-07 27% 

Island soil 6.E-07 7.E-10 6.E-07 32% 

Total Cumulative Chemical Cancer Risk = 9.E-07 1.E-06 2.E-06  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 0 5.E-07 5.E-07 14% 

Island soil 1.E-06 1.E-06 3.E-06 86% 

Total Cumulative Radiation Cancer Risk = 1.E-06 2.E-06 3.E-06  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0 0.00006 0.00006 0.1% 

Island soil 0.06 0.00008 0.06 100% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.06 0.0001 0.06  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-17.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Casual User Adult - LW-A Reasonable Maximum Exposure. 

Receptor Population: Current/Future Casual User 
Receptor Age: Adult    
Exposure Point: LW-A    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium 
Study Area 

COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0 0.01 0.01 29% 

Sediment 0.0001 0.03 0.03 71% 

Total Cumulative Noncancer Hazard = 0.0001 0.05 0.05  
     

Cumulative Chemical Cancer Risk     

Surface water 0 2.E-06 2.E-06 65% 

Sediment 0 9.E-07 9.E-07 35% 

Total Cumulative Chemical Cancer Risk = 0 3.E-06 3.E-06  
     

Cumulative Radiation Cancer Risk     

Surface water 9.E-08 0 9.E-08 3% 

Sediment 2.E-06 4.E-07 2.E-06 97% 

Total Cumulative Radiation Cancer Risk = 2.E-06 4.E-07 3.E-06  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0.02 0 0.02 18% 

Sediment 0.09 0.00004 0.09 82% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.1 0.00004 0.1  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for 
the indicated environmental medium. 
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Table 6-18.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Casual User Adult - LW-B Reasonable Maximum Exposure. 

Receptor Population: Current/Future Casual User 
Receptor Age: Adult    
Exposure Point: LW-B    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.002 0.01 0.01 19% 

Sediment 0 0.05 0.05 81% 

Total Cumulative Noncancer Hazard = 0.002 0.06 0.06  
     

Cumulative Chemical Cancer Risk     

Surface water 0 7.E-07 7.E-07 32% 

Sediment 0 1.E-06 1.E-06 68% 

Total Cumulative Chemical Cancer Risk = 0 2.E-06 2.E-06  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 5.E-06 2.E-06 7.E-06 100% 

Total Cumulative Radiation Cancer Risk = 5.E-06 2.E-06 7.E-06  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.2 0.0002 0.2 100% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.2 0.0002 0.2  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-19.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Casual User Adult - 100-A Central Tendency Exposure. 

Receptor Population: Current/Future Casual User 
Receptor Age: Adult    
Exposure Point: 100-A    
Exposure Medium: All - Central Tendency Exposure  

Exposure Medium 
Study Area 

COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.0007 0.01 0.01 47% 

Sediment 0.0008 0.01 0.01 53% 

Total Cumulative Noncancer Hazard = 0.002 0.02 0.02  
     

Cumulative Chemical Cancer Risk     

Surface water 0 6.E-08 6.E-08 35% 

Sediment 0 1.E-07 1.E-07 65% 

Total Cumulative Chemical Cancer Risk = 0 2.E-07 2.E-07  
     

Cumulative Radiation Cancer Risk     

Surface water 0 1.E-08 1.E-08 4% 

Sediment 2.E-07 6.E-08 3.E-07 96% 

Total Cumulative Radiation Cancer Risk = 2.E-07 7.E-08 3.E-07  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0.002 0.002 6% 

Sediment 0.03 0.00002 0.03 94% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.03 0.002 0.03  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for 
the indicated environmental medium. 
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Table 6-20.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose Equivalent - 
Casual User Adult - 100-B Central Tendency Exposure. 

Receptor Population: Current/Future Casual User  
Receptor Age: Adult    
Exposure Point: 100-B    
Exposure Medium: All - Central Tendency Exposure  

Exposure Medium 
Study Area 

COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.0004 0.01 0.01 58% 

Sediment 0.0005 0.006 0.006 26% 

Island soil 0.0008 0.003 0.004 16% 

Total Cumulative Noncancer Hazard = 0.002 0.02 0.02  
     

Cumulative Chemical Cancer Risk     

Surface water 0 6.E-08 6.E-08 32% 

Sediment 0 7.E-08 7.E-08 41% 

Island soil 5.E-08 1.E-10 5.E-08 27% 

Total Cumulative Chemical Cancer Risk = 5.E-08 1.E-07 2.E-07  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 1.E-07 4.E-08 2.E-07 65% 

Island soil 2.E-09 9.E-08 9.E-08 35% 

Total Cumulative Radiation Cancer Risk = 1.E-07 1.E-07 3.E-07  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.02 0.00002 0.02 99% 

Island soil 0.0002 0.00001 0.0002 1% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.02 0.00003 0.02  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-21.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 

Equivalent - Casual User Adult - 300-A Central Tendency Exposure. 

Receptor Population: Current/Future Casual User 

Receptor Age: Adult    

Exposure Point: 300-A    

Exposure Medium: All - Central Tendency Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.002 0.003 0.006 35% 

Sediment 0.000007 0.006 0.006 36% 

Island soil 0.0008 0.004 0.005 29% 

Total Cumulative Noncancer Hazard = 0.003 0.01 0.02  
     

Cumulative Chemical Cancer Risk     

Surface water 3.E-08 8.E-08 1.E-07 50% 

Sediment 0 7.E-08 7.E-08 30% 

Island soil 5.E-08 1.E-10 5.E-08 20% 

Total Cumulative Chemical Cancer Risk = 8.E-08 2.E-07 2.E-07  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 3.E-07 4.E-08 3.E-07 78% 

Island soil 1.E-08 7.E-08 8.E-08 22% 

Total Cumulative Radiation Cancer Risk = 3.E-07 1.E-07 4.E-07  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.04 0.00002 0.04 99% 

Island soil 0.0002 0.00001 0.0003 0.7% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.04 0.00003 0.04  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-22.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Casual User Adult - 300-B Central Tendency Exposure. 

Receptor Population: Current/Future Casual User 
Receptor Age: Adult    
Exposure Point: 300-B    
Exposure Medium: All - Central Tendency Exposure 

Exposure Medium 
Study Area 

COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.002 0.003 0.006 37% 

Sediment 0.000004 0.004 0.004 27% 

Island soil 0.001 0.004 0.005 36% 

Total Cumulative Noncancer Hazard = 0.003 0.01 0.02  
     

Cumulative Chemical Cancer Risk     

Surface water 3.E-08 8.E-08 1.E-07 47% 

Sediment 0 7.E-08 7.E-08 29% 

Island soil 6.E-08 1.E-10 6.E-08 24% 

Total Cumulative Chemical Cancer Risk = 9.E-08 2.E-07 2.E-07  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 0 6.E-08 6.E-08 15% 

Island soil 2.E-07 2.E-07 4.E-07 85% 

Total Cumulative Radiation Cancer Risk = 2.E-07 3.E-07 4.E-07  
     
Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0 0.00002 0.00002 0.1% 

Island soil 0.03 0.00003 0.03 100% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.03 0.00005 0.03  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for 
the indicated environmental medium. 
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Table 6-23.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Casual User Adult - LW-A Central Tendency Exposure. 

Receptor Population: Current/Future Casual User 
Receptor Age: Adult    
Exposure Point: LW-A    
Exposure Medium: All - Central Tendency Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0 0.007 0.007 35% 

Sediment 0.00002 0.01 0.01 65% 

Total Cumulative Noncancer Hazard = 0.00002 0.02 0.02  
     

Cumulative Chemical Cancer Risk     

Surface water 0 3.E-07 3.E-07 70% 

Sediment 0 1.E-07 1.E-07 30% 

Total Cumulative Chemical Cancer Risk = 0 4.E-07 4.E-07  
     

Cumulative Radiation Cancer Risk     

Surface water 1.E-08 0 1.E-08 6% 

Sediment 2.E-07 5.E-08 2.E-07 94% 

Total Cumulative Radiation Cancer Risk = 2.E-07 5.E-08 2.E-07  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0.01 0 0.01 30% 

Sediment 0.02 0.00001 0.02 70% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.03 0.00001 0.03  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-24.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Casual User Adult - LW-B Central Tendency Exposure. 

Receptor Population: Current/Future Casual User 
Receptor Age: Adult    
Exposure Point: LW-B    
Exposure Medium: All - Central Tendency Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.001 0.005 0.006 26% 

Sediment 0 0.02 0.02 74% 

Total Cumulative Noncancer Hazard = 0.001 0.02 0.02  
     

Cumulative Chemical Cancer Risk     

Surface water 0 1.E-07 1.E-07 40% 

Sediment 0 2.E-07 2.E-07 60% 

Total Cumulative Chemical Cancer Risk = 0 3.E-07 3.E-07  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 3.E-07 1.E-07 5.E-07 100% 

Total Cumulative Radiation Cancer Risk = 3.E-07 1.E-07 5.E-07  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.05 0.00004 0.05 100% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.05 0.00004 0.05  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-25.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total 
Effective Dose Equivalent - Avid Angler Child - 100 Area Reasonable Maximum 

Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Child   
Exposure Point: 100 Area   
Exposure Medium: Fish - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs Reference COPCs Total 

Cumulative Noncancer Hazard    
Fish (all species) 7 135 142 
    

Cumulative Chemical Cancer Risk    
Fish (all species) 0 9.E-04 9.E-04 
 

Cumulative Radiation Cancer Risk 
Fish (all species) 1.E-06 0 1.E-06 
 

Annual Total Effective Dose Equivalent (mrem/yr) 
Fish (all species) 0.5 0 0.5 
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) 
were not selected for the indicated environmental medium. 
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Table 6-26.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective 
Dose Equivalent - Avid Angler Child - 300 Area Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Child   
Exposure Point: 300 Area   
Exposure Medium: Fish - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs Reference COPCs Total 

Cumulative Noncancer Hazard    
Fish (all species) 7 99 107 
    

Cumulative Chemical Cancer Risk 
Fish (all species) 0 7.E-04 7.E-04 

 

Cumulative Radiation Cancer Risk
Fish (all species) 7.E-08 0 7.E-08 

 

Annual Total Effective Dose Equivalent (mrem/yr)
Fish (all species) 0.03 0 0.03 
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) 
were not selected for the indicated environmental medium. 
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Table 6-27.  Summary of Noncancer Hazard and Cancer Risk - Avid Angler Child - 
Lake Wallula Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Child   
Exposure Point: Lake Wallula   
Exposure Medium: Fish - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs Reference COPCs Total 

Cumulative Noncancer Hazard    
Fish (all species) 0.6 94 95 
    

Cumulative Chemical Cancer Risk    
Fish (all species) 0 7.E-04 7.E-04 

 

Cumulative Radiation Cancer Risk
Fish (all species) 2.E-06 0 2.E-06 

 

Annual Total Effective Dose Equivalent (mrem/yr)
Fish (all species) 0.6 0 0.6 

NOTE:  No radionuclides were retained as contaminants of potential concern (COPCs) and therefore radiation cancer risk/dose estimates 
are not presented on this table. 

A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were 
not selected for the indicated environmental medium. 
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Table 6-28.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Avid Angler Youth - 100-A Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Youth    
Exposure Point: 100-A    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.001 0.04 0.05 0.03% 

Sediment 0.005 0.05 0.06 0.04% 

Fish (all species) 7 139 146 100% 

Total Cumulative Noncancer Hazard = 7 139 146  
     

Cumulative Chemical Cancer Risk     

Surface water 0 8.E-08 8.E-08 0.008% 

Sediment 0 4.E-07 4.E-07 0.04% 

Fish (all species) 0 1.E-03 1.E-03 100% 

Total Cumulative Chemical Cancer Risk = 0 1.E-03 1.E-03  
     

Cumulative Radiation Cancer Risk     

Surface water 0 2.E-08 2.E-08 0.4% 

Sediment 7.E-07 1.E-07 8.E-07 17% 

Fish (all species) 4.E-06 0 4.E-06 83% 

Total Cumulative Radiation Cancer Risk = 5.E-06 1.E-07 5.E-06  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0.003 0.003 0.4% 

Sediment 0.1 0.00004 0.1 14% 

Fish (all species) 0.8 0 0.8 85% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.9 0.003 0.9  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-29.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 

Equivalent - Avid Angler Youth - 100-B Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Youth    
Exposure Point: 100-B    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium 
Study Area 

COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.0008 0.1 0.1 0.09% 

Sediment 0.003 0.03 0.03 0.02% 

Island soil 0.006 0.01 0.02 0.01% 

Fish (all species) 7 139 146 100% 

Total Cumulative Noncancer Hazard = 7 139 146  
     

Cumulative Chemical Cancer Risk     

Surface water 0 9.E-08 9.E-08 0.008% 

Sediment 0 3.E-07 3.E-07 0.02% 

Island soil 3.E-07 2.E-10 3.E-07 0.03% 

Fish (all species) 0 1.E-03 1.E-03 100% 

Total Cumulative Chemical Cancer Risk = 3.E-07 1.E-03 1.E-03  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 5.E-07 9.E-08 6.E-07 13% 

Island soil 4.E-09 2.E-07 2.E-07 4% 

Fish (all species) 4.E-06 0 4.E-06 83% 

Total Cumulative Radiation Cancer Risk = 4.E-06 3.E-07 5.E-06  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.1 0.00004 0.1 12% 

Island soil 0.0006 0.00003 0.0006 0.07% 

Fish (all species) 0.8 0 0.8 88% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.9 0.00008 0.9  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-30.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose  

Equivalent - Avid Angler Youth - 300-A Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Youth    
Exposure Point: 300-A    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.004 0.006 0.01 0.009% 

Sediment 0.00005 0.03 0.03 0.03% 

Island soil 0.006 0.02 0.02 0.02% 

Fish (all species) 8 101 109 100% 

Total Cumulative Noncancer Hazard = 8 102 109  
     

Cumulative Chemical Cancer Risk     

Surface water 4.E-08 1.E-07 1.E-07 0.02% 

Sediment 0 2.E-07 2.E-07 0.03% 

Island soil 3.E-07 2.E-10 3.E-07 0.03% 

Fish (all species) 0 9.E-04 9.E-04 100% 

Total Cumulative Chemical Cancer Risk = 3.E-07 9.E-04 9.E-04  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 5.E-07 7.E-08 5.E-07 61% 

Island soil 2.E-08 1.E-07 2.E-07 18% 

Fish (all species) 2.E-07 0 2.E-07 22% 

Total Cumulative Radiation Cancer Risk = 7.E-07 2.E-07 9.E-07  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.09 0.00006 0.09 69% 

Island soil 0.001 0.00003 0.001 1% 

Fish (all species) 0.04 0 0.04 30% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.1 0.00008 0.1  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-31.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose  
Equivalent - Avid Angler Youth - 300-B Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler  
Receptor Age: Youth    
Exposure Point: 300-B    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.004 0.006 0.01 0.009% 

Sediment 0.00002 0.02 0.02 0.02% 

Island soil 0.007 0.02 0.03 0.03% 

Fish (all species) 8 101 109 100% 

Total Cumulative Noncancer Hazard = 8 102 109  
     

Cumulative Chemical Cancer Risk     

Surface water 4.E-08 1.E-07 1.E-07 0.02% 

Sediment 0 2.E-07 2.E-07 0.03% 

Island soil 3.E-07 2.E-10 3.E-07 0.04% 

Fish (all species) 0 9.E-04 9.E-04 100% 

Total Cumulative Chemical Cancer Risk = 4.E-07 9.E-04 9.E-04  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 0 1.E-07 1.E-07 11% 

Island soil 4.E-07 4.E-07 8.E-07 70% 

Fish (all species) 2.E-07 0 2.E-07 18% 

Total Cumulative Radiation Cancer Risk = 6.E-07 5.E-07 1.E-06  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0 0.00007 0.00007 0.06% 

Island soil 0.07 0.00007 0.07 65% 

Fish (all species) 0.04 0 0.04 35% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.1 0.0001 0.1  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-32.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose Equivalent - 
Avid Angler Youth - LW-A Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Youth    
Exposure Point: LW-A    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0 0.01 0.01 0.01% 

Sediment 0.0002 0.07 0.07 0.07% 

Fish (all species) 0.6 96 97 100% 

Total Cumulative Noncancer Hazard = 0.6 97 97  
     

Cumulative Chemical Cancer Risk     

Surface water 0 4.E-07 4.E-07 0.05% 

Sediment 0 4.E-07 4.E-07 0.05% 

Fish (all species) 0 8.E-04 8.E-04 100% 

Total Cumulative Chemical Cancer Risk = 0 8.E-04 8.E-04  
     

Cumulative Radiation Cancer Risk     

Surface water 1.E-08 0 1.E-08 0.2% 

Sediment 5.E-07 9.E-08 6.E-07 12% 

Fish (all species) 4.E-06 0 4.E-06 87% 

Total Cumulative Radiation Cancer Risk = 5.E-06 9.E-08 5.E-06   
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0.01 0 0.01 1% 

Sediment 0.1 0.00003 0.1 10% 

Fish (all species) 0.9 0 0.9 88% 

Annual Total Effective Dose Equivalent (mrem/yr) = 1 0.00003 1  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-33.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose  
Equivalent - Avid Angler Youth - LW-B Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Youth    
Exposure Point: LW-B    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.002 0.008 0.01 0.01% 

Sediment 0 0.1 0.1 0.1% 

Fish (all species) 0.6 96 97 100% 

Total Cumulative Noncancer Hazard = 0.6 97 97  
     

Cumulative Chemical Cancer Risk     

Surface water 0 1.E-07 1.E-07 0.02% 

Sediment 0 7.E-07 7.E-07 0.08% 

Fish (all species) 0 8.E-04 8.E-04 100% 

Total Cumulative Chemical Cancer Risk = 0 8.E-04 8.E-04  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 1.E-06 5.E-07 2.E-06 29% 

Fish (all species) 4.E-06 0 4.E-06 71% 

Total Cumulative Radiation Cancer Risk = 6.E-06 5.E-07 6.E-06   
         

Annual Total Effective Dose Equivalent (mrem/yr)         

Surface water 0 0 0 0% 

Sediment 0.2 0.0002 0.2 22% 

Fish (all species) 0.9 0 0.9 78% 

Annual Total Effective Dose Equivalent (mrem/yr) = 1 0.0002 1  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-34.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Avid Angler Adult - 100-A Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Adult    
Exposure Point: 100-A    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.0007 0.02 0.03 0.02% 

Sediment 0.003 0.03 0.03 0.02% 

Fish (all species) 7 139 146 100% 

Total Cumulative Noncancer Hazard = 7 139 146  
     

Cumulative Chemical Cancer Risk     

Surface water 0 2.E-07 2.E-07 0.004% 

Sediment 0 8.E-07 8.E-07 0.02% 

Fish (all species) 0 4.E-03 4.E-03 100% 

Total Cumulative Chemical Cancer Risk = 0 4.E-03 4.E-03  
     

Cumulative Radiation Cancer Risk     

Surface water 0 8.E-08 8.E-08 0.2% 

Sediment 3.E-06 5.E-07 3.E-06 10% 

Fish (all species) 3.E-05 0 3.E-05 90% 

Total Cumulative Radiation Cancer Risk = 3.E-05 6.E-07 3.E-05  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0.004 0.004 0.3% 

Sediment 0.1 0.00005 0.1 10% 

Fish (all species) 1 0 1 89% 

Annual Total Effective Dose Equivalent (mrem/yr) = 1 0.004 1  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for 
the indicated environmental medium. 
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Table 6-35.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose  

Equivalent - Avid Angler Adult - 100-B Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Adult    
Exposure Point: 100-B    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.0005 0.08 0.08 0.05% 

Sediment 0.002 0.02 0.02 0.01% 

Island soil 0.003 0.008 0.01 0.007% 

Fish (all species) 7 139 146 100% 

Total Cumulative Noncancer Hazard = 7 139 146  
     

Cumulative Chemical Cancer Risk     

Surface water 0 2.E-07 2.E-07 0.005% 

Sediment 0 5.E-07 5.E-07 0.01% 

Island soil 5.E-07 8.E-10 5.E-07 0.01% 

Fish (all species) 0 4.E-03 4.E-03 100% 

Total Cumulative Chemical Cancer Risk = 5.E-07 4.E-03 4.E-03  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 2.E-06 4.E-07 3.E-06 8% 

Island soil 2.E-08 7.E-07 7.E-07 2% 

Fish (all species) 3.E-05 0 3.E-05 90% 

Total Cumulative Radiation Cancer Risk = 3.E-05 1.E-06 3.E-05  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.1 0.00004 0.1 8% 

Island soil 0.0004 0.00004 0.0005 0.04% 

Fish (all species) 1 0 1 92% 

Annual Total Effective Dose Equivalent (mrem/yr)= 1 0.00008 1  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-36.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 

Equivalent - Avid Angler Adult - 300-A Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Adult    
Exposure Point: 300-A    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.002 0.003 0.006 0.005% 

Sediment 0.00003 0.01 0.01 0.01% 

Island soil 0.002 0.01 0.01 0.01% 

Fish (all species) 8 101 109 100% 

Total Cumulative Noncancer Hazard = 8 101 109  
     

Cumulative Chemical Cancer Risk     

Surface water 1.E-07 2.E-07 4.E-07 0.01% 

Sediment 0 5.E-07 5.E-07 0.01% 

Island soil 5.E-07 7.E-10 5.E-07 0.01% 

Fish (all species) 0 4.E-03 4.E-03 100% 

Total Cumulative Chemical Cancer Risk = 6.E-07 4.E-03 4.E-03  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 2.E-06 3.E-07 2.E-06 51% 

Island soil 7.E-08 6.E-07 7.E-07 15% 

Fish (all species) 2.E-06 0 2.E-06 34% 

Total Cumulative Radiation Cancer Risk = 4.E-06 9.E-07 5.E-06  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.09 0.00005 0.09 61% 

Island soil 0.0006 0.00003 0.0006 0.4% 

Fish (all species) 0.06 0 0.06 38% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.1 0.00008 0.1  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-37.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Avid Angler Adult - 300-B Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Adult    
Exposure Point: 300-B    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.002 0.003 0.006 0.005% 

Sediment 0.00001 0.01 0.01 0.01% 

Island soil 0.003 0.01 0.01 0.01% 

Fish (all species) 8 101 109 100% 

Total Cumulative Noncancer Hazard = 8 101 109  
     

Cumulative Chemical Cancer Risk     

Surface water 1.E-07 2.E-07 4.E-07 0.01% 

Sediment 0 5.E-07 5.E-07 0.01% 

Island soil 6.E-07 8.E-10 6.E-07 0.02% 

Fish (all species) 0 4.E-03 4.E-03 100% 

Total Cumulative Chemical Cancer Risk = 7.E-07 4.E-03 4.E-03  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 0 5.E-07 5.E-07 14% 

Island soil 2.E-06 2.E-06 3.E-06 85% 

Fish (all species) 4.E-08 0 4.E-08 1% 

Total Cumulative Radiation Cancer Risk = 2.E-06 2.E-06 4.E-06  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0 0.00006 0.00006 0.05% 

Island soil 0.07 0.00008 0.07 56% 

Fish (all species) 0.06 0 0.06 44% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.1 0.0001 0.1  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-38.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Avid Angler Adult - LW-A Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Adult    
Exposure Point: LW-A    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0 0.007 0.007 0.007% 

Sediment 0.0001 0.03 0.03 0.04% 

Fish (all species) 0.6 96 97 100% 

Total Cumulative Noncancer Hazard = 0.6 97 97  
     

Cumulative Chemical Cancer Risk     

Surface water 0 9.E-07 9.E-07 0.03% 

Sediment 0 9.E-07 9.E-07 0.03% 

Fish (all species) 0 3.E-03 3.E-03 100% 

Total Cumulative Chemical Cancer Risk = 0 3.E-03 3.E-03  
     

Cumulative Radiation Cancer Risk     

Surface water 5.E-08 0 5.E-08 0.1% 

Sediment 2.E-06 4.E-07 3.E-06 7% 

Fish (all species) 4.E-05 0 4.E-05 93% 

Total Cumulative Radiation Cancer Risk = 4.E-05 4.E-07 4.E-05   
         

Annual Total Effective Dose Equivalent (mrem/yr)         

Surface water 0.01 0 0.01 0.8% 

Sediment 0.1 0.00004 0.1 7% 

Fish (all species) 1 0 1 92% 

Annual Total Effective Dose Equivalent (mrem/yr) = 1 0.00004 1  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-39.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose  
Equivalent - Avid Angler Adult - LW-B Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Adult    
Exposure Point: LW-B    
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.001 0.005 0.006 0.006% 

Sediment 0 0.05 0.05 0.05% 

Fish (all species) 0.6 96 97 100% 

Total Cumulative Noncancer Hazard = 0.6 97 97  
     

Cumulative Chemical Cancer Risk     

Surface water 0 3.E-07 3.E-07 0.009% 

Sediment 0 1.E-06 1.E-06 0.04% 

Fish (all species) 0 3.E-03 3.E-03 100% 

Total Cumulative Chemical Cancer Risk = 0 3.E-03 3.E-03  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 5.E-06 2.E-06 8.E-06 17% 

Fish (all species) 4.E-05 0 4.E-05 83% 

Total Cumulative Radiation Cancer Risk = 4.E-05 2.E-06 4.E-05   
         

Annual Total Effective Dose Equivalent (mrem/yr)         

Surface water 0 0 0 0% 

Sediment 0.2 0.0002 0.2 16% 

Fish (all species) 1 0 1 84% 

Annual Total Effective Dose Equivalent (mrem/yr) = 1 0.0002 1  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-40.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Avid Angler Child - 100 Area Central Tendency Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Child   
Exposure Point: 100 Area   
Exposure Medium: Fish - Central Tendency Exposure 

Exposure Medium Study Area COPCs Reference COPCs Total 

Cumulative Noncancer Hazard    
Fish (all species) 0.7 12 13 
    

Cumulative Chemical Cancer Risk    
Fish (all species) 0 7.E-05 7.E-05 

 

Cumulative Radiation Cancer Risk
Fish (all species) 2.E-07 0 2.E-07 

 

Annual Total Effective Dose Equivalent (mrem/yr)
Fish (all species) 0.06 0 0.06 
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not 
selected for the indicated environmental medium. 
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Table 6-41.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective 
Dose Equivalent - Avid Angler Child - 300 Area Central Tendency Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Child   
Exposure Point: 300 Area   
Exposure Medium: Fish - Central Tendency Exposure 

Exposure Medium Study Area COPCs Reference COPCs Total 

Cumulative Noncancer Hazard    
Fish (all species) 0.8 9 10 
    

Cumulative Chemical Cancer Risk    
Fish (all species) 0 6.E-05 6.E-05 

 

Cumulative Radiation Cancer Risk
Fish (all species) 7.E-09 0 7.E-09 

 

Annual Total Effective Dose Equivalent (mrem/yr)
Fish (all species) 0.002 0 0.002 
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) 
were not selected for the indicated environmental medium. 
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Table 6-42.  Summary of Noncancer Hazard and Cancer Risk - Avid Angler Child - 
Lake Wallula Central Tendency Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Child   
Exposure Point: Lake Wallula   
Exposure Medium: Fish - Central Tendency Exposure 

Exposure Medium Study Area COPCs Reference COPCs Total 

Cumulative Noncancer Hazard    
Fish (all species) 0.05 7 7 
    

Cumulative Chemical Cancer Risk    
Fish (all species) 0 5.E-05 5.E-05 

 

Cumulative Radiation Cancer Risk
Fish (all species) 2.E-07 0 2.E-07 

 

Annual Total Effective Dose Equivalent (mrem/yr)
Fish (all species) 0.07 0 0.07 
NOTE:  No radionuclides were retained as contaminants of potential concern (COPCs) and therefore radiation cancer risk/dose estimates 
are not presented on this table. A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of 
potential concern (COPCs) were not selected for the indicated environmental medium. 
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Table 6-43.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Avid Angler Youth - 100-A Central Tendency Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Youth    
Exposure Point: 100-A    
Exposure Medium: All - Central Tendency Exposure 

Exposure Medium 
Study Area 

COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.0009 0.01 0.01 0.1% 

Sediment 0.002 0.02 0.02 0.2% 

Fish (all species) 0.7 12 13 100% 

Total Cumulative Noncancer Hazard = 0.698 12 13  
     

Cumulative Chemical Cancer Risk     

Surface water 0 6.E-08 6.E-08 0.06% 

Sediment 0 2.E-07 2.E-07 0.2% 

Fish (all species) 0 9.E-05 9.E-05 100% 

Total Cumulative Chemical Cancer Risk = 0 9.E-05 9.E-05  
     

Cumulative Radiation Cancer Risk     

Surface water 0 6.E-09 6.E-09 1% 

Sediment 3.E-07 7.E-08 3.E-07 41% 

Fish (all species) 5.E-07 0 5.E-07 58% 

Total Cumulative Radiation Cancer Risk = 7.E-07 8.E-08 8.E-07  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0.001 0.001 1% 

Sediment 0.05 0.00001 0.05 35% 

Fish (all species) 0.09 0 0.09 64% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.1 0.001 0.1  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-44.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose  

Equivalent - Avid Angler Youth - 100-B Central Tendency Exposure. 

Receptor Population: Current/Future Avid Angler  
Receptor Age: Youth    
Exposure Point: 100-B    
Exposure Medium: All - Central Tendency Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.0005 0.02 0.02 0.1% 

Sediment 0.001 0.01 0.01 0.1% 

Island soil 0.002 0.006 0.007 0.06% 

Fish (all species) 0.7 12 13 100% 

Total Cumulative Noncancer Hazard = 0.7 12 13  
     

Cumulative Chemical Cancer Risk     

Surface water 0 5.E-08 5.E-08 0.06% 

Sediment 0 1.E-07 1.E-07 0.1% 

Island soil 8.E-08 1.E-10 8.E-08 0.09% 

Fish (all species) 0 9.E-05 9.E-05 100% 

Total Cumulative Chemical Cancer Risk = 8.E-08 9.E-05 9.E-05  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 1.E-07 5.E-08 2.E-07 26% 

Island soil 2.E-09 1.E-07 1.E-07 14% 

Fish (all species) 5.E-07 0 5.E-07 60% 

Total Cumulative Radiation Cancer Risk = 6.E-07 2.E-07 8.E-07  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.03 0.00002 0.03 24% 

Island soil 0.0002 0.00001 0.0003 0.2% 

Fish (all species) 0.09 0 0.09 76% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.1 0.00003 0.1  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-45.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 

Equivalent - Avid Angler Youth - 300-A Central Tendency Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Youth    
Exposure Point: 300-A    
Exposure Medium: All - Central Tendency Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.003 0.004 0.006 0.06% 

Sediment 0.00001 0.01 0.01 0.1% 

Island soil 0.002 0.007 0.009 0.09% 

Fish (all species) 0.8 10 10 100% 

Total Cumulative Noncancer Hazard = 0.8 10 10  
     

Cumulative Chemical Cancer Risk     

Surface water 2.E-08 7.E-08 9.E-08 0.1% 

Sediment 0 1.E-07 1.E-07 0.2% 

Island soil 8.E-08 1.E-10 8.E-08 0.1% 

Fish (all species) 0 8.E-05 8.E-05 100% 

Total Cumulative Chemical Cancer Risk = 9.E-08 8.E-05 8.E-05  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 3.E-07 5.E-08 4.E-07 75% 

Island soil 1.E-08 9.E-08 1.E-07 21% 

Fish (all species) 2.E-08 0 2.E-08 4% 

Total Cumulative Radiation Cancer Risk = 3.E-07 1.E-07 5.E-07  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.06 0.00002 0.06 93% 

Island soil 0.0006 0.00001 0.0006 1% 

Fish (all species) 0.004 0 0.004 6% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.06 0.00003 0.06  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-46.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Avid Angler Youth - 300-B Central Tendency Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Youth    
Exposure Point: 300-B    
Exposure Medium: All - Central Tendency Exposure 

Exposure Medium 
Study Area 

COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.003 0.004 0.006 0.06% 

Sediment 0.000008 0.008 0.008 0.08% 

Island soil 0.002 0.008 0.01 0.1% 

Fish (all species) 0.8 10 10 100% 

Total Cumulative Noncancer Hazard = 0.8 10 10  
     

Cumulative Chemical Cancer Risk     

Surface water 2.E-08 7.E-08 9.E-08 0.1% 

Sediment 0 1.E-07 1.E-07 0.2% 

Island soil 1.E-07 1.E-10 1.E-07 0.1% 

Fish (all species) 0 8.E-05 8.E-05 100% 

Total Cumulative Chemical Cancer Risk = 1.E-07 8.E-05 8.E-05  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 0 8.E-08 8.E-08 14% 

Island soil 2.E-07 2.E-07 4.E-07 82% 

Fish (all species) 2.E-08 0 2.E-08 3% 

Total Cumulative Radiation Cancer Risk = 2.E-07 3.E-07 5.E-07  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0 0.00003 0.00003 0.07% 

Island soil 0.04 0.00003 0.04 91% 

Fish (all species) 0.004 0 0.004 8% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.04 0.00006 0.04  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-47.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose  

Equivalent - Avid Angler Youth - LW-A Central Tendency Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Youth    
Exposure Point: LW-A    
Exposure Medium: All - Central Tendency Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0 0.009 0.009 0.1% 

Sediment 0.00003 0.02 0.02 0.3% 

Fish (all species) 0.05 8 8 100% 

Total Cumulative Noncancer Hazard = 0.05 8 8  
     

Cumulative Chemical Cancer Risk     

Surface water 0 3.E-07 3.E-07 0.5% 

Sediment 0 2.E-07 2.E-07 0.3% 

Fish (all species) 0 6.E-05 6.E-05 99% 

Total Cumulative Chemical Cancer Risk = 0 6.E-05 6.E-05  
     

Cumulative Radiation Cancer Risk     

Surface water 8.E-09 0 8.E-09 1% 

Sediment 2.E-07 6.E-08 3.E-07 32% 

Fish (all species) 5.E-07 0 5.E-07 67% 

Total Cumulative Radiation Cancer Risk = 7.E-07 6.E-08 8.E-07   
         

Annual Total Effective Dose Equivalent (mrem/yr)         

Surface water 0.008 0 0.008 6% 

Sediment 0.04 0.00001 0.04 25% 

Fish (all species) 0.1 0 0.1 70% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.1 0.00001 0.1  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-48.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Avid Angler Youth - LW-B Central Tendency Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Youth    
Exposure Point: LW-B    
Exposure Medium: All - Central Tendency Exposure 

Exposure Medium 
Study Area 

COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.002 0.006 0.007 0.10% 

Sediment 0 0.03 0.03 0.4% 

Fish (all species) 0.05 8 8 99% 

Total Cumulative Noncancer Hazard = 0.05 8 8  
     

Cumulative Chemical Cancer Risk     

Surface water 0 9.E-08 9.E-08 0.2% 

Sediment 0 2.E-07 2.E-07 0.4% 

Fish (all species) 0 6.E-05 6.E-05 99% 

Total Cumulative Chemical Cancer Risk = 0 6.E-05 6.E-05  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 4.E-07 2.E-07 6.E-07 51% 

Fish (all species) 5.E-07 0 5.E-07 49% 

Total Cumulative Radiation Cancer Risk = 9.E-07 2.E-07 1.E-06   
         

Annual Total Effective Dose Equivalent (mrem/yr)         

Surface water 0 0 0 0% 

Sediment 0.07 0.00003 0.07 42% 

Fish (all species) 0.1 0 0.1 58% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.2 0.00003 0.2  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-49.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Avid Angler Adult - 100-A Central Tendency Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Adult    
Exposure Point: 100-A    
Exposure Medium: All - Central Tendency Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.0005 0.007 0.007 0.06% 

Sediment 0.0008 0.01 0.01 0.09% 

Fish (all species) 0.7 12 13 100% 

Total Cumulative Noncancer Hazard = 0.7 12 13  
     

Cumulative Chemical Cancer Risk     

Surface water 0 4.E-08 4.E-08 0.04% 

Sediment 0 1.E-07 1.E-07 0.1% 

Fish (all species) 0 1.E-04 1.E-04 100% 

Total Cumulative Chemical Cancer Risk = 0 1.E-04 1.E-04  
     

Cumulative Radiation Cancer Risk     

Surface water 0 8.E-09 8.E-09 1% 

Sediment 3.E-07 9.E-08 4.E-07 27% 

Fish (all species) 1.E-06 0 1.E-06 72% 

Total Cumulative Radiation Cancer Risk = 1.E-06 1.E-07 2.E-06  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0.001 0.001 1% 

Sediment 0.05 0.00002 0.05 27% 

Fish (all species) 0.1 0 0.1 72% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.2 0.001 0.2  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-50.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 

Equivalent - Avid Angler Adult - 100-B Central Tendency Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Adult    
Exposure Point: 100-B    
Exposure Medium: All - Central Tendency Exposure 

Exposure Medium 
Study Area 

COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.0003 0.009 0.009 0.07% 

Sediment 0.0005 0.006 0.006 0.05% 

Island soil 0.0008 0.003 0.004 0.03% 

Fish (all species) 0.7 12 13 100% 

Total Cumulative Noncancer Hazard = 0.7 12 13  
     

Cumulative Chemical Cancer Risk     

Surface water 0 4.E-08 4.E-08 0.04% 

Sediment 0 7.E-08 7.E-08 0.07% 

Island soil 5.E-08 2.E-10 5.E-08 0.04% 

Fish (all species) 0 1.E-04 1.E-04 100% 

Total Cumulative Chemical Cancer Risk = 5.E-08 1.E-04 1.E-04  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 2.E-07 7.E-08 3.E-07 17% 

Island soil 2.E-09 1.E-07 1.E-07 9% 

Fish (all species) 1.E-06 0 1.E-06 74% 

Total Cumulative Radiation Cancer Risk = 1.E-06 2.E-07 2.E-06  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.03 0.00002 0.03 18% 

Island soil 0.0002 0.00001 0.0002 0.1% 

Fish (all species) 0.1 0 0.1 82% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.2 0.00003 0.2  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-51.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose  

Equivalent - Avid Angler Adult - 300-A Central Tendency Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Adult    
Exposure Point: 300-A    
Exposure Medium: All - Central Tendency Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.002 0.002 0.004 0.03% 

Sediment 0.000007 0.006 0.006 0.06% 

Island soil 0.0008 0.004 0.005 0.05% 

Fish (all species) 0.8 10 10 100% 

Total Cumulative Noncancer Hazard = 0.8 10 10  
     

Cumulative Chemical Cancer Risk     

Surface water 2.E-08 5.E-08 7.E-08 0.07% 

Sediment 0 7.E-08 7.E-08 0.07% 

Island soil 5.E-08 2.E-10 5.E-08 0.05% 

Fish (all species) 0 1.E-04 1.E-04 100% 

Total Cumulative Chemical Cancer Risk = 6.E-08 1.E-04 1.E-04  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 4.E-07 6.E-08 5.E-07 73% 

Island soil 1.E-08 1.E-07 1.E-07 20% 

Fish (all species) 4.E-08 0 4.E-08 7% 

Total Cumulative Radiation Cancer Risk = 5.E-07 2.E-07 6.E-07  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.06 0.00002 0.06 91% 

Island soil 0.0003 0.00001 0.0003 0.4% 

Fish (all species) 0.005 0 0.005 8% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.06 0.00003 0.06  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-52.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose  
Equivalent - Avid Angler Adult - 300-B Central Tendency Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Adult    
Exposure Point: 300-B    
Exposure Medium: All - Central Tendency Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.002 0.002 0.004 0.03% 

Sediment 0.000004 0.004 0.004 0.04% 

Island soil 0.001 0.005 0.006 0.05% 

Fish (all species) 0.8 10 10 100% 

Total Cumulative Noncancer Hazard = 0.8 10 10  
     

Cumulative Chemical Cancer Risk     

Surface water 2.E-08 5.E-08 7.E-08 0.07% 

Sediment 0 7.E-08 7.E-08 0.07% 

Island soil 6.E-08 2.E-10 6.E-08 0.06% 

Fish (all species) 0 1.E-04 1.E-04 100% 

Total Cumulative Chemical Cancer Risk = 7.E-08 1.E-04 1.E-04  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 0 1.E-07 1.E-07 14% 

Island soil 3.E-07 3.E-07 6.E-07 80% 

Fish (all species) 4.E-08 0 4.E-08 6% 

Total Cumulative Radiation Cancer Risk = 3.E-07 4.E-07 7.E-07  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0 0.00003 0.00003 0.06% 

Island soil 0.04 0.00003 0.04 88% 

Fish (all species) 0.005 0 0.005 12% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.04 0.00006 0.04  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-53.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose Equivalent - 

Avid Angler Adult - LW-A Central Tendency Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Adult    
Exposure Point: LW-A    
Exposure Medium: All - Central Tendency Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0 0.005 0.005 0.06% 

Sediment 0.00002 0.01 0.01 0.2% 

Fish (all species) 0.05 8 8 100% 

Total Cumulative Noncancer Hazard = 0.05 8 8  
     

Cumulative Chemical Cancer Risk     

Surface water 0 2.E-07 2.E-07 0.3% 

Sediment 0 1.E-07 1.E-07 0.2% 

Fish (all species) 0 7.E-05 7.E-05 100% 

Total Cumulative Chemical Cancer Risk = 0 7.E-05 7.E-05  
     

Cumulative Radiation Cancer Risk     

Surface water 1.E-08 0 1.E-08 0.6% 

Sediment 2.E-07 8.E-08 3.E-07 20% 

Fish (all species) 1.E-06 0 1.E-06 79% 

Total Cumulative Radiation Cancer Risk = 2.E-06 8.E-08 2.E-06   
         

Annual Total Effective Dose Equivalent (mrem/yr)         

Surface water 0 0 0 4% 

Sediment 0.04 0.00001 0.04 19% 

Fish (all species) 0.1 0 0.1 77% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.2 0.00001 0.2  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-54.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose  
Equivalent - Avid Angler Adult - LW-B Central Tendency Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Adult    
Exposure Point: LW-B    
Exposure Medium: All - Central Tendency Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.0008 0.003 0.004 0.05% 

Sediment 0 0.02 0.02 0.2% 

Fish (all species) 0.05 8 8 100% 

Total Cumulative Noncancer Hazard = 0.05 8 8  
     

Cumulative Chemical Cancer Risk     

Surface water 0 7.E-08 7.E-08 0.09% 

Sediment 0 2.E-07 2.E-07 0.2% 

Fish (all species) 0 7.E-05 7.E-05 100% 

Total Cumulative Chemical Cancer Risk = 0 7.E-05 7.E-05  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 5.E-07 2.E-07 7.E-07 36% 

Fish (all species) 1.E-06 0 1.E-06 64% 

Total Cumulative Radiation Cancer Risk = 2.E-06 2.E-07 2.E-06   
         

Annual Total Effective Dose Equivalent (mrem/yr)         

Surface water 0 0 0 0% 

Sediment 0.07 0.00004 0.07 33% 

Fish (all species) 0.1 0 0.1 67% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.2 0.00004 0.2  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-55.  Summary of Noncancer Hazard and Cancer Risk -  

Avid Angler Child - Bass – Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Child   
Exposure Point: Bass   
Exposure Medium: Fish - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Cumulative Noncancer Hazard    
Bass 0.03 58 58 
    

Cumulative Chemical Cancer Risk    
Bass 2.E-06 3.E-04 3.E-04 
NOTE:  No radionuclides were retained as contaminants of potential concern (COPCs) and therefore radiation cancer risk/dose estimates are not 
presented on this table 

 
 

Table 6-56.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Avid Angler Child - Carp - Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Child   
Exposure Point: Carp   
Exposure Medium: Fish - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs Reference COPCs Total 

Cumulative Noncancer Hazard    
Carp 0.2 176 176 
    

Cumulative Chemical Cancer Risk    
Carp 0 1.E-03 1.E-03 

 

Cumulative Radiation Cancer Risk
Carp 7.E-08 0 7.E-08 

 

Annual Total Effective Dose Equivalent (mrem/yr)
Carp 0.03 0 0.03 
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not 
selected for the indicated environmental medium. 
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Table 6-57.  Summary of Noncancer Hazard and Cancer Risk -  

Avid Angler Child - Sturgeon - Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Child   
Exposure Point: Sturgeon   
Exposure Medium: Fish - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs Reference COPCs Total 

Cumulative Noncancer Hazard    
Sturgeon 36 82 118 
    

Cumulative Chemical Cancer Risk    
Sturgeon 0 7.E-04 7.E-04 
NOTE:  No radionuclides were detected and therefore radiation cancer risk/dose estimates are not presented on this table;  

A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for 
the indicated environmental medium. 

 
 

Table 6-58.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Avid Angler Child - Sucker - Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Child   
Exposure Point: Sucker   
Exposure Medium: Fish - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs Reference COPCs Total 

Cumulative Noncancer Hazard    
Sucker 65 6 70 
    

Cumulative Chemical Cancer Risk    
Sucker 4.E-04 3.E-05 4.E-04 

 

Cumulative Radiation Cancer Risk
Sucker 1.E-06 0 1.E-06 

 

Annual Total Effective Dose Equivalent (mrem/yr)
Sucker 0.5 0 0.5 
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not 
selected for the indicated environmental medium. 
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Table 6-59.  Summary of Noncancer Hazard and Cancer Risk -  
Avid Angler Child - Walleye - Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Child   
Exposure Point: Walleye   
Exposure Medium: Fish - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs Reference COPCs Total 

Cumulative Noncancer Hazard    
Walleye 1 131 133 
    

Cumulative Chemical Cancer Risk    
Walleye 0 8.E-04 8.E-04 
NOTE:  No radionuclides were detected and therefore radiation cancer risk/dose estimates are not presented on this table;  

A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not 
selected for the indicated environmental medium. 

 
 

Table 6-60.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective 
Dose Equivalent - Avid Angler Child - Whitefish - Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Child   
Exposure Point: Whitefish   
Exposure Medium: Fish - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs Reference COPCs Total 

Cumulative Noncancer Hazard    
Whitefish 7 151 158 
    

Cumulative Chemical Cancer Risk    
Whitefish 1.E-04 8.E-04 1.E-03 

 

Cumulative Radiation Cancer Risk
Whitefish 2.E-06 0 2.E-06 

 

Annual Total Effective Dose Equivalent (mrem/yr)
Whitefish 0.6 0 0.6 
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were 
not selected for the indicated environmental medium. 
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Table 6-61.  Summary of Noncancer Hazard and Cancer Risk -  

Avid Angler Youth - Bass - Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Youth   
Exposure Point: Bass   
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Cumulative Noncancer Hazard    

Bass 0.04 59 59 
    

Cumulative Chemical Cancer Risk    
Bass 2.E-06 3.E-04 3.E-04 
NOTE:  No radionuclides were retained as contaminants of potential concern (COPCs) and therefore radiation cancer risk/dose estimates are 
not presented on this table 

 
 

Table 6-62.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Avid Angler Youth - Carp - Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler    
Receptor Age: Youth   
Exposure Point: Carp   

Exposure Medium: 
All - Reasonable Maximum 
Exposure    

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Cumulative Noncancer Hazard    

Carp 0.2 180 181 
    

Cumulative Chemical Cancer Risk    
Carp 0 1.E-03 1.E-03 

 

Cumulative Radiation Cancer Risk
Carp 2.E-07 0 2.E-07 

 

Annual Total Effective Dose Equivalent (mrem/yr)
Carp 0.04 0 0.04 
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not 
selected for the indicated environmental medium. 
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Table 6-63.  Summary of Noncancer Hazard and Cancer Risk -  

Avid Angler Youth - Sturgeon - Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Youth   
Exposure Point: Sturgeon   
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Cumulative Noncancer Hazard    

Sturgeon 37 84 121 
    

Cumulative Chemical Cancer Risk    
Sturgeon 0 8.E-04 8.E-04 
NOTE:  No radionuclides were detected and therefore radiation cancer risk/dose estimates are not presented on this table; A hazard, risk, or 
dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 

 
 

Table 6-64.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective 
Dose Equivalent - Avid Angler Youth - Sucker - Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Youth   
Exposure Point: Sucker   
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Cumulative Noncancer Hazard    

Sucker 66 6 72 
    

Cumulative Chemical Cancer Risk    
Sucker 4.E-04 4.E-05 5.E-04 

 

Cumulative Radiation Cancer Risk
Sucker 4.E-06 0 4.E-06 

 

Annual Total Effective Dose Equivalent (mrem/yr)
Sucker 0.8 0 0.8 
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern 
(COPCs) were not selected for the indicated environmental medium. 
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Table 6-65.  Summary of Noncancer Hazard and Cancer Risk -  
Avid Angler Youth - Walleye - Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Youth   
Exposure Point: Walleye   
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Cumulative Noncancer Hazard    

Walleye 1 134 136 
    

Cumulative Chemical Cancer Risk    
Walleye 0 9.E-04 9.E-04 
NOTE:  No radionuclides were detected and therefore radiation cancer risk/dose estimates are not presented on this table;  

A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for 
the indicated environmental medium. 

 
 

Table 6-66.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Whitefish - Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Youth   
Exposure Point: Whitefish   
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs Reference COPCs Total 

Cumulative Noncancer Hazard    

Whitefish 7 154 161 
    

Cumulative Chemical Cancer Risk    
Whitefish 2.E-04 1.E-03 1.E-03 

 

Cumulative Radiation Cancer Risk
Whitefish 4.E-06 0 4.E-06 

 

Annual Total Effective Dose Equivalent (mrem/yr)
Whitefish 0.9 0 0.9 
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) 
were not selected for the indicated environmental medium. 
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Table 6-67.  Summary of Noncancer Hazard and Cancer Risk - Avid Angler Adult - Bass - 
Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Adult   
Exposure Point: Bass   
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Cumulative Noncancer Hazard    
Bass 0.04 59 59 
    

Cumulative Chemical Cancer Risk    
Bass 8.E-06 1.E-03 1.E-03 
NOTE:  No radionuclides were retained as contaminants of potential concern and therefore radiation cancer risk/dose estimates are not presented 
on this table. 

 
 

Table 6-68.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Avid Angler Adult - Carp - Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Adult   
Exposure Point: Carp   
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs Reference COPCs Total 

Cumulative Noncancer Hazard    

Carp 0.2 180 181 
    

Cumulative Chemical Cancer Risk    
Carp 0 6.E-03 6.E-03 

 

Cumulative Radiation Cancer Risk
Carp 2.E-06 0 2.E-06 

 

Annual Total Effective Dose Equivalent (mrem/yr)
Carp 0.06 0 0.06 
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) 
were not selected for the indicated environmental medium. 
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Table 6-69.  Summary of Noncancer Hazard and Cancer Risk -  
Avid Angler Adult - Sturgeon - Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Adult   
Exposure Point: Sturgeon   
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Cumulative Noncancer Hazard    

Sturgeon 37 84 121 
    

Cumulative Chemical Cancer Risk    
Sturgeon 0 4.E-03 4.E-03 
NOTE:  No radionuclides were detected and therefore radiation cancer risk/dose estimates are not presented on this table;  

A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for 
the indicated environmental medium. 

 
 

Table 6-70.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Avid Angler Adult - Sucker - Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Adult   
Exposure Point: Sucker   
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Cumulative Noncancer Hazard    

Sucker 66 6 72 
    

Cumulative Chemical Cancer Risk    
Sucker 2.E-03 2.E-04 2.E-03 

 

Cumulative Radiation Cancer Risk
Sucker 3.E-05 0 3.E-05 

 

Annual Total Effective Dose Equivalent (mrem/yr)
Sucker 1 0 1 
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were 
not selected for the indicated environmental medium. 
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Table 6-71.  Summary of Noncancer Hazard and Cancer Risk -  
Avid Angler Adult - Walleye - Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Adult   
Exposure Point: Walleye   
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Cumulative Noncancer Hazard    

Walleye 1 134 136 
    

Cumulative Chemical Cancer Risk    
Walleye 0 4.E-03 4.E-03 
NOTE:  No radionuclides were detected and therefore radiation cancer risk/dose estimates are not presented on this table. A hazard, risk, or dose 
equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the indicated 
environmental medium. 

 
 

Table 6-72.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose 
Equivalent - Avid Angler Adult - Whitefish - Reasonable Maximum Exposure. 

Receptor Population: Current/Future Avid Angler 
Receptor Age: Adult   
Exposure Point: Whitefish   
Exposure Medium: All - Reasonable Maximum Exposure 

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Cumulative Noncancer Hazard    

Whitefish 7 154 161 
    

Cumulative Chemical Cancer Risk    
Whitefish 7.E-04 4.E-03 5.E-03 

 

Cumulative Radiation Cancer Risk
Whitefish 4.E-05 0 4.E-05 

 

Annual Total Effective Dose Equivalent (mrem/yr)
Whitefish 1 0 1 
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were 
not selected for the indicated environmental medium. 
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Table 6-73.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose Equivalent -  

Yakama Nation Child - 100-A. 

Receptor Population: Current/Future Yakama Nation 
Receptor Age: Child    
Exposure Point: 100-A    
Exposure Medium: All  

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.02 0.5 0.6 0.05% 

Sediment 0.1 1 1 0.1% 

Fish (all species) 52 1014 1066 100% 

Total Cumulative Noncancer Hazard = 52 1016 1068  
     

Cumulative Chemical Cancer Risk     

Surface water 0 8.E-07 8.E-07 0.01% 

Sediment 0 7.E-06 7.E-06 0.1% 

Fish (all species) 0 7.E-03 7.E-03 100% 

Total Cumulative Chemical Cancer Risk = 0 7.E-03 7.E-03  
     

Cumulative Radiation Cancer Risk     

Surface water 0 8.E-08 8.E-08 1% 

Sediment 2.E-06 3.E-07 2.E-06 15% 

Fish (all species) 1.E-05 0 1.E-05 84% 

Total Cumulative Radiation Cancer Risk = 1.E-05 4.E-07 1.E-05  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0.02 0.02 0.4% 

Sediment 0.3 0.0003 0.3 9% 

Fish (all species) 3 0 3 90% 

Annual Total Effective Dose Equivalent (mrem/yr) = 4 0.02 4  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-74.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose Equivalent -  

Yakama Nation Child - 100-B. 

Receptor Population: Current/Future Yakama Nation 
Receptor Age: Child    
Exposure Point: 100-B    
Exposure Medium: All  

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.01 2 2 0.2% 

Sediment 0.08 0.7 0.7 0.07% 

Island soil 0.1 0.3 0.4 0.04% 

Fish (all species) 52 1014 1066 100% 

Total Cumulative Noncancer Hazard = 52 1017 1069  
     

Cumulative Chemical Cancer Risk     

Surface water 0 9.E-07 9.E-07 0.014% 

Sediment 0 4.E-06 4.E-06 0.059% 

Island soil 4.E-06 4.E-10 4.E-06 0.061% 

Fish (all species) 0 7.E-03 7.E-03 100% 

Total Cumulative Chemical Cancer Risk = 4.E-06 7.E-03 7.E-03  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 1.E-06 2.E-07 1.E-06 12% 

Island soil 3.E-08 4.E-07 4.E-07 4% 

Fish (all species) 1.E-05 0 1.E-05 84% 

Total Cumulative Radiation Cancer Risk = 1.E-05 6.E-07 1.E-05  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.3 0.0005 0.3 7% 

Island soil 0.008 0.0003 0.008 0.2% 

Fish (all species) 3 0 3 92% 

Annual Total Effective Dose Equivalent (mrem/yr) = 4 0.0008 4  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the indicated 
environmental medium. 

  

Exhibit 12d



 

 

 C
olum

bia R
iver C

om
ponent R

isk A
ssessm

ent 
V

olum
e II, P

art 2:  B
aseline H

um
an H

ealth R
isk A

ssessm
ent 

Septem
ber 2012 

6-66 

 
D

O
E

/R
L

-2010-117 

R
isk

 C
h

aracterization
 

R
ev. 0 

 
Table 6-75.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose Equivalent -  

Yakama Nation Child - 300-A. 

Receptor Population: Current/Future Yakama Nation 
Receptor Age: Child    
Exposure Point: 300-A    
Exposure Medium: All  

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.05 0.07 0.1 0.01% 

Sediment 0.001 0.6 0.6 0.08% 

Island soil 0.1 0.4 0.5 0.06% 

Fish (all species) 57 763 819 100% 

Total Cumulative Noncancer Hazard = 57 764 821  
     

Cumulative Chemical Cancer Risk     

Surface water 4.E-07 1.E-06 1.E-06 0.03% 

Sediment 0 3.E-06 3.E-06 0.06% 

Island soil 4.E-06 4.E-10 4.E-06 0.07% 

Fish (all species) 2.E-05 5.E-03 6.E-03 100% 

Total Cumulative Chemical Cancer Risk = 3.E-05 5.E-03 6.E-03  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 1.E-06 2.E-07 1.E-06 59% 

Island soil 7.E-08 3.E-07 4.E-07 19% 

Fish (all species) 5.E-07 0 5.E-07 23% 

Total Cumulative Radiation Cancer Risk = 2.E-06 5.E-07 2.E-06  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.2 0.0007 0.2 58% 

Island soil 0.01 0.0002 0.01 3% 

Fish (all species) 0.2 0 0.2 40% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.4 0.0009 0.4  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the indicated 
environmental medium. 
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Table 6-76.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose Equivalent -  

Yakama Nation Child - 300-B. 

Receptor Population: Current/Future Yakama Nation 
Receptor Age: Child    
Exposure Point: 300-B    
Exposure Medium: All  

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.05 0.07 0.1 0.01% 

Sediment 0.0004 0.5 0.5 0.06% 

Island soil 0.1 0.5 0.6 0.1% 

Fish (all species) 57 763 819 100% 

Total Cumulative Noncancer Hazard = 57 764 820  
     

Cumulative Chemical Cancer Risk     

Surface water 4.E-07 1.E-06 1.E-06 0.03% 

Sediment 0 4.E-06 4.E-06 0.07% 

Island soil 5.E-06 4.E-10 5.E-06 0.09% 

Fish (all species) 2.E-05 5.E-03 6.E-03 100% 

Total Cumulative Chemical Cancer Risk = 3.E-05 5.E-03 6.E-03  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 0 3.E-07 3.E-07 11% 

Island soil 9.E-07 9.E-07 2.E-06 69% 

Fish (all species) 5.E-07 0 5.E-07 19% 

Total Cumulative Radiation Cancer Risk = 1.E-06 1.E-06 3.E-06  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0 0.0009 0.0009 0.3% 

Island soil 0.2 0.0006 0.2 63% 

Fish (all species) 0.1 0 0.1 36% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.3 0.001 0.3  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-77.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose Equivalent - 
Yakama Nation Child - LW-A. 

Receptor Population: Current/Future Yakama Nation 
Receptor Age: Child    
Exposure Point: LW-A    
Exposure Medium: All  

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0 0.2 0.2 0.02% 

Sediment 0.006 2 2 0.2% 

Fish (all species) 6 669 675 100% 

Total Cumulative Noncancer Hazard = 6 671 676  
     

Cumulative Chemical Cancer Risk     

Surface water 0 4.E-06 4.E-06 0.08% 

Sediment 0 7.E-06 7.E-06 0.2% 

Fish (all species) 2.E-05 5.E-03 5.E-03 100% 

Total Cumulative Chemical Cancer Risk = 2.E-05 5.E-03 5.E-03  
     

Cumulative Radiation Cancer Risk     

Surface water 5.E-08 0 5.E-08 0.4% 

Sediment 1.E-06 2.E-07 1.E-06 11% 

Fish (all species) 1.E-05 0 1.E-05 88% 

Total Cumulative Radiation Cancer Risk = 1.E-05 2.E-07 1.E-05   
         

Annual Total Effective Dose Equivalent (mrem/yr)         

Surface water 0.08 0 0.08 2% 

Sediment 0.3 0.0003 0.3 6% 

Fish (all species) 4 0 4 92% 

Annual Total Effective Dose Equivalent (mrem/yr) = 4 0.0003 4  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-78.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose Equivalent - 
Yakama Nation Child - LW-B. 

Receptor Population: Current/Future Yakama Nation 
Receptor Age: Child    
Exposure Point: LW-B    
Exposure Medium: All  

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.03 0.1 0.1 0.02% 

Sediment 0 2 2 0.3% 

Fish (all species) 6 669 675 100% 

Total Cumulative Noncancer Hazard = 6 672 677  
     

Cumulative Chemical Cancer Risk     

Surface water 0 1.E-06 1.E-06 0.03% 

Sediment 0 1.E-05 1.E-05 0.2% 

Fish (all species) 2.E-05 5.E-03 5.E-03 100% 

Total Cumulative Chemical Cancer Risk = 2.E-05 5.E-03 5.E-03  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 3.E-06 1.E-06 4.E-06 26% 

Fish (all species) 1.E-05 0 1.E-05 74% 

Total Cumulative Radiation Cancer Risk = 1.E-05 1.E-06 2.E-05   
         

Annual Total Effective Dose Equivalent (mrem/yr)         

Surface water 0 0 0 0% 

Sediment 0.6 0.001 0.6 14% 

Fish (all species) 4 0 4 86% 

Annual Total Effective Dose Equivalent (mrem/yr) = 5 0.001 5  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-79.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose Equivalent -  
Yakama Nation Adult - 100-A. 

Receptor Population: Current/Future Yakama Nation 
Receptor Age: Adult    
Exposure Point: 100-A    
Exposure Medium: All  

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.004 0.1 0.2 0.04% 

Sediment 0.01 0.1 0.2 0.05% 

Fish (all species) 17 331 348 100% 

Total Cumulative Noncancer Hazard = 17 332 349  
     

Cumulative Chemical Cancer Risk     

Surface water 0 3.E-06 3.E-06 0.01% 

Sediment 0 1.E-05 1.E-05 0.04% 

Fish (all species) 0 2.E-02 2.E-02 100% 

Total Cumulative Chemical Cancer Risk = 0 2.E-02 2.E-02  
     

Cumulative Radiation Cancer Risk     

Surface water 0 1.E-06 1.E-06 1% 

Sediment 2.E-05 3.E-06 2.E-05 11% 

Fish (all species) 2.E-04 0 2.E-04 88% 

Total Cumulative Radiation Cancer Risk = 2.E-04 4.E-06 2.E-04  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0.02 0.02 1% 

Sediment 0.3 0.0002 0.3 12% 

Fish (all species) 2 0 2 87% 

Annual Total Effective Dose Equivalent (mrem/yr) = 3 0.02 3  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the indicated 
environmental medium. 
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Table 6-80.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose Equivalent - 

Yakama Nation Adult - 100-B. 

Receptor Population: Current/Future Yakama Nation 
Receptor Age: Adult    
Exposure Point: 100-B    
Exposure Medium: All  

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.003 0.4 0.5 0.1% 

Sediment 0.009 0.08 0.09 0.03% 

Island soil 0.02 0.04 0.05 0.02% 

Fish (all species) 17 331 348 100% 

Total Cumulative Noncancer Hazard = 17 332 349  
     

Cumulative Chemical Cancer Risk     

Surface water 0 3.E-06 3.E-06 0.01% 

Sediment 0 7.E-06 7.E-06 0.03% 

Island soil 7.E-06 5.E-09 7.E-06 0.03% 

Fish (all species) 0 2.E-02 2.E-02 100% 

Total Cumulative Chemical Cancer Risk = 7.E-06 2.E-02 2.E-02  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 1.E-05 2.E-06 2.E-05 9% 

Island soil 2.E-07 5.E-06 5.E-06 3% 

Fish (all species) 2.E-04 0 2.E-04 89% 

Total Cumulative Radiation Cancer Risk = 2.E-04 7.E-06 2.E-04  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.3 0.0002 0.3 10% 

Island soil 0.002 0.0002 0.002 0.08% 

Fish (all species) 2 0 2 90% 

Annual Total Effective Dose Equivalent (mrem/yr) = 3 0.0004 3  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-81.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose Equivalent -  

Yakama Nation Adult - 300-A. 

Receptor Population: Current/Future Yakama Nation 
Receptor Age: Adult    
Exposure Point: 300-A    
Exposure Medium: All  

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.01 0.02 0.04 0.01% 

Sediment 0.0001 0.08 0.08 0.03% 

Island soil 0.02 0.05 0.07 0.02% 

Fish (all species) 19 249 268 100% 

Total Cumulative Noncancer Hazard = 19 249 268  
     

Cumulative Chemical Cancer Risk     

Surface water 2.E-06 4.E-06 5.E-06 0.03% 

Sediment 0 6.E-06 6.E-06 0.03% 

Island soil 7.E-06 5.E-09 7.E-06 0.03% 

Fish (all species) 8.E-05 2.E-02 2.E-02 100% 

Total Cumulative Chemical Cancer Risk = 9.E-05 2.E-02 2.E-02  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 1.E-05 2.E-06 1.E-05 54% 

Island soil 6.E-07 4.E-06 4.E-06 16% 

Fish (all species) 8.E-06 0 8.E-06 30% 

Total Cumulative Radiation Cancer Risk = 2.E-05 6.E-06 3.E-05  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0.2 0.0002 0.2 65% 

Island soil 0.003 0.0001 0.003 0.9% 

Fish (all species) 0.1 0 0.1 34% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.4 0.0004 0.4  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the indicated 
environmental medium. 
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Table 6-82.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose  

Equivalent - Yakama Nation Adult - 300-B. 

Receptor Population: Current/Future Yakama Nation 
Receptor Age: Adult    
Exposure Point: 300-B    
Exposure Medium: All  

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.01 0.02 0.04 0.01% 

Sediment 0.00005 0.06 0.06 0.02% 

Island soil 0.02 0.06 0.08 0.03% 

Fish (all species) 19 249 268 100% 

Total Cumulative Noncancer Hazard = 19 249 268  
     

Cumulative Chemical Cancer Risk     

Surface water 2.E-06 4.E-06 5.E-06 0.03% 

Sediment 0 7.E-06 7.E-06 0.03% 

Island soil 9.E-06 5.E-09 9.E-06 0.04% 

Fish (all species) 8.E-05 2.E-02 2.E-02 100% 

Total Cumulative Chemical Cancer Risk = 9.E-05 2.E-02 2.E-02  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 0 3.E-06 3.E-06 10% 

Island soil 1.E-05 1.E-05 2.E-05 64% 

Fish (all species) 8.E-06 0 8.E-06 26% 

Total Cumulative Radiation Cancer Risk = 2.E-05 1.E-05 3.E-05  
     

Annual Total Effective Dose Equivalent (mrem/yr)     

Surface water 0 0 0 0% 

Sediment 0 0.0003 0.0003 0.1% 

Island soil 0.2 0.0004 0.2 61% 

Fish (all species) 0.1 0 0.1 39% 

Annual Total Effective Dose Equivalent (mrem/yr) = 0.3 0.0007 0.3  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium.  
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Table 6-83.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose Equivalent - 
Yakama Nation Adult - LW-A. 

Receptor Population: Current/Future Yakama Nation 
Receptor Age: Adult    
Exposure Point: LW-A    
Exposure Medium: All  

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0 0.04 0.04 0.02% 

Sediment 0.0007 0.2 0.2 0.1% 

Fish (all species) 2 219 220 100% 

Total Cumulative Noncancer Hazard = 2 219 221  
     

Cumulative Chemical Cancer Risk     

Surface water 0 1.E-05 1.E-05 0.07% 

Sediment 0 1.E-05 1.E-05 0.07% 

Fish (all species) 6.E-05 2.E-02 2.E-02 100% 

Total Cumulative Chemical Cancer Risk = 6.E-05 2.E-02 2.E-02  
     

Cumulative Radiation Cancer Risk     

Surface water 6.E-07 0 6.E-07 0.3% 

Sediment 1.E-05 3.E-06 2.E-05 8% 

Fish (all species) 2.E-04 0 2.E-04 92% 

Total Cumulative Radiation Cancer Risk = 2.E-04 3.E-06 2.E-04   
         

Annual Total Effective Dose Equivalent (mrem/yr)         

Surface water 0.06 0 0.06 2% 

Sediment 0.3 0.0002 0.3 8% 

Fish (all species) 3 0 3 90% 

Annual Total Effective Dose Equivalent (mrem/yr) = 3 0.0002 3  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the 
indicated environmental medium. 
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Table 6-84.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose Equivalent -  
Yakama Nation Adult - LW-B. 

Receptor Population: Current/Future Yakama Nation 
Receptor Age: Adult    
Exposure Point: LW-B    
Exposure Medium: All   

Exposure Medium Study Area COPCs 
Reference 

COPCs 
Total 

Percent 
Contribution 

Cumulative Noncancer Hazard     

Surface water 0.006 0.03 0.04 0.02% 

Sediment 0 0.3 0.3 0.1% 

Fish (all species) 2 219 220 100% 

Total Cumulative Noncancer Hazard = 2 219 221  
     

Cumulative Chemical Cancer Risk     

Surface water 0 5.E-06 5.E-06 0.03% 

Sediment 0 2.E-05 2.E-05 0.1% 

Fish (all species) 6.E-05 2.E-02 2.E-02 100% 

Total Cumulative Chemical Cancer Risk = 6.E-05 2.E-02 2.E-02  
     

Cumulative Radiation Cancer Risk     

Surface water 0 0 0 0% 

Sediment 3.E-05 1.E-05 5.E-05 20% 

Fish (all species) 2.E-04 0 2.E-04 80% 

Total Cumulative Radiation Cancer Risk = 2.E-04 1.E-05 2.E-04   
         

Annual Total Effective Dose Equivalent (mrem/yr)         

Surface water 0 0 0 0% 

Sediment 0.6 0.001 0.6 18% 

Fish (all species) 3 0 3 82% 

Annual Total Effective Dose Equivalent (mrem/yr) = 4 0.001 4  
NOTE:  A hazard, risk, or dose equivalent of zero (0) indicates that Study Area or Reference contaminants of potential concern (COPCs) were not selected for the indicated 
environmental medium. 
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Table 6-85.  Summary of Noncancer Hazard, Cancer Risk, and Annual Total Effective Dose Equivalent 
for the Casual User, Avid Angler, and Yakama Nation Scenarios. 

Receptor 
Exposure 

Point 

Reasonable Maximum Exposure Central Tendency Exposure 

HI ILCR TEDE HI ILCR TEDE 

Risk Limits 

1 1E-06 to 1E-04 a 15 mrem/yr 1 1E-06 to 1E-04 a 15 mrem/yr 

Casual User 

100-A 0.4 7.E-06 0.2 0.1 1.E-06 0.07 

100-B 0.8 7.E-06 0.2 0.1 1.E-06 0.04 

300-A 0.3 7.E-06 0.2 0.1 2.E-06 0.08 

300-B 0.2 8.E-06 0.1 0.09 2.E-06 0.05 

LW-A 0.3 8.E-06 0.2 0.1 2.E-06 0.07 

LW-B 0.5 1.E-05 0.4 0.2 2.E-06 0.1 

Avid Angler 

100-A 146 6.E-03 3 13 3.E-04 0.4 

100-B 146 6.E-03 3 13 3.E-04 0.3 

300-A 109 5.E-03 0.3 10 2.E-04 0.1 

300-B 109 5.E-03 0.3 10 2.E-04 0.09 

LW-A 97 5.E-03 3 8 2.E-04 0.4 

LW-B 97 5.E-03 3 8 2.E-04 0.5 

Yakama Nation 

100-A 1068 3.E-02 7 -- -- -- 

100-B 1069 3.E-02 6 -- -- -- 

300-A 821 3.E-02 0.8 -- -- -- 

300-B 820 3.E-02 0.6 -- -- -- 

LW-A 676 2.E-02 8 -- -- -- 

LW-B 677 2.E-02 8 -- -- -- 

NOTE: Study Area contaminants of potential concern (COPCs) are summed with Reference Area COPCs for each metric 
a U.S. Environmental Protection Agency cancer risk range; MTCA cumulative risk limit is the mid-point of this range, 1 x 10-5.   
-- = not applicable 
HI = hazard index; only the child or youth receptor HI is presented. 
ILCR = incremental lifetime cancer risk; the ILCR is summed across all age groups for the indicated receptor and is the sum of both chemical and radiation ILCRs. 
MTCA = Model Toxics Control Act 
TEDE = total effective dose equivalent; the TEDE is summed across all age groups for the indicated receptor. 
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Table 7-1.  Uncertainties in the Data Evaluation.  (2 Pages) 

Description of Uncertainty 
Potential Bias in Risk 

Estimate 

Historical sediment and surface water data were included in the HHRA data set.  Generally, these data 
were consistent with relatively recent data collected from the Hanford Site.  In some instances, 
however, use of older data may reflect higher concentrations of certain contaminants (such as 
radionuclides or VOCs) that have since decreased with time.  

High 

It is possible that wind-blown dust associated with fires at the Hanford Site may have transported 
radionuclides entrained on particulate matter from the Hanford Site to downwind areas, including 
those areas where Reference/OCI areas were collected.  The State of Washington issued a report in 
2002 that summarized a study conducted at and in the vicinity of the Hanford Site following a major 
fire event, in which off-site wind transport of radionuclides was evaluated (WDOH/320-025). This 
study indicated that the amount of radionuclides transported via this mechanism were transitory, 
small, and did not pose a health risk. Therefore, although transport via wind-blown dust may be a 
complete migration pathway, the overall contribution from this pathway is likely minor compared to 
other pathways, such as groundwater migration.  Plutonium, strontium, and other suspected Hanford 
Site radionuclides were retained as Study Area COPCs in abiotic media, and so the overall impact on 
the conclusions of this risk assessment is anticipated to be small. 

Low 

Several radionuclides were detected in fish tissue, at an extremely low frequency of detection (<2%).  
It is believed that some of the radionuclide data may not accurately represent true fish tissue levels of 
radionuclides, as discussed in Section 3.0 of this report.  Further assessment may potentially be 
warranted.  As indicated in Section 3.0, select radionuclide results believed to be false-positives were 
excluded from the quantitative risk assessment, which may potentially underestimate risks, should 
these results be true positives.   

Low 

For selection of COPCs, 95% UCLs (or maximum concentrations where UCLs were not calculated) 
were compared to human health benchmarks for all media.  This comparison is conservative since 
many of the benchmarks used are based on much more intense or higher exposures relative to those 
evaluated in this HHRA (e.g., use of residential soil benchmarks for sediment and island soil).   

High 

For small sample sizes or for constituents with four or fewer detected results, the maximum 
concentration was used in lieu of the 95% UCL in the COPC selection process.  Small sample sizes 
may not adequately characterize extent or magnitude of environmental concentrations, potentially 
underestimating risk.  However, use of a maximum value in a large dataset with numerous nondetect 
results is highly conservative and likely overestimates risk. 

Undetermined 

Some analytes were automatically included as COPC in all media and sub-areas if they were detected 
at least once based on commonly reported analytes in waste site cleanup reports (i.e., inclusion list 
compounds), regardless of frequency of detection.  This resulted in inclusion of some analytes as 
COPCs, even though they were detected in only one or two samples within a large sample data set. 

High 

Some analytes were automatically excluded as COPCs based on the Tri-Party Agreement 
(i.e., exclusion list compounds).  Exclusion of these constituents may potentially underestimate 
cumulative risk.  However, it is recognized that many of these exclusion list constituents are either 
short-lived in the environment, essential nutrients, or common background contaminants, and so their 
exclusion is not anticipated to significantly underestimate risk. 

Low 

If no human health benchmarks were available for a contaminant, the benchmark from a structurally 
similar compound, if available, was used in the COPC selection process.  However, there is 
uncertainty on whether the surrogate accurately represents toxicity for the constituent lacking a 
benchmark.  The use of a surrogate compound may potentially over- or underestimate risk for the 
COPC.  
Where an appropriate chemical surrogate was not available, the constituent was ruled out as a COPC 
and not carried through the risk assessment.  This exclusion, based on lack of toxicological data, may 
potentially underestimate cumulative risk. 

Undetermined 
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Table 7-1.  Uncertainties in the Data Evaluation.  (2 Pages) 

Description of Uncertainty 
Potential Bias in Risk 

Estimate 

Constituents never detected in environmental media were excluded as COPCs.  Because a nondetect 
result does not necessarily mean that the constituent is not present (but may be present at level below 
standard laboratory reporting limits), risk may be underestimated for those compounds that are truly 
present in the Study Area but at undetectable levels.  A comparison (Appendix M) of detection limits 
of such compounds to the screening benchmarks used in the COPC selection process indicates that 
reporting limits for many of the nondetect compounds are below risk-based benchmarks, indicating 
low potential for underestimating risk. 

Low 

Fish tissue COPCs were selected using benchmarks based on the Avid Angler scenario, which 
assumes a fish consumption rate higher than the average fish consumption rate within the U.S. 
population, but is lower than the consumption rate for the Yakama Nation scenario.  Use of this lower 
fish ingestion rate as the basis of COPC screening benchmarks for COPC selection results in exclusion 
of only a small number of detected constituents as COPCs.  Although cumulative risks may be 
potentially underestimated for the Yakama Nation scenario using this approach, it does not change the 
overall outcome of the risk assessment (i.e., PCBs, chlorinated pesticides, and heavy metals in fish 
pose a risk/hazard exceeding EPA risk limits). 

High bias for average 
consumers; low bias for 

Yakama Nation 
scenario 

Fish carcass and liver/kidney COPCs were selected by comparing a comparison concentration (the 
95% UCL or maximum, adjusted by 5%) to the risk-based benchmark.  The assumption of 5% used to 
derive the comparison concentration was intended to reflect the minor component of the total fish diet 
that these tissue types are expected to comprise.  However, this assumption may potentially over- or 
under-predict consumption of nonfillet tissues for certain individuals or populations.    

Low or High 

Lead was detected in fish tissue, but was not carried through the quantitative risk assessment because 
no benchmark was available to evaluate this constituent.  The 95% UCL of the mean concentration in 
fish fillet of 0.3 mg/kg is equivalent to the current World Health Organization (WHO) guideline 
(WHO Codex General Standard for Contaminants and Toxins in Food and Feed, 193-1995). 

Low 

COPCs were identified as either Reference COPCs (i.e., consistent with Reference conditions) or 
Study Area COPCs (elevated above Reference conditions).  However, cumulative risk from both 
Reference and Study Area COPCs was evaluated in this HHRA.  Therefore, this portion of the COPC 
process has no impact on overall risk results, but may influence recommendations for future response 
actions. 

None 

For some constituents with small data sets or a small number of detected results, a qualitative 
evaluation of contaminant concentrations was used to determine the Study Area/Reference COPC 
designation.  Small data sets and discrepancies among sample reporting limits may not adequately 
represent overall variability in either the Study or Reference area chemical concentrations, which in 
turn may lower the confidence in the conclusions of the reference comparison for these constituents.  

Low or High 

The final decision for determining whether a constituent was a Study Area or Reference COPC in fish 
tissue was based on results for the fillet, because this is the portion of the fish that was assumed to 
comprise the majority (>90%) of the diet.  However, concentrations of some COPCs were actually 
higher in carcass and/or liver/kidney samples in the Study Area, compared to Reference areas.  
Because cumulative risk from both Reference and Study Area COPCs was evaluated in this HHRA, 
this approach has no effect on the overall risk results.  

Low 

COPC = contaminant of potential concern 
EPA = U.S. Environmental Protection Agency 
HHRA = human health risk assessment 
OCI = other contributing influence 
PCB = polychlorinated biphenyl 
UCL = upper confidence limit 
VOC = volatile organic compound 

WDOH/320-025, 2002, Analysis of Environmental Radiological Data Relating to the 2000 Wildfire at Hanford, State of Washington Department 
of Health, Environmental Radiation Program, Olympia, Washington. 

WHO Codex Alimentarius, 2010, Codex General Standard for Contaminants and Toxins in Food and Feed, Codex Standard 193-1995, 
Available at www.codexalimentarius.org/input/download/standards/17/CXS_193e.pdf 
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Table 7-2.  Constituents Excluded as Contaminants of Potential Concern Based on 
Low Frequency of Detection.  (3 Pages) 

Medium Constituent 
Frequency 

of Detection 
(%) 

Number 
Detected 

Number 
Analyzed 

Detected 
Concentration 

Units 
Sample 
Number 

River 
Mile 

Sediment 

Toluene 1 2 198 
0.185 

0.00222 
mg/kg 

J180H6 
J19FB0 

339 
345 

Benzo(b)fluoranthene 0.5 1 203 1.05 mg/kg J180T5 328 

Bis(2-ethylhexyl) 
phthalate 

4 7 198 

0.925 
0.281 
0.223 
0.179 
0.965 
0.119 
0.126 

mg/kg 

J18KM9 
J18886 
J18887 
J188B2 
J18987 
J18988 
J18991 

339 
352 
352 
353 
337 
337 
338 

Butylbenzylphthalate 0.5 1 203 0.0684 mg/kg J18987 337 

Chrysene 0.5 1 203 1.49 mg/kg J180T5 328 

Di-n-butylphthalate 2 3 198 
0.106 

0.0791 
0.0861 

mg/kg 
J17X12 
J17XJ1 
J17Y99 

368 
363 
370 

Fluoranthene 0.5 1 203 1.97 mg/kg J180T5 328 

Phenanthrene 0.5 1 203 1.22 mg/kg J180T5 328 

Pyrene 0.5 1 203 2.02 mg/kg J180T5 328 

beta-HCH 1 2 214 
0.00232 
0.00389 

mg/kg 
J17XK5 
J17YF2 

359 

delta-HCH 1 3 214 
0.0189 
0.00125 
0.00189 

mg/kg 
J17WH9 
J17Y97 
J18X06 

373 
370 
352 

DDT 3 7 209 

0.00015 
0.00013 
0.00086 
0.0006 
0.00054 
0.0028 
0.0026 

mg/kg 

4414210 
4414211 
4414212 
4424224 
4424226 
4424227 
4434241 

315 
315 
316 
326 
325 
325 
337 

Endosulfan sulfate 1 2 214 
0.000534 
0.00144 

mg/kg 
J17X12 
J17Y97 

368 
370 

Endrin 0.5 1 214 0.00232 mg/kg J187D5 373 

gamma-HCH 
(lindane) 

1 3 209 
0.007323 
0.00148 
0.00109 

mg/kg 
J17WH9 
J17Y96 
J17Y98 

373 
370 
370 

gamma-Chlordane 1 2 209 
0.00108 
0.00455 

mg/kg 
J17X12 
J18030 

368 
350 

Heptachlor 0.5 1 209 0.0104 mg/kg J17WH9 373 

Heptachlor epoxide 0.5 1 209 0.0318 mg/kg J17WH9 373 

Hexachlorobenzene 0.5 1 217 0.00011 mg/kg 4414212 316 
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Table 7-2.  Constituents Excluded as Contaminants of Potential Concern Based on 
Low Frequency of Detection.  (3 Pages) 

Medium Constituent 
Frequency 

of Detection 
(%) 

Number 
Detected 

Number 
Analyzed 

Detected 
Concentration 

Units 
Sample 
Number 

River 
Mile 

Sediment Tin 1 4 445 

9.20 
1.88 
5.98 
6.96 

mg/kg 

J17XJ2 
J18KY8 
J18L35 
J19JW6 

362 
323 
305 
379 

Surface 
water 

1,4-Dichlorobenzene 1 1 91 0.00022 mg/L B106M9 341 

Benzene 1 1 98 0.000091 mg/L B1DMT1 343 

Benzo(a)anthracene 4 1 23 0.0006 mg/L J17TJ4 340 

Benzo(b)fluoranthene 4 1 23 0.0005 mg/L J17TJ4 340 

Benzo(k)fluoranthene 4 1 23 0.0006 mg/L J17TJ4 340 

Chrysene 4 1 23 0.0007 mg/L J17TJ4 340 

Nitrite 3 13 405 

1.56 
1.45 
0.329 
0.289 
0.243 
0.217 
0.197 
0.171 
0.164 
0.161 
0.128 

0.0756 
0.0690 

mg/L 

J19K51 
B1KFY7 
B1KFW5 
B1KFX2 
B1KFV8 
B1KFY2 
B1L848 

B1KFW7 
B1KFY3 
B1KFW9 
B1KFX4 
B1BX52 
B18V27 

350 
344 
360 
340 
359 
344 
344 
340 
346 
340 
343 
340 
342 

Plutonium-238 1 1 82 1.1 pCi/L J17V40 308 

Island soil 

Bis(2-ethylhexyl) 
phthalate 

4 1 27 0.252 mg/kg J18B32 349 

Diethylphthalate 4 1 27 0.0635 mg/kg J18B12 371 

Fluoranthene 4 1 26 0.116 mg/kg J189Y3 375 

Pyrene 4 1 26 0.119 mg/kg J189Y3 375 

Endosulfan I 4 1 27 0.00453 mg/kg J18B00 371 

Endrin 4 1 27 0.00291 mg/kg J18B00 371 

Fish fillet 
(all 

species) 

Aldrin 2 2 91 
0.00917 
0.0192 

mg/kg 
J19478 
J195P2 

347 
314 

alpha-HCH 2 2 91 
0.00901 
0.0966 

mg/kg 
J18K38 
J192Y6 

342 
376 

alpha-Chlordane 2 2 91 
0.00739 
0.0106 

mg/kg 
J18K80 
J18X89 

334 
370 

Endosulfan I 1 1 91 0.00917 mg/kg J19478 347 

Endosulfan II 1 1 91 
0.00792 
0.00788 

mg/kg 
J18K81 
J18K82 

338 
339 

Endrin 1 1 91 0.016 mg/kg J191H3 370 

Endrin aldehyde 2 2 91 
0.01 

0.00498 
mg/kg 

J18K78 
J18K79 

331 
332 

Methoxychlor 1 1 91 0.0116 mg/kg J19293 376 

Antimony 1 1 101 0.208 mg/kg J18K79 332 
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Table 7-2.  Constituents Excluded as Contaminants of Potential Concern Based on 
Low Frequency of Detection.  (3 Pages) 

Medium Constituent 
Frequency 

of Detection 
(%) 

Number 
Detected 

Number 
Analyzed 

Detected 
Concentration 

Units 
Sample 
Number 

River 
Mile 

Nickel 1 1 101 2.55 mg/kg J18K80 334 

Tritium 1 1 101 6.25 pCi/g J190L9 338 

Plutonium-239/240 1 1 101 0.916 pCi/g J19068 382 

Strontium-90 1 1 101 1.55 pCi/g J19068 382 

DDT = dichlorodiphenyltrichloroethane 
HCH = hexachlorocyclohexane 
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Table 7-3.  Select Sample Locations where Concentrations of Contaminants Eliminated 

as Contaminants of Concern in Surface Water Exceed Human Health 
Screening Levels and Upriver Concentrations. 

River Mile Contaminant Concentration 
Maximum Detected 

Upriver Concentration 
Human Health Screening Level 

Nonradionuclides 

374 Antimony 2.3 µg/L 0.18 µg/L 0.6 µg/L for drinking water 
(Adjusted Region 9 RSL) 

369 Antimony 3.4 µg/L 0.18 µg/L 0.6 µg/L for drinking water 
(Adjusted Region 9 RSL) 

343 Cadmium 2.2E-01 µg/L 0.1 µg/L 0.69 µg/L (Adjusted Region 9 RSL)  

343 Trichloroethylene 0.18 µg/L ND (0.13 µg/L) 1E-07 risk for drinking water 
(WAC 173-340-720 Method B);  
additive with other carcinogens 

340 Trichloroethylene 0.21 µg/L ND (0.13 µg/L) 1E-07 risk for drinking water 
(WAC 173-340-720 Method B);  
additive with other carcinogens 

340 Benzo(a)anthracene 0.6 µg/L ND (10 µg/L) 0.0038 µg/L for drinking water 
(NRWQC) 

340 Benzo(b)fluoranthene 0.5 µg/L ND (10 µg/L) 0.0038 µg/L for drinking water 
(NRWQC) 

340 Benzo(k)fluoranthene 0.6 µg/L ND (10 µg/L) 0.0038 µg/L for drinking water 
(NRWQC) 

340 Chrysene 0.7 µg/L ND (10 µg/L) 0.0038 µg/L for drinking water 
(NRWQC) 

Radionuclides 

370 Tritium 990 pCi/L 73 pCi/L 160 pCi/L for drinking water 
(Adjusted Region 9 RSL) 

365 Tritium 180 pCi/L 73 pCi/L 160 pCi/L for drinking water 
(Adjusted Region 9 RSL) 

360 Tritium 990 pCi/L 73 pCi/L 160 pCi/L for drinking water 
(Adjusted Region 9 RSL) 

358 Tritium 530 pCi/L 73 pCi/L 160 pCi/L for drinking water 
(Adjusted Region 9 RSL) 

357 Tritium 390 pCi/L 73 pCi/L 160 pCi/L for drinking water 
(Adjusted Region 9 RSL) 

344 (300 
Area Outfall) 

Tritium 170 pCi/L 73 pCi/L 160 pCi/L for drinking water 
(Adjusted Region 9 RSL) 

344 Uranium-234 6.7 pCi/L 0.32 pCi/L 0.75 pCi/L for drinking water 
(Adjusted Region 9 RSL) 

344 Uranium-238 6.7 pCi/L 0.3 pCi/L 0.83 pCi/L for drinking water 
(Adjusted Region 9 RSL) 

340 Tritium 590 pCi/L 73 pCi/L 160 pCi/L for drinking water 
(Adjusted Region 9 RSL) 

340 Uranium (RAD) 0.73 pCi/L 0.55 pCi/L NA 
NA = not applicable 
NRWQC = national recommended water quality criteria 
RSL = regional screening level 
WAC = Washington Administrative Code 
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Table 7-4.  Select Sample Locations Where Concentrations of Contaminants  
in Fish Exceed Upriver Concentrations.  (2 Pages) 

River 
Mile 

Fish Species/ 
Tissue Type 

Contaminant Concentration 
Maximum Detected 

Upriver 
Concentration 

Human Health 
Screening 

Benchmark 
(mg/kg) 

Nonradionuclides 

384 Sucker, kidney/liver Endrin 0.014 mg/kg ND (0.013 mg/kg) 0.0094 

381-382 Sturgeon, liver Nickel 2 detects 
0.43-0.83 mg/kg 

1.04 mg/kg 0.63 

381 Carp, kidney Endosulfan I 0.033 mg/kg NA 0.19 

381 Sturgeon, kidney Methoxychlor 0.0079 mg/kg NA 0.16 

379 Sturgeon, liver Endosulfan I 0.015 mg/kg NA 0.19 

379 Sturgeon, liver Endrin aldehyde 0.068 mg/kg 0.055 mg/kg 0.0094 

379 Sturgeon, liver Nickel 0.55 mg/kg 1.04 mg/kg 0.63 

378 Carp, kidney Nickel 0.45 mg/kg ND (3.08 mg/kg) 0.63 

378 Sucker, kidney/liver Nickel 0.6 mg/kg 0.72 mg/kg 0.63 

376 Sturgeon, fillet Alpha-HCH 0.097 mg/kg ND (0.00757 mg/kg) 0.00012 

376 Sturgeon, fillet Methoxychlor 0.012 mg/kg ND (0.0076 mg/kg) 0.16 

376 Sturgeon, carcass Endrin aldehyde 0.0073 mg/kg 0.0081 mg/kg 0.0094 

376 Sturgeon, liver Endrin 0.028 mg/kg NA 0.0094 

376 Sturgeon, liver Nickel 3 detects 
0.49-2.1 mg/kg 

1.04 mg/kg 0.63 

373 Sturgeon, liver Endosulfan I 0.00704 mg/kg NA 0.19 

370 Sucker, kidney/liver Nickel 0.4 mg/kg 0.72 mg/kg 0.63 

370 Walleye, carcass Alpha-HCH 0.016 mg/kg ND (0.00757 mg/kg) 0.00012 

370 Whitefish, kidney/liver Endosulfan II 0.0083 mg/kg NA 0.19 

369-370 Walleye, kidney/liver Endosulfan I 4 detects 
0.021-0.11 mg/kg 

ND (0.014 mg/kg) 0.19 

367 Bass kidney/liver DDT 3.1 mg/kg 2.8 mg/kg 0.0022 

363 Sturgeon, Liver Alpha-chlordane 0.12 mg/kg 0.061 mg/kg 0.0021 

363 Carp, kidney Endosulfan I 0.013 mg/kg NA 0.19 

363 Carp, liver Endosulfan I 0.032 mg/kg NA 0.19 

363 Sturgeon, carcass Endrin aldehyde 0.02 mg/kg 0.0081 mg/kg 0.0094 

363 Sturgeon, carcass Lead 2.5 mg/kg ND (0.338 mg/kg) NA 

363 Sturgeon, carcass Tin 162 mg/kg 8.05 mg/kg 19 

363 Sturgeon, kidney Endosulfan I 0.062 mg/kg NA 0.19 

363 Sturgeon, kidney Nickel 0.63 mg/kg ND (2.6 mg/kg) 0.63 

363 Sturgeon, liver Alpha-chlordane 0.12 mg/kg NA 0.0021 

363 Sturgeon, liver Endosulfan I 2 detects 
0.021-0.15 mg/kg 

NA 0.19 

363 Sturgeon, liver Endrin 2 detects 
0.0073-0.056 mg/kg 

NA 0.0094 

363 Sturgeon, liver Endrin aldehyde 0.0073 mg/kg 0.055 mg/kg 0.0094 

363 Sturgeon, liver Methoxychlor 3 detects, 0.0094-0.073 
mg/kg 

NA 0.16 

363 Sturgeon, liver Nickel 6 detects 
0.46-1.1 mg/kg 

1.04 mg/kg 0.63 
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Table 7-4.  Select Sample Locations Where Concentrations of Contaminants  
in Fish Exceed Upriver Concentrations.  (2 Pages) 

River 
Mile 

Fish Species/ 
Tissue Type 

Contaminant Concentration 
Maximum Detected 

Upriver 
Concentration 

Human Health 
Screening 

Benchmark 
(mg/kg) 

363 Walleye, carcass Endosulfan I 0.0086 mg/kg ND (0.011 mg/kg) 0.19 

361 Walleye, carcass Endrin aldehyde 0.0068 mg/kg ND (0.011 mg/kg) 0.0094 

361 Walleye, kidney/liver Nickel 0.49 mg/kg ND (2.6 mg/kg) 0.63 

358 Sturgeon, liver Endrin aldehyde 0.038 mg/kg 0.055 mg/kg 0.0094 

358 Sturgeon, liver Nickel 0.94 mg/kg 1.04 mg/kg 0.63 

358 Sturgeon, kidney Endrin 0.014 mg/kg NA 0.0094 

352 Walleye, kidney/liver Endosulfan I 0.32 mg/kg ND (0.014 mg/kg) 0.19 

352 Walleye, kidney/liver Endosulfan II 0.028 mg/kg ND (0.014 mg/kg) 0.19 

348 Sucker, kidney/liver Endosulfan I 0.0102 mg/kg ND (0.013 mg/kg) 0.19 

347 Carp, carcass Methoxychlor 0.033 mg/kg ND (0.00033 mg/kg) 0.16 

347 Sturgeon, fillet Endosulfan I 0.0092 mg/kg ND (0.0076 mg/kg) 0.19 

347 Sturgeon, carcass Endosulfan I 2 detects, 0.0062-0.012 
mg/kg 

0.0081 mg/kg 0.19 

347 Sturgeon, liver Endosulfan I 0.015 mg/kg NA 0.19 

347 Sturgeon, liver Nickel 0.44 mg/kg 1.04 mg/kg 0.63 

346 Carp, liver Nickel 0.36 mg/kg ND (2.7 mg/kg) 0.63 

345 Sucker, kidney/liver Endosulfan I 2 detects 
0.025-0.028 mg/kg 

ND (0.013 mg/kg) 0.19 

342 Whitefish, fillet Alpha-HCH 0.009 mg/kg ND (0.00757 mg/kg) 0.00012 

342 Whitefish, fillet Tin 161 mg/kg 14.1 mg/kg 19 

341-342 Whitefish, kidney/liver Endosulfan II 3 detects 
0.009-0.044 mg/kg 

NA 0.19 

341 Whitefish, kidney/liver Endrin 0.0069 mg/kg NA 0.0094 

341 Whitefish, kidney/liver Methoxychlor 0.015 mg/kg NA 0.16 

340 Carp, kidney Endosulfan I 0.024 mg/kg NA 0.19 

339 Whitefish, kidney/liver Endosulfan II 0.011 mg/kg NA 0.19 

338-339 Whitefish, fillet Endosulfan II 2 detects 
both 0.0079 mg/kg 

ND (0.0071 mg/kg) 0.19 

337 Bass, carcass Endrin aldehyde 0.0048 mg/kg ND (0.0052 mg/kg) 0.0094 

337 Bass, carcass Nickel 0.45 mg/kg ND (2.5 mg/kg) 0.63 

334 Whitefish, fillet Nickel 2.6 mg/kg ND (2.8 mg/kg) 0.63 

334 Whitefish, kidney/liver Endosulfan I 0.022 mg/kg NA 0.19 

334 Whitefish, kidney/liver Endosulfan II 0.0074 mg/kg NA 0.19 

314 Sturgeon, carcass Endosulfan I 3 detects, 0.008- 
0.013 mg/kg 

0.0081 mg/kg 0.19 

314 Sturgeon, liver Endosulfan I 0.038 mg/kg NA 0.19 

NA = not applicable 
ND = not detectable 
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Table 7-5.  Calculation of Radioactive Decay of Short-Lived Radionuclide 

Contaminants of Potential Concern Over a 30-Year Duration. 

Radionuclides 
CAS 

Number 
Half-Life a 

(yr) 
Value Unit 

Decayed Value Over 
30 Years b 

Percentage of 
Initial Value 

Cesium-137 10045-97-3 30 1 pCi/g 0.500 50% 

Cobalt-60 10198-40-0 5 1 pCi/g 0.194 19% 

Europium-152 14683-23-9 13 1 pCi/g 0.209 21% 

Europium-154 15585-10-1 9 1 pCi/g 0.094 9% 

Strontium-90 10098-97-2 29 1 pCi/g 0.489 49% 

Tritium  10028-17-8 12 1 pCi/g 0.187 19% 
a EPA, 2001, Health Effects Assessment Summary Tables (HEAST) - Radionuclides Table. 
b Decay calculated according to the following formula:  A=Ao*e^ -( 0.693t/T1/2 ).  Initial activity (Ao), the time elapsed since the 

initial activity was measured (t), and the half-life of the isotope (T1/2). 

CAS = Chemical Abstract Services 

 
 

Table 7-6.  Uncertainties in the Exposure Assessment.  (3 Pages) 

Description of Uncertainty 
Potential Bias in 

Risk Estimate 
This risk analysis includes evaluation of the RME condition for each receptor as well as 
evaluation of CTE condition (except for the Yakama Nation scenario).  The RME exposure 
assumptions (including receptor specific variables, such as ingestion rate of soil or fish) 
reflect upper-bound or maximum values and thus likely overstate risks for the general 
population.  In general, risks for the RME scenarios were approximately two to three times 
higher than those for the CTE scenarios. 

High 

This HHRA used point estimates of exposure (i.e., deterministic) rather than distributions.  
Although exposure parameters generally reflected CTE and upper-bound (RME) variables, 
reliance on point estimates could potentially over- or underestimate risk for some 
subpopulations.  

High or low 

Historical sediment and surface water data were used in addition to more recently collected 
data to calculate EPCs.  Generally, these data were consistent with relatively recent data 
collected from the Site.  In some instances, however, use of older data may reflect higher 
concentrations of certain contaminants (such as radionuclides) that have since decreased with 
time through transport or burial or are no longer present in accessible (surface) sediment.  

High 

In the derivation of EPCs, 95% UCL or maximum concentrations (where a small number of 
samples or detected concentrations were available) were calculated in each data set for the 
RME scenarios.  EPCs likely provide a conservative estimate of typical Site exposures. 

High 

There is also considerable uncertainty when estimating exposure frequencies for riverine 
exposures.  The assumption that a receptor is exposed to an entire exposure point (which 
could potentially encompass tens of miles of shoreline) during each exposure event is 
conservative, coupled with use of 95% UCLs as EPCs, because it assumes that a receptor 
could simultaneously be exposed to COPCs that may or may not be present in all sections of 
a (typically) broad exposure point.  Further, when relatively elevated concentrations were 
observed in a medium in a sub-area, the relevant sample location(s) were evaluated as a 
distinct exposure point, thereby not “diluting” out the EPCs by averaging over a larger area.  

High 
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Table 7-6.  Uncertainties in the Exposure Assessment.  (3 Pages) 

Description of Uncertainty 
Potential Bias in 

Risk Estimate 
For the evaluation of soil/sediment ingestion, it was assumed that all of the daily 
soil/sediment ingestion would occur at the site, with no proportion from the home, 
workplace, and/or school.  However, the ingestion rates used in this assessment represent the 
total daily ingestion rates from all sources/locations.  Thus, potential risks are likely 
overestimated.  

High 

Point estimates of soil/sediment adherence to skin (adherence factors) were used for receptors 
throughout the study area.  Because there is the potential for a receptor to be exposed to a 
variety of soil/sediment types either within an exposure point or in different portions of the 
study area, the soil and sediment adherence factors could potentially over- or underestimate 
the amount of soil/sediment that a receptor could be exposed to via the dermal route of 
exposure. 

High or low 

Dust exposures were estimated using a PEF.  Vegetation present on island soil is anticipated 
to limit the amount of dust generated; however, because no actual dust data are available, 
there is some uncertainty associated with risks from this pathway. 

Undetermined 

Fish ingestion rates for the Avid Angler scenario are based on 50th and 95th percentile values 
(CTE and RME, respectively) for “consumer only” intake of fish in the western United 
States, which amounts to a daily adult ingestion rate of 31 to 161 g/day of fish caught 
exclusively from the study area.  The fish ingestion rate for the Yakama Nation scenario is 
approximately three times higher than the RME fish ingestion rate used for the Avid Angler 
scenario.  This estimate of fish ingestion is likely conservative, since it is anticipated that 
people could potentially catch and consume fish from other areas of the Columbia River or 
from other waterbodies during the year. 

High 

Most of the species of fish evaluated in the HHRA are typical fish species that are caught and 
consumed.  However, salmon is a key sport fish, and perhaps one of the more popular finfish 
species, and this species is not represented by the fish tissue EPC. 

Undetermined 

Fish tissue EPCs were based on assumed fraction of tissue types ingested (e.g., for the 
Avid Angler, 95% of the diet was from fillet and 5% from the organs/carcass; for the Yakama 
Nation, 10% of the diet was from organs/carcass).  Depending on consumption patterns, these 
assumptions may potentially over or underestimate exposures. 

Undetermined 

No absorption adjustments were made for the oral and inhalation exposure pathways, with 
the exception of a few constituents such as cadmium for which pathway-specific toxicity 
values were available.  Therefore, for most COPCs, the bioavailability is assumed to be 
equivalent in soil, water, and diet.  Absorption efficiencies are anticipated to differ among 
different media, however.  

Undetermined 

Estimated dermal permeability coefficients for PAHs and PCBs are outside of the model 
predictive domain, and therefore these constituents were not included in the quantitative 
evaluation of dermal aqueous exposures, in accordance with EPA guidance 
(EPA/540/R/99/005).  Although their exclusion could potentially underestimate risk from the 
water pathway, contribution from these types of contaminants is assumed to be relatively 
small due to their hydrophobic nature, which would reduce their solubility in aqueous media 
and skin permeability. 

Low 

Dermal absorption factors for soil (and sediment) were not available for certain COPCs, such 
as various metals.  In accordance with EPA guidance (EPA/540/R/99/005), risks from the 
dermal pathway were not quantified for these constituents, which may potentially 
underestimate risk.  

Low 

Default dermal absorption factors were used for certain COPCs (such as use of the 
semivolatile organic compound ABSd for COPCs within that class of compounds).  True 
absorption potential may not be accurately represented. 

Undetermined 

Exhibit 12d



 DOE/RL-2010-117 

Uncertainty Analysis Rev. 0 

 

 
Columbia River Component Risk Assessment 
Volume II, Part 2:  Baseline Human Health Risk Assessment 
September 2012  7-11 

Table 7-6.  Uncertainties in the Exposure Assessment.  (3 Pages) 

Description of Uncertainty 
Potential Bias in 

Risk Estimate 
In some instances, LRLs for censored results were variable within a data set, or at 
concentrations exceeding maximum detected results.  Incorporation of elevated LRLs for 
censored results could potentially overestimate EPCs. 

High 

In the derivation of soil, sediment, fish tissue, and surface water EPC, for each COPC, 
95% UCL or maximum concentrations were calculated in each data set.  When multiple 
methods of calculating a UCL were generated by ProUCL, the maximum UCL value was 
selected, to ensure a conservative estimate of exposure. 

High 

For constituents with only four or fewer detected results, the maximum concentration was 
used for both the RME and CTE EPC.  However, use of maxima for evaluation of low-
frequency COPCs likely overestimates exposures. 

High 

The HHRA assumed that radionuclides were in steady state and that there were no changes in 
activity and occurrence of radionuclides over time for purposes of calculating EPCs.  For 
radionuclides with a relatively long half-life (such as carbon-14, with a half-life of over 
5,000 years), this assumption is reasonable.  For short-lived radionuclides that have half-lives 
less than 70 years (typical lifetime), radionuclide EPCs may overestimate potential risks to a 
receptor.  Table 7-5 shows decay over 30 years of radionuclide COPCs with relatively short 
half-lives.  Results show that over this time frame, activities (based on an initial unit activity 
of 1 pCi/g) are reduced to approximately 10% to 50% of the initial concentration. 

High 

Likewise, the EPCs for chemical COPCs were assumed to remain in steady state throughout a 
receptor's exposure duration.  It would be expected that the levels of COPCs in the river, a 
dynamic system, would change with time, and would decrease following remediation of 
source areas, such as the reactor areas. 

High 

For some constituents and media, there were a high number of censored results with RLs 
elevated relative to detected concentrations and/or other RL results.  Kaplan-Meier statistics 
were used to address multiple reporting limits within a data set; however, inclusion of 
elevated RLs could potentially bias high an EPC.  A comparison of maximum detected 
concentrations against arithmetic mean concentrations and 95% UCLs indicates that 
inclusion of these reporting limits generally does not overestimate the mean.  In very few 
instances did the mean or UCL concentration exceed the maximum detected result.  

High 

ABSd = dermal absorption fraction 
COPC = contaminant of potential concern 
CTE = central tendency exposure 
EPA = U.S. Environmental Protection Agency 
EPC = exposure point concentration 
HHRA = human health risk assessment 
LRL = laboratory reporting limit 
PAH = polycyclic aromatic hydrocarbons 
PCB = polychlorinated biphenyl 
PEF  = particulate emission factor  
RL = reporting limit 
RME = reasonable maximum exposure  
UCL = upper confidence limit 

EPA/540/R-99/005, 2004, Risk Assessment Guidance for Superfund, Volume I:  Human Health Evaluation Manual (Part E, Supplemental 
Guidance for Dermal Risk Assessment), Final, OSWER 9285.7-02EP, Office of Superfund Remediation and Technology Innovation, 
U.S. Environmental Protection Agency, Washington, D.C.
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Table 7-7.  Uncertainties in the Toxicity Assessment.  (3 Pages) 

Description of Uncertainty 
Potential Bias 

in Risk 
Estimate 

Cancer slope factors developed by EPA for nonradionuclide constituents represent plausible 
upper-bound estimates, which means that the EPA is reasonably confident that the actual 
cancer risk will not exceed the estimated cancer risk calculated using the cancer slope factor.  
Furthermore, cancer slope factors are generally based on linear low-dose extrapolation, 
assuming that there is no threshold below which cancer would not be induced.  This is a 
conservative assumption, but may not necessarily represent the best-fitting dose-response 
model for a constituent. 

High 

RfDs and RfCs are defined by EPA as estimates (with uncertainty spanning perhaps an order 
of magnitude) of a daily oral exposure to the human population (including sensitive subgroups) 
that is likely to be without an appreciable risk of deleterious effects during a lifetime.  It is 
more likely that these toxicity values overestimate rather than underestimate potential health 
hazards. 

High 

Oral toxicity values were converted to dermal toxicity values for several COPCs (primarily 
metals).  For other compounds, the oral toxicity values were used to evaluate dermal risks.  
Use of oral values may potentially over- or underestimate potential risks via dermal exposure 
routes. 

High or low 

For some compounds lacking toxicity data, toxicity values from surrogate compounds with 
similar chemical structure were used to quantify risk.  For example, pyrene was used as a 
surrogate compound for the TPH fractions, which are complex mixtures that typically contain 
polycyclic aromatic hydrocarbons other than pyrene, as well as other hydrocarbons.  As 
another example, the oral reference dose for gamma-HCH (lindane) was used for the beta and 
delta isomers, which did not have RfDs.  For acute exposures, gamma-HCH is the most toxic 
of the isomers, followed by alpha-, delta-, and beta-HCH isomers.  With chronic exposures (for 
noncancer effects), however, there is evidence that the beta isomer is the most toxic, followed 
by alpha-, gamma-, and delta-HCH isomers (ATSDR, Toxicological Profile for 
Hexachlorocyclohexanes, August 2005).  Although other isomers have been classified as 
probable or potential human carcinogens, delta-HCH has not (IRIS 2012).  
 
Because the compound in question may be potentially more or less toxic than the surrogate 
compound, use of the surrogate toxicity value in the HHRA may potentially over or 
underestimate risks associated with these COPCs. 

High or low 

Toxicity information from various metallic compounds were used to evaluate risks from metal 
COPCs (e.g., the RfD for mercuric chloride was used to evaluate mercury).  These metal 
compounds may or may not actually be the relevant form of metal that is present in 
environmental media. 

High or low 

For compounds lacking adequate gastrointestinal absorption factors that could be used to 
derive dermal toxicity values, oral toxicity values were used to evaluate toxicity for dermal 
exposure routes.  Use of oral values may potentially over- or underestimate potential risks via 
dermal exposure routes.  However, it is standard practice to use values derived from studies 
based on oral exposures to evaluate dermal contact exposures.  This technique is generally 
health-protective since it has been demonstrated that the most significant exposures for most 
chemicals or COPCs typically occur via the oral and inhalation routes. 

High or low 

Dosimetry and biokinetic models are used to derive CSFs for radionuclides, and are based on a 
number of parameters such as organ-specific carcinogenicity and population characteristics to 
derive SFs suitable to assessing average risk within the U.S. population, defined by a certain 
time frame (currently 1989-1991; EPA 2001).  Use of such CSFs could potentially 
underestimate cancer risk to more sensitive sub-populations. 

Low 
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Table 7-7.  Uncertainties in the Toxicity Assessment.  (3 Pages) 

Description of Uncertainty 
Potential Bias 

in Risk 
Estimate 

Chemical toxicity of radionuclides (i.e., noncancer effects) is not evaluated, with the exception 
of uranium, cobalt, and strontium. 

Low 

In fish tissue, the organic arsenic fraction was not evaluated; however, toxicity from organic 
arsenic is anticipated to be low relative to that of inorganic arsenic.  There are some recent data 
that suggest that the trivalent forms of organic arsenic may be more toxic than previously 
thought (Yamanaka et al. 2004). 

Low 

The toxicity values for hexavalent chromium are currently undergoing review and revision by 
EPA (EPA 2012).  The toxicity values used for this COPC were published on IRIS in 1998.  
The draft RfD of 9E-04 mg/kg-d is approximately three times lower than the 1998 RfD.  EPA 
is also proposing a draft CSF of 0.5 per (mg/kg-day), which was recently used by the 
California Office of Health Hazard Assessment to develop a Public Health Goal for drinking 
water (CalEPA 2011).  Currently, IRIS does not provide an oral CSF for hexavalent chromium.  
Therefore, risks related to hexavalent chromium, especially related to the oral route of 
exposure, may potentially be underestimated. 

Low 

The PCB slope factor used in the HHRA was an upper-bound SF, which “provide[s] assurance 
that this risk is not likely to be underestimated if the underlying model is correct” (EPA 2012).  
However, use of the upper-bound SF may potentially overestimate risk. 

High 

EPA currently does not specify a cancer toxicity value with which to evaluate dioxin-like 
compounds (i.e., dioxin-like PCBs).  Their proposed value of 1,000,000 per mg/kg-d 
(EPA/600/P-00/001Cb) is an order of magnitude higher than the CalEPA value used in this 
HHRA.  Use of a higher CSF would result in a higher estimated risk. 

 Low 

Oral toxicity values were not identified for sulfate, a COPC in water.  Therefore, risks for this 
COPC could not be quantified, thereby potentially underestimating cumulative risk.  Risks 
from sulfate from water pathways are anticipated to be minimal relative to other water COPCs, 
however.  Sulfate is naturally occurring in water, although may also be related to 
anthropogenic sources and typically complexes to form mineral complexes.  EPA has set a 
drinking water standard of 250 mg/L based on aesthetic effects, such as taste and odor 
(EPA 2012).  The highest surface water EPC for sulfate (in Lake Wallula; RME) is below this 
standard, at approximately 11 mg/L. 

Negligible 

Inhalation toxicity values were not identified for a number of COPCs.  However, although lack 
of such information could potentially underestimate cumulative risk for a receptor, the 
inhalation pathway (limited to inhalation of dust emanating from island soil) contributes a 
relatively minor component of cumulative risk.  Therefore, this lack of toxicity information is 
unlikely to significantly bias low the risk estimates. 

Negligible 
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Table 7-7.  Uncertainties in the Toxicity Assessment.  (3 Pages) 

Description of Uncertainty 
Potential Bias 

in Risk 
Estimate 

Dermal toxicity (via direct application of a constituent to the skin) is not addressed in this 
HHRA, although some COPCs, such as arsenic, are associated with such effects.  Because this 
exposure pathway is not quantified, risks may be underestimated. 

Low 

ATSDR = Agency for Toxic Substance Disease Registry 
CalEPA = California Environmental Protection Agency 
COPC = contaminant of potential concern 
CSF = cancer slope factor 
EPA = U.S. Environmental Protection Agency 
EPC = exposure point concentration 
HHRA = human health risk assessment 
IRIS = Integrated Risk Information System 
MRL = minimal risk level 
PCB = polychlorinated biphenyl 
RfC = reference concentration 
RfD = reference dose 
RME = reasonable maximum exposure  
SF = slope factor 
TPH = total petroleum hydrocarbons 

ATSDR, 2005, Toxicological Profile for Hexachlorocyclohexane, Agency for Toxic Substances and Disease Registry, U.S. Department of 
Health and Human Services, Atlanta, Georgia.   

CalEPA, 2011, Final Public Health Goal for Hexavalent Chromium (CrVI), California Environmental Protection Agency, Office of 
Environmental Health and Hazard Assessment, Sacramento, California.  Available at 
http://www.oehha.ca.gov/water/phg/pdf/Cr6PHG072911.pdf. 

EPA, 2001, Health Effects Assessment Summary Tables (HEAST), Radionuclides Table, U.S. Environmental Protection Agency, Office of 
Radiation and Indoor Air, Washington, D.C.   

EPA, 2012, Integrated Risk Information System. Available online at http://www.epa.gov/iris. 

EPA/600/P-00/001Cb, 2004, Exposure and Human Health Reassessment of 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) and Related 
Compounds. Part III. Integrated Summary and Risk Characterization for 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) and Related 
Compounds, (NAS Review Draft), U.S. Environmental Protection Agency, Washington, D.C. 

EPA/635/R-10/004A, 2010, Toxicological Review of Hexavalent Chromium (CAS No. 18540-29-9) in Support of Summary Information on the 
Integrated Risk Information System (IRIS), External Review Draft, U.S. Environmental Protection Agency, Washington, D.C.   

Yamanaka, K., K. Kato, M. Mizoi, Y. An, F. Takabayashi, M. Nakano, M. D. Hoshino, and S. Okada, 2004, “The Role of Active Arsenic 
Species Produced by Metabolic Reduction of Dimethylarsinic Acid in Genotoxicity and Tumorigenesis,” Toxicology and Applied 
Pharmacology, Vol. 198, Issue 3, pp. 385-393. 
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Table 7-8.  Uncertainties in the Risk Characterization. 

Description of Uncertainty 
Potential Bias 

in Risk 
Estimate 

Assumption of simple additivity across COPCs that may have different endpoints, target 
organs, etc., or that may have additive, antagonistic, or synergistic interactions with other 
constituents present in the environment. 

Low or high 

Nonchemical stressors may also interact with chemicals and impact toxicity.  However, this 
interaction is not addressed in the HHRA; therefore, risks may be underestimated. 

Low 

Receptor risks associated with exposure to island soil, sediment, fish tissue, and/or surface 
water were summed, although it is unlikely that the same receptor would actually contact 
COPCs in all these media across each exposure point during each exposure event.   

High 

In some media, COPCs (such as radionuclides in sediment) were detected at a low 
frequency, but were identified major contributors to risk, primarily because an upper-bound 
or maximum concentration was used as an exposure point concentration.  Exposures are 
assumed to occur at each identified exposure point, which encompasses a broad area; thus, a 
receptor is likely to only encounter these higher concentrations in discrete areas 
infrequently.  Therefore, the risks estimated for these low-frequency COPCs are likely 
biased high, potentially overestimating risk. 

Moderate-high 

Hexavalent chromium also was sporadically detected in fish tissue samples.  This form of 
chromium is not expected to be present in biological tissue, due to its biological conversion 
to its trivalent form once taken up into tissue, suggesting that the hexavalent chromium 
tissue results may potentially be positively biased and may represent an erroneous 
measurement. (See Section 3.6.4.3.3.)  Because hexavalent chromium is rapidly reduced in 
tissue to trivalent chromium, which is much less toxic than the hexavalent form, the risk 
from ingestion of chromium in fish tissue is expected to be minimal.  Toxicity from 
hexavalent chromium is generally associated with direct exposures, such as inhalation of 
dusts, ingestion of drinking water, and dermal contact (ATSDR 2000, Toxicological Profile 
for Chromium; Langard and Costa 2007, “Chromium,” in Handbook on the Toxicology of 
Metals). 

Negligible 

Risks from constituents that were detected, but not identified as COPCs, were not evaluated, 
therefore potentially underestimating cumulative risk.  However, the screening criteria used 
to identify COPCs were conservative (e.g., use of residential soil criteria to evaluate 
recreational sediment exposures), allowing the COPC selection process to focus on 
contaminants with the highest potential for exposure and health risk. 

Low 

COPC = contaminant of potential concern 
HHRA = human health risk assessment 

ATSDR, 2000, Toxicological Profile for Chromium, Agency for Toxic Substances and Disease Registry, U.S. Department of Health and 
Human Services, Atlanta, Georgia. 

Langard, S. and M. Costa 2007, “Chromium,” in Handbook on the Toxicology of Metals, Elsevier Inc. 
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Table 7-9.  Summary of Noncancer Hazard and Chemical Cancer Risk from Ingestion 

of Select Contaminants of Potential Concern in Fish Carcass and Liver/Kidney. 

Receptor 
Exposure 

Point 

Cumulative 
Hazard/Risk from 

COPCs in Fish 
Carcass and 

Liver/Kidney a that 
were Evaluated as 
Reference COPCs 

Cumulative 
Hazard/Risk 

from Study Area 
COPCs in All 
Fish Tissue b 

Cumulative 
Hazard/Risk from 
Reference COPCs 
in All Fish Tissue c 

Cumulative Hazard/Risk 
from All Chemical 

COPCs in Fish Tissue d 

HI 
Chemical 

ILCR 
HI 

Chemical 
ILCR 

HI 
Chemical 

ILCR 
HI 

Chemical 
ILCR 

Avid 
Angler 

100 Area 11 5E-04 7 -- 139 6E-03 146 6E-03 

300 Area -- -- 8 -- 101 5E-03 109 5E-03 

Lake 
Wallula 

0.02 -- 0.6 -- 96 5E-03 97 5E-03 

Yakama 
Nation 

100 Area 139 4E-03 52 -- 1014 3E-02 1066 3E-02 

300 Area 48 2E-03 57 1E-04 763 3E-02 820 3E-02 

Lake 
Wallula 

0.9 2E-04 6 8E-05 669 2E-02 675 2E-02 

a These constituents include COPCs in carcass and liver/kidney that had higher concentrations in the Study Area, compared to Upriver, 
but were evaluated as Reference COPCs, since fillet concentrations were similar to Upriver areas.  Hazard and risk for the Avid Angler 
scenario is based on an assumed consumption of 5% carcass, whereas the Yakama Nation scenario is based on an assumed 
consumption of 5% carcass and 5% liver/kidney.  Risk and hazard for these COPCs are presented in Appendix O. 

b Hazard and risk from COPCs in fish (all tissue types, combined) that were identified as "Study Area" COPCs.  See Section 6.0. 
c Hazard and risk from COPCs in fish (all tissue types, combined) that were identified as "Reference" COPCs.  See Section 6.0. 
d Cumulative hazard and risk from both Study Area and Reference COPCs in fish (all tissue types, combined). See Table 6-85. 
-- = not applicable; no Study Area COPCs were identified for relevant tissue types within sub-area. 

COPC = contaminant of potential concern 
HI = hazard index 
ILCR = incremental lifetime cancer risk  

 

 

 

 

 

 

 

 

 

Exhibit 12d



 DOE/RL-2010-117 

Uncertainty Analysis Rev. 0 

 

 
Columbia River Component Risk Assessment 
Volume II, Part 2:  Baseline Human Health Risk Assessment 
September 2012  7-17 

Table 7-10.  Summary of Cancer Risk and Annual Total Effective Dose 
Equivalent from Ingestion of Detected Radionuclides in 

Fish Versus Cumulative Cancer Risk from 
All Contaminants of Potential Concern. 

Receptor Exposure Point 

Cumulative 
Radiation Cancer 

Risk from Excluded 
Radionuclides a 

Radiation Cancer 
Risk from 

Carbon-14 in Fish 
Tissue b 

Cumulative Cancer 
Risk from Both 
Chemical and 

Radiological COPCs 
in Fish Tissue c 

ILCR TEDE ILCR TEDE ILCR 

Avid Angler 

100 Area 9E-04 164 4E-05 2 6E-03 

300 Area 9E-07 0.2 2E-06 0.1 5E-03 

Lake Wallula 3E-06 0.2 4E-05 3 5E-03 

Yakama Nation 

100 Area 4E-03 349 2E-04 6 3E-02 

300 Area 2E-05 0.9 9E-06 0.3 3E-02 

Lake Wallula 1E-05 0.4 2E-04 7 2E-02 
a ILCR and TEDE based on the maximum detected activity (for each tissue type) of each of the following radionuclides, 

which were detected in fish tissue samples, but which are believed to be false-positives:  tritium, plutonium-239/240, 
strontium-90, technetium-99, and cesium-137. 

 The Avid Angler scenario is based on an assumed consumption of 95% fillet and 5% carcass. 
 The Yakama Nation scenario is based on an assumed consumption of 90% fillet, 5% carcass, and 5% liver/kidney. 
b Carbon-14 was the only radionuclide identified as a COPC in fish tissue. 
c Cumulative cancer risk related to both chemical and radionuclide COPCs. 

COPC = contaminant of potential concern 
ILCR = incremental lifetime cancer risk  
TEDE = annual total effective dose equivalent 
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Table 8-1.  Summary of Study Area Contaminants of Potential Concern that are Risk Drivers in Fish Tissue. 

Receptor 
Individual Fish Species Combined Species 

Bass Carp Sturgeon Sucker Walleye Whitefish 100 Area 300 Area Lake Wallula 

Avid Angler 

beta-HCH  Carbon-14 Cobalt beta-HCH Lithium DDD Mercury Mercury Carbon-14 

  Mercury PCBs  Dieldrin Carbon-14 Carbon-14  

   Carbon-14  Antimony    

     Mercury    

     Carbon-14    

Yakama 
Nation 

Not Evaluated 

Mercury 
Uranium 

Carbon-14 

Heptachlor epoxide 
Lithium 
Mercury 
Uranium 

Carbon-14 

Heptachlor epoxide 
Uranium 

Carbon-14 

NOTE:  Risk drivers are COPCs that result in a hazard index greater than one or cancer risk greater than 1 x 10-6.  

COPC = contaminant of potential concern 
DDD = dichlorodiphenyldichloroethane 
HCH = hexachlorocyclohexane  
PCB = polychlorinated biphenyl 
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Table 8-2.  Study Area Contaminant of Potential Concern Risk Drivers in Abiotic Media. 

Receptor Medium 

Exposure Point 

100 Area 300 Area Lake Wallula 

A B A B A B 

Casual User 

Surface Water None None None None None None 

Sediment None None None None None None 

Island Soil Not Applicable None None None Not Applicable Not Applicable 

Avid Angler 

Surface Water None None None None None None 

Sediment Cobalt-60 Europium-152 None None Europium-152 Europium-152 

Island Soil Not Applicable None None None Not Applicable Not Applicable 

Yakama Nation 

Surface Water None None None None None None 

Sediment 
Cobalt-60 

Europium-152 
Cobalt-60 

Europium-152 
Cobalt-60 

Europium-152 
None 

Cobalt-60 
Europium-152 

Cobalt-60 
Europium-152 
Europium-154 

Island Soil Not Applicable Arsenic Arsenic 
Arsenic 

Cobalt-60 
Europium-152 

Not Applicable Not Applicable 

NOTE:  Risk drivers are COPCs that result in a hazard index greater than one or cancer risk greater than 1 x 10-6.  No risk drivers were identified for the casual user and avid angler scenarios, 
since cumulative hazard/risk from abiotic media did not exceed EPA or MTCA risk management criteria for these scenarios. 

COPC = contaminant of potential concern 
MTCA = Model Toxics Control Act 
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Most of the following documents are available in Adobe PDF format, and may not be viewed
with some older versions of Acrobat Reader. Please use the current version of Adobe Acrobat
Reader (http://www.adobe.com/go/EN_US-H-GET-READER) to view these files.

River Corridor Baseline Risk Assessment (#rcbra)

Remedial Investigation of Hanford Site Releases the Columbia River (#investigation)

Integration (#integration)

Long Term Stewardship (#stewardship)

Orphan Sites Evaluations (#orphansites)

Other Supporting Documentation (#other)

River Corridor Baseline Risk Assessment Top
(#top)

Risk Assessment Documents

River Corridor Baseline Risk Assessment (DOE/RL-2007-21)

Rev 0, Volume I: Ecological Risk Assessment

Part 1 (Text) (http://www.washingtonclosure.com/documents

/mission_complete/RiskAsses/RCBRA_Vol_I_Rev_0_Part_1.pdf) , Part 2

(Tables) (http://www.washingtonclosure.com/documents/mission_complete

/RiskAsses/RCBRA_Vol_I_Rev_0_Part_2.pdf)

Rev 0, Volume II: Human Health Risk Assessment

Part 1 (Text) (http://www.washingtonclosure.com/documents

/mission_complete/RiskAsses/Vol II Part 1 Rev. 0.pdf) , Part 2 (Tables)

(http://www.washingtonclosure.com/documents/mission_complete

/RiskAsses/Vol II Part 2 Rev. 0.pdf)

Draft C, Volume I: Ecological Risk Assessment

Part 1 (Text) (http://www.washingtonclosure.com/documents

/mission_complete/RiskAsses/RCBRA Vol I Part 1 Draft C.pdf) , Part 2

(Tables) (http://www.washingtonclosure.com/documents/mission_complete

/RiskAsses/RCBRA Vol I Part 2 Draft C.pdf)

Draft C, Volume II: Human Health Risk Assessment

Part 1 (Text) (http://www.washingtonclosure.com/documents

/mission_complete/100-300Area/DOE_RL_2007-21_Vol II Draft C Part 1.pdf) ,

Part 2 (Tables) (http://www.washingtonclosure.com/documents

/mission_complete/100-300Area/DOE_RL_2007_21_Vol II Draft C Part 2.pdf)

Draft B, Volume I: Ecological Risk Assessment and Volume II: Human
Health Risk Assessment was not released for external review.

Draft A, Report for the 100 Area and 300 Area Component

(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/RL2007-21_DraftA.pdf)

Washington Closure Hanford

Washington Closure Hanford http://www.washingtonclosure.com/projects/environmental_protection/m...
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Work Plan, DQO and Sampling Documents

Risk Assessment Work Plan for the 100 Area and 300 Area Component
of the RCBRA (http://www.washingtonclosure.com/documents

/mission_complete/RL2004-37_Rev2.pdf) (DOE/RL-2004-37, Rev 2) [pdf, 5
MB]

DQO Summary Report for the 100 Area and 300 Area Component of the
RCBRA (http://www.washingtonclosure.com/documents/mission_complete

/Bhi01757_R0_web.pdf) (BHI-01757, Rev 0) [pdf, 1.57 MB]

Appendices A-H of DQO Summary Report

(http://www.washingtonclosure.com/documents/mission_complete

/BHI-01757_R0_Appendices.pdf) (BHI-01757, Rev 0) [pdf, 4.97 MB]

100 and 300 Area Component of the RCBRA Sampling and Analysis
Plan (http://www.washingtonclosure.com/documents/mission_complete

/InterArea/RL2005-42_Rev_1_text.pdf) (DOE/RL-2005-42, Rev 1) [pdf, 2.5
MB]

Appendices A, B, C & D (http://www.washingtonclosure.com/documents

/mission_complete/InterArea/RL2005-42_Rev_1_AppABCD.pdf) [pdf, 1.5 MB]

Appendix E (http://www.washingtonclosure.com/documents/mission_complete

/InterArea/RL2005-42_Rev_1_AppE.pdf) [pdf, 3.9 MB]

Sampling and Analysis Instructions for the 100 Area and 300 Area
Component of the RCBRA Project (http://www.washingtonclosure.com

/documents/mission_complete/100-300Area/WCH-47_SAI_Rev_0.pdf) ,
WCH-47, Rev. 1

Supporting Technical Information

Guided Interactive Statistics Decision Tools (“GiSdT”)
(http://www.gisdt.org/) - The data being used in the Risk Assessment is
available via a web-based program.  For access, e-mail your name,
e-mail address, and affiliation to rcbra@gisdt.org (mailto:rcbra@gisdt.org)

(mailto:rcbra@gisdt.org) . Use the GiSdT Interface User Guide
(http://www.washingtonclosure.com/documents/mission_complete

/GiSdT_Interface_User%20Guide.pdf) for assistance.

White Paper: COPC Refinement (http://www.washingtonclosure.com

/documents/mission_complete/100-300Area

/COPC_Refinement_edited_final.pdf)

White Paper: Representative Concentrations Methodology
(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/COPC_Refinement_edited_final.pdf)

MTCA and CERCLA Requirements Crosswalk
(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/MTCA_vs_CERCLA_Crosswalk.pdf)

RCBRA Stack Air Emissions Deposition Scoping Document (DOE/RL-
2005-49, Rev 0) (http://www.washingtonclosure.com/documents

/mission_complete/RL-2005-49_Rev0.pdf) [pdf, 370 kb]

Reference Site Selection Rationale for the 100 Area and 300 Area
Component of the River Corridor Baseline Risk Assessment

Washington Closure Hanford http://www.washingtonclosure.com/projects/environmental_protection/m...
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(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/Ref_site_selection_rationale.doc)

Additional Information on Reference Areas for the River Corridor
Baseline Risk Assessment (http://www.washingtonclosure.com/documents

/mission_complete/100-300Area/additional_txt_on_ref_areas.doc)

Inter-Areas Component of the River Corridor Baseline Risk Assessment
Sampling Summary (http://www.washingtonclosure.com/documents

/mission_complete/wch274.pdf) (WCH-274, Rev. 0) [pdf, 7MB]

100 Area and 300 Area Component of the river Corridor Baseline Risk
Assessment Spring 2006 Data Compilation
(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/WCH-139_Rev_0_text.pdf) (WCH-139) [pdf, 872 kb]

Appendix A (http://www.washingtonclosure.com/documents/mission_complete

/100-300Area/WCH-139_App_A.pdf) [pdf, 231 kb]

Appendix B (http://www.washingtonclosure.com/documents/mission_complete

/100-300Area/WCH-139_App_B.pdf) [pdf, 19 kb]

Appendix C (http://www.washingtonclosure.com/documents/mission_complete

/100-300Area/WCH-139_App_C.pdf) [pdf, 4.2 MB]

Appendix D (http://www.washingtonclosure.com/documents/mission_complete

/100-300Area/WCH-139_App_D.pdf) [pdf, 288 kb]

100 Area and 300 Area Component of the RCBRA Fall 2005 Data
Compilation (http://www.washingtonclosure.com/documents/mission_complete

/100-300Area/WCH-85_Rev_0_Final.pdf) (WCH-85, Rev 0) [pdf, 1.7 MB]

Literature Review of Environmental Documents in Support of the 100
and 300 Area River Corridor Baseline Risk Assessment
(http://www.washingtonclosure.com/documents/mission_complete/PNNL-

SA-41467.pdf) (PNNL-SA-41467) [pdf, 7.4 MB]

Fall 2005 MIS data results (in support of WCH-85)
(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/Fall_05_MIS_data_results.xls) [MS Excel]

Fall 2005 Well Sample Results (http://www.washingtonclosure.com

/documents/mission_complete/100-300Area/Fall_05_Well_samples_results.xls)

(in support of WCH-85) [MS Excel]

Polychlorinated Biphenyl Presence in the Columbia River Corridor
(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/WCH-208_R0.pdf) , WCH-208, Rev.0

2003 Reactor Area Shoreline Radiological Survey Maps

100-B/C Area Shoreline (http://www.washingtonclosure.com/documents

/mission_complete/Maps/BC_Radmap.pdf) [pdf, 592 kB]

100-K Area Shoreline (http://www.washingtonclosure.com/documents

/mission_complete/Maps/RRA_100K.pdf) [pdf, 3.7 MB]

100-D Area Shoreline (http://www.washingtonclosure.com/documents

/mission_complete/Maps/RRA_100D.pdf) [pdf, 362 kB]

100-D Island Survey (http://www.washingtonclosure.com/documents

/mission_complete/Maps/RRA_ISLE_.pdf) [pdf, 254 kB]
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100-H Area Shoreline (http://www.washingtonclosure.com/documents

/mission_complete/Maps/RRA_100H.pdf) [pdf, 307 kB]

100-F Area Shoreline (http://www.washingtonclosure.com/documents

/mission_complete/Maps/RRA_100F_.pdf) [pdf, 151 kB]

300 Area Shoreline (http://www.washingtonclosure.com/documents

/mission_complete/Maps/RR020304.pdf) [pdf, 191 kB]

Public Communication Plan for the 100 Area and 300 Area Component
of the River Corridor Baseline Risk Assessment
(http://www.washingtonclosure.com/documents/mission_complete

/Pub_Comm_Plan_100-300_Comp_RCBRA.PDF) (DOE/RL-2003-65, Rev 0)
[pdf, 1 MB]

Trustee Communication Plan for the River Corridor Baseline Risk
Assessment Project (http://www.washingtonclosure.com/documents

/mission_complete/Trustee_Communication_Plan_RCBRA.PDF) (DOE/RL-
2003-67, Rev 0) [pdf, 1 MB]

100 Area and 300 Area Component of the River Corridor Baseline Risk
Assessment: Basis and Assumptions on Project Scope
(http://www.washingtonclosure.com/documents/mission_complete

/basis_assump.PDF) (DOE/RL-2003-61, Rev 0 ) [pdf, 2MB]

Meetings and Workshops

 January 10-11, 2008 RCBRA Workshop

Meeting Notes (http://www.washingtonclosure.com/documents

/mission_complete/100-300Area/Mting_notes_Jan_10-11_wrkshp.doc)

Presentation (http://www.washingtonclosure.com/documents/mission_complete

/100-300Area/Pres_Jan_10-11_RCBRA.ppt)

White Paper: COPC Refinement (http://www.washingtonclosure.com

/documents/mission_complete/100-300Area

/COPC_Refinement_edited_final.pdf)

White Paper: Representative Concentrations Methodology

(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/Rep_Conc_edited_final.pdf)

MTCA and CERCLA Requirements Crosswalk

(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/MTCA_vs_CERCLA_Crosswalk.pdf)

October 30, 2007 - RCBRA Workshop - Meeting notes
(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/Mting_Notes_Oct_30_07_Wrkshp.doc) , Presentation
(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/Pres_Oct_30_2007_rev2.pdf)

July 25, 2007- RCBRA Workshop – Meeting notes
(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/meeting_notes_July_25_07.doc)

May 16, 2007 - RCBRA Workshop  - Meeting notes
(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/Meeting_notes_May_16_workshop.doc) , Presentation
(http://www.washingtonclosure.com/documents/mission_complete/100-300Area
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/May_2007_presentation.pdf)

March 21, 2007 - RCBRA Workshop  - Meeting notes
(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/Mting_Notes_March-21_%20Wrkshp_2007-03_notes_final.doc) , Presentation
(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/March_2007_Presentations.pdf)

January 16, 2007 - RCBRA Workshop  - Meeting notes
(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/RCBRA_16Jan07_minutes.doc) , Presentation
(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/January_2007_presentation.pdf)

December 14, 2006 - RCBRA Workshop  - Meeting notes
(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/RCBRA_14Dec06_minutes_final.doc) , Presentation
(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/December_2006_presenations.pdf)

November 15, 2006 - RCBRA Teleconference  - Meeting notes
(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/RCBRA_15Nov06_Minutes_final.doc) , Presentation
(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/November_2006_presentation.pdf)

October 17-18, 2006 - RCBRA Workshop

Meeting notes (http://www.washingtonclosure.com/documents

/mission_complete/100-300Area/RCBRA_1718Oct06_Minutes_final.doc) [MS

Word]

Presentation (http://www.washingtonclosure.com/documents/mission_complete

/100-300Area/October_2006_presentations.pdf) [pdf]

Assessment Endpoint Spreadsheet (http://www.washingtonclosure.com

/documents/mission_complete/100-300Area/AE_measure_analysis.xls) [MS

Excel]

Terrestrial/Upland Assessment Endpoint / Measure / Analysis Table Key

(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/analysis_KEY.doc) [ MS Word]

Terrestrial and Riparian Risk Hypotheses

(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/hypotheses_handout.doc) [ MS Word]

RCBRA Wildlife Exposure Factors (http://www.washingtonclosure.com

/documents/mission_complete/100-300Area/rcbra_wildlife_exposure_factors.xls)

[MS Excel]

September 19, 2006 RCBRA Workshop  - Meeting notes
(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/RCBRA_19Sep06_Minutes-final.doc) , Presentation
(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/September_2006_presentations.pdf)

August 16, 2006 RCBRA Workshop  - Meeting notes
(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/RCBRA_16Aug06_Minutes_final.doc) , Presentation
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(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/August_2006_Presentation.pdf)

July 19, 2006 - Human Health Introduction Workshop – Meeting notes
(http://www.washingtonclosure.com/documents/mission_complete/100-300Area

/Jul2006_HHRAmeeting%20notes.doc)

July 12-13, 2006 - SAP Refinement Workshop

Workshop Agenda (http://www.washingtonclosure.com/documents

/mission_complete/InterArea/July_12-13-2006_Wrkshp_Mting.pdf) [pdf, 57KB]

Meeting notes (http://www.washingtonclosure.com/documents

/mission_complete/InterArea/July_12-13-2006_Wrkshp_Mting.pdf) – 100 and

300 Area RCBRA Status and for the Inter-Area Riparian and Near-Shore
Assessment  [pdf, 77KB]

100/300 Area RCBRA and Inter Area Assessment Presentation

(http://www.washingtonclosure.com/documents/mission_complete/InterArea

/12-13Jul06_workshop.pdf) [pdf, 3MB]

100/300 Area RCBRA Data Collection Status

(http://www.washingtonclosure.com/documents/mission_complete/InterArea

/RCBRA%20Data%20Collection%20Status.pdf) [pdf, 3MB]

June 1-2, 2006 - SAP Refinement Workshop

Agenda (http://www.washingtonclosure.com/documents/mission_complete

/InterArea/Workshop_Final_%20Agenda_June_1-2.doc) [pdf, 72KB]

Meeting notes (http://www.washingtonclosure.com/documents

/mission_complete/InterArea/June_1-2_2006_Refin_Wrkshp.pdf) - River

Corridor ESFC Project Update and SAP Refinement

End State/Final Closure Project Overview Presentation

(http://www.washingtonclosure.com/documents/mission_complete/InterArea

/ESFC_ETF.ppt) [pdf, 693KB]

Long Term Stewardship Presentation (http://www.washingtonclosure.com

/documents/mission_complete/InterArea/Long_Term_Stewardship_JAL_jmd.ppt)

[pdf, 8MB]

Integration Strategy Presentation (http://www.washingtonclosure.com

/documents/mission_complete/InterArea/Integrated_Strategy_JAL.ppt) [pdf,

2MB]

Risk Assessment Presentation (http://www.washingtonclosure.com

/documents/mission_complete/InterArea/Risk_Assessment_JET_jmd.ppt) [pdf,

17MB]

Columbia River Component Data Evaluation Presentation

(http://www.washingtonclosure.com/documents/mission_complete/InterArea

/CRC_Data_Evaluation.ppt) [pdf, 2.5MB]

100/300 Area RCBRA Status Presentation

(http://www.washingtonclosure.com/documents/mission_complete/InterArea

/Status-SGW.ppt) [pdf, 369KB]

100 NR-2 Evaluation Status Presentation

(http://www.washingtonclosure.com/documents/mission_complete/InterArea

/NR2_june_2final_review_PNNL.ppt) [pdf, 2MB]

Inter-Areas Presentation from Neptune Presentation
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(http://www.washingtonclosure.com/documents/mission_complete/InterArea

/inter-areas_presentation_1June.ppt) (06/01/06) [pdf, 13MB]

August 9-10, 2005 - 100-B/C Pilot Risk Assessment and 100/300 Areas
Sampling and Analysis Plan – Meeting notes
(http://www.washingtonclosure.com/documents/mission_complete

/100bcpilotworkshopnotes.pdf) [pdf, 37kb]

January 6, 2005 –100 and 300 Area River Corridor Baseline Risk
Assessment DQO Meeting, ERAGS Step 4 and Sampling and Analysis
Plan Overview - Meeting notes (http://www.washingtonclosure.com

/documents/mission_complete/CCN118788.pdf) [pdf, 717 kb]

November 23, 2004 – 100 and 300 Area River Corridor Baseline Risk
Assessment DQO, ERAGS Step 4 - Meeting notes
(http://www.washingtonclosure.com/documents/mission_complete

/nov23minutes.pdf) [pdf, 1.4 MB]

October 13, 2004 – 100 and 300 Area River Corridor Baseline Risk
Assessment DQO/ERAGS Step 3 - Meeting notes
(http://www.washingtonclosure.com/documents/mission_complete

/Oct13Minutes.pdf) [pdf, 134 kb]

100-B/C Pilot Documents and Information

100-B/C Pilot Project Risk Assessment Report
(http://www.washingtonclosure.com/documents/mission_complete/100B-

C/RL2005-40_Vol_1_Text_Figures_Draft_B.pdf) , DOE-RL-2005-40, Draft B,
Volume 1 [pdf, 3.8 MB]

100-B/C Pilot Project Risk Assessment Report
(http://www.washingtonclosure.com/documents/mission_complete/100B-

C/RL2005-40_Vol_2_Tables_Draft_B.pdf) , DOE-RL-2005-40, Draft B,
Volume 2 - Tables [pdf, 3.3 MB]

100-B/C Pilot Project Risk Assessment Report
(http://www.washingtonclosure.com/documents/mission_complete/100B-

C/RL2005-40_Vol_3_Appendices_Draft_B.pdf) , DOE-RL-2005-40, Draft B,
Volume 3 - Appendices [pdf, 3.2MB]

100-B/C Area Ecological Risk Assessment Data Quality Objectives
(http://www.washingtonclosure.com/documents/mission_complete/BC_DQO.pdf)

(BHI-01673, Rev 0) [pdf, 11 MB]

A Preliminary Evaluation of Post-Remediation Protectiveness of Humans
and the Environment at the 100-B/C Area
(http://www.washingtonclosure.com/documents/mission_complete

/Prelim_Eval_Protect.pdf) (BHI-01669, Rev 0 ) [pdf, 11MB]

Conceptual Site Model for the 100-B/C Pilot Project Risk Assessment
(http://www.washingtonclosure.com/documents/mission_complete

/BHI-01706_CSM_Rev0.pdf) (BHI-01706, Rev. 0) [pdf, 2.3 MB]

100-B/C Pilot Project Data Summary for 2003 and 2004
(http://www.washingtonclosure.com/documents/mission_complete

/BHI-01724_Rev0.pdf) (BHI-01724, Rev 0 ) [pdf 2.1 MB]

100-B/C Pilot Project Field Sampling Plan for 2004
(http://www.washingtonclosure.com/documents/mission_complete

/RL-2004-53_R0.pdf) (DOE/RL-2004-53, Rev. 0 ) [pdf, 1.1 MB]
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100-B/C Area Ecological Risk Assessment Sampling and Analysis Plan
(http://www.washingtonclosure.com/documents/mission_complete

/BC_SAP_Rev0.pdf) (DOE/RL-2003-08, Rev 0) [pdf, 9 MB]

Methodology and Approach for Ecotoxicological Screening Value
Identification and Exposure Estimation for the 100-B/C Area Ecological
Risk Assessment (http://www.washingtonclosure.com/documents

/mission_complete/TRV_Identification_Doc_combined_rev.pdf) – Technical
Memorandum [pdf, 606kb]

 

Remedial Investigation of Hanford Site Releases
to the Columbia River

Top
(#top)

Risk Assessment Documents

Columbia River Component Risk Assessment (DOE/RL-2010-117), Rev.
0, Volume I: Screening Level Ecological Risk Assessment

Part 1 (text) (http://www.washingtonclosure.com/documents/mission_complete

/ReleaseRA/2010-117_VI_R0_P1.pdf)

Part 2 (tables) (http://www.washingtonclosure.com/documents

/mission_complete/ReleaseRA/2010-117_VI_R0_P2.pdf)

Appendix A (http://www.washingtonclosure.com/documents/mission_complete

/ReleaseRA/2010-117_VI_R0_A.pdf)

Appendices B-D and G-J (http://www.washingtonclosure.com/documents

/mission_complete/ReleaseRA/2010-117_VI_R0_B-D&G-J.pdf)

Appendix F (http://www.washingtonclosure.com/documents/mission_complete

/ReleaseRA/2010-117_VI_R0_F.pdf)

Columbia River Component Risk Assessment (DOE/RL-2010-117), Rev
0, Volume II: Human Health Risk Assessment

Part 1 (text) (http://www.washingtonclosure.com/documents/mission_complete

/2010-117/RL-2010-117_V2_R0_Pt1.pdf)

Part 2 (tables) (http://www.washingtonclosure.com/documents

/mission_complete/2010-117/RL-2010-117_V2_R0_Pt2.pdf)

Appendices A-B (http://www.washingtonclosure.com/documents

/mission_complete/2010-117/V2_R0_Append_A-B.pdf)

Appendix C

Introduction and Figures 1-6 (http://www.washingtonclosure.com

/documents/mission_complete/2010-117/V2_R0_AppC_Intro_Figs_C1-

C6_Comp.pdf)

Figures 7-28 (http://www.washingtonclosure.com/documents

/mission_complete/2010-117/V2_R0_AppC_Fig_C7-C28_Comp.pdf)

Figures 29-34 (http://www.washingtonclosure.com/documents

/mission_complete/2010-117/V2_R0_AppC_Fig_C29-C34_Comp.pdf)

Figures 35-40 (http://www.washingtonclosure.com/documents

/mission_complete/2010-117/V2_R0_AppC_Fig_C35-C40_Comp.pdf)
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Figures 41-65 (http://www.washingtonclosure.com/documents

/mission_complete/2010-117/V2_R0_AppC_Fig_C41-C65_Comp.pdf)

Appendix D (http://www.washingtonclosure.com/documents/mission_complete

/2010-117/V2_R0_HHRA_Append_D.pdf)

Appendices E-H (http://www.washingtonclosure.com/documents

/mission_complete/2010-117/V2_R0_HHRA_Append_E-H.pdf)

Appendix I-O (http://www.washingtonclosure.com/documents

/mission_complete/2010-117/V2_R0_HHRA_Append_I-O.pdf)

Remedial Investigation Documents

Data Summary Report for the Remedial Investigation of Hanford Site
Releases to the Columbia River, Hanford Site, Washington (WCH-398,
Rev. 0)

WCH-398 Rev. 0 Sections 1-8 (http://www.washingtonclosure.com

/documents/mission_complete/WCH-398_Rev.0

/WCH-398%20Rev.%200%20Sections%201-8.pdf)

WCH-398 Rev. 0 App A-K (http://www.washingtonclosure.com/documents

/mission_complete/WCH-398_Rev.0/WCH-398%20Rev.%200%20App%20A-

K.pdf)

WCH-398 Rev. 0 App L (http://www.washingtonclosure.com/documents

/mission_complete/WCH-398_Rev.0/WCH-398%20Rev.%200%20App%20L.pdf)

WCH-398 Rev. 0 App M (http://www.washingtonclosure.com/documents

/mission_complete/WCH-398_Rev.0

/WCH-398%20Rev.%200%20App%20M.pdf)

WCH-398 Rev. 0 App N-P (http://www.washingtonclosure.com/documents

/mission_complete/WCH-398_Rev.0/WCH-398%20Rev.%200%20App%20N-

P.pdf)

 

WCH Columbia River RI Data Summary Presentation 10-7-2010
(http://www.washingtonclosure.com/documents/mission_complete

/WCH_Columbia_River_RI_Data.pdf)

Field Summary Report for Remedial Investigation of Hanford Site
Releases to the Columbia River, Hanford Site, Richland, Washington:
Collection of Fish Tissue Samples (http://www.washingtonclosure.com

/documents/mission_complete/WCH-387%20Rev.%200

/WCH-387%20Rev%200.pdf) (WCH-387, Rev. 0)

Data Quality Assessment Report for the Remedial Investigation of
Hanford Site Releases to the Columbia River, Hanford Site, Washington
(http://www.washingtonclosure.com/documents/mission_complete

/WCH-381%20Rev.%201/WCH-381%20Rev.%201.pdf) (WCH-381, Rev. 1)

Field Summary Report for Remedial Investigation of Hanford Site
Releases to the Columbia River, Hanford Site, Richland, Washington:
Collection of Surface Water, Pore Water, and Sediment Samples for
Characterization of Groundwater Upwelling (WCH-380, Rev. 1)

WCH-380, Rev. 1 Part 1 (http://www.washingtonclosure.com/documents

/mission_complete/380r1/WCH-380_Rev._1_Part_1.pdf)

WCH-380, Rev. 1 Part 2 (http://www.washingtonclosure.com/documents
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/mission_complete/380r1/WCH-380_Rev._1_Part_2.pdf)

WCH-380, Rev. 1 Appendices A-C (http://www.washingtonclosure.com

/documents/mission_complete/380r1/WCH-380_Rev._1_Appendices_A_-

_C.pdf)

WCH-380, Rev. 1 Appendices D (http://www.washingtonclosure.com

/documents/mission_complete/380r1/WCH-380_Rev._1_Appendix_D.pdf)

WCH-380, Rev. 1 Appendices E-I (http://www.washingtonclosure.com

/documents/mission_complete/380r1/WCH-380_Rev._1_Appendices_E_-_I.pdf)

WCH-380, Rev. 1 Appendices J-L (http://www.washingtonclosure.com

/documents/mission_complete/380r1/WCH-380_Rev._1_Appendices_J_-_L.pdf)

Field Summary Report for Remedial Investigation of Hanford Site
Releases to the Columbia River, Hanford Site, Washington:Collection of
Surface Water, River Sediments, and Island Soils
(http://www.washingtonclosure.com/documents/mission_complete

/WCH-352_Rev.0.pdf) (WCH-352, Rev. 0)
 

Remedial Investigation Work Plan for Hanford Site Releases to the
Columbia River (http://www.washingtonclosure.com/documents

/mission_complete/Rem_Invest/rl08-11.pdf) (DOE/RL-2008-11, Rev. 0)

SAP Enlarged Map Set (http://www.washingtonclosure.com/documents

/mission_complete/Rem_Invest/2008_SAP_Enlarged_Map.pdf)

DQO Summary Report for the Remedial Investigation of Hanford Site
Releases to the Columbia River (http://www.washingtonclosure.com

/documents/mission_complete/Rem_Invest

/DQO_Sum_RptInvestSiteReleases.pdf) (WCH-265, Rev. 0)
 

Sampling and Analysis Instruction for the Remedial Investigation of
Hanford Site Releases to the Columbia River (WCH-286, Rev. 3)
(http://www.washingtonclosure.com/documents/mission_complete/Rem_Invest

/WCH-286_Rev3.pdf)

Supporting Technical Information

Columbia River Component Data Gap Analysis (WCH-201, Rev 0,
October 2007)

Main body of text (http://www.washingtonclosure.com/documents

/mission_complete/CRC/WCH-201_Rev0_final_text.pdf) [pdf, 3.1 MB]

Appendix A&B (http://www.washingtonclosure.com/documents

/mission_complete/CRC/WCH-201_Appendix_AB_final.pdf) [pdf, 608 kB]

Appendix C (http://www.washingtonclosure.com/documents/mission_complete

/CRC/WCH-201_Appendix_C_final.pdf) [pdf, 7.4 MB]

Appendix D (http://www.washingtonclosure.com/documents/mission_complete

/CRC/WCH-201_Appendix_D_final.pdf) [pdf, 711 kB]

Oversized Maps (http://www.washingtonclosure.com/documents

/mission_complete/CRC/WCH-201_Oversized_Maps.pdf) [pdf, 7.6 MB

Columbia River Component Data Evaluation Summary Report
(http://www.washingtonclosure.com/documents/mission_complete
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/WCH-91_Rev_0_final.pdf) (WCH-91, Revision 0) [pdf, 17 MB]

Existing Source Information Summary Report Compilation/Evaluation
Effort: December 2004 to September 2005
(http://www.washingtonclosure.com/documents/mission_complete/CRC/WCH-

64_Rev0.pdf) , January 2006 (WCH-64, Rev 0) [pdf, 1.7 MB]

Association of Hanford Origin Radionuclides with Columbia River
Sediment (http://www.washingtonclosure.com/documents/mission_complete

/CRC/BNWL-2305.pdf) , BNWL-2305, Robertson, D. E. and Fix, J. J.,
August 1977 [pdf, 6.3 MB]

Survey of Potential Hanford Site Contaminants in the Upper Sediment
for the Reservoirs at McNary, John Day, The Dalles, and Bonneville
Dams (http://www.washingtonclosure.com/documents/mission_complete

/CRC/PNNL-14878_(2003_Upper_Sediment_Study).pdf) , 2003;
DOH-320-034, PNNL-14878, WDOE 04-05-016, ODOE NUC-007;
February 2005 [pdf, 420 kb]

Columbia River Component of the River Corridor Baseline Risk
Assessment Project: Basis and Assumptions on Project Scope
(http://www.washingtonclosure.com/documents/mission_complete

/RL-2004-49.pdf) (DOE/RL-2004-49, Rev 0) [pdf, 819 kb]

Fact Sheets

Feb-09 Fact Sheet for Remedial Investigation of Hanford Site Releases
to the Columbia River (http://www.washingtonclosure.com/documents

/mission_complete/presentations/Feb-09 Fact Sheet for Remedial Investigation

of Hanford Site Releases to the Columbia River.pdf) [pdf, 400k]

Meetings and Workshops

February 26, 2009 - Sturgeon Workshop

Meeting Minutes (http://www.washingtonclosure.com/documents

/mission_complete/Sturgeon Workshop Final Minutes.PDF)

April 17, 2008 - DQO/SAP Workshop

Agenda (http://www.washingtonclosure.com/documents/mission_complete

/DQO-SAP/Workshop Agenda4_17_08dft3.pdf)

Meeting Minutes (http://www.washingtonclosure.com/documents

/mission_complete/Rem_Invest/April17CRCWorkshopMeetingMinutes.pdf)

Posters (http://www.washingtonclosure.com/documents/mission_complete

/DQO-SAP/CRC_April_17_Workshop_Posters.pdf)

Presentation (http://www.washingtonclosure.com/documents/mission_complete

/DQO-SAP/Hanford_4-17-08_Draft_1e.pdf)

February 5-6, 2008 - Remedial Investigation DQO Workshop

Agenda (http://www.washingtonclosure.com/documents/mission_complete

/Rem_Invest/CRC_DQO_Workshop_Agenda_final.pdf)

Meeting Minutes (http://www.washingtonclosure.com/documents

/mission_complete/Rem_Invest/WS_Feb5-6_Minutes_final.pdf) [pdf, 72KB],

 Agenda (http://www.washingtonclosure.com/documents/mission_complete

/CRC_DQO_Workshop_Agenda_final_Feb_5-6.pdf) [pdf, 36KB]
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DQO Issues Matrix (http://www.washingtonclosure.com/documents

/mission_complete/Rem_Invest/CRC_Master_Issues_Matrix-1-31-08.pdf) [pdf,

174KB]

Workshop Presentation (http://www.washingtonclosure.com/documents

/mission_complete/Rem_Invest/RiverComp_Feb2008_DQOWrkshp.pdf) [pdf,

6.8MB]

June 5-6, 2007 - Data Gap Analysis Workshop

Meeting Minutes (http://www.washingtonclosure.com/documents

/mission_complete/CRC/Data_Gap_Analysis_Meeting_Minutes.doc) [MS

Word, 124kB]

Presentation - Introduction (http://www.washingtonclosure.com/documents

/mission_complete/CRC/Data_Gap_Workshop_Introduction.ppt) [MS Power

Point, 388kB]

Presentation Part 1 (http://www.washingtonclosure.com/documents

/mission_complete/CRC/CRC_Final_060507_Part_1.ppt) [MS Power Point,

4.9 MB]

Presentation Part 2 (http://www.washingtonclosure.com/documents

/mission_complete/CRC/CRC_Final_060507_Part_2.ppt) [MS Power Point,

3.8 MB]

Presentation Part 3 (http://www.washingtonclosure.com/documents

/mission_complete/CRC/CRC_Final_060507_Part_3.ppt) [MS Power Point,

1.1 MB]

Map Packages (http://www.washingtonclosure.com/documents

/mission_complete/CRC/Map_Package.pdf) [pdf, 11.8 MB]

August 16, 2005 - Columbia River Workshop – Meeting Notes
(http://www.washingtonclosure.com/documents/mission_complete

/ninthworkshop.pdf) [pdf, 112kb]

July 19, 2005 - Columbia River Workshop – Meeting Notes
(http://www.washingtonclosure.com/documents/mission_complete

/eighthworkshop.pdf) [pdf, 127kb]

June 22, 2005 - Columbia River Workshop – Meeting Notes
(http://www.washingtonclosure.com/documents/mission_complete

/seventhworkshop.pdf) [pdf, 128kb]

May 24, 2005 - Columbia River Workshop – Meeting Notes
(http://www.washingtonclosure.com/documents/mission_complete

/Risk_Assessment_Workshop_052405.pdf) [pdf, 155kb]

May 17, 2005 - Columbia River Workshop – Meeting Notes
(http://www.washingtonclosure.com/documents/mission_complete

/bhisixthworkshopnotes.pdf) [pdf, 107kb]

April 19, 2005 - Columbia River Workshop – Meeting Notes
(http://www.washingtonclosure.com/documents/mission_complete

/fifthworkshop.pdf) [pdf, 104kb]

March 15, 2005 - Columbia River Workshop – Meeting Notes
(http://www.washingtonclosure.com/documents/mission_complete

/fourthworkshop.pdf) [pdf, 144kb]

February 15, 2005 - Columbia River Workshop – Meeting Notes
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(http://www.washingtonclosure.com/documents/mission_complete

/thirdworkshop.pdf) [pdf, 157 kb]

January 24-25, 2005 - Columbia River Workshop – Meeting Notes
(http://www.washingtonclosure.com/documents/mission_complete

/2nd_Workshop_Notes.pdf) [pdf, 1.4 MB]

December 13-14, 2004 - Initiate Collection and Evaluation of Existing
Data On Hanford Site Releases to the Columbia River – Meeting notes
(http://www.washingtonclosure.com/documents/mission_complete

/Final_workshop1_notes.doc) [MS Word, 312 kb]

Integration Top
(#top)

Integrated Strategy for Achieving Final Cleanup Decisions in the River
Corridor (http://www.washingtonclosure.com/documents/mission_complete

/Int_Strategy/WCH-71_Rev_0.pdf) , WCH-71, Rev 0 [pdf, 3.8 MB]

WCH-71 Appendix A (http://www.washingtonclosure.com/documents

/mission_complete/Int_Strategy/WCH-71_App_A.pdf)

WCH-71 Appendix B (http://www.washingtonclosure.com/documents

/mission_complete/Int_Strategy/WCH-71_App_B.pdf)

Status of Hanford Site Risk Assessment Integration
(http://www.washingtonclosure.com/documents/mission_complete/Int_Strategy

/StatusSiteRiskAssessmentInt.pdf) , FY 2005 (DOE/RL-2005-37, Rev 0)
[pdf, 3 MB]

 

Long Term Stewardship Top
(#top)

Planning for the Transition to Long-Term Stewardship Under the River
Corridor Closure Contract (http://www.washingtonclosure.com/documents

/mission_complete/LongTermStewardship/Planning_for_the_Transition_to_Long-

Term_Stewardship%20Under_the_River_Corridor_Closure_Contract.pdf) ,
WCH-134, Rev 0 [pdf, 609 kB]

 

Orphan Sites Evaluations Top
(#top)

100-K Area

100-K Area Orphan Sites Evaluation Report
(http://www.washingtonclosure.com/documents/mission_complete/orphan-

sites/100-KAreaEvaluationReportRev0.pdf) (OSR-2008-0003, Rev. 0) [pdf,
710KB]

Appendix A (http://www.washingtonclosure.com/documents/mission_complete

/orphan-sites/AppendixAFigureA-1-100-KArea.pdf) , Figure A-1, 100-K Area
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[pdf, 538]

100-D Area

100-D Area Orphan Sites Evaluation Report (OSR-2006-0001, Rev. 0)
(http://www.washingtonclosure.com/documents/mission_complete/orphan-

sites/100-DAreaEvaluationReportRev0.pdf) [pdf, 490KB]

Appendix A, Figure A-1 (http://www.washingtonclosure.com/documents

/mission_complete/orphan-sites/AppendAFigA1-100DChromiumSites.pdf) ,

(http://www.washingtonclosure.com/documents/mission_complete/orphan-

sites/Copy%20of%20AppendixAFigA1-100DChromiumSites.pdf) 100-D

Chromium Sites [pdf, 394]

Appendix A, Figure A-2 (http://www.washingtonclosure.com/documents

/mission_complete/orphan-sites/AppendixA-FigureA-2-100-DArea.pdf) , 100-D

Area [pdf, 558]

100-H Area

100-H Area Orphan Sites Evaluation Report
(http://www.washingtonclosure.com/documents/mission_complete/orphan-

sites/100HEvaluationRptRev0.pdf) (OSR-2008-0002, Rev. 0) [pdf, 529]

Appendix A (http://www.washingtonclosure.com/documents/mission_complete

/orphan-sites/AppendixAFigureA-1-100-HArea.pdf) , Figure A-1, 100-H Area

[pdf, 314]

100-IU-2 and 100-IU-6

100-IU-2 and 100-IU-6 Area Orphan Sites Evaluation Report
(http://www.washingtonclosure.com/documents/mission_complete/orphan-

sites/100IU-2EvalRptRev0.pdf) (OSR-2008-0001, Rev. 0) [pdf, 1.3MB]

Appendix A, Figure A-2 (http://www.washingtonclosure.com/documents

/mission_complete/orphan-sites/AppendixAFigureA-2100-IU-2.pdf) , 100-IU-2

[pdf, 341KB]

Appendix A, Figure A-3 (http://www.washingtonclosure.com/documents

/mission_complete/orphan-sites/AppendixAFigureA-3100-IU-2.pdf) , 100-IU-6

[pdf, 538 KB]

100-BC Area

100-BC Area Orphan Sites Evaluation Report (OSR-2007-0001, Rev. 0)
(http://www.washingtonclosure.com/documents/mission_complete/100B-C/OSR-

2007-0001_Rev0.pdf) [pdf, 249 kb]

100-N Area

100-N Area Orphan Sites Evaluation Report (OSR-2009-001, Rev. 0)
(http://www.washingtonclosure.com/documents/mission_complete/100-N

/OSR-2009-0001_100- N Area_Rev 0_Final.pdf) [pdf, 558 kb]

Appendix A, Figure A-1, 100-N Area (http://www.washingtonclosure.com

/documents/mission_complete/100-N/Figure_A-1.pdf) [pdf, 413 kb]
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Other Supporting Documentation Top
(#top)

Strontium-90 Treatability Test Plan for 100-NR-2 Groundwater Operable
Unit (http://www.washingtonclosure.com/documents/mission_complete/100-N

/HanfordTTPTreatabilityTestPlan.pdf) ,   December 2005, DOE/RL-2005-96,
Draft A [pdf, 3.7 MB]

Aquatic and Riparian Receptor Impact Information for the 100-NR-2
Groundwater Operable Unit (http://www.washingtonclosure.com/documents

/mission_complete/100-NR-2_Report.pdf) [pdf, 17 MB]

100-NR-2 Study Area Ecological Risk Assessment Sampling and
Analysis Plan (http://idmsweb.rl.gov/idms/livelink.exe/fetch/2000/18814

/13256931/13248486/59897753/63320706/DOE-RL-2005-22_-_Rev_0_-

_[D7923248].pdf?nodeid=64932013&vernum=4) (DOE/RL-2005-22, Rev 0)

Evaluation of Strontium-90 Treatment Technologies for the 100-NR-2
Groundwater Operable Unit (http://www.washingtonclosure.com/documents

/mission_complete/NR-2_DRAFT_Letter_Report-10-04.pdf) [pdf, 1.5 MB]

Evaluation of Aquatic and Riparian Receptor Impacts at the 100-N Area:
Literature and Data Review (http://www.washingtonclosure.com/documents

/mission_complete/PNNL-SA-39495.pdf) [pdf, 2 MB]

Survey of Radiological Contaminants in the Near-Shore Environment at
the Hanford Site 100-N Reactor Area (http://www.washingtonclosure.com

/documents/mission_complete/100N_Study.pdf) (PNNL 11933) [pdf, 4 MB]

Hanford Site Background: Evaluation of Existing Soil Radionuclide Data
(http://www.washingtonclosure.com/documents/mission_complete/DOERL-

95-55/RL95-055_Text.pdf) , (http://www.washingtonclosure.com/documents

/mission_complete/DOERL-95-55/RL95-055_Text.pdf) DOE/RL-95-55, July
1995, Rev. 0 [pdf, 3.5 MB]

Appendix A (http://www.washingtonclosure.com/documents/mission_complete

/DOERL-95-55/RL95-055_AppA.pdf) [pdf, 6.1 MB]

Appendix B (http://www.washingtonclosure.com/documents/mission_complete

/DOERL-95-55/RL95-055_AppB.pdf) [pdf, 674 kb]

Appendix C (http://www.washingtonclosure.com/documents/mission_complete

/DOERL-95-55/RL95-055_AppC.pdf) [pdf, 6.6 MB]

The Hyporheic Zone: Biogeochemical Processes at the Surface -
Groundwater Interface (http://www.washingtonclosure.com/documents

/mission_complete/Hyporheic.pdf) [pdf, 1 MB]

River Corridor End State Strategy (http://www.washingtonclosure.com

/documents/mission_complete/strategy.pdf) (WCH-8, Rev 0) [pdf, 769 kb]

Change Notice (http://www.washingtonclosure.com/documents

/mission_complete/Change.pdf) [pdf, 21 kb]
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Data from the 
Remedial Investigation 

of Hanford Site 
Releases to the  
Columbia River

October, 2010

U.S. Department of Energy
Richland Operations Office

Protecting the Columbia River

RIVER CORRIDOR CLOSURE PROJECT

Karl Kasper, Woodard & Curran

Larry Hulstrom, Washington Closure Hanford
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_2 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Introduction – Purpose of Presentation 
• Update - results and interpretation

• Were all identified data gaps addressed? 

• Characterize Hanford Contaminants: 

• Upriver (background)

• Left Bank

• Hanford Source Areas

• Media

• Island Soils 

• Pore Water

• Surface Water

• Sediment

• Fish 
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_3 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Presentation Outline 

• Overview of sampling program

• Focused statistical evaluation of key findings from newly 
collected data by:

• Analyte

• Media 

• Study Area

• Remaining data gaps 

• Update on risk assessment schedule
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_4 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Introduction

Purpose of Columbia River Sampling

• Use of data

• Nature and Extent 

• Identify Data Gaps

• Support HH and Eco Risk Assessments
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_5 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Sampling Plan Overview

• Island Soil

• Sediments

• Sediment Cores

• Surface Water

• Groundwater Upwelling

• Pore Water

• Sediment

• Surface water

• Fish Tissue
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_6 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Preliminary Findings – consistent with existing 
data set 

• Non-Hanford Sources
• Most metals sourced upriver
• PCBs 
• Pesticide 

• Hanford Sources  
• Co-60
• Sr-90 
• Pu-239/240
• Eu-152
• Tritium
• TCE
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_7 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Preliminary Findings – consistent with existing 
data set 

• Hanford and OCI Sourced

• Nitrate 

• Uranium

• Cs-137

• Sediment Core Results 

• Consistent with current conceptual model
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_8 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Preliminary Findings – new information  

• Radionuclides and some metals elevated in 300 Area 
Sub-area island soils and sediments:

• Co-60

• Eu-152

• Sr-90

• Lead 

• Cadmium

• Chromium and Cr+6 

• prevalent throughout Reach, but distribution does not 
match current conceptual site model 
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_9 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Preliminary Data Gaps

• Data Issues

• Further evaluate Cr+6 in sediment and Island Soils 

• Upriver 

• Downriver

• Screening Levels < detection limits  

• High variability

• Additional data needs may be identified during the risk 
assessment process
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_10 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Preliminary Data Gaps

• Suggested Additional Data Needs

• Johnson Island and Gull Island (#19): soil and 
sediments

• Radionuclides

• Metals

• Island #18, Island #20, and Nelson Island (not 
previously sampled): soil and sediments

• Radionuclides

• Metals
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_11 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Columbia River 
Remedial 
Investigation 
Area
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_12 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Investigation Tools

• Trident Probe – pore water, sediment, surface water 

• Van Veen Power Grab – sediment 

• Shallow sediment – ponar 

• Trowel – island soil 

• Vibratory – sediment cores 
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_13 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Trident Probe Frame
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_14 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Trident System with Liquid Tip
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_15 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Split-Spoon Core Barrel on Trident Probe Frame 
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_16 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Power Grab
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_17 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Sediment Cores - Vibratory Drilling 
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_18 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Current Hanford Sources -100 Area 

Reactor Area 
Contaminant 

Half-Life 
(years) 100-

B/C 
100-

K 
100-

N 
100-

D 
100-

H 
100-

F 
Carbon-14 5,730  X     
Strontium-90 28.8 X X X X X X 
Tritium 12.3 X X X X X X 
Technetium-99 211,100     X  
Uranium NA     X  
Chromium/ 
Hexavalent 
Chromium 

NA X X  X X X 

Trichloroethene NA  X    X 
Petroleum 
Hydrocarbons 

NA   X    

Nitrate NA X X X X X X 
Sulfate NA   X* X   
Notes: 
X contaminant within indicated sub-area as of 2008 (as presented in DOE/RL-2008-66) 
X exceeds the drinking water standard in 2008 groundwater (as presented in DOE/RL-
2008-66) 
* Exceeds Secondary Drinking Water Standard 
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_19 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

2008-2010
Analytical Results
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_20 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

What was Detected?

Inorganics Radionuclides Organic Compounds

Aluminum Cesium-137 Semi-Volatile Organic Compounds
Antimony Cobalt-60 Benzo(a)anthracene
Arsenic Europium-152 Benzo(b)fluoranthene
Barium Plutonium-238 Benzo(k)fluoranthene

Beryllium Plutonium-239/240 Bis(2-ethylhexyl) phthalate
Boron Potassium-40 Chrysene

Cadmium Radium-226 Di-n-butylphthalate
Total Chromium Radium-228 Diethylphthalate

Hexavalent Chromium Technetium-99 Fluoranthene
Cobalt Thorium-228 Pyrene
Copper Thorium-230 TPH - diesel range

Iron Thorium-232 TPH - motor oil (high boiling)
Fluoride Strontium-90

Lead Tritium Volatile Organic Compounds
Lithium Uranium-233/234 Acetone

Manganese Uranium-235 Methylene Chloride
Mercury Uranium-238 Toluene

Molybdenum Trichloroethene
Nickel
Nitrate PCBs and Pesticides

Selenium PCB congeners
Strontium Aldrin

Sulfate
alpha-, beta-, delta- and gamma-

hexachlorocyclohexane
Thallium Alpha- and gamma-chlordane

Tin DDT, DDE and DDD
Titanium Dieldrin

Uranium (elemental) Endosulfan I & II
Vanadium Endosulfan sulfate

Zinc Endrin
Heptachlor

Heptachlor epoxide
Methoxychlor

Constituents detected at a frequency >5% in Island Soil, Sediment, Surface Water, Pore Water 
and/or Fish Tissue
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_21 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Inclusion List Analytes and Other 
Constituents of Interest

Inorganics Radionuclides

Arsenic*
Cadmium*
Chromium Carbon-14

Hexavalent Chromium Cobalt-60

Lead Cesium-137

Mercury Europium-152

Nitrate Europium-154

Sulfate Plutonium-239/240

Uranium Strontium-90

Organics Tritium

Petroleum Hydrocarbons Uranium-238

Cis-1,2-dichloroethene Uranium-233/234

Tetrachloroethene Uranium-235

Trichloroethene
PCBs*

Chlorinated Pesticides (e.g., DDT)*

*not an Inclusion List analyte
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_22 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Box and Whisker Plot

HHSL = human health screening level
ESL = ecological screening level

X = not detected; reporting limit
O = detected

Median

25th

Percentile

75th

Percentile

1.5x 
Interquartile 

Range

SUB-
AREA

Outlier

Concentration

HHSL

ESL
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_23 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Background Evaluation

Other Contributing Influences (OCI)

•Upriver

•Major Tributaries 

•Snake, Yakima and Walla Walla Rivers

•Wasteways/irrigation returns
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_24 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Reference Varies by Sub-Area

Reference/OCI Areas

Sub-Area

100
Area

300
Area

Lake
Wallula

Upriver X X X

Saddle Mountain Wasteway*

WB-10 Wasteway X X X

WB-5 Wasteway X X

Ringold Irrigation Return X X

PE 16.4 Wasteway X X

Potholes Canal Wasteway X X

Esquatzel Coulee Wasteway X X

Yakima River X

Snake River X

Walla Walla River X

*no samples obtained in Wasteway, which was dry.
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_25 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Chromium in Sediment

• Narrow range of concentrations, both core & shallow; 
similar levels between intervals

• Shallow sediment levels significantly lower than OCIs; 
core levels similar to OCIs.

• Maximum < WA soil background*

*WA Ecology; Natural Background Soil Metals Concentrations in 
Washington State, Oct, 1994.   

90th percentile: 32 mg/kg; maximum of 110 mg/kg.

Mean: 18 mg/kg
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_26 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Chromium in Sediment Cores

70.7 mg/Kg, RKC1-3SD 

56.4 mg/Kg, RKC1-2SD 
49.9 mg/Kg, YRC2-7SD 

DOE = Washington Department of Ecology 90th percentile background concentration for Eastern Washington soil (WADOE 1994). 
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_27 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Chromium in Shallow Sediment

275 mg/Kg, J100H43 

122 mg/Kg, T100D3A 

151 mg/Kg, J100F11 

80.5 mg/Kg CM-4SD 

DOE = Washington Department of Ecology 90th percentile background concentration for Eastern Washington soil (WADOE 1994). 
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_28 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Chromium in Shallow Sediment

Sub-Area FOD Minimum 
(mg/kg) 

Maximum  
(mg/kg) 

Median  
(mg/kg) 

Mean  
(mg/kg) 

Upriver 36/36 1.03E+01 5.45E+01 3.36E+01 3.19E+01 
100 123/123 5.93E+00 2.75E+02 1.99E+01 2.55E+01 
300 151/151 7.65E+00 3.01E+01 1.69E+01 1.74E+01 

Lake Walulla 106/106 5.18E+00 8.05E+01 1.81E+01 1.92E+01 
Bonneville Dam Pool 2/2 1.59E+01 1.81E+01 1.70E+01 1.70E+01 

Major Tributary 21/21 8.61E+00 3.60E+01 1.30E+01 1.67E+01 
Wasteway/Irrigation Return 17/17 7.38E+00 2.20E+01 1.42E+01 1.43E+01 

 = Detected above laboratory reporting limit 
HHSL = Human health screening level (2.90E-01 mg/kg) 
ESL = Ecological screening level  (9.50E+01 mg/kg) 
FOD = Frequency of detection (number of detects/total number of samples analyzed) 
mg/kg = milligrams per kilogram

DOE = Washington Department of Ecology 90th percentile background concentration for Eastern Washington soil (WADOE 1994). 
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_29 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Total Chromium in Surface Water

• 100/300 Area levels higher than other areas (although 
no significant difference from OCI); highest by 100-D 
reactor area
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RIVER CORRIDOR CLOSURE PROJECT

E1010021_30 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Total Chromium in Surface Water

La
ke

 
W

al
lu

la

HHSL

18.4 µg/L, T100D3A 

6.44 µg/L, JHTS40* 

3.57 µg/L, YR-1SW-S 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Dissolved Chromium in Surface Water

HHSL

La
ke

 
W

al
lu

la

9.56 µg/L, T100D2A 

3.54 µg/L, T100K3A 

2.68 µg/L, JHTS19* 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Chromium in Island Soil

• 100/300 Sub-areas higher than reference areas

• Lower than WA background of 32 mg/kg (90th 
percentile)

• Mean WA background = 18 mg/kg
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Chromium in Island Soil

21.8 mg/Kg, JI-6S 

19.2 mg/Kg, WP-4S 

DOE = Washington Department of Ecology 90th percentile background concentration for Eastern Washington soil (WADOE 1994). 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Chromium in Pore Water

• Pore water: 

• Highest in 100 Area Sub-Area 

• Maximum detect at RM378 by 100-D Reactor 

• (624 ug/L, T100D3A)

• Notes:

• Total = unfiltered water samples

• Dissolved = filtered water samples
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Total Chromium in Pore Water

HHSL

ESLESL

624 µg/L, T100D3A 

32 µg/L, T3003A 

115 µg/L, J100D36 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Dissolved Chromium in Pore Water

HHSL

ESL

620 µg/L, T100D3A 

82.5 µg/L, J100D36 

63 µg/L, T100K3A 
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Hexavalent Chromium in Sediment Cores

• Detected in 100 Area, Lake Wallula, Yakima River

• Highest in 100 Area
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Hexavalent Chromium in Sediment Cores

1.24 mg/Kg, RKC1-3SD 

0.54 mg/kg, RDD-13SD 0.57 mg/Kg, 300DC6-2SD 

0.36 mg/kg, FIC1-8SD 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Hexavalent Chromium in Shallow Sediment

• Consistent among all areas, although some localized 
elevated concentrations in 100/300 Sub-areas

• Maximum detected in 300 Area Sub-area (17.3 
mg/kg, SI-10SD, RM 357 near Savage Island)

• In 100 Area Sub-area, maximum of 7.4 mg/kg (LI-
1SD, RM 372 near Locke Island)
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Hexavalent Chromium in Shallow Sediment

17.3 mg/Kg, SI-10SD 

7.38 mg/Kg, LI-1SD 

5.94 mg/Kg, T100D3A 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Hexavalent Chromium in Surface Water

• Detected infrequently (1/75) in Hanford Reach, only in 
Lake Wallula

• Elevated in tributaries and wasteways

• No correlation between hexavalent and total 
chromium
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Hexavalent Chromium in Surface Water

La
ke

 
W
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lu

la

HHSL

ESL

20 µg/L, YR-1SW-S 

12 µg/L, SR-1SW-S 

10 µg/L, WR-1SW-S 

7 µg/L, PC-1SW-S 
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Hexavalent Chromium in Island Soil

• No upriver data available (rejected due to matrix spike 
interference)

• Similar concentrations between 100/300 areas. 

• <1% of total Cr. 

• No significant correlation between total and 
hexavalent concentrations
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Hexavalent Chromium in Soil

0.17 mg/Kg, JI-8S 0.13 mg/Kg, WB-4S 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Hexavalent Chromium in Pore Water

• Highest concentrations observed in 100 Area Sub-
area.  

• Maximum at location with highest total Cr (T100D3A,  
640 ug/L)

• 300 Area Sub-area 

• less variable 

• maximum for this sub-area detected at RM 358 on 
right bank by Savage Island (JHTS33, 21 ug/L)
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Hexavalent Chromium in Pore Water

HHSL

ESL

640 µg/L, T100D3A 

344 µg/L, T100D3A 

21 µg/L, JHTS33 
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Chromium Data Review and 
Evaluation
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Methods and Detection Limits

• Chromium

• Methods:

• 6010 (SD, SW, PW, SO, 
Fish)

• Detection Limits (e.g.): 

• Solids = 15 mg/kg

• Water = 0.002 mg/L

• Fish = 0.160 mg/kg

• Hexavalent Chromium

• Methods:

• 7196 (SD, SW, PW, SO) 
1636M (Fish)

• Detection Limits (e.g.):

• Solids = 0.22 mg/kg

• Water = 0.0037 mg/L

• Fish = 0.127 mg/kg
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Total Chromium – no correlation with Cr+6 (e.g., 
100-H Area)

Total versus Hexavalent Chromium: Sediment
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Cr+6: Summary of Results

• Cr+6 is typically in dissolved phase, not as a 
solid.

• Cr+6 is readily reduced to Cr+3 by organic and 
abiotic processes

• Analytical methods are different for Total Cr and 
Cr+6

• Cr+6 reported in non-Hanford affected areas 
(e.g., Yakama, Snake, and Walla Walla Rivers) 

• Cr+6 has been identified in pristine aquifers 
around the global 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Rejected Cr+6 Results

• 94% of rejected Cr+6 data were rejected due to poor 
matrix spike recoveries of <30%

• Sediments = 95 out of 512 samples   

• Surface Water = 0 out of 105 samples

• Pore Water = 1 out of 191 sample

• Soil = 35 out of 77 samples

• Matrix interferences are functions of natural 
soil/sediment conditions and further sampling would 
result in the same outcome
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Analyses to Detect False Positives

• Based on a review of Method 7196 the following 
elements may cause false positives: 

• Molybdenum

• Mercury

• Vanadium

• Based on an initial evaluation of the analytical results, a 
correlation between Cr+6 results and results for these 
metals is not suggested. 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Molybdenum – no correlation with Cr+6

Cr/Cr+6 Compared to Molybdenum - 100-H
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Mercury – no correlation with Cr+6 

Cr/Cr+6 Compared to Mercury - 100-H
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Vanadium – no correlation with Cr+6 

Cr/Cr+6 Compared to Vanadium - 100-H
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Percent Moisture and Cr+6 Results

• Soil and sediment samples have percent moisture values that 
typically range from 30% to 70%.

• Is there a correlation between moisture content and Cr+6 
detections? 

• In essence are elevated Cr+6 results simply measuring interstitial 
pore water?  

• Based on an analysis of the results, it does not suggest a correlation 
between elevated Cr+6 results with percent moisture. 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Percent Moisture – No correlation with Cr+6

Cr+6 Compared to % Moisture - 100-H
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Percent Total Organic Carbon and Cr+6 Results

• Soil and sediment samples have TOC values that 
typically range from 200 to 1,000 mg/Kg.

• Is there a correlation between TOC and Cr+6 
detections? 

• In essence is the TOC reducing Cr+6 to Cr+3?   

• Based on an analysis of the results, it does not suggest 
a correlation between elevated Cr+6 results with TOC 
values. 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Total Organic Carbon – No correlation with Cr+6

Cr+6 Compared to Total Organic Carbon - 100-H
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Naturally Occurring Cr+6 

• Based on a review of the scientific literature, it appears 
that there may be naturally occurring oxidation of Cr+3 to 
Cr+6 in groundwater. 

• While this reaction is not well understood, the literature 
suggests that manganese and/or phosphorus may play a 
role in the oxidation reactions. 

• Further evaluations should be conducted 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Naturally Occurring Cr+6 

• An analysis of the results does not 
suggest a correlation between elevated 
Cr+6 results or manganese and/or 
phosphorus concentrations.
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Manganese – No correlation with Cr+6 

Cr+6 Compared to Manganese - 100-H
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Phosphorus – No correlation with Cr+6 

Cr+6 Compared to Phosphorus - 100-H
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Occurrence of Cr+6 in Solid Media
• Cr+6 detections:

• sediment (groundwater upwelling, shallow, cores, shoreline): 74 
locations

• soil: 6 locations
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-B/C and 100-K Areas – Chromium and Cr+6 
in Solid Media
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-N and 100-D – Chromium and Cr+6 in Solid 
Media
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-H and White Bluffs Townsite – Chromium 
and Cr+6 in Solid Media
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-F and Hanford Townsite – Chromium and 
Cr+6 in Solid Media
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

300 Area Sub-area – Chromium and Cr+6 in Solid 
Media
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

300 Area to Nelson Island – Chromium and Cr+6 
in Solid Media
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Richland and McNary Dam – Chromium and Cr+6 
in Solid Media
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Cr/Cr+6 Conclusions

• Average (mean) chromium concentration: 

• island soils & sediments below WA Ecology mean 
background concentration of 18 mg/kg  

• False Positives Detections: 

• Molybdenum, mercury, and vanadium are known to 
create false positive results when using Method 
7196 

• No simple correlation between these elements and 
the Cr+6 results in sediments  
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Cr/Cr+6 Conclusions

• Percent Moisture: 

• No simple correlation w/ percent moisture 

• TOC: 

• No simple correlation w/ TOC

• Cr+6 Sources: 

• 100 Area impacts SW, Sed and soil 

• Downriver of the 100 Area difficult to discern.

• There appears to be a source of Cr+6 that is not 
associated with Hanford operations
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Selected Boxplot Discussion

• Use of Boxplots in data interpretation

• Focus on Inclusion List compounds

• Discussion of risk drivers identified in other studies 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Tritium in Pore Water

14100 pCi/L, T100D1A 

65200 pCi/L, JHTS33 
64600 pCi/L, JHTS33 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Tritium in Surface Water
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HHSL

989 pCi/L, JHTS9* 

504 pCi/L, JHTS18* 

388 pCi/L, JHTS19* 

274 pCi/L, JHTS33* 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Nitrates in Pore Water

ESL
HHSL

134,000 µg/L, JT100N3A 

116,000 µg/L, T3005J5 

54,900 µg/L, T100N2A 

35,700 µg/L, JHTS33 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Nitrates in Surface Water

HHSL
ESL

La
ke
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20,700 µg/L, RG-1SW-S 

12,300 µg/L, PE-1SW-S 

4,790 µg/L, HRB-1SW 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Strontium-90 in Pore Water

HHSL

72.3 pCi/L, T100N5RING 

54.7 pCi/L, N Outfall 

44.9 pCi/L, T100N5Ring 

38.4 pCi/L, T100N2A 

21.2 pCi/L, T100N1A 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Strontium-90 in Shallow Sediment

1.36 pCi/g, T100N5Ring* 
1.3 pCi/g, HR-5SSD 

5.98 pCi/g, 300ISL-5SSD 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Strontium-90 in Surface Water
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0.639 pCi/L, T100BC3C 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Strontium-90 in Soil

1.81 pCi/g, HI-9S 

0.784 pCi/g, JI-6S 

0.337 pCi/g, WP-7S 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Strontium-90 in Fish Fillet

1.55 pCi/g, 100SA-BASS2 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Strontium-90 in Fish Carcass
0.558 pCi/g, 100SA-CARP 3 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Strontium-90 in Fish Liver and Kidney
0.392 pCi/g, 100SA-WF2 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Europium-152 in Soil

0.342 pCi/g, JI-7S 

0.211 pCi/g, JI-3S 

0.198 pCi/g, JI-10S 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Europium-152 in Shallow Sediment

0.377 pCi/g, WI-3SD 
0.325 pCi/g, SI-8SD 

1.325 pCi/g, MDC-1SD 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Europium-152 in Sediment Core

1.1 pCi/g, LWC1-5SD 
1.15 pCi/g, LWC2-5SD 

1.45 pCi/g, LWC1-7SD 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Polychlorinated Biphenyls (PCBs)

• Congener analysis of surface water, sediment, and fish 
tissue support a non-Hanford source of PCBs to the 
River

• Sediment (shallow only)

• Aroclors infrequently detected, <1 mg/kg. Maximum 
total PCBs in Lake Wallula

• PCB congeners: Highest total PCBs overall in 
Upriver, but maximum in Lake Wallula

• Overall similar distribution of individual congeners, 
although Lake Wallula somewhat different.
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

PCBs in Shallow Sediment

0.009 mg/Kg, CM-2SD 

0.00806 mg/Kg, WP-6SD 

0.006 mg/Kg, HA-6SSD 
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

PCBs in Surface Water

La
ke

 
W

al
lu

la

HHSL

0.000382 ug/L, PRD-2SW-F

0.000275 ug/L, CI-1SW 0.000282 ug/L, RG-3SW 
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

PCBs in Soil

0.00182 mg/Kg, GI-6S 0.000101 mg/Kg, WB-6S 0.000323 mg/Kg, WP-6S 
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

PCBs in Fish

• Detected in all samples

• Highly variable concentrations 

• Highest fillet and carcass levels in Upriver whitefish

• Carcass levels higher than fillet

• Levels similar among species

• Carp from 100/300 Sub-Areas higher than Upriver
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

PCBs in Fish

• Similar distribution of congeners among sub-areas, 
species

• Consistent with pattern in sediment

Exhibit 13



RIVER CORRIDOR CLOSURE PROJECT

E1010021_95 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

PCBs in Fish Fillet
3.74 mg/kg, UPRIVERSA-WF5 
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

PCBs in Fish Carcass

2.63 mg/Kg, 100SA Walleye-6 

5.55 mg/Kg, UPRIVERSA-WF5 
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

PCBs in Fish Liver
1.33 mg/Kg, STURGEON 11 

1.16 mg/Kg, STURGEON 5 

1.07 mg/kg, STURGEON 15 

0.545 mg/Kg, STURGEON 26 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100 B/C Reactor Area

• 100 B/C Contaminant Groundwater Plumes

• Chromium (primarily Cr+6)

• Nitrate 

• Tritium

• Sr-90
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-B/C: Groundwater Summary – 100-BC-5

• Historic Aquifer Tube Results (Hanford Site Groundwater 
Monitoring for Fiscal Year 2008, DOE/RL-2008-66)

• Chromium = 0.046 mg/L

• Tritium = 20,000 pCi/L

• Sr-90 = 16 pCi/L

• Nitrate = 22 mg/L
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-B/C Upwelling Study for T100BC4A

• Pore Water Concentrations

• Chromium = 0.0555 mg/L

• Cr+6 = 0.08 mg/L

• Sediment Concentrations 

• Chromium = 25.5 mg/kg

• Cr+6 = ND

• Surface Water Concentrations 

• Chromium = ND

• Cr+6 = ND
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-B/C Reactor Area
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-B/C Reactor Area

Cross-Section Line
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Chromium in Pore Water, Surface Water, and 
Sediment – 100-B/C

Cr/Cr+6 HHSL = 0.000043 mg/L

Cr ECSL = 0.074 mg/L

Cr+6 ECSL = 0.011 mg/L

Cr/Cr+6 HHSL = 0.29 mg/kg

Cr ECSL = 95 mg/kg

Cr+6 ECSL = 14 mg/kg
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Sediment Core – 100-B/C: RBC
Concentration with Depth - Metals

0 5 10 15 20 25 30 35

RBC-1SD

RBC-2SD

RBC-3SD

Concentration (mg/kg)

Total Chromium

Hexavalent Chromium

Radioactivity with Depth

0.000 0.020 0.040 0.060 0.080 0.100 0.120 0.140

RBC-1SD

RBC-2SD

RBC-3SD

Concentration (pCi/g) Cs-137

Co-60

Eu-152
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-B/C Chromium Summary 
• Pore Water Concentrations (Max):

• Chromium = 0.0555 mg/L (T100BC4A)

• Cr+6 = 0.112 mg/L (T100BC3C)

• Sediment Cores (Max):
• Chromium = 29.4 mg/kg (RBC-1SD)
• Cr+6 = 0.787 mg/kg (RBC-1SD)

• Sediments (Max): 
• Chromium = 59.5 mg/kg (T100BC5C)

= 50.8 mg/kg (T100BC1J5)
= 45.5 mg/kg (2-A-A)

• Cr+6 = 1.42 mg/kg (2-A-A)

• Upwelling Surface Water (Max):
• Chromium = ND
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-B/C Tritium Summary 

• Groundwater Max: 20,000 pCi/L (RL Historic Data)

• Pore Water Max: 12,100 pCi/L (T100BC4A)

• Upwelling Surface Water: NA
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-B/C Other Compounds Summary 

• Nitrate Max:

• Pore Water: 24.4 mg/L (T100BC4A)

• Surface Water: 3.37 mg/L (T100BC1J1)

• Sr-90 Max:

• Pore Water: 6.12 pCi/L (T100BC4A)

• Sediment: ND

• Surface Water: 0.639 pCi/L (T100BC3C)
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-K Reactor Area

• Contaminant Groundwater Plumes

• Carbon-14 

• Sr-90

• Tritium

• Cr/Cr+6

• Nitrate 

• TCE
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-K: Groundwater Summary – 100-KR-4

• Historic Aquifer Tube Results (Hanford Site Groundwater 
Monitoring for Fiscal Year 2008, DOE/RL-2008-66)

• Chromium =0.081 mg/L

• Tritium = 8,300 pCi/L

• Sr-90 = 3.3 pCi/L

• Nitrate = 52.7 mg/L
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-K Reactor Upwelling Study for T100K3A

• Pore Water Concentrations

• Chromium = 0.063 mg/L

• Cr+6 = 0.056 mg/L

• Sediment Concentrations 

• Chromium = 21.5 mg/kg

• Cr+6 = ND

• Surface Water Concentrations 

• Chromium = 0.00354 mg/L

• Cr+6 = ND
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-K Reactor Area
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-K Reactor Area

Cross-Section Line
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Chromium in Pore Water, Surface Water, and 
Sediment – 100-K

NA
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Sediment Core – 100-K: RKC1
Concentration with Depth - Metals
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RKC1-1SD

RKC1-2SD

RKC1-3SD

Concentration (mg/kg)

Cadmium

Total Chromium

Hexavalent Chromium

Lead

Mercury

Radioactivity with Depth
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Tc-99
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Sediment Core – 100-K: RKC2
Concentration with Depth - Metals
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-K Chromium Summary 

• Pore Water Concentrations (Max):

• Chromium = 0.063 mg/L (T100K3A)

• Cr+6 = 0.056 mg/L (T100K3A)

• Sediment Cores (Max): RKC-1-3SD
• Chromium = 70.7 mg/kg (max in study area)
• Cr+6 = 1.24 mg/kg (max in study area)

• Sediments (Max): 
• Chromium = 67.5 mg/kg (K Intake Test 3A)
• Cr+6 = 1.18 mg/kg (KWIN Test 1)

• Upwelling Surface Water (Max):
• Chromium = 0.00354 mg/L (T100K3A)
• Cr+6 = ND
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-K Other Compounds Summary 

• Carbon-14 = ND

• Sr-90 (max): 

• Pore Water = ND

• Sediment = 0.472 pCi/g (T100K3A)

• Surface Water = ND

• Tritium (max):

• Porewater = 6,500 pCi/L (T100K3A)

• TCE: All ND
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-N Reactor Area

• Contaminant Groundwater Plumes

• Nitrate 

• Tritium

• Sr-90

• TPH
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-N Sr-90 Groundwater Plume

Figure 10.7.7.  Strontium-90 Concentrations in Hanford Site’s 100-N Area Groundwater, 
1996 and 2008 (DWS = Drinking Water Standard [DOE/RL-2008-66, Rev. 0])
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-N: Groundwater Summary – 100-NR-2

• Historic Aquifer Tube Results (Hanford Site Groundwater 
Monitoring for Fiscal Year 2008, DOE/RL-2008-66)

• Chromium = 0.006 mg/L

• Tritium = 12,000 pCi/L

• Sr-90 = 8,000 pCi/L 

• Nitrate = 54 mg/L

Exhibit 13



RIVER CORRIDOR CLOSURE PROJECT

E1010021_123 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-N Reactor Upwelling Study 

• Max Pore Water (T100N5RING)

• Sr-90 = 72.3 pCi/L (max in study area)

• Nitrate = 40.6 mg/L 

• Max Sediment (T100N5RING)

• Sr-90 = 1.36 pCi/g

• Max Surface Water 

• Sr-90 = ND
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-N Reactor Area
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-N Reactor Area

Cross-Section Line
B’

B

A’

A
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Strontium-90 in Pore Water, Surface Water, and 
Sediment – 100-N 

HHSL = 0.852 pCi/g

ESL = 300 pCi/g

HHSL = 0.331 pCi/g

ESL = 582 pCi/g

A A’
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Strontium-90 in Pore Water, Surface Water, and 
Sediment – 100-N 

B B’

HHSL = 0.852 pCi/g

ESL = 300 pCi/g

HHSL = 0.331 pCi/g

ESL = 582 pCi/g
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Sediment Core – 100-N: RNC
Concentration with Depth - Metals
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-N Other Compound of Note: Eu-152

• Eu-152

• Upwelling Surface Water (Max): ND 

• Sediments (Max): ND

• Sediment Core (Max): 0.185 pCi/g (RNC-3SD)

• TPH

• Sediments (Max): ND

• Upwelling Surface Water (Max): ND 
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-N Other Compounds Summary 

• Nitrate Max:

• Pore Water: 134 mg/L (JT100N3A, max in study area)

• Surface Water: NA

• TPH Max:

• Pore Water: 0.136 mg/L (J100N3A, only detection in 
study area)
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-D Reactor Area

• 100 D Contaminant Groundwater Plumes

• Chromium

• Nitrate 

• Tritium

• Sr-90

• Tc-99
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-D: Groundwater Summary (100-HR-3-D)

• Historic Aquifer Tube Results (Hanford Site Groundwater 
Monitoring for Fiscal Year 2008, DOE/RL-2008-66)

• Chromium = 0.422 mg/L (100-HR-3D)

• Tritium = 23,000 pCi/L (100-HR-3D)

• Sr-90 = 3 pCi/L (100-HR-3D)

• Nitrate = 35 mg/L
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-D Upwelling : Chromium and Cr+6

• Pore Water (Max):

• Chromium = 0.624 mg/L (T100D3A, max in study area)

• Cr+6 = 0.64 mg/L (T100D3A, max in study area)

• Sediments (Max): 

• Chromium = 122 mg/kg (T100D3A)

• Cr+6 = 5.94 mg/kg (T100D3A)

• Upwelling Surface Water (Max):

• Chromium = 0.0184 mg/L (T100D3A)

• Cr+6 = ND
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-D Reactor Area
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-D Reactor Area
Cross-Section 

Line
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Chromium in Pore Water, Surface Water, 
and Sediment – 100-D

Cr/Cr+6 HHSL = 0.000043 mg/L

Cr/Cr+6 ESL = 0.011 mg/L

Cr/Cr+6 HHSL = 0.29 mg/kg

Cr/Cr+6 ESL = 95 mg/kg

Cr+6 ESL = 14 mg/kg
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Sediment Core – 100-D: RDC
Concentration with Depth - Metals
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-D Summary: Tritium and Tc-99

• Tritium 

• Pore Water (Max): = 14,100 pCi/L (T100D1A) 

• Surface Water (Max): ND

• Tc-99 

• Sediment: ND
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-D Other Compounds Summary 

• Nitrate Max:

• Pore Water: 44.2 mg/L (T100D3A)

• Sr-90 Max:

• Pore Water: 1.54 pCi/L (J100D9)

• Sediment: ND

• Surface Water: ND
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-H Reactor Area

• 100-H Contaminant Groundwater Plumes

• Chromium

• Nitrate 

• Tritium

• Sr-90

• Tc-99

Exhibit 13



RIVER CORRIDOR CLOSURE PROJECT

E1010021_141 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-H : Groundwater Summary – (100-HR-3-H)

• Historic Aquifer Tube Results (Hanford Site Groundwater 
Monitoring for Fiscal Year 2008, DOE/RL-2008-66)

• Chromium = 0.074 mg/L 

• SR-90 = 11.6 pCi/L

• Nitrate = 46 mg/L

• Tc-99 = 31 pCi/L
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-H Upwelling : Chromium and Cr+6

• Pore Water (Max):

• Chromium = 0.05 mg/L (T100H1A)

• Sediments (Max): 

• Chromium = 275 mg/kg (J100H43, max in study 
area)

• Cr+6 = 0.26 mg/kg (T100H1E)

• Upwelling Surface Water (Max):

• Chromium = 0.00088 mg/L (T100H1E)
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-H Reactor Area
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-H Reactor Area

Cross-Section 
Line

Exhibit 13



RIVER CORRIDOR CLOSURE PROJECT

E1010021_145 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Chromium in Pore Water, Surface Water, and 
Sediment – 100-H

Cr/Cr+6 HHSL = 0.000043 mg/L

Cr/Cr+6 ESL = 0.011 mg/L

Cr/Cr+6 HHSL = 0.29 mg/kg

Cr/Cr+6 ESL = 95 mg/kg

Cr+6 ESL = 14 mg/kg
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Locke Island – Chromium and Cr+6 in Soil and 
Sediments
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

100-H Island Soils – Locke Island Results 

Locke Island – downriver of 100-H (RM-372)
• Results of note: 

• All Cr+6 = ND
• Cr = highest 100 Area Island soil results 

– LI-3S = 24.4 mg/kg
– LI-8S = 20.6 mg/kg
– LI-7S = 20.8 mg/kg

• Island Soil mean 
– Upriver = 12 mg/kg
– 100  = 17 mg/kg
– 300 = 17 mg/kg

• HHSL = 0.29 mg/kg
• ESL = 95 mg/kg
• WA DOE 90th Percentile = 32 mg/kg
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100-H: Other Results of Note

• Results of note: 

• Soil: C-14 Max in 100 Area

• LI-9S = 65.5 pCi/g (left bank - only detection in Island soils in 
study area 1/79)

– HHSL = 0.456 pCi/g

– ESL = 4760 pCi/g

• Sediment: Pu-239/240 Max in 100 Area

• LI-5SD = 1.38 pCi/g (only detection in 100 area sediments 
1/123)

– HHSL = 2.59 pCi/g

– ESL = 5860 pCi/g
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Locke Island Soils 
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100-H Other Compounds Summary 

• Tritium Max:

• Porewater = 1,250 pCi/L (T100H1A)

• Surface Water = ND

• Nitrate Max:

• Pore Water = 16.3 mg/L (T100H1A)

• Sr-90 Max:

• Pore Water = 6.78 pCi/L (J100H44)

• Sediment = ND

• Surface Water = ND
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100-F Reactor Area

• Contaminant Groundwater Plumes

• Sr-90

• Tritium

• Cr/Cr+6

• Nitrate 

• TCE
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100-F Historic Groundwater - (100-FR-3)  

• Historic Aquifer Tube Results (Hanford Site Groundwater Monitoring 
for Fiscal Year 2008, DOE/RL-2008-66)

• Chromium = 0.012 mg/L 
• Nitrate = 41 mg/L 
• Sr-90 = 4.40 pCi/L
• Tritium = 920 pCi/L
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100-F Reactor Upwelling Study

• Pore Water Concentrations

• Chromium = 0.0344 mg/L (Max: at 100-F J100F11)

• Cr+6 = 0.02 mg/L (Max: at 100-F T100F2A)

• Sediment Concentrations

• Chromium = 151 mg/kg (Max: at 100-F J100F11)

• Cr+6 = ND

• Surface Water Concentrations

• Chromium = 0.000732 mg/L (Max: at 100-F T100F2A)

• Cr+6 = ND
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100-F Reactor Area
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100-F Reactor Area

Cross-Section Line
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Chromium in Pore Water, Surface Water, and 
Sediment – 100-F
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100-F Reactor Cr/Cr+6 Summary

• Pore Water Concentrations (Max: at 100-F J100F11)

• Chromium = 0.0344 mg/L

• Cr+6 = ND

• Sediment Concentrations (Max: at 100-F J100F11)

• Chromium = 151 mg/kg 

• Cr+6 = ND

• Surface Water Concentrations (Max: at 100-F T100F2A)

• Chromium = 0.000732 mg/L

• Cr+6 = ND
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100-F Summary – Nitrate

• Pore Water Concentrations (Max): (T100F2A)

• 3.11 mg/L

• Upwelling Surface Water (Max): (J100F11)

• 0.64 mg/L
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100-F Other Compounds Summary 

• Tritium Max:
• Porewater = ND
• Surface Water = ND

• TCE Max:

• Sediment: = ND

• Sr-90 Max:

• Pore Water: 2.33 pCi/L (J100F11)

• Sediment: ND

• Surface Water: ND
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Summary - 100 Area – Maximums for Chromium 
and Cr+6
• Pore water Max for chromium and Cr+6:

• Chromium = 0.624 mg/L (T100D3A) 100-D
• Cr+6 = 0.640 mg/L (T100D3A) 100-D

• Sediment Max for chromium and Cr+6:
• Chromium = 275 mg/kg (J100H43) 100-H
• Cr+6 = 7.38 mg/kg (LI-1SD) 100-D/100-H

• Surface Water Max for chromium and Cr+6:
• Chromium = 0.0184 mg/L (T100D3A) 100-D
• Cr+6 = ND
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Hanford Townsite

• Hanford Contaminant Groundwater Plumes

• Nitrate 

• Tritium

• Savage Island Area Sediments

• Cr+6
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Hanford Townsite and Savage Island

• As reported in DOE/RL–2010-11 (Hanford Site 
Groundwater Monitoring and Performance Report for 
2009):

• Contaminant Groundwater Plume

• Tritium 36,000 pCi/L (200-PO-1)
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Hanford Townsite and Savage Island
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Hanford Townsite and Savage Island

Tritium

• Pore Water (Max):

• Tritium = 65,200 pCi/L (JHTS33)

• Upwelling Surface Water (Max):

• Tritium = 989 pCi/L (JHTS9)

Chromium 

• Sediments (Max): 

Chromium = 22.9 mg/kg (SI-12SD)

Cr+6 = 17.3 mg/kg (SI-10SD, max detected in 
study area, left bank)
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Hanford Townsite and Savage Island 
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Hanford Townsite

Cross-Section 
Line
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Tritium in Pore Water, Surface Water, 
and Sediment – Hanford Townsite

HHSL = 144 pCi/g

ESL = 300,000,000 pCi/g

HHSL = 2.28 pCi/g

ESL = 374,000 pCi/g
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Tritium in Surface Water 

Figure 10.4.9. Tritium Concentrations in Cross-River Transect Water Samples from
the Hanford Reach of the Columbia River, September 2008. The Washington

State ambient-water quality standard for tritium is 20,000 pCi/L (740 Bq/L).

Source:  Hanford Site Environmental Report Calendar Year 2008
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Hanford Townsite and Savage Island
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Hanford Townsite and Savage Island -
Summary
• Tritium

• Pore Water (Max) = 65,200 pCi/L (JHTS33)

• Upwelling Surface Water (Max) = 989 pCi/L (JHTS9)

• Downriver tritium = ND in all media

• Chromium 

• Sediments behind Savage Island 

Chromium = 22.9 mg/kg (SI-12SD)

Cr+6 = 17.3 mg/kg (SI-10SD, max detected in 
study area)
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Hanford Townsite: Other Results of Note

• Surface water nitrate Max value in 300 Area Sub-area 

• Nitrate: JHTS40 = 1,560 mg/L* (RM 350)

• HHSL = 5.8 mg/L

• ECSL = 7.07

* Note: while data was checked with laboratory results 
this value still seems to be an error. Co-located pore 
water result is 27.4 mg/L.
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300 Area

• 300 Area Contaminant Groundwater Plumes

• Nitrate 

• TCE

• Tritium

• Uranium

• Radionuclides 

• Johnson Island Soils (discussed later)

• Sediment Cores (discussed later)
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300 Area Subarea GW Springs Hanford Townsite 
(2008 Results)
• As reported in DOE/RL–2010-11:

• Max GW Concentrations 

• TCE = 0.00145 mg/L

• Tritium = 20,000 pCi/L (Hanford Townsite)

• Uranium = 0.143 mg/L

• Nitrate = 26.5 mg/L
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300 Area Uranium Plume
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300 Area Sub-area Upwelling Study 
Results 
• Pore Water

• Uranium = 0.197 mg/L (J3002)
• Cis-1,2-DCE = ND
• TCE = ND
• Nitrate = 116 mg/L (T3005J5)
• Tritium – 6,720 pCi/L (T3001J3)

• Sediment
• Uranium = 7.7 mg/kg (J30013)
• Cis-1,2-DCE = ND
• TCE = ND

• Surface Water
• Uranium = ND
• Cis-1,2-DCE = ND
• TCE = ND
• Tritium = ND
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300 Area Sediments (2008-2009 Results) 

• Max Sediment Concentrations (Upwelling Study)

• Uranium = ND

• Cis-1,2-DCE = ND

• TCE = ND
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300 Surface Water (2008-2010 Results) 

• Max Surface Water Concentrations (Upwelling Study)

• Uranium = ND

• Cis-1,2-DCE = ND

• TCE = ND

• Tritium = ND
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300 Area
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300 Area
T3005E

PW

Uranium 0.00435 mg/L

T3005D

PW

Uranium 0.000293 mg/L

J30036

PW

Uranium 0.00142 mg/L

T3005C

PW

Uranium 0.000751 mg/L

AT-3-6-M

PW

Uranium 0.111 mg/L

300LS-2SSD

SD
Uranium NA

J30019

PW

Uranium 0.0585 mg/L

Cross-Section Line
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Uranium in Pore Water, Surface Water, and 
Sediment - 300 Area 

HHSL = 0.0022 mg/L

ECSL = 0.0005 mg/L

HHSL = 4.6 mg/kg

ECSL = 100 mg/kg
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300 Area Subarea: Other Results of Note in 
Sediments
• Results of note: 

• Sr-90 Max in 300 Area Sub-area
• 300ISL-5SSD = 5.98 pCi/g (RM 346)

– HHSL = 0.331 pCi/g
– ECSL = 582 pCi/g

• Tc-99 Max only detection in 300 Area Sub-area
• JHTS33 = 6.84 pCi/g (RM 358) (only detection of Tc-99 in 

300 area. 1 of 3 detections site wide)
– HHSL = 0.25 pCi/g
– ECSL = 42200 pCi/g

• Cores and Island Soils (discussed below) 
• Elevated Radionuclides
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300 Area Subarea: Other Results of Note in 
Cores
• Results of note: 

• U-238 

• 300DC5-1SD = 2 pCi/g (RM 339)

• 300DC6-2SD = 2 pCi/g (RM 339)

– HHSL = 0.979 pCi/g

– ECSL = 2,490 pCi/g
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300 Area Subarea- Other Compounds Summary 

• Tritium Max:

• Pore Water = 6,680 pCi/L (J3002)

• Nitrate Max:

• Pore Water: = 116 mg/L (T3005J5)
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Island Soils – 8 Islands Characterized 

• Upriver – Un-Named Island Above Wanapum Dam (RM-419) 

• 100 Area Sub-area

• Island 3 – downriver from 100-D (RM-374)

• Locke Island – downriver of 100-H (RM-372)

• White Bluff Slough - downriver of 100-H (RM-371)

• 300 Area Sub-area

• Homestead Island – (RM-353)

• Wooded Island – (RM-349)

• Johnson Island – downriver of 300 Area (RM-346 to 345)

• Island 19 – (RM-341)
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Island Soil Locations Overview 

Wanapum 
WP (10) Island-3

I3 (10) Locke Island
LI (10)

Homestead Island
HI (10)

Johnson Island
JI (10)

White Bluffs
WB (10)

Wooded Island
WI (10)

Gulf Island
GI (10)
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Island Soils – Johnson Island Results 

• 300 Area Sub-area (RM-346 to 345)

• Results of note: elevated Sr-90

• JI-6S = 0.784 pCi/g (1 of 3 detections site wide)

• Island Soil mean 

• Upriver = 0.37 pCi/g

• 100 Area = NA

• 300 Area = 0.37 pCi/g

• HHSL = 0.33 pCi/g

• ECSL = 22.5 pCi/g
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Island Soils – Johnson Island Results 
(continued) 

• Results of note: 7 of 7 Eu-152 detections in island soils, 
Eu-152 was not reported in any other island soils.

• JI-4S = 0.11 pCi/g

• JI-2S = 0.105 pCi/g

• JI-3S = 0.211 pCi/g

• JI-4S = 0.122 pCi/g

• JI-7S = 0.342 pCi/g

• JI-5S = 0.111 pCi/g

• JI-10S = 0.198 pCi/g

• HHSL = 0.33 pCi/g

• ECSL = 22.5 pCi/g
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Island Soils – Johnson Island Results 
(continued) 

• Results of note: only detections of Cobalt-60 in island 
soils

• JI-3S = 0.016 pCi/g (only detection in study area 
island soils 1/79)

• HHSL = 0.009 pCi/g

• ECSL = 692 pCi/g
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Island Soils – Johnson Island Results 
(continued) 

• Results of note: only detections Pu-239/240 in island 
soils 

• JI-5S = 0.034 pCi/g (only detection in study area 
island soils 1/79)

• HHSL = 2.59 pCi/g

• ECSL = 2,100 pCi/g
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Island Soils – Johnson Island Results 
(continued) 

• Results of note: Cr+6 reported in soil

• JI-8S = 0.17 mg/kg 

• JI-9S = 0.06 mg/kg

• HHSL = 0.29 mg/kg

• ECSL = 0.34 mg/kg
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Island Soils – Johnson Island Results
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Island Soils – Gull Island (Island 19) Results 

• 300 Area Sub-area (RM-340)
• Results of note: elevated lead 

• GI-5S = 40.7 mg/Kg
• GI-8S = 58.3 mg/Kg
• GI-3S = 45.9 mg/Kg
• Island Soil mean 

– Upriver = 16 mg/kg
– 100 Area  = 23 mg/kg
– 300 Area = 28 mg/kg

• HHSL = 40 mg/kg
• ECSL = 11 mg/kg

• Cr+6 = 0.08 mg/kg (GI-7S)

Exhibit 13



RIVER CORRIDOR CLOSURE PROJECT

E1010021_193 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Island Soils – Gull Island (Island 19) Results
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Sediment Core – 300 Area 

• Five cores completed in 300 Area:

• Purpose to characterize deep sediments at head of 
Lake Wallula 

• 300DC-2: depth 44 cm, RM 345

• 300DC-3: depth 20 cm, RM 345

• 300DC-4: depth 44 cm, RM 343

– Cobalt-60 above HHSL (0.009 pCi/g)

– Cadmium above HHSL (1.104 mg/kg) and ECSL (0.005 
mg/kg)

• 300DC-5: depth 69 cm, RM 339

• 300DC-6: depth 44 cm, RM339

– Th-232 2SD = 2.71 pCi/g <HHSL (3.1 pCi/g)
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Sediment Core – 300 Area: 300DC-4
Concentration with Depth - Metals

0 5 10 15 20 25

300DC4-1SD

300DC4-2SD

Concentration (mg/kg)

Cadmium

Total Chromium

Hexavalent Chromium

Lead

Mercury

Radioactivity with Depth

0.000 0.050 0.100 0.150 0.200 0.250 0.300 0.350

300DC4-1SD

300DC4-2SD

Concentration (pCi/g)
Cs-137

Co-60

Eu-152

Sr-90
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Summary of Lake Wallula  

• 115 Sediment Samples 

• 26 Surface Water Samples

• 7 Sediment Core Locations

• 70 Sediment Core Samples 
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Core Locations 

PRDC (8)
RBC (3)

RKC1 (3)
RDC (1)

RNC (3)

RKC2 (5)

300DC2 (2)

300DC3 (1)

BDC1 (2)

BDC2 (3)

MDC (3)

LWC2 (12)

LWC3 (12)

FIC2 (9)

YRC1 (6)

YRC2 (13)
300DC5 (4)

FIC1 (10)

300DC4 (2)
300DC6 (2)

Exhibit 13



RIVER CORRIDOR CLOSURE PROJECT

E1010021_198 of 228

Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Sediment Core – Lake Wallula  

• Seven cores completed in Lake Wallula:

• Purpose to characterize deep sediments w/in Lake 
Wallula

• YRC-1: depth 110 cm, RM 335

• YRC-2: depth 260 cm, RM 335

• FIC-1: depth 201 cm, RM 323

• FIC-2: depth 186 cm, RM 321
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Sediment Core – Lake Wallula  

• Results of note from Lake Wallula

• LWC-1: depth 350 cm, RM 312

• U-238 above HHSL (0.979 pCi/g) -1SD, -7SD, and 
-11SD

• LWC-2: depth 244 cm, RM 305

• U-238 above HHSL -9SD

• MDC-1: depth 60 cm, RM 293

• Cobalt-60 above HHSL (0.009 pCi/g)

• Cadmium above HHSL (1.104 mg/kg and ESL 
(0.005 mg/kg)
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Sediment Core – YRC-1
Concentration with Depth - Metals
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Sediment Core – YRC-2
Concentration with Depth - Metals
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Sediment Core – FIC-1
Concentration with Depth - Metals
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Sediment Core – FIC-2
Concentration with Depth - Metals
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Sediment Core – LWC-1 
Concentration with Depth - Metals

0 10 20 30 40 50

LWC1-1SD

LWC1-2SD

LWC1-3SD

LWC1-4SD

LWC1-5SD

LWC1-6SD

LWC1-7SD

LWC1-8SD

LWC1-9SD

LWC1-10SD

LWC1-11SD

LWC1-12SD

LWC1-13SD

LWC1-14SD

LWC1-15SD

LWC1-16SD

LWC1-17SD

Concentration (mg/kg)

Total Chromium

Hexavalent Chromium

Radioactivity with Depth

0.000 0.200 0.400 0.600 0.800 1.000 1.200 1.400 1.600

LWC1-1SD
LWC1-2SD
LWC1-3SD
LWC1-4SD
LWC1-5SD
LWC1-6SD
LWC1-7SD
LWC1-8SD
LWC1-9SD

LWC1-10SD
LWC1-11SD
LWC1-12SD
LWC1-13SD
LWC1-14SD
LWC1-15SD
LWC1-16SD
LWC1-17SD

Concentration (pCi/g)

Cs-137

Co-60

Eu-152

Exhibit 13



RIVER CORRIDOR CLOSURE PROJECT

E1010021_205 of 228

Protecting the Columbia River
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Sediment Core – LWC-2
Concentration with Depth - Metals
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Sediment Core – MDC-1
Concentration with Depth - Metals
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Cobalt-60 in Sediment Cores 

0.043 pCi/g, LWC2-5SD 

0.3 pCi/g, LWC2-11SD 
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Bonneville Dam – Sediments Cores

• Sediment cores completed to evaluate historical 
deposition before McNary Dam was constructed:

• BDC-1

• BDC-2 
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Sediment Core – BDC-1
Concentration with Depth - Metals
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Sediment Core – BDC-2
Concentration with Depth - Metals
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Risk Assessment
Update

Lisa McIntosh, Human Health Task Lead
Janet Robinson, Ecological Task Lead
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Comparison of Human and Eco Datasets, by 
Media

Media
HH: Eco RA Data 

Comparison Data Dates HHRA ERA

Surface Water Same Selected 2000 - 2010 None None 

Sediment Different Selected 2000 - 2010 Includes core data Does not include core data

Island Soil Same 2008-2010 None None 
Fish Tissue 
      Background comparison Same 2008-2010 None None 
      Effects evaluation Different as shown to right 2008+ data Selected 2000+ data 
      Fish Tissue Details: 
              Bass Different as shown to right 2008+ data Selected 2000+ data 
              Carp Different as shown to right 2008+ data Selected 2000+ data 
              Sucker Different as shown to right 2008+ data Selected 2000+ data 
              Whitefish  Different as shown to right 2008+ data Selected 2000+ data 
              Walleye Same* 2008-2010 None None 
              Sturgeon Same* 2008-2010 None None 
*No historical data is available between 1999 and 2009 for these species, so no data has been added.   

Proposed Separate Datasets: HH Results
(to replace RAResults) Eco Results

Differences 
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Hazard Identification

• Evaluation of data

• Island soil (2008+)

• Shallow sediment (2000+)

• Surface water (2000+)

• Fish tissue (2008+)

• Selection of COPCs

• Screening level comparison

• Low frequency analytes

• Identification of “background” COPCs
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Exposure Assessment
• Evaluates human receptors, exposure points, exposure pathways and 

quantifies exposure
• Scenarios

• Avid Angler 
• Fishing, wading, fish consumption

• Casual User
• Swimming, wading, fish consumption

• Native American
• Yakama Tribe

– subsistence fishing and fishing-related activities
• Non-residential Tribal Scenario (DOE)

– Short-term camping, subsistence fishing, sweat lodge use, water 
ingestion

• CTUIR – fish ingestion only  (separate white paper)
• Exposure points/EPCs

• Evaluating subdivision of river segments: only a few “hot areas”
identified

• 100 Area chromium
• Johnson Island
• Upper vs. lower Lake Wallula
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Fish EPCs Approach

Three Primary Considerations:

• Spatial Distribution
• No consistent pattern among sub-areas, fish species or body parts.

• Use entire reach (100/300 Areas and Lake Wallula) as Exposure Point to 
increase sample size, reduce variability.

• Species Consumed
• Each species evaluated separately.

• Body Parts Consumed
• Will evaluate each species separately, using body part-weighted approach. 

Weighting depends on receptor.
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Ecological Risk 
Assessment Update
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Eco Risk Project Review

• Screening level ecological risk assessment (SLERA)

• Comparison to benchmarks

• Surface water, soil, sediment, and fish tissue
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Eco Sample Data Set

• Similar to human health

• Surface water:  2000-2010 

• Sediment:  2000-2010, deep and shallow water samples

• Fish:  2000-2010
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Eco Risk has Multiple Receptors

• Surface Water

• Aquatic biota (fish, plants, benthic invertebrates)

• Amphibians

• Soils

• Plants

• Invertebrates

• Birds

• Mammals 

• Sediments

• Benthic Invertebrates
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Eco Lines of Evidence

• Benchmarks:  no-effect benchmarks or effect levels

• Mammals and birds:  derived from food chain 
modeling

• Fish tissue:  tissue residue effect levels

• Refinement:  

• magnitude, number and location of exceedances

• LOAEL values for comparison

• RCBRA ranges and conclusions
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Eco Risk Current Status

Varies by Media

• Resolving Data Reporting (historical data; duplicates, 
units, etc)

• Finalizing COPEC List

• Evaluating Confirmed COPECs 

• Evaluating Fish Tissue Data and Effects Levels
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Eco Risk Preliminary Observations: 
Exceedances Not Widespread

• Many compounds with exceedances are below reference 
concentrations

• Many exceedances of non-Hanford metals (iron, 
phosphorus, barium)

• Exceedances of mercury and lead in island soils
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Eco Risk Preliminary Observations of Key Site 
Contaminants

• Mostly metals

• Mostly sediment

• Generally consistent with RCBRA
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Eco Risk Fish Tissue:  Under Evaluation 

• Tissue effect levels consistent with RCBRA

• Relatively few benchmarks available for tissue

• DDD, PCBs, mercury, and cadmium exceed reference in 
at least one tissue type in all areas  
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Eco Risk On-going Evaluations

• Finalize COPEC identification

• Finalize mapping and evaluation 

• Conduct refinement of SLERA findings:

• Number, magnitude, location of exceedances

• Use of LOAEL for evaluations 

• Consider RCBRA: Effects of RCBRA Draft B revisions
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Preliminary Data Gaps

• Data Issues

• Further evaluate Cr+6 in sediment and Island Soils 

• Upriver 

• Downriver

• Screening Levels < detection limits  

• High variability

• Additional data needs may be identified during the risk 
assessment process
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Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Preliminary Data Gaps

• Suggested Additional Data Needs

• Johnson Island and Gull Island (#19): soil and 
sediments

• Radionuclides

• Metals

• Island #18, Island #20, and Nelson Island (not 
previously sampled): soil and sediments

• Radionuclides

• Metals
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Protecting the Columbia River
Data from the Remedial Investigation of Hanford Site Releases to the Columbia River – October, 2010

Schedule

• RL Review of Decisional Draft SLERA – January 2011 (30 days) 
• Regulator Review of Draft A SLERA – May 2011 (45 days)

• RL Review of Decisional Draft HHRA – February 2011 (30 days)
• Regulator Review of Draft A HHRA – June 2011 (45 days)

• Scientific Decision Mgmt Point – January 2012

• Supplemental sampling being evaluated 
• Timing dependent on results of risk assessments
• Input results into Draft B?
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1.0  
executive summary 
The Columbia River Basin, one of the world’s great river basins, is 
contaminated with many toxic contaminants, some of which are moving 
through the food web. These toxics in the air, water, and soil threaten the health 
of	 people,	 fish,	 and	 wildlife	 inhabiting	 the	 Basin.	 

In this report, the U.S. Environmental Protection Agency (EPA), Region 10, 
summarizes what we currently know about four main contaminants in the 
Basin 	and 	the 	risks 	they 	pose 	to 	people, 	fish, 	and	 wildlife.	 We	 also	 identify	 
major 	gaps 	in 	current 	information 	that 	we	 must	 fill 	to	 understand	 and	 reduce 	
these contaminants. Current information in the Basin indicates that toxics are a 
health 	concern 	for 	people, 	fish,	 and	 wildlife,	 but	 this	 information	 is	 sparse.	 In	 
many locations, toxics have not been monitored at all. We do not have enough 
information in the majority of the Basin to know whether contaminant levels 
are	 increasing	 or	 decreasing 	over	 time.	 We	 need	 to	 fill	 these	 information 	gaps 	
to understand the impacts on the ecosystem and to plan and prioritize toxics 
reduction actions. 

This report focuses primarily on the following four contaminants: mercury, 
dichlorodiphenyltrichloroethane (DDT) and its breakdown products, 
polychlorinated biphenyls (PCBs), and polybrominated diphenyl ether (PBDE) 
flame 	retardants.	 We 	focus 	on	 these	 contaminants	 because	 they	 are	 found 	
throughout 	the 	Basin 	at 	levels 	that 	could	 adversely	 impact 	people, 	fish, 	and	 
wildlife. Many other contaminants are found in the Basin, including arsenic, 
dioxins, radionuclides, lead, pesticides, industrial chemicals, and “emerging 
contaminants” such as pharmaceuticals found in wastewater. This report does 
not focus on those contaminants, in part because there is a lack of widespread 
information on their presence in the Basin. 

Mercury contaminates the Basin from industrial and energy-related activities 
occurring within and outside of the Basin. Mercury poses a special challenge 
because much of the Basin’s mercury pollution comes from sources outside 
of the Basin via atmospheric deposition. At a watershed scale, however, local 
and	 regional	 sources	 can	 be	 significant	 contributors	 of	 mercury	 to	 the	 Basin.	 
Fish consumption advisories for mercury continue to be issued in every state 
throughout the Basin. 
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The pesticide DDT and industrial chemicals known as PCBs have been 
banned since the 1970s, and reduction efforts have lowered their levels in the 
environment. Unfortunately, these chemicals persist in the environment and 
continue to pollute the Basin’s waterbodies from various sources, including 
stormwater and agricultural land runoff and hazardous waste releases. In many 
areas, DDT and PCB concentrations still exceed levels of concern, and fish 
consumption advisories for these contaminants continue to be issued in every 
state throughout the Basin. 

PBDE flame retardants and other emerging contaminants of concern—such as 
pharmaceuticals and personal care products—are a growing concern because 
their levels are increasing in fish and wildlife throughout the Basin. We are just 
beginning to conduct the research needed to better understand the impacts to 
the ecosystem from emerging contaminants. 

This report provides preliminary information on the presence of mercury, 
DDT, PCBs, and PBDEs in the following species: juvenile salmon; resident 
fish (sucker, bass, and mountain whitefish); sturgeon; predatory birds (osprey 
and bald eagles); aquatic mammals (mink and otter); and sediment-dwelling 
shellfish (Asian clams). These species can help us understand trends in the 
levels of toxics in the Basin and judge the effectiveness of toxics reduction 
efforts. 

Some initial steps to address the problem of toxics have already been taken. 
In 2005, EPA joined other federal, state, tribal, local, and nonprofit partners to 
form the Columbia River Toxics Reduction Working Group to better coordinate 
toxics reduction work and share information. The goal of the Working 
Group is to reduce toxics in the Columbia River Basin and prevent further 
contamination. This State of the River Report for Toxics was identified as a 
priority by this multi-stakeholder group and was prepared under the leadership 
of EPA Region 10 with the support and guidance of the Working Group. 

Meanwhile, there are many ongoing efforts to reduce toxics in the Basin. 
Some examples include erosion control efforts in the Yakima Basin; Pesticide 
Stewardship Partnerships in the Hood River and Walla Walla Basins; PCB 
cleanup at Bonneville Dam; legacy pesticide collection throughout the Basin; 
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and investigation and cleanup of the Portland Harbor, Hanford, and Upper 
Columbia/Lake Roosevelt contamination sites. These and other combined 
efforts have reduced toxics over the years, but we still need to further reduce 
toxics to make the Basin a healthier place for people, fish, and wildlife. 

To ensure a more coordinated strategy, EPA and our Working Group partners 
developed a set of six broad Toxics Reduction Initiatives needed to reduce 
toxics in the Basin. Over the next year, the Working Group will develop a 
detailed work plan to provide a roadmap for future reduction efforts with input 
from Basin citizens; local watershed councils; Basin communities and other 
entities; and tribal, federal, and state governments. 

Reducing toxics in the Basin will require a comprehensive, coordinated effort 
by all levels of government, nongovernmental organizations, and the public. 
The problems are too large, widespread, and complex to be solved by only one 
organization. Our hope is that this report and the subsequent toxics reduction 
work plan will help us make this ecosystem healthier for all who live, work, 
and play in the Basin. 
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2.0  
introduction 
The Columbia River Basin is one of the world’s great river basins in terms 
of its land area and river volume, as well as its environmental and cultural 
significance.	 However,	 public	 and	 scientific	 concern	 about	 the	 health	 of	 the	 
Basin ecosystem is increasing, especially with regard to adverse impacts on the 
Basin associated with the presence of toxic contaminants. A full understanding 
of the toxics problem is essential because the health of the Basin’s ecosystem is 
critical to the approximately 8 million people who inhabit the Basin and depend 
on its resources for their health and livelihood. [1]  The health of the ecosystem 
is	 also	 critical	 to	 the	 survival	 of	 the	 hundreds	 of	 fish	 and	 wildlife	 species	 that	 
inhabit the Basin. In this State of the River Report for Toxics,	 we	 make	 our	 first	 
attempt to describe the risks to the Basin’s human and animal communities 
from toxics and to set forth current and future efforts needed to reduce toxics. 

The Basin drains about 259,000 square miles across seven U.S. states and 
British Columbia, Canada. Of that total, about 219,400 square miles, or 
85	 percent	 of	 the	 Pacific	 Northwest	 region,	 are	 in	 the	 United	 States;	 the	 
remaining 39,500 square miles are in Canada. [2]  The Basin’s rivers and 
streams carry the fourth largest volume of runoff in North America. The 
Columbia River begins at Columbia Lake in the Canadian Rockies and 
travels	 1,243	 miles	 over	 14	 dams	 to	 reach	 the	 Pacific	 Ocean	 a	 hundred	 miles	 
downstream	 from	 Portland,	 Oregon.	 The	 River’s	 final	 300	 miles,	 including	 
the dramatic Columbia River Gorge Scenic Area, form the border between 
Washington and Oregon. In this report, the Lower Columbia River is 
considered	 to	 be	 the	 reach	 from	 Bonneville	 Dam	 downstream	 to	 the	 Pacific	 
Ocean, the Middle Columbia River is considered to be the reach from 
Bonneville Dam upstream to Grand Coulee Dam, and the Upper Columbia 
River is considered to be the reach above Grand Coulee Dam. 

Major tributaries to the Columbia River include the Snake, Willamette, 
Spokane, Deschutes, Yakima, Wenatchee, John Day, Umatilla, Walla Walla, 
Pend Oreille/Clark Fork, Okanogan, Kettle, Methow, Kootenai, Flathead, 
Grande Ronde, Lewis, Cowlitz, Salmon, Clearwater, Owyhee, and Klickitat 
Rivers. The Snake River is the largest tributary to the Columbia River, with 
a drainage area of 108,500 square miles, or 49 percent of the U.S. portion of 
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the watershed. Another major tributary is the Willamette River, which drains 
11,200 square miles and is located entirely within the State of Oregon. [2] 

The Basin’s salmon and steelhead runs were once the largest runs in the world, 
with an estimated peak of between 10 million and 16 million fish returning to 
the Basin annually to about 1 million upriver adult salmon passing Bonneville 
Dam in recent years. [3] For thousands of years, the tribal people of the Basin 
have depended on these salmon runs and other native fish for physical, 
spiritual, and cultural sustenance. Bald eagles, osprey, bears, and many other 
animals also rely on fish from the Columbia River and its tributaries to survive 
and feed their young. Historically, the large annual returns of adult salmon and 
steelhead have contributed important marine nutrients to the ecosystems of the 
interior Columbia River Basin. The Basin is also economically vital to many 
Pacific Northwest industries such as sport and commercial fishing, agriculture, 
transportation, recreation, and tourism. Throughout history, and up to the 
present day, the Basin has supported settlement and development, agriculture, 
transportation, and recreation. 

There are more than 370 major dams on tributaries of the Columbia River 
Basin. [4] With its many major federal and nonfederal hydropower dams, 
the River is one of the most intensive hydroelectric developments in the 
world. About 65 percent (approximately 33,000 megawatts) of the Pacific 
Northwest’s generating capacity comes from hydroelectric dams. Under 
normal precipitation, the dams produce about three-quarters (16,200 average 
megawatts) of the region’s electricity. Some of the other major uses of the 
multi-purpose dams on the Columbia and Snake Rivers include flood control, 
commercial navigation, irrigation, and recreation. [3] 

A National Priority 
In 2006, EPA designated the Columbia River Basin as a Critical Large Aquatic 
Ecosystem in our 2006-2011 Strategic Plan. [5] The Plan’s Goal 4, Healthy 
Communities and Ecosystems, is “to protect, sustain, or restore the health of 
people, communities, and ecosystems using integrated and comprehensive 
approaches and partnerships.” 
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The Columbia River Basin goal states: 

“By 2011, prevent water pollution and improve and protect water 
quality and ecosystems in the Columbia River Basin to reduce risks to 
human health and the environment.” 

The focus of the 2006-2011 Strategic Plan was achieving more measurable 
environmental results. Working with state, tribal, and local partners, we 
selected the following strategic targets for the Columbia River Basin: 

	 By 2011, protect, enhance, or restore 13,000 acres of wetland habitat and 
3,000 acres of upland habitat in the Lower Columbia River watershed. 

	 By 2011, clean up 150 acres of known highly contaminated sediments in the 
Lower Columbia River Basin, including Portland Harbor. 

	 By 2011, demonstrate a 10 percent reduction in mean concentration of 
contaminants of concern found in water and fish tissue. Contaminants of 
concern include chlorpyrifos and azinphos methyl in the Little Walla Walla 
River, DDT in the Walla Walla and Yakima Rivers, and DDT and PCBs in 
the mainstem. 

We selected these targets because historical data were available and each 
represented measurable outcomes for reduction of toxics in the Basin. Meeting 
these targets and the overarching goal depends on the states, tribes, local 
governments, federal government, and nongovernmental agencies working 
together to improve the health of the Columbia River Basin. 

The Story of Contamination in the Columbia River Basin 
Fish, wildlife, and people are exposed to many contaminants polluting the 
water and sediment of the Columbia River Basin. These contaminants come 
from current and past industrial discharges (point sources) to the air, land, 
and water and from more widespread sources such as runoff from farms and 
roads (nonpoint sources) and atmospheric deposition. Some contaminants, 
such as mercury, also come from natural sources. Even when released in small 
amounts, some of these contaminants can build up over time to toxic levels in 
plants and animals. 

In 1992, an EPA national survey of contaminants in fish in the United 
States alerted EPA and others to a potential health threat to tribal and other 
people who eat fish from the Columbia River Basin. [6] The Columbia River 
Inter-Tribal Fish Commission (CRITFC) and its four member tribes—the 
Confederated Tribes of the Warm Springs Reservation of Oregon, the 
Confederated Tribes and Bands of the Yakama Nation, the Confederated Tribes 
of the Umatilla Indian Reservation, and Nez Perce Tribe—were concerned for 
their tribal members who consume fish. 

To evaluate the likelihood that tribal people may be exposed to high levels of 
contaminants in fish, EPA funded the CRITFC tribes to conduct a Columbia 
River Basin tribal fish consumption survey, which was then followed by an 
EPA and tribal study of contaminant levels in fish caught at traditional tribal 
fishing sites. [7,8] The consumption survey showed that the tribal members were 

Human activities have contributed many toxic contaminants to the 
Columbia River Basin over the last 150 years: 
 Dioxins, PCBs, metals, and other toxic chemicals were spilled and 

dumped in Portland Harbor. The sources: boat-building, steel-milling, 
and sewer discharges. 

 “Legacy pollutants”—chemicals banned in the 1970s such as PCBs 
and chlorinated pesticides such as DDT—still contaminate the river. 
The sources: farmland, roads, construction sites, and stormwater 

runoff. 


 Newer chemicals, including modern pesticides, flame retardants such 
as PBDEs, pharmaceuticals, and personal care products, contaminate 
the river. The sources: runoff and sewers. 

 Metals wash into Lake Roosevelt. The sources: metal smelters in 
Washington and British Columbia. 

 Metals wash into the Spokane River. The source: mines in northern 
Idaho. 
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eating six to eleven times more fish than EPA’s estimated national average at 
that time of 6.5 grams per day. The fish contaminant study showed the presence 
of 92 contaminants in fish consumed by CRITFC tribal members and other 
people in the Columbia River Basin. Some of these contaminant levels were 
above the levels of concerns for aquatic life or human health. [8] Contaminants 
measured in Columbia River fish included PCBs, dioxins, furans, arsenic, 
mercury, and DDE, a toxic breakdown product of the pesticide DDT. 

The Origin and Purpose of the Columbia River Toxics 
Reduction Working Group 
Over the past two decades, much information was collected on the levels of 
contaminants in water, sediment, and fish in the Columbia River Basin. The 
result was an accumulation of scattered data that needed to be compiled into a 
Basin-wide report of the potential impacts from contaminants to people, fish, 
and wildlife. In 2005, EPA joined other federal, state, tribal, local, and non-
profit partners to form the Columbia River Toxics Reduction Working Group to 
better coordinate this work and share information. Our goal is to reduce toxics 
in the Basin and prevent further contamination. This goal includes reducing 
toxics in the plants and animals that people eat and ensuring the survival, 
reproduction, and growth of fish and wildlife in the Basin. 

One of the first actions this multi-stakeholder group identified was the 
development of a report for the Columbia River Basin describing the state of 
the River. The Working Group recognized toxics as one of several important 
factors affecting the health of the Basin’s people, plants, and animals. We also 
recognized that toxics had received less attention than other factors and that 

a report on the influence of toxics was a good first step in understanding the 
health of the Basin’s ecosystem. 

This State of the River Report for Toxics was prepared under the leadership 
of EPA Region 10 with the support and guidance of the Working Group. This 
report sets in motion the process by which we will address the following 
questions: 

	 Which toxics are we most concerned about in the Columbia River Basin, 
and why? Which toxics are the highest priority for cleanup? 

	 Where are the toxics coming from? How can they be controlled and cleaned 
up? How can we prevent contamination in the future? 

	 What can indicator species tell us about the health of the Columbia River 
Basin? What indicator species should we use to evaluate the health of the 
ecosystem? Is the health of the ecosystem improving or declining? What 
additional information do we need to collect so that we can determine 
changes over time to better understand and deal with the toxics problem? 

	 What toxics reduction actions are currently under way? Have they been 
successful? What actions are planned to further reduce toxics? 

	 What are the next steps to improve the health of the Columbia River Basin 
ecosystem? What are the short- and long-term monitoring and research 
needs? 

This report will be used to inform people, communities, and decision-makers in 
the Basin about the toxics problem and to begin a dialogue to identify potential 
solutions for improving the Basin’s health. 

in addition to this report, epa’s Columbia River basin website (http://www.epa.gov/region10/columbia) will
vISIT THE WEB provide more detailed and up-to-date information on the health of the Columbia River basin as work continues. 
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3.0 
Toxic Contaminants 

What are Toxic Contaminants? 
Toxic contaminants (or toxics) are chemicals introduced to the environment 
in amounts that can be harmful to fish, wildlife, or people. Some are naturally 
occurring, but many of these contaminants were manufactured for use in 
industry, agriculture, or for personal uses such as hygiene and medical care. 
These synthetic and naturally occurring chemicals can be concentrated to toxic 
levels and transported to streams through a combination of human activities 
such as mining or wastewater treatment and through natural processes such as 
erosion (Figure 3.1). 

The fate of a contaminant is determined by its properties—for example, 
whether the contaminant mixes readily with water or sediment particles, 
or whether it changes form when exposed to sunlight, bacteria, or heat. A 
contaminant’s location and level of concentration in a river help determine 
whether fish, wildlife, and people are exposed to it and, if so, whether they 
experience harmful health effects. 

Why are Persistent Toxics a Concern? 
Chemicals with well-known effects are generally those chemicals that remain 
in the environment for a long time (persistent contaminants), contaminate 
food sources, and increase in concentration in fish and birds. Animals can take 
in these contaminants directly while foraging for food or drinking water, or 
they can eat other animals and plants that have absorbed the contaminants. 
Many contaminants break down slowly, so they accumulate and concentrate 
in plants, wildlife, and people. The concentration of persistent contaminants 
through water, sediment, and food sources and within a plant or animal is called 
bioaccumulation. An example of a persistent chemical in the Columbia River 
is DDT and its breakdown product DDE, both of which are still present in the 
River nearly 40 years after DDT was banned. 

Contaminants in water and sediment are absorbed by microscopic plants and 
animals, called phytoplankton and zooplankton, as they take in food and water. 
Many of these chemicals are not easily metabolized, so they persist in living 
organisms and concentrations build up in their tissues. Plankton, which are 

Figure 3.1: Toxic Contaminant Pathways in the Environment 

at the bottom of the food web, carry the toxic burden all their lives. As larger 
animals eat the plankton, the accumulated chemicals are absorbed into each 
animal’s body. Fish and other animals eat the plants, microorganisms, and 
small fish; the chemical moves into their bodies, and ultimately into larger fish-
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eating birds and mammals higher in the food web. This is how contaminant 
concentrations exponentially increase in fish and fish-eating animals at levels 
much higher than the concentrations found in the waters the fish live in. 
Through this biomagnification process, top predators, including birds of prey 
and humans, can accumulate contaminants in higher concentrations than those 
found in the plants and animals they consume (Figure 3.2). This toxic load 
builds up in their bodies throughout their lives. 

What are the Contaminants of Concern in the 
Columbia River Basin? 
While many contaminants have the potential to be of concern, this report 
focuses primarily on four contaminants: mercury (including methylmercury); 
DDT and its breakdown products; PCBs; and PBDEs. 

These contaminants are of primary concern because (1) they are widely 
distributed throughout the Basin; (2) they may have adverse effects on wildlife, 
fish, and people; (3) they are found at levels of concern in many locations 
throughout the Basin; and (4) there is an opportunity to build on current efforts 
to reduce these contaminants within the Basin. [1] 

In addition to these four contaminants, many other contaminants of concern 
were also identified in the Basin. These included metals such as arsenic 
and lead; radionuclides; several types of pesticides, including current-use 
pesticides; industrial chemicals; combustion byproducts such as dioxin; and 
“emerging contaminants” such as pharmaceuticals and personal care products. 
These contaminants are not the focus of this report, either because there is a 
lack of widespread information on their presence in the Basin or because they 
are best suited to more geographically targeted studies within the Basin. 

Figure 3.2: Persistent contaminants biomagnify, 
increasing in concentration up the food web. The 
highest biomagnification levels can be found in the 
eggs of fish-eating birds. 

vISIT THE WEB for more information on biomagnification, go to: http://toxics.usgs.gov/definitions/biomagnification.html. 
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Which Contaminants are Found in People? 
Two studies recently investigated the amount and type of toxic contaminants 
found in people. In 2005, ten Washington residents volunteered to have their 
hair, blood, and urine tested for the presence of toxics as part of the “Pollution 
in People” investigative study by the Toxic-Free Legacy Coalition. [2] Each 
person tested positive for at least 26, and as many as 39, of the 66 toxics 
tested for, including common pesticides; plasticizers and fragrances found in 
vinyl, toys, and personal care products; flame retardants found in electronics, 
mattresses, and furniture; lead, mercury, and arsenic; and both DDT and PCBs. 

In 2007, ten Oregon residents representing a diverse group of people from rural 
and urban areas throughout the state volunteered to have their bodies tested in a 
study of chemicals in people conducted by the Oregon Environmental Council 
and the Oregon Collaborative for Health and the Environment. [3] Each person 
had at least 9, and as many as 16, of the 29 toxics tested for in their bodies. 
Similar to the Washington study, these toxics included pesticides, mercury, 
plasticizers, and PCBs. Every participant had mercury, PCBs, and plasticizers 
in their blood. 

While some of these toxics found in people may come from consuming fish or 
wildlife in the Columbia River Basin, the majority of the toxics found in people 
come from everyday activities and products such as food, cosmetics, home 
electronics, plastic products, and furniture. A greater effort to reduce toxics in 
the products we produce and consume will be needed to limit human exposure 
and intake of toxics and to reduce the amount of toxics that we put into the 
ecosystem. 

for more information on the “pollution in 
people” studies, visit the Toxic-free 
legacy Coalition: http://www.vISIT THE WEB 
toxicfreelegacy.org/index.html and the oregon 
environmental Council: http://www.oeconline. 
org/pollutioninpeople. 

What about Hanford and radionuclides? 

For more than 40 years, the U.S. government produced plutonium for 
nuclear weapons at the Hanford Site along the Columbia River. Production 
began in 1944 as part of the Manhattan Project, the World War II effort 
to build an atomic bomb. Plutonium production ended and cleanup 
began	 at	 Hanford	 in	 1989.	 Over	 600	 waste	 sites	 have	 been	 identified	 in	 
the immediate vicinity of the nuclear reactors. These waste sites have 
contaminated the groundwater with radionuclides (nuclear waste) and 
toxic chemicals, above drinking water standards. In certain areas, the 
contaminated groundwater has reached the Columbia River. 

The waste sites and facilities near the River are undergoing an intensive 
investigation and cleanup effort. One part of that investigation will 
evaluate the risk to humans and other organisms in the Columbia River 
ecosystem from Hanford contaminants, including radionuclides, heavy 
metals, and some organic chemicals. The risk assessment results will be 
available in 2011. [5] Because of the ongoing investigation and cleanup 
efforts, this State of the River Report for Toxics does not focus on effects 
on the river from Hanford. 

for more information about the hanford 
cleanup, go to:

vISIT THE WEB http://yosemite.epa.gov/R10/Cleanup.nsf/ 
sites/hanford and www.hanford.gov. 
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What are Emerging Contaminants of Concern? 
A growing number of substances that we use every day, including 
pharmaceuticals, cosmetics, and personal care products, are turning up in our 
lakes and rivers, including the Columbia River. [4] These “emerging chemical 
contaminants” often occur at very low levels. With improved detection 
technologies, we are becoming more 
aware of their widespread distribution 
in the environment, and concerns 
are increasing about their potential 
impacts on fish and shellfish, wildlife, 
and human health. Hormones, 
antibiotics, and other drugs, which 
are commonly found in animal and 
human waste sources, are examples 
of emerging contaminants. Current-
use pesticides and perfluorinated 
compounds—chemicals used in 
consumer products to make them 
stain- and stick-resistant—are other 
examples of emerging contaminants. 

Although several of these emerging 
contaminants have been detected in water and sediment in the Lower Columbia 
River, information from locations elsewhere in the Basin is extremely limited. 
In response to these newly recognized contaminants, the U.S. Geological 
Survey (USGS) is sponsoring a four-year study in the Lower Columbia River 
addressing the movement of emerging contaminants from water to sediment, 
and through the food web to fish-eating birds, to evaluate the threat to the 
environment and human health. 

Emerging chemical contaminants include 
pharmaceuticals and other products that are 
not properly disposed. These contaminants 
are increasingly accumulating in waterways, 
including the Columbia River. 

Dioxins: A success story in toxics reductions 

A 1987 EPA study showed unsafe levels of dioxin in fish from the Columbia 
River [6] Dioxins are persistent bioaccumulative toxins that can cause 
developmental and reproductive problems and potentially increase the risk 
of cancer. Dioxins are a byproduct of combustion and manufacturing 
processes, including bleaching paper pulp with chlorine. 

In response to the study, in 1991 EPA collaborated with Oregon and 
Washington to require reductions in the amount of dioxin discharged by 
13 paper mills to the Columbia, Snake, and Willamette Rivers. These 
pulp and paper mills subsequently changed their bleaching process, 
which reduced releases of dioxins into the Columbia River Basin. 

Since 1991, dioxin concentrations in resident fish in the Columbia 
have decreased dramatically (Figure 3.3). [7,8,9,10,11,12] The dioxin content 
of osprey eggs has also shown a significant reduction in the lower 
part of the river. [13] However, dioxin is extremely persistent, and fish 
consumption advisories are still in place for some locations in the Basin. 

Figure 3.3: Dioxin levels in Columbia River fish have decreased significantly 
since pulp and paper mills changed their bleaching process, which reduced 
dioxin discharges in the early 1990s. 

vISIT THE WEB 
for more information about dioxins in the Columbia River basin, go to: www.deq.state.or.us/wq/TmDls/columbia.htm 
and www.ecy.wa.gov/biblio/97342.html. 9 
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Fish Consumption Advisories for Toxics are Widespread 
across the Basin 
When a river or lake becomes contaminated, it is not only an ecological loss 
but also a significant resource loss for people who depend on those fish for their 
diet. Fish consumption advisories are issued for lakes and rivers where various 
levels of fish consumption are no longer safe due to toxics in fish. 

State health departments have issued public fish consumption advisories about 
the types and amounts of fish that are safe to eat from specific waters, including 
waters of the Columbia River Basin (Figure 3.4). In Washington, Oregon, 
Idaho, and Montana, people are advised to limit meals of fish such as bass, 
trout, walleye, and bottom fish from certain streams and lakes due to concerns 
about high levels of mercury, PCBs, and other contaminants. Because testing 
has shown high mercury concentrations in certain species, and because there 
is a lack of data from many water bodies, Washington has issued a statewide 
mercury advisory for consumption of bass and Idaho has issued a statewide 
mercury advisory for bass and walleye. 

Figure 3.4: State-issued fish consumption advisories are in effect throughout the Columbia 
River Basin for certain contaminants and species. Not all waters have been tested, so the 
absence of an advisory does not necessarily mean it is safe to consume unlimited quantities 
of fish from untested waters. 

find information about fish consumption advisories for Washington: 
http://www.doh.wa.gov/ehp/oehas/fish/ vISIT THE WEB 
oregon: www.oregon.gov/Dhs/ph/envtox/fishconsumption.html 
idaho: www.idahohealth.org and montana: www.dphhs.mt.gov/fish2005.pdf. 
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4.0  
indicators 

What are Indicators? 
Environmental indicators are tools used to help citizens and decision-makers 
better understand the health of the environment and whether we are reaching 
our	 environmental	 goals.	 Indicators	 may	 be	 specific	 organisms,	 specific	 media	 
such	 as	 water	 or	 sediment,	 or	 a	 specific	 sampling 	location 	or 	contaminant.	 The	 
indicators used in this report are animal species living in the Columbia River 
Basin or dependent on food from the River. Studying these species over time 
will help scientists track changes in the Basin’s ecosystem. 

Which Indicator Species are used in this Report? 
For this report, the following indicator species were selected to help assess the 
health	 of	 the	 Basin	 ecosystem:	 juvenile	 salmon;	 resident	 fish,	 both	 native	 and	 
introduced 	(e.g., 	sucker, 	bass, 	and 	mountain	 whitefish);	 sturgeon;	 predatory	 
birds (osprey and bald eagle); aquatic mammals (mink and otter), and 
sediment-dwelling	 shellfish	 (Asian	 clam). 

Why were These Species Selected as Indicators for the 
Columbia River Basin? 
The indicator species listed above were chosen for this report because they 
have some or most of the following characteristics: 

 	 The species has a clear connection with important aspects of the Basin’s 
ecosystem. 

 	 Information is available to describe contaminant status and/or trend 
information for the species. 

 	 The species can be used to track progress on toxics reduction activities. 

 	 The species represents an important functional level (e.g. predator, prey) of 
the Basin’s food web. 

 	 The species may be compared with the same species living in other aquatic 
ecosystems. 
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Juvenile salmon 
There are five species of salmon in the Basin: Chinook, coho, sockeye, chum, 
and pink salmon. Salmon are anadromous, meaning their eggs are laid and 
hatch in freshwater, and their young spend part of their early lives in freshwater 
before swimming to the ocean to grow and mature (Figure 4.1). Upon returning 
to their native stream, the adults spawn and then die. Cutthroat trout and 
steelhead are closely related to salmon. These two species can exhibit both 
anadromous and resident fish behaviors and are capable of spawning. In the 
1990s, the federal fish and wildlife agencies listed several of the anadromous 
salmon species as threatened and/or endangered. 

Figure 4.1: Salmon spend a significant part of their adult lives in the ocean. 
Therefore, it is primarily in their juvenile stages that they are exposed to 
contaminants in the Columbia River Basin. 

11 
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 Salmon as a Food Source 

Because adult salmon spend the majority of their lives in the ocean, the percentage of contaminant accumulation in their tissue from sources in the Columbia 
River Basin cannot be determined. Regardless of the source, contaminants in adult salmon could pose a threat to people who consume large amounts of 
salmon, especially Columbia River Basin tribal people for whom the salmon is an important part of their culture and a major food source. In addition, some 
recreational anglers and their families may consume large amounts of salmon. Given this, it is important to ensure that both tribes and anglers have the most 
up-to-date information to make informed decisions on how much salmon can be safely consumed. 

Pacific salmon die within days of digging their nests, or “redds,” and mating. 
Their remains decompose, releasing nutrients for plants and other animals. 
Live and dead salmon are also important food for birds and mammals such as 
bald eagles, otters, and bears. In this way, salmon contribute to the health of 
freshwater ecosystems. 

Juvenile salmon are an important indicator of ecosystem health in the Basin 
because: (1) they are relatively widespread throughout the Basin; (2) they both 
forage in the River system and serve as a major food source for larger fish, 
birds, and mammals; (3) they use many habitat types and therefore provide 
a means of assessing environmental conditions throughout the River system 
and estuary; (4) they go through physiological changes from juvenile to adult 
and therefore can be more susceptible to toxic contaminants; and (5) currently, 
13 species of salmon and steelhead in the Basin are listed as either threatened 
or endangered under the Endangered Species Act. 

The National Oceanic and Atmospheric Administration (NOAA) Fisheries 
and the University of California (UC) Davis are investigating how chemical 
contaminants affect juvenile salmon health and survival in the Lower Columbia 
River. In a recently published paper, they concluded that the adverse health 
effects of chemical contaminant exposure are similar to adverse health effects 
associated with passage through the hydropower system in the Columbia 
River. [1] 

Resident fish 
There are many native and nonnative resident fish species in the Basin, 
including rainbow trout, cutthroat trout, mountain whitefish, large scale 
sucker, bass, walleye, and northern pikeminnow. They are a common source 
of food for people and wildlife and are widely distributed throughout the 
Basin. Resident fish live their entire lives in the Basin and thus are exposed 
to contaminants present in the water and sediments through their food, by 
breathing in oxygenated water through their gills, and by continuous contact 
with the water and sediments. In many of the Basin’s water bodies, these 
resident species have accumulated levels of some contaminants that are 
harmful to predators and to people. 

Resident fish are useful indicators because: (1) they are widely distributed 
throughout the Basin; (2) most of the existing data on contaminants in 
the Basin are from resident fish species; (3) many species of resident fish 
spend their lives in relatively small areas, so their tissue concentrations are 
indicative of the contaminant loads in those areas; and (4) they occupy a 
central place in the food web, are exposed to contaminants through their diet, 
and in turn expose those who eat them, including people, to any accumulated 
contaminants. 

12 

vISIT THE WEB 
for more information about salmon in the Columbia River basin, go to:  
http://www.nwr.noaa.gov/salmon-Recovery-planning/esa-Recovery-plans/Draft-plans.cfm. 
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Sturgeon 
White sturgeon are the largest 
freshwater fish in North 
America, occurring in Pacific 
Coast rivers from central 
California to Alaska’s Aleutian 
Islands. Some white sturgeon 
spend their entire life cycle in 
freshwater, while others use 
estuarine or coastal saltwater 
resources for growth and food, 
only entering freshwater to 
reproduce. 

White sturgeon inhabit the 
Columbia River and its larger 
tributaries, such as the Snake and Kootenai Rivers. Sturgeon can live 
100 years and grow up to 1,500 pounds and 15 feet long. Sturgeon are 
primarily bottom-dwelling fish. Juvenile sturgeon feed primarily on plankton 
and aquatic insects, whereas adults feed mainly on live or decaying fish, 
aquatic insects, and shellfish (e.g., Asian clams). 

Sturgeon are not reproducing successfully throughout the Columbia River 
system. In Canada’s portion of the River, there has been no successful 
reproduction recorded in the wild over the last decade. For similar reasons, 
the Kootenai River population of white sturgeon has been listed on the federal 
endangered species list since 1994. 

White sturgeon are a good Columbia River indicator species for several 
reasons: (1) they are widely distributed in large rivers of the Basin; (2) they 
are long-lived and thus have prolonged exposure to toxic contaminants; 
(3) sturgeon migration is curtailed by dams in some portions of the Basin, 
allowing for evaluation of local toxics effects; (4) they are near the top of the 
food web; and (5) effects of contaminants on sturgeon are likely similar for 
other benthic, bottom-dwelling species. 

White Sturgeon (photo courtesy of Gretchen Kruse, 
Free Run Aquatic Research) 

Predatory birds—osprey and bald eagle in the Lower Columbia 
River 
Osprey and bald eagle are large birds of prey that live in much of the Basin, 
but they are concentrated in the Lower Columbia River. While the bald eagle 
is found exclusively in North America, the osprey has a nearly world-wide 
distribution. Bald eagles feed primarily on live or scavenged fish and aquatic 
birds, while the osprey has a diet almost exclusively of live fish captured near 
the nest. 

Osprey and bald eagles are useful indicators for evaluating the health of an 
aquatic ecosystem for several reasons: (1) they are widely distributed; (2) they 
are long-lived (bald eagles, for instance, can live up to 28 years in the wild); 
(3) they primarily prey on fish and other aquatic predators, usually near their 
nests; and (4) they are at the top of the food web and are therefore exposed to 
high concentrations of contaminants through their diet. 

Osprey Bald Eagle 
(photos courtesy of NOAA/Dept. of Commerce) 

Aquatic mammals—mink and river otter 
Mink and river otter are members of the weasel family. They are excellent 
swimmers and are active predators that feed on fish, frogs, crayfish, and 
sometimes small mammals and waterfowl. The average lifespan of mink in the 
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Mink (photo courtesy of U.S. Forest 
Service) 

North American River Otter (photo courtesy of 
USGS) 

wild is three to six years, whereas river otter average over eight years. Both are 
found throughout the Basin in appropriate habitat; however, mink populations 
have not recovered from a decline in the 1950s and 1960s, even though suitable 
habitat is available for them in the Lower Columbia River. 

Mink and otter are useful indicators of ecosystem health in the Basin because 
they: (1) prey on other aquatic species; (2) are particularly sensitive to 

contaminants which accumulate and can impact their reproduction; (3) have 
smaller home ranges compared to osprey and bald eagles; and (4) occur 
throughout the Basin. 

Sediment-dwelling shellfish—Asian clam 
First found in North America at Vancouver Island, British Columbia, in 1924, 
the nonnative, freshwater Asian clam is a small, light-colored bivalve now 
abundant throughout North America. It is widely distributed throughout a large 
portion of the Basin and has an average life span of three to five years. Located 
primarily in flat-bottom sand or clay areas, Asian clams feed by filtering 
particles from the surrounding water. They also routinely bury in the sediment 
for extended periods and filter sediment pore water. 

Asian clams are a good indicator species for several reasons: (1) they are 
filter feeders and, like other freshwater shellfish, can collect and concentrate 
contaminants in their bodies; (2) they are not very mobile, so data on clams 
can be more useful to pinpoint the location where they were exposed to 
the contaminants than similar or more mobile species; (3) because of their 
distribution and feeding habits, they are a useful indicator of sediment and 
water quality conditions in the Basin; and (4) they occupy a lower position in 
the food web than other indicator species. 

Lamprey 

Pacific lamprey are scaleless, jawless fish that are culturally important to the Columbia River tribes. Lamprey have declined drastically in the past 20 years and 
are no longer found in many streams in their traditional range. Pacific lamprey spawn in freshwater streams. Juvenile lamprey (ammocoetes) spend their first 
five to seven years in the sediment as filter feeders. Adult lamprey migrate to the ocean, where they feed parasitically on other fish for up to three years before 
returning to freshwater streams to spawn. 

Because lamprey spend their developing years in the Basin’s streams, there are concerns that toxics may be a contributing factor in their declining numbers. 
Studies in locations outside the Columbia River Basin have documented the sensitivity of juvenile lamprey to toxics in their environment. [2,3] The unique life 
cycle of the lamprey with its potential for exposure to Basin contaminants distinguishes it as a potential indicator of ecosystem health. However, very little 
data have been collected on toxics in lamprey in the Columbia Basin. Because of this lack of data, lamprey are not discussed as an environmental indicator in 
this report. Given the cultural importance of lamprey to the Columbia River tribes, however, we will evaluate whether lamprey should be added as an indicator 
species after additional data on toxics in lamprey are collected and evaluated. 
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5.0  
status and Trends for mercury, DDT, pCbs, and pbDes 


Columbia RiveR basin: sTaTe of The RiveR RepoRT foR ToxiCs  JanuaRY 2009 

The contaminants discussed in this report—mercury, DDT, PCBs, and 
PBDEs—come from a variety of sources and can potentially result in health 
concerns for wildlife or people. Table 5.1 summarizes the sources and health 
concerns of these four contaminants. 

In order to evaluate whether the toxics reduction efforts currently under 
way in the Basin are having an impact or if other activities are needed, it is 
important to understand whether the levels of contaminants are increasing or 

Table 5.1: Contaminants of concern summary 

decreasing over time. While considerable information has been collected over 
the past 20 years, the data are limited with regard to whether the contaminants 
are increasing or decreasing Basin-wide. There is some trend information 
for specific areas of the Basin such as the Lower Columbia. While not 
comprehensive, this report highlights trend data when such data are available. 

Contaminant Sources/Pathways Concern 

Mercury 

Atmospheric deposition from sources inside and outside the region is 
thought to be a major pathway for mercury. Other possible sources/ 
pathways include releases from past and current mining and smelting 
activities; erosion of native soils; agricultural activities; discharge of 
wastewater and stormwater; and resuspension and recirculation of 
sediments. 

Mercury can cause neurological, developmental, and 
reproductive problems in people and animals. 

DDT 
DDT was banned in the United States in 1972, but DDT and its breakdown 
products are still found in the environment in sediments and soil. The main 
pathway to the River is via runoff from agricultural land. 

DDT thins bird eggshells and causes reproductive and 
development problems. It is linked to cancer, liver disease, and 
hormone disruption in laboratory-test animals. 

PCBs 

PCBs were banned in the United States in 1976, but they are still widely 
found in the environment in fish tissue and sediments. Industrial spills 
and improper disposal are known sources locally, while incineration and 
atmospheric deposition bring PCBs from distant sources. Stormwater runoff 
and erosion may also be important pathways. 

PCBs can harm immune systems, reproduction, and 
development; increase the risk of cancer; and disrupt hormone 
systems in both people and aquatic life. 

PBDEs 

PBDE flame retardants are present in many consumer products, including 
electronics, textiles, and plastics. There is limited information on the 
transport pathways to the River, but some possible pathways include 
atmospheric deposition, municipal and industrial wastewater, stormwater 
discharge, and runoff. 

PBDEs accumulate in the environment, harming mammals’ 
reproduction, development, and neurological systems. They can 
increase the risk of cancer and disrupt hormone systems. 
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additional information and updates about mercury, DDT, pCbs, and pbDes can be found by visiting epa’s Columbia River 
vISIT THE WEB website: http://www.epa.gov/region10/columbia. 
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Mercury: Most Fish Consumption Advisories in the 
Basin are due to High Concentrations of Mercury 
Mercury can affect the nervous system and brain, and even low doses can 
impair the physical and mental development of human fetuses and infants 
exposed via the mother’s diet. Fish consumption advisories generally 
discourage the consumption of larger fish and predatory fish, as they typically 
contain higher concentrations of mercury. Figure 5.1 shows mercury 
concentrations found in fish from U.S. waters in the Columbia River Basin. 

As a metallic element, mercury is never destroyed, but cycles between a 
number of chemical and physical forms. Mercury in the aquatic environment 
can be converted by bacteria to a more toxic form, called methylmercury. This 
process is important because methylmercury can biomagnify, so predators at 
the top of the food web will have much higher concentrations of mercury in 
their bodies than are found in the surrounding water or the algae and insects at 
the base of the food web. 

Methylmercury is the dominant form of mercury found in fish, and the 
concentrations of methylmercury found in fish are directly related to the 
amount available in the aquatic environment. The rate at which methylation 
of mercury occurs varies according to water body characteristics such as the 
amount of organic matter, sulfate, and iron present and the acidity, temperature, 
and water velocity. 

Several pathways introduce mercury into the Columbia River Basin 
Mercury enters the Columbia River and its tributaries via several pathways, 
including atmospheric deposition, runoff, wastewater discharges, industrial 
discharges, and mines. Based on available data, atmospheric deposition appears 
to be the major pathway for mercury loading to the Columbia River Basin. [1] 

Mercury air deposition includes both emissions from industrial facilities within 
and near the Basin and fallout from the pool of global mercury that has been 

can contribute the majority of mercury deposited on the local landscape. For
transported from sources as far away as Asia and Europe. 

example, a cement plant in Durkee, Oregon, emits more than 2,500 pounds 
EPA estimates that the total mercury air deposition in the Columbia River Basin of mercury per year. [3] Although just over 140 pounds of this amount are 
is 11,500 pounds per year. [2] Approximately 84 percent of that load comes deposited in the sub-basin in which this plant is located, that deposition 
from global sources. At a watershed scale, however, local and regional sources constitutes an estimated 62 percent of the air-deposited load in that area. [4] 

Figure 5.1: Seventy-five percent of fish consumption advisories in the Columbia River Basin are 
due to mercury contamination. In the fish tested, high levels of mercury have been consistently 
found downstream of historic mining areas in the Willamette and Owyhee River Basins. There is 
no information about mercury levels in fish from waters that are unmarked on the map. 
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As for regional sources, in northern Nevada near the Basin’s southeast 
boundary, several gold mines emit mercury from their ore roasters. One 
of these mines discharges more than 1,700 pounds of mercury per year. [3] 

Although only part of this load ends up in the Columbia River Basin, almost 
160 pounds are deposited in the nearby Upper Owyhee watershed in Idaho, 
accounting for 58 percent of the atmospheric mercury loading there. [4] In 
Idaho, the largest source of mercury emissions is an elemental phosphorus 
plant in Soda Springs. This plant emits more than 900 pounds per year [3] and 
contributes 36 percent of the mercury deposited in the adjacent watershed. [4] 

Across the United States, coal-fired power plants are a major local source, but 
they are less significant sources in the Northwest because so few are located 
here. There is a single coal-fired power plant in the Columbia River Basin 
located near Boardman, in eastern Oregon. This plant emits about 168 pounds 
of mercury per year. [3] There are also three coal-fired power plants near the 
boundary of the Basin (one in Washington and two in Nevada) that could 
contribute some mercury load to the watershed, depending upon their emissions 
and prevailing wind patterns. 

Not all of the mercury that falls onto land gets transported to water bodies. 
Forests and other undisturbed landscapes can retain mercury for years. 

Other point sources directly discharge mercury to rivers and streams. 
Wastewater treatment plants, industrial discharges, and stormwater runoff from 
streets and other developed areas are more direct sources of mercury to streams 
than air deposition or erosion. These sources may be low in concentration, but 
high in volume. Nine of the 23 largest municipal and industrial wastewater 
point sources located in the U.S. portion of the Columbia River have reported 
discharging a total of 33 pounds of mercury per year. [5] This may be an 
underestimate, however, because mercury reporting is not always required 
and mercury detection limits are often too high to provide useful information. 
Although these sources contribute less mercury to the basin than the air 
pathway, they may be significant at a local scale because they discharge directly 
to water bodies. A smelter just north of the Canadian border directly discharged 
an average of 184 pounds of mercury per year to the Upper Columbia from 
1994 through 1998. This load was reduced to an average of 38 pounds of 

mercury per year for the 1999-2007 time period. [6] Historic mercury and gold 
mining can also be important sources that load mercury directly to streams and 
have significant impacts at a watershed scale. 

Mercury is also still found in several commonly used products such as 
fluorescent light tubes, compact fluorescent lamps, thermometers, thermostats, 
switches in vehicles, some batteries and pumps, and medical equipment such 
as blood pressure measuring devices. Although mercury has been or will be 
removed from some of these products, many of the older versions still contain 
mercury. If these older products are not handled and disposed of properly, they 
can add mercury to the environment. 

Regional trends and spatial patterns of mercury levels in the Basin 
can be difficult to evaluate 
Although data on mercury concentrations are available for resident fish 
species in the Basin from the 1960s to the present, there are few locations with 
consistent, comparable data from different time periods that can be used to 
evaluate changes in mercury concentrations over time. Two exceptions, noted 
in Figure 5.2, are mercury concentrations in northern pikeminnow from the 
Willamette River Basin and mercury concentrations in osprey eggs in the Lower 
Columbia River, both of which have been increasing in the last decade. [7,8,9] 

The osprey egg concentrations, however, were still below levels that are of 
concern in birds. Another study shows that mercury concentrations increased in 
pikeminnows (1.12 to 1.91 parts per million [ppm]) from the Upper Willamette 
River between 1993 and 2001. [10] 

The Columbia River sturgeon population living in the pool behind Bonneville 
Dam has much higher concentrations of mercury in their livers than sturgeon 
in the estuary or other Columbia River reservoir pools. Sturgeon tissues 
from the Kootenai, Upper Columbia, and Snake Rivers contained mercury 
concentrations in the range of 0.02 to 0.6 ppm, but Bonneville pool sturgeon 
have mean concentrations of 4 ppm. [11,12,13,14] Also, high mercury levels in 
liver and other organs from Lower Columbia River white sturgeon are 
correlated with lower physical health indices and reproductive defects in the 
fish. [15,16,17,18,19] 
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Figure 5.2: Mercury levels in Willamette River northern pikeminnow and Lower 
Columbia River osprey eggs have increased over the last decade. Mercury level 
trends have not been studied in other Columbia River Basin organisms over the 

Figure 5.3: Mercury levels are highest in fish collected at Brownlee Dam reservoir, down-
stream from the Owyhee River inflow. The Owyhee River is contaminated by mercury 
from historic mining.

Mercury concentrations vary across the basin, but only in some cases are the 
sources known. For example, in reservoirs in the Owyhee River basin [20,21] and 
in the Snake River downstream of the Owyhee confluence, mercury levels are 
found above EPA’s 0.3-ppm mercury human health guideline due to mercury 
used in gold mining there in the 1800s (Figure 5.3). [22,23,24,25,26,27,28,29] 
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DDT: Banned in 1972, This Pesticide Still Poses a Threat 
to the Environment 
DDT is the most well-known of a class of pesticides that were widely 
used from the 1940s until EPA banned them in the United States in 1972. 
However, DDT continues to be used in other parts of the world. DDT and 
its breakdown products—dichlorophenyldichloroethylene (DDE) and 
dichlorophenyldichloroethane (DDD)—have been linked to neurological and 
developmental disorders in birds and other animals. DDT has also been linked 
to eggshell thinning that caused declines in many bird species and inspired 
Rachel Carson’s 1962 book Silent Spring, which documented detrimental 
effects of pesticides on bird species and ultimately led to the banning of DDT. 

The chemical structure of DDT is very stable in the environment, which is why 
DDT and its breakdown products DDE and DDD continue to be an ecological 
and human health threat. Figure 5.4 shows DDE concentrations found in fish 
from U.S. waters in the Columbia River Basin. 

Soil erosion from agricultural runoff is the main source of DDT into 
the Basin 
The primary source of DDT to the Columbia River Basin is the considerable 
acreage of agricultural soils in which DDT accumulated over three decades of 
intensive use (1940s to early 1970s). DDT reaches the River when the soils are 
eroded by wind and water. Some irrigation practices increase soil erosion on 
agricultural lands. Other potential sources of DDT are areas where pesticides 
were handled or stored, such as barns or agricultural supply sheds, or areas 
where containers or unused product were disposed. The main pathway for these 
sources is erosion and runoff. Disturbance of contaminated sediments within 
the Columbia River and its tributaries may also release DDT to the water 
column, which can directly or indirectly be taken up by fish. 

DDT levels are declining with better soil conservation practices, but 
DDT still exceeds human health levels of concern 
The ban on DDT combined with significant improvements in soil conservation 
by farmers reduced DDT loading to the Columbia River Basin. [1] A number of 
state water quality improvement plans currently aim to reduce DDT 
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Figure 5.4: High levels of DDE in fish are found in areas where DDT pesticide use was 
historically high, such as in eastern Washington and the Snake River Plain. There is no 
information about DDE levels in fish from waters that are unmarked on the map. 

compounds, and continued monitoring is critical to demonstrating the 
effectiveness of these actions. 

Concentrations of DDT compounds in the Columbia River and its wildlife 
have decreased over the last 20 years. However, DDT is still regularly detected 
in the fish, plants, and sediments of the River and many of its tributaries, 
indicating that DDT continues to cycle through the food web. In addition, fish 
consumption advisories continue to be issued for DDT in Lake Chelan. 
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DDT levels have declined in several of the key species of resident fish in areas 
of the Columbia River Basin. DDT contamination has been most intensively 
studied in the Yakima River, which is a major tributary to the Columbia in 
Washington State and is in one of the most diverse agricultural areas of the 
country. [2] Data collected in the 1980s showed that fish in the Yakima River 
Basin had some of the highest concentrations of DDT in the nation. [3] 

In the late 1990s, a partnership of farmers, irrigation districts, the Confederated 
Tribes and Bands of the Yakama Nation, and many governmental agencies 
initiated changes in farming and irrigation practices that have dramatically 
reduced erosion from farmland in the Yakima Basin (see Section 6.0 of this 
report). Sampling of resident fish conducted between 1996 and 2006 showed 
an overall decline in DDT levels in several species, including bass and sucker 
(Figure 5.5). [4,5] 

By contrast, liver tissues from Columbia River white sturgeon residing in the 
pool upstream of Bonneville Dam contained much higher concentrations of 
DDT than other sub-populations of sturgeon residing in the Columbia River 
Basin (Figure 5.6). [6,7,8,9,10,11,12,13] The cause of these elevated concentrations is 
not known. 

DDT is also a problem for fish-eating birds such as bald eagles and osprey. 
Severe declines in eagle populations in the Lower Columbia River occurred 
from the 1950s to1975. Studies conducted along the Lower Columbia River 
from 1980 to 1987 found elevated concentrations of DDE in bald eagles. [14] 

High concentrations of DDE are associated with eggshell thinning and low 
reproductive success. 

Figure 5.5: DDE levels in Yakima River fish have declined significantly since 1998.	 Figure 5.6: Sturgeon in the pool behind Bonneville Dam have much higher 
levels of DDT and other contaminants (such as mercury and PCBs) than do 
sturgeon downstream of the dam or sturgeon in pools behind upstream dams. 
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Successful reproduction of bald eagles along the Columbia River was also 
found to be considerably lower than the statewide average for Oregon. [15,16] 

DDE concentrations in Columbia River eagle eggs in the 1980s were the 
highest recorded for bald eagles in the western United States, surpassed only by 
levels found in eagle eggs from highly contaminated areas of the eastern United 
States. [14] 

In a similar study in the mid-1990s, researchers found that total DDE 
concentrations in Columbia River eagle eggs declined significantly in 
comparison to concentrations found in the mid-1980s (Figure 5.7). [15,16] 

Prior to the use of DDT, nesting osprey were common along the Lower 
Columbia and Willamette Rivers, [17] but populations declined dramatically 
from the 1950s to the 1970s. As with eagles, DDT was the primary cause of 
osprey population decline because of eggshell thinning. Figure 5.8 shows the (photos courtesy of Peter McGowan, U.S. Fish and Wildlife Service) 

Figures 5.8 and 5.9: Nesting pairs of osprey and bald eagle have increased significantly from 
near-regional extinction in the 1970s, due to reductions of DDT and other contaminants in the 

[19,21]
environment. 

increase in nesting osprey along the Willamette River, an important tributary 
of the Columbia River, from 1976 to 2001. Similar trends have been found in 
the Columbia River. A 1976 survey of the 300-mile-long Oregon side of the 
Columbia River found only one occupied osprey nest. [18,19] In 2004, there were 
225 osprey nests in the same area. Scientists recorded a 69 percent decrease in 
DDT levels in osprey eggs from the Lower Columbia River between 1997 and 
2004, coinciding with an increase from 94 to 225 osprey nests. [20]  

Since the late 1970s, the number of bald eagle nesting pairs along the Lower 
Columbia River also has increased (Figure 5.9). In 2006, there were over 133 
nesting pairs of bald eagles, up from 22 in 1980. However, researchers also 
found that long-established eagle pairs that had been breeding for many years 
along the Lower Columbia River produced about half the number of young as 
eagles that had more recently begun nesting there. The greater reproductive 
success of the newer nesting bald eagle population is attributed in large part to 
reduced exposure to DDT. [16]
  

21 

Figure 5.7: DDT levels have decreased significantly in eagle and osprey eggs from the 
Lower Columbia River over the past 20 years.
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PCBs: Stable PCB Compounds Continue to Persist in 
the Environment 
PCBs are a class of man-made compounds known for their chemical and 
thermal stability. PCBs were manufactured to take advantage of these 
properties in such applications as electric transformers and capacitors, heat 
exchange and hydraulic fluids, lubricants, fluorescent light ballasts, fire 
retardants, plastics, epoxy paints, and other materials. Before PCBs were 
banned in the 1970s, approximately 700 million tons of PCBs were produced in 
the United States, and hundreds of tons remain in service today. 

Environmental concentrations of PCBs decrease very slowly because they are 
stable and persistent. PCBs tend to concentrate in the fatty tissue of fish and 
other animals and can be passed from mother to young. PCBs have been linked 
to liver damage, disruption of neuro-development, reproductive problems, and 
some forms of cancer. PCB levels have triggered fish and shellfish advisories in 
the Lower Columbia River and several other water bodies in the Basin. 

Figure 5.10 shows PCB concentrations found in fish from U.S. waters in the 
Columbia River Basin. 

PCBs enter the ecosystem from multiple sources and through 
multiple pathways 
PCBs in the Columbia River Basin tend to be associated with industrial 
locations, where spills or historic handling practices (such as disposing of 
PCB-contaminated materials in unlined landfills near the River or dumping 
such materials directly into the River) were more likely to occur. Several 
examples of known PCB disposal sites in the Lower Columbia River include 
Bradford Island at Bonneville Dam; Alcoa Smelter in Vancouver, Washington; 
and Portland Harbor on the Willamette. In addition, historically, many pieces reach the Columbia River Basin. Regionally, snowmelt, stormwater runoff and 
of electrical equipment used to generate power at dams in the Columbia River discharge, and soil erosion are pathways by which PCBs deposited on land are 
Basin used cooling and insulating oil that contained PCBs. Past practices such transported to water. PCBs entering rivers and streams from stormwater runoff 
as the use of PCB-laden paint in fish hatcheries and the use of oils tainted with and discharge are a growing concern. PCBs are not very water-soluble, but 
PCBs to control dust on unpaved roads also led to PCB contamination. they do adhere to organic matter and sediment particles, so they have a high 
Inefficient incineration of PCB-containing materials, followed by atmospheric potential to be transported when sediment is transported (such as during storms 
deposition, is the primary means by which PCBs from other parts of the world and floods) and then accumulate in pools or reservoirs. 

Figure 5.10: A legacy contaminant, PCB hot spots correspond to areas of historic industrial 
use or disposal sites. There is no information about PCB levels in fish from waters that are 
unmarked on the map. 
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PCBs in fish are declining but still exceed EPA human and 
ecological health concern levels in some areas 
In the early 1990s, the Washington Department of Ecology (WADOE) found 
high concentrations of PCBs in rainbow trout, mountain whitefish, and large-
scale sucker in the Spokane River. [1] The Department took steps to identify 
and clean up hazardous waste sites and reduce PCB inputs from municipal 
and industrial wastewater dischargers. As a result, concentrations of PCBs in 
rainbow trout, mountain whitefish, and sucker have decreased between 1992 
and 2005 in almost every reach of the Spokane River (Figure 5.11). [1,2,3,4,5] 

As with mercury and DDT, several studies have revealed that Columbia River 
sturgeon living in the pool behind Bonneville Dam contained much higher 

concentrations of PCBs in their livers than sturgeon in other areas of the 
Basin. [6] 

Recent studies indicate that juvenile fall Chinook salmon from throughout 
the Basin are accumulating toxic contaminants, including PCBs, in their 
tissues. [7,8,9] As shown in Figure 5.12, PCB concentrations in juvenile salmon 
are higher in out-migrating juveniles sampled in the Lower Columbia River 
near the confluence of the Willamette River than in juveniles sampled 
at Warrendale just below the Bonneville Dam. Two studies of PCB 

Figure 5.11: PCB levels in rainbow trout from throughout the Spokane River have declined 
due to hazardous waste cleanup efforts and a reduction in the amount of PCBs discharged in 
wastewater. 

Figure 5.12: Migrating juvenile salmon, regardless of where they began their migration, 
consistently show higher levels of PCBs when captured in the Lower Columbia River below 
the Bonneville Dam. 
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concentrations in water also showed higher dissolved PCBs near the Portland/ 
Vancouver area and downstream of the Willamette River than were found 
upstream near Bonneville Dam. [7,10] This suggests that there are significant 
sources of PCBs in the Lower Columbia River. 

There are currently no data to indicate whether PCB levels in the mainstem 
of the Columbia River are increasing or decreasing. However, at some sites 
PCB concentrations in salmon were as high as or higher than those observed 
in juvenile salmon from industrial contamination sites in Puget Sound 
(Duwamish Waterway Superfund site in Seattle, Washington). At several sites 
in the Columbia River, salmon PCB concentrations were above levels at which 
juvenile salmon may be harmed (Figure 5.13). 

PCBs can also adversely affect the ability of mink and otter to reproduce. 
Mink are especially sensitive to the toxic effects of PCBs. Studies in the late 
1970s showed that PCBs in mink from the Lower Columbia River were as 
high as those levels that are reported to cause total reproductive failure in 
female mink. [11] 

Concentrations of PCBs in mink and otter have declined dramatically 
since the 1970s (Figure 5.14). [11,12,13] Despite these declines in contaminant 
concentrations and the presence of suitable habitat, mink remain scarce in the 
Lower Columbia. While there is a relatively dense otter population distributed 
throughout the Lower Columbia River, otters there have higher PCB 
concentrations compared to otters in other areas of Oregon and Washington. [14] 

Figure 5.13: PCBs in juvenile salmon from several Lower Columbia 
River sites are similar to levels found in juvenile salmon at the 
Duwamish Waterway Superfund site in Seattle, Washington. 

Figure 5.14: PCBs are decreasing in multiple fish-eating predators from the Lower Columbia 
River, due to decreased PCB use and contaminated site cleanup. 
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Like DDT, PCBs bioaccumulate in bald eagles and osprey. While PCB 
concentrations in eagle eggs from the Lower Columbia River were the highest 
recorded in the western United States in the 1980s, PCB levels are decreasing 
in both of these top predators (Figure 5.14). [15,16,17] 

In 2005, U.S. Army Corps of Engineers (USACE) researchers used the 
Asian clam to describe distribution patterns of PCBs in the Lower Columbia 
River. [18] After analyzing samples from 36 stations, the researchers found 
distinctive spatial patterns related to the specific site from which the clams 
were collected. All clams collected had detectable levels of PCBs. Especially 
high levels of PCBs, ranging from 382 to 3,500 parts per billion (ppb), were 
found downstream of the Alcoa plant, a WADOE hazardous waste cleanup site 
(Figure 5.15) on the Washington side of the River. 

Although “safe” levels for PCB consumption have not been formally 
established, the Clark County Health Office, State of Washington, recommends 
that seafood with PCB levels of up to 50 ppb should generally be eaten no more 
than two or three times per month. 

vISIT THE WEB 

for more information on pCbs and the 
alcoa cleanup, go to: 
http://www.ecy.wa.gov/programs/swfa/indus-
trial/alum_alcoavan.htm. Figure 5.15: Clams collected in the Portland/Vancouver metropolitan area indicate PCB 

hot spots near the Alcoa plant, a WADOE hazardous waste cleanup site. 
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PBDEs: Concern over Flame Retardants is Growing 
PBDEs are a commonly used flame retardant. Many industries and states, 
including Washington, are phasing out products containing PBDEs. PBDEs are 
of concern because their levels have increased rapidly in soil, air, wildlife, and 
human tissue and breast milk. 

The health effects of PBDEs have not been studied in people. Laboratory 
animal studies show neurological, behavioral, reproductive, and developmental 
effects and even cancer at very high doses. 

PBDEs are in many everyday products 
Since the 1960s, PBDEs have been added to plastics and fabrics to reduce the 
likelihood that these materials will catch fire or burn easily when exposed to 
flame or high heat. PBDEs are used in electrical appliances; TV sets; building 
materials; home, auto, and business upholstery; and rug and drapery textiles. 
They are released slowly to the environment from production, use, and disposal 
of these products. PBDEs, like PCBs, remain in the environment for a long 
time. PBDEs accumulate in all animals, but the concentrations continue to 
increase as an animal ages. However, unlike PCBs, EPA does not currently 
regulate PBDEs and only recently published a standard method for measuring 
PBDEs in environmental samples. 

Figure 5.16 shows PBDE concentrations found in fish from U.S. waters in the 
Columbia River Basin. 

Information on how PBDEs enter the environment is limited 
While there is limited understanding on how PBDEs enter the environment, 
several studies have indicated that municipal wastewater may be a significant 
pathway. [1,2,3,4,5] PBDEs in dust and air are a direct pathway of exposure to 
people, but the importance of air and atmospheric deposition of PBDEs as 
a source to the Columbia River Basin is unknown. Runoff from municipal 
sewage sludge placed on land is also being examined as a possible source of 
PBDEs to surface water. [4,5,6] A study of PBDE contamination in the Canadian 
portion of the Columbia River found a correlation between high PBDE levels 
and areas where septic systems were concentrated near the River. [7] 

Figure 5.16: PBDEs are being detected and are increasing in fish in the Columbia River Basin. 

There is no information about PBDE levels in fish from waters that are unmarked on the map.
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Levels of PBDEs in the Columbia River are increasing 
In 1996, 1999, and 2005, the WADOE studied PBDE concentrations in 
sucker, mountain whitefish, and rainbow trout in the Spokane River 
(Figure 5.17). [8,9,10] PBDE levels in these species are increasing in most 
reaches of the Spokane River. The most dramatic increases were found in 
mountain whitefish downstream from the Spokane metropolitan area at 
Ninemile Reach. 

Although relatively little PBDE data have been collected in the Columbia 
River Basin, the studies show that PBDEs are present and are increasing in 

the waters of the Columbia and several of its tributaries. [7] The studies further 
show that PBDEs are not only accumulating in larger fish [9] but are being taken 
up by juvenile salmon as well. [11] 

In 2005, PBDEs were detected in all Asian clams collected from 36 stations 
throughout the Lower Columbia River. [12] The Lower Columbia appears to be 
an important source of PBDEs for salmon on their migration to the ocean based 
on the difference in PBDE concentrations in juvenile salmon above and below 
Bonneville Dam (Figure 5.18). 

Figure 5.17: PBDE levels in Spokane River fish have increased since 1996. 

Figure 5.18: Migrating juvenile salmon, regardless of where they began their migration, 
consistently show higher levels of PBDEs when captured in the Lower Columbia River 
below the Bonneville Dam. 
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Summary of Status and Trends for Mercury, DDT, PCBs, and PBDEs 
Table 5.2 summarizes the status of concentration levels for the four contaminants discussed in this report and their concentration trends where available. 

Table 5.2. Summary of status and concentration trends for the selected indicator species 

MERCuRy 

lndicator Species Status Concentration Trend over Time 

Resident fish - bass, whitefish, sucker, trout, 
walleye, northern pikeminnow 

Increasing concentrations in fish tissue and bird eggs have 
been seen in the Snake and Willamette River Basins and other 
locations affected by regional sources compared to other areas 
within the Basin. 

↑ 
Juvenile salmon No Trend Data 

Sturgeon No Trend Data 

Predatory birds – bald eagle and osprey ↑ 
Fish-eating mammals - mink and otter No Trend Data 

Sediment-dwelling shellfish - Asian clam No Trend Data 

Note: An upward-pointing red arrow indicates an increasing trend. 

DDT AND BREAKDOWN PRODuCTS 

lndicator Species Status Concentration Trend over Time 

Resident fish - bass, whitefish, sucker, trout, 
walleye, northern pikeminnow 

The Columbia River Basin received some of the heaviest DDT 
loadings in the United States prior to the 1972 ban. 
Levels have decreased dramatically since the 1970s but are still 
above health effects limits for people, fish, and wildlife in many 
areas of the Basin. 

↓ 
Juvenile salmon No Trend Data 

Sturgeon No Trend Data 

Predatory birds - bald eagle and osprey ↓ 
Fish-eating mammals - mink and otter ↓ 
Sediment-dwelling shellfish - Asian clam No Trend Data 

Note: A downward-pointing green arrow indicates a decreasing trend. 
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Table 5.2. Summary of status and concentration trends for the selected indicator species (cont) 

PCBs 

lndicator Species Status 
Concentration Trend 

over Time 

Resident fish - bass, whitefish, sucker, trout, 
walleye, northern pikeminnow PCB levels have generally declined since they were banned in 

the 1970s. 

Because PCBs are very stable and bioaccumulate in long- lived 
species and top predators, they are still a concern. 

Every state in the basin still has areas with fish consumption 
advisories and levels that exceed species effects levels. 

Sources are still being discovered. 

↓ 
Juvenile salmon No Trend Data 

Sturgeon No Trend Data 

Predatory birds - bald eagle and osprey ↓ 
Fish-eating mammals - mink and otter ↓ 
Sediment-dwelling shellfish - Asian clam No Trend Data 

Note: An upward-pointing red arrow indicates a decreasing trend. 

PBDEs 

lndicator Species Status Concentration Trend 
over Time 

Resident fish - bass, whitefish, sucker, trout, 
walleye, northern pikeminnow 

In areas where data have been collected, levels of these 
chemicals are showing rapid increases. 

Though some studies have detected developmental and other 
impacts for humans and other species, there are currently no 
established effects levels for human or other species’ health. 

↑ 
Juvenile salmon No Trend Data 

Sturgeon No Trend Data 

Predatory birds – bald eagle and osprey ↑ 
Fish-eating mammals - mink and otter No Trend Data 

Sediment-dwelling shellfish - Asian clam No Trend Data 

Note: An upward-pointing red arrow indicates an increasing trend. 
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Columbia RiveR basin: sTaTe of The RiveR RepoRT foR ToxiCs  JanuaRY 2009 

6.0 
Toxics Reduction efforts—Current and planned
 

States, tribes, communities, non-profit groups, EPA, and other federal agencies 
have launched a long-term recovery effort to improve the water, land, and 
air quality of the Basin. These groups are working together to enhance and 
accomplish critical ecosystem restoration efforts. A number of toxics reduction 
efforts are under way throughout the Basin as a part of this recovery effort. 

States are Improving Water Quality and Reducing 
Toxics 
State agencies are developing water quality improvement plans 
The Federal Clean Water Act requires states to list all water bodies under 
their control that do not meet water quality standards. The states are then 
required to develop water quality improvement plans for those impaired waters 
so they will meet water quality standards. These plans, also known as total 
maximum daily loads (TMDLs) (Table 6.1), are in place or are being developed 
throughout the Basin for toxics. 

Through implementation of these TMDLs, water quality is improved using a 
combination of pollution controls on point sources; programs to reduce non-
point sources such as urban stormwater and agricultural runoff; and cleanup of 
known sources of contaminants such as abandoned mines or hazardous waste 
sites. 

Oregon is using human health criteria to limit toxics 
In October 2008, the Oregon Environmental Quality Commission 
recommended that the Oregon Department of Environmental Quality (ODEQ) 
revise the human health criteria as a part of Oregon’s water quality standards. 
The Commission has asked for a proposed rule with a fish consumption rate 
of 175 grams per day (instead of the current rate of 17.5 grams per day) and 
a broader toxics reduction implementation strategy. This recommendation 
was a result of a two-year collaborative process led by EPA, ODEQ, and the 
Confederated Tribes of the Umatilla Indian Reservation. The recommended fish 
consumption rate of 175 grams per day represents approximately the 90th to 
95th percentile of Oregon’s fish-consuming populations, as indicated by studies 
of tribes, Asians, and Pacific Islanders in Oregon and Washington. [1] 

ODEQ’s water quality standards play an important role in maintaining and 
restoring environmental quality. Human health criteria are used to limit the 
amount of toxic pollutants that enter Oregon’s waterways and accumulate 
in the fish and shellfish consumed by Oregonians. The criteria also serve as 
the framework for wastewater permits, nonpoint source reduction activities, 
stormwater permits, and sediment cleanup efforts. The criteria help ensure 
that people may eat fish and shellfish from local waters without incurring 
unacceptable health risks. A final rule on the revised criteria is expected in 
October 2009. 

EPA and States are using Permits to Control Toxics 
The Clean Water Act’s National Pollutant Discharge Elimination System 
(NPDES) program controls the quality of water discharged into the Basin from 
point sources such as wastewater treatment plants, mines, and pulp and paper 
plants. Federal, state, and local NPDES permits limit the amount of pollutants 
from municipal, industrial, and stormwater discharges so that the quality of 
the water body receiving the discharge is not impacted or further impaired. 
Facilities that have an NPDES permit must conduct routine monitoring and are 
fined or required to install pollution controls if their NPDES permit conditions 
for water quality are not met. However, data on the amounts of many toxics 
(including DDT, PCBs, and PBDEs) entering the Columbia River from 
stormwater and from municipal and 
industrial dischargers are limited. 

Stormwater and erosion controls 
are increasingly important in 
urban and developing areas to 
keep contaminants from reaching 
lakes, rivers, and streams. This is 
done through stormwater NPDES 
permitting and a combination 
of best management practices 
(BMPs) and public education. 

Combined sewer overflow (CSO) outfall Many communities and industries 
(photo courtesy of WADOE) 
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Table 6.1: Toxics TMDLs that have been approved or are under development in the Washington, Oregon, and Idaho areas of the Columbia River Basin 

State River Toxics 

Washington 

Yakima Chlorinated Pesticides (e.g., DDT) and PCBs 
Spokane Metals, PCBs 
Okanogan DDT, PCBs 
Walla Walla Chlorinated Pesticides and PCBs 
Palouse Chlorinated Pesticides and PCBs 
Lake Chelan DDT, PCBs 
Mission Creek (Wenatchee) DDT 
Columbia Dioxins 
Similkameen Arsenic 

Oregon 

Columbia Dioxins 
Columbia Slough Lead, PCBs, Dioxins, DDT, Dieldrin 
Coast Fork Willamette Mercury 
Cottage Grove Reservoir Mercury 
Pudding DDT, Dieldrin, Chlordane 
Johnson Creek DDT, Dieldrin 
Willamette Mercury 
Row River Mercury 
Snake River DDD, DDE, DDT, Dieldrin 

Idaho 

Salmon Falls Reservoir Mercury 
Jordan Creek Mercury 
East Fork Eagle Creek (North Fork Coeur D’Alene) Metals 
Snake River DDD, DDE, DDT, Dieldrin 
Columbia Dioxins 

are adopting innovative stormwater management techniques that improve the treatment wetlands; and filtration through vegetated swales. Such stormwater 
quality of the discharged water before it reaches lakes, rivers, and streams. management practices also reduce flooding, erosion, and direct runoff of 
These include porous pavement to reduce runoff; diversion of runoff from contaminants to waterways. 
storm sewers into natural systems (e.g., vegetated buffers); retention and 
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Federal Government and States are Working to Clean 
up Hazardous Waste in the Basin 
Several contaminated sites in the Basin are being cleaned up and managed 
under EPA Superfund or state toxic cleanup programs. For example, since 
1983, EPA has been working with the State of Idaho, the Coeur d’Alene Tribe, 
and mining companies to clean up the Bunker Hill Mining and Metallurgical 
Superfund site in the Coeur d’Alene Basin. The area’s many mines were 
once a primary source of our nation’s zinc, copper, lead, and precious metals. 
A comprehensive, integrated approach, using all available regulatory tools 
such as the Clean Water Act and 
the Comprehensive Environmental 
Response, Compensation and Liability 
Act, has been employed to help protect 
human health and the environment in this 
heavily contaminated watershed. 

Furthermore, in the Upper Columbia 
River above Grand Coulee Dam, 
several investigations and cleanups are 
ongoing in the areas that drain into Lake 
Roosevelt. In Montana, cleanup efforts 
in the upper Clark Fork and Flathead 
basins have reduced copper, lead, arsenic, 
and zinc contamination into the Columbia 
River tributaries. [2] In the Middle Columbia River, the U.S. Department of 
Energy (DOE) is working to prevent contaminated groundwater on the Hanford 
Nuclear Reservation from reaching the Columbia River. Work is also under 
way to clean up contaminated sediment from the Portland Harbor Superfund 
site, located on the lower Willamette River near its confluence with the Lower 
Columbia to reduce PCBs, DDT, and many other toxic contaminants. 

In addition to the federally listed Superfund sites, each state manages its 
own list of contaminated site cleanup projects. States work with the federal 

Cleanup of an Idaho mine near the 
Salmon River (photo courtesy of EPA) 

agencies and with businesses and property owners to develop site assessment 
and cleanup plans and then conduct cleanup activities. Many contaminated 
sites in the Basin are in various stages of planning and cleanup for a variety 
of contaminants. Two examples of PCB-contaminated sites on the Columbia 
River are the Bradford Island site at the Bonneville Dam and the Alcoa plant 
in Vancouver, Washington. An accelerated cleanup is planned by the State 
of Washington at the Alcoa site, where sediment removal is scheduled for 
November 2008. 

upper Columbia River Investigation and Cleanup 

EPA is studying hazardous waste contamination in the Upper Columbia 
River from the U.S./Canadian border down to Grand Coulee Dam and 
the surrounding upland areas. The investigation and cleanup site under 
EPA Superfund authority, located in northeastern Washington, consists 
of 150 miles of river and lake environment. From about 1930 to 1995, 
the Teck Cominco smelter in Trail, B.C., located 10 miles north of 
the U.S./Canadian border, discharged millions of tons of metals-laden 
slag and other wastes directly into the Columbia River. The waste 
discharged from the facility was carried downstream into the United 
States and has settled in the River’s low-flow areas, beaches, and stream 
banks, potentially impacting the ecosystem in and around the Upper 
Columbia River. 

In 2004, EPA began investigating the contamination problems in the 
Upper Columbia. In the first phase of the investigation, EPA collected 
over 400 sediment and 1,000 fish samples, along with samples from 
15 beaches. Over the next several years, additional sediment, fish, and 
beach samples will be collected. 
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Bradford Island PCB Cleanup 

In 1997 and 1998, USGS biologists found higher levels of PCBs in osprey 
eggs collected near Bonneville Dam than in eggs from other reaches of 
the Columbia River. [3] Also, in the late 1990s, very high levels of PCBs 
were found in crayfish collected near Bradford Island, which is part of 
the Bonneville Lock and Dam Complex. Based on this information, the 
Oregon Department of Human Services issued an advisory cautioning 
people against consuming crayfish, clams, or other bottom-dwelling 
organisms between Bonneville Dam and Ruckel Creek, about a mile 
upstream. 

The PCB contamination came from disposal of electrical equipment on 
Bradford Island and the Columbia River during the 1950s. In response, the 
USACE removed PCB-containing equipment and some sediments in 2002. 
In 2007, the Corps completed the removal of PCB sediment “hot-spots” 
over a one-acre area that was estimated to contain over 90 percent of the 
PCB contamination on Bradford Island. The Corps continues to work 
with ODEQ to evaluate and remove the remaining PCB-contaminated 
sediments. 

Portland Harbor Superfund Cleanup Site 

The Portland Harbor Superfund site study area is focused on an 
11-mile stretch of the lower Willamette River from downtown Portland, 
Oregon, to the Columbia River. Sediments at the site are contaminated 
with metals, pesticides (e.g., DDT), polycyclic aromatic hydrocarbons 
(PAHs), PCBs, and dioxin/furans from a variety of sources. EPA is 
overseeing a remedial investigation and feasibility study being conducted 
by a group of potentially responsible parties referred to as the Lower 
Willamette Group. EPA is the lead agency for investigating and cleaning 
up contaminated sediment in the Willamette. The ODEQ is the lead 
agency for investigating and cleaning up the upland sites that are 
potential sources of contamination to the Willamette. A draft feasibility 
study, which will evaluate cleanup strategies and methods, is targeted 
for late 2010. EPA will then issue a proposed cleanup plan for public 
comment before making a final decision on the harbor-wide cleanup. In 
addition to the harbor-wide investigation, several early actions are under 
way to clean up individual sites that need more immediate attention. 

additional information about the upper Columbia, bradford island, and portland harbor 
vISIT THE WEB investigations and cleanups can be found by visiting epa’s Columbia River basin website: 

http://www.epa.gov/region10/columbia. 
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State and Local Partnerships are Working to Improve 
Farming Practices 
Partnerships and volunteer efforts are reducing runoff from farms 
The Columbia River Basin supports some of the most important agricultural 
regions in the United States. Clean water for food production is critical, but 
agricultural practices can degrade water quality by contributing eroded soil, 
nutrients, and pesticides to nearby waters. Agricultural BMPs are used to 
improve water quality, often with the added benefits of improving water and 
soil conservation and soil fertility. 

BMPs are usually developed and implemented by partnerships between 
farmers, local conservation districts and university extension services, state 
and federal agriculture and water quality agencies, tribal governments, and 
local watershed groups. They have become a critical component of TMDLs in 
agricultural watersheds such as the Yakima River. 

The agricultural community can be leaders in reducing toxics in the Columbia 
River Basin. Voluntary agricultural activities provide a great opportunity to 
reduce toxics in the Basin 
by reducing legacy toxics 
such as DDT and current-
use pesticides, especially 
organophosphates. Toxic 
contaminants reach the 
Columbia River Basin 
from sediment transport 
and deposition and have 
contributed to the long-
time degradation of water 
quality and fish and wildlife 
habitat. Sediments may 

as polycyclic aromatic hydrocarbons [PAHs], PCBs, and pesticides such as 
DDT, chlordane, and atrazine). Most of these contaminants cling to particles 
suspended in the water and settle to the bottom; therefore, their concentrations 
in sediments are typically much higher than in water. 

Washington is working to control soil erosion and reduce pesticide 
runoff in the Yakima River Basin 
The Yakima River Basin serves as a successful example of sediment cleanup 
and pesticide reduction efforts. [4] DDT was used extensively in the Yakima 
Valley from the 1940s until it was banned in 1972, and it persists in Yakima 
Basin soils. Erosion of these soils allows pesticides to reach the aquatic 
environment, where they accumulate in fish and in the people and wildlife 
that eat fish. Recognizing this, the WADOE, Yakima Valley growers, water 
purveyors, local conservation districts, and the Confederated Tribes and Bands 
of the Yakama Nation worked together to implement BMPs to reduce DDT and 
other pesticides by modifying irrigation practices to reduce the amount of soil 
carried to the Yakima River by irrigation returns. 

DDT clings to organic 
particles in soil; therefore, 
reducing soil erosion 
from agricultural fields 
and the associated 
sediments should reduce 
runoff polluted with 
pesticides like DDT. 

After the BMPs were 
initiated, suspended 
sediment loading to the 
Lower Yakima River 
during the irrigation 

transport trace metals (such season was reducedYakima Valley irrigation ditch before implementation of BMPs (left) and Yakima Valley irrigation ditch with BMPs to control 
as arsenic and copper) and erosion and reduce runoff (right) (photos courtesy of the Confederated Tribes and Bands of the Yakama Nation Environmental between 67 and 
organic compounds (such Management Program) 80 percent. Total DDT 
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concentrations in fish were reduced by 30 to 85 percent in the same area after 
implementation of the BMPs. The accompanying photos show soil eroded by 
surface irrigation into a return drain before BMPs were implemented; later, 
with BMPs, the soil is retained by a grass filter strip between crop and drain. 

Oregon is working with farmers to reduce pesticide runoff 
Another example of toxics reduction from agriculture in the Columbia River 
Basin is Oregon’s Pesticide Stewardship Partnerships. These partnerships are 
voluntary collaborations to reduce pesticide use and improve water quality. 
Such collaborations typically include local watershed councils, ODEQ, 
agricultural growers, Oregon State University (OSU) Extension Service, and 
tribes. Pilot projects in the Columbia Gorge, Hood River, and Fifteen-Mile 
Creek near The Dalles, Oregon, showed substantial improvements in water 
quality due to changes in pesticide management and application practices. 
In addition, ODEQ has launched Pesticide Stewardship Partnerships in six 
watersheds in the Basin: the Walla Walla, Clackamas, Pudding, Yamhill, 
Willamette, and Hood River Basins. 

For example, the Walla Walla partnership has reduced pesticide concentrations 
in Oregon’s Walla Walla River Basin. [5] In 2006, high levels of five toxic 
pesticides were found in tributaries of the Little Walla Walla River. In response, 
the ODEQ, OSU Extension Service, fruit growers (Blue Mountain Horticultural 
Society), and Walla Walla Basin Watershed Council worked together to monitor 
and control current-use pesticides that reach surface water by spray drift and 
runoff from fruit orchards. To accomplish this, ODEQ and its partners installed 
vegetated buffers adjacent to surface waters, switched to using less toxic 
pesticides and mineral oil, provided individualized applicator training, and 
calibrated sprayers to avoid overspray. 

The monitoring results in 2007-2008, after implementation of the practices 
described above, showed dramatic declines in several pesticides, including 
large reductions of one of the most toxic pesticides, chlorpyrifos (Figure 6.1). 

In addition, ODEQ has worked with partners in the Walla Walla Basin to 
conduct two agricultural pesticide collection events to remove unwanted waste 

Figure 6.1: Concentrations of chlorpyrifos dropped after measures were implemented to keep 
pesticides from reaching nearby surface waters in Oregon. 
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pesticides from the watershed. Over 17,000 pounds of pesticide waste were 
collected and properly disposed of from these events. 

State and Local Governments are Removing Toxics from 
Communities 
The State of Washington passed one of the first state bans on PBDEs in the 
summer of 2007. This ban is part of the state’s overall initiative to reduce the 
threat from persistent and bioaccumulative toxics (PBTs) by keeping toxics out 
of products and industrial processes. The ban is being phased in over a two-year 
period, with an emphasis on finding a safer and feasible alternative. Oregon 
is also working to reduce and control PBTs, particularly for large municipal 
wastewater dischargers. All of the Basin states have mercury reduction 
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programs to promote recycling of thermometers and fluorescent lamps 
containing mercury, and each state works with dentists, hospitals, and vehicle 
recyclers to capture and recycle mercury. For example, separating mercury 
from wastewater in dental offices prevents mercury from reaching wastewater 
treatment plants and the Columbia River. Oregon and Washington also sponsor 
collection of mercury recovered by small-scale mineral miners from streams 
and rivers. 

State, county, and local toxics reduction programs help businesses and private 
citizens reduce the use of toxic chemicals and ensure the proper disposal 
of hazardous wastes such as pesticides, solvents, batteries, electronics, 
PBDE-containing materials, and pharmaceuticals. For example, Idaho’s 
pesticide disposal program prevents thousands of pounds of unusable 
pesticides from reaching the environment each year. Under this program, 
the Idaho State Department of Agriculture assists growers, homeowners, 
dealers, and applicators with the disposal of pesticides that have become 
unusable because of expiration, cancellation, deterioration, or crop changes. 
Individuals can dispose of up to 1,000 pounds of pesticide at no charge. 
Permanent collection points are established throughout the state; materials 
are collected annually and taken to a licensed facility for incineration. From 
2003 to 2007, 328,000 pounds of unusable pesticides have been collected, 
and over 870,000 pounds have been collected since the program’s inception in 
1993 (Figure 6.2). [6] The program also collects and recycles empty pesticide 
containers. Washington and Oregon are also sponsoring pesticide take-back 
programs, which have recovered thousands of pounds of banned pesticides 
such as DDT. 

Another Idaho initiative is the Idaho Department of Environmental Quality’s 
(IDEQ’s) school laboratory and chemical cleanup project. This project assists 
schools in understanding and implementing best practices for managing 
and disposing of their large stockpiles of hazardous chemicals and wastes, 
including mercury. 

Figure 6.2: Amount of pesticides collected under Idaho’s pesticide disposal 
program (2003–2007). 

At the county level, Clark County, on the Lower Columbia River in 
Washington, recently implemented an unwanted medications take-back 
program that allows residents to drop off unwanted pharmaceuticals at 
participating pharmacies. The drugs are then incinerated at a licensed facility. 
Washington has implemented a pilot pharmaceutical take-back program in 
King County (through 2008) and plans to expand it to a statewide program. 
In Oregon, a proposal may be presented to the 2009 legislative session for a 
pharmaceutical take-back program. These partnerships between state and local 
governments, pharmacies, medical facilities, and the U.S. Drug Enforcement 
Administration reduce pharmaceutical pollution in wastewater and unlined 
solid waste landfills which can contaminate groundwater and surface 
waterways. 
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Oregon and Nevada are Reducing Industrial 
Mercury Emissions 
A number of regulatory agencies in the Basin have recently introduced controls 
on industrial mercury discharges to the air. EPA expanded its Toxics Release 
Inventory (TRI) reporting requirements in 1999 to include mercury reporting 
for a variety of industries. The TRI data showed that some of the highest 
discharges of mercury in the country were in or bordering the Basin and that 
the single highest emitter of mercury was a cement plant in eastern Oregon. To 
reduce these emissions, ODEQ worked with the cement plant operators, who, 
through a 2008 mutual agreement and order, agreed to “…endeavor to meet 
a goal of 85% reduction in mercury emissions on a rolling 12-month average 
basis…”. The agreement also stipulates that if the goal is not met within a 
specified timeframe, plant operators will develop an action plan and implement 
corrective actions in a further effort to achieve the 85 percent reduction. ODEQ 
will oversee these efforts to determine whether the cement plant “…exhaust[s] 
all reasonable alternatives…” to meet the goal. [7] 

Approximately a dozen mines in the Battle Mountain Mining District in 
northern Nevada produce 11 percent of the world’s gold and 74 percent of the 
nation’s gold. [8] TRI reporting showed that these gold mining operations were 
releasing a total of over 12,000 pounds of mercury per year. Between 2002 and 
2005, EPA and the Nevada Department of Environmental Protection worked 
with four mining companies to set up a program of voluntary reductions 
for mercury emissions that resulted in an 82 percent decrease of mercury 
discharges to air at these mines. In March 2008, the State of Nevada enacted 
the nation’s first regulations limiting mercury air emissions from precious metal 
mining operations. These regulations set limits on mercury emissions from all 
the mines in the Battle Mountain District. 

The only coal-fired power plant in the Columbia River Basin is located near the 
Columbia River at Boardman. This plant discharges an average of 168 pounds 
of mercury to the atmosphere per year. [9] In December 2006, Oregon adopted 
regulations applicable to coal-fired power plants that require the Boardman 

plant to control and reduce mercury emissions by 90 percent by 2012 and cap 
state-wide mercury emissions from coal-fired power plants by 2018. There 
are also three coal-fired power plants near the boundary of the Basin (one in 
Washington and two in Nevada) that could contribute some mercury load to the 
watershed, depending upon their emissions and prevailing wind patterns. 

Idaho Agencies and Kootenai Tribe are Monitoring 
Toxics in Fish, Water, and Air 
For several years, the State of Idaho has monitored rivers, lakes, and reservoirs 
for a number of toxics. In 2006, IDEQ sampled 15 large rivers for mercury in 
fish. In 2007, IDEQ sampled 50 lakes and reservoirs for arsenic, mercury, and 
selenium in fish tissue. In 2008, an additional 34 large rivers were sampled for 
arsenic, mercury, and selenium in both fish and water; the water samples were 
also tested for methylmercury. 

IDEQ has also conducted or supported other local efforts, most notably in 
support of the Salmon Falls Creek mercury TMDL, submitted to EPA in 
December 2007 and approved in February 2008. The state’s air quality program 
has also been conducting some mercury deposition monitoring. 

Other noteworthy studies include the following: 

	 The Kootenai Tribe of Idaho has conducted studies of numerous 
contaminants in sturgeon, fish, water, sediment, and lower food web 
organisms from the Kootenai River between 1999 and 2007. The tribe has 
also studied biomarkers in sturgeon for the effects of contaminants. 

	 The Idaho Department of Fish and Game conducted studies of contaminants 
and biomarkers in Kootenai River adult and juvenile sturgeon in 1997 and 
1998. 

	 Idaho Power Company has conducted several studies of contaminants in the 
Snake River area along the Oregon-Idaho state line. 
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PCBs and Hydroelectric Facilities 
Historically, many pieces of electrical equipment used to generate power 
at dams in the Columbia River Basin used cooling and insulating oil that 
contained PCBs. In recent years, efforts have been made to reduce the presence 
of, and risk from, PCBs. These efforts include reducing or removing PCBs 
from electrical equipment; conducting operator self-assessments and EPA 
inspections; confirming that turbine oil does not contain PCBs; and reducing 
the potential for PCB spills. EPA will continue to work with the operators of 
hydroelectric facilities to better understand the remaining risk of PCBs at dams. 
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7.0  
Conclusions 
The Columbia River Basin is a unique and vibrant ecosystem that is at risk 
from toxic contaminants. Many challenges lie ahead to restore this ecosystem. 
This State of the River Report for Toxics 	is	 EPA	 Region	 10’s	 first	 attempt	 to 	
understand and describe the current status and trends of toxics in this region 
of the United States. This report is intended to serve as a starting point for 
increasing public understanding about the impacts of toxics in the Basin and for 
finding	 ways	 to	 work 	in 	partnership 	with 	others	 to 	improve 	and 	expand	 current	 
toxics	 reduction	 efforts.	 Specifically,	 its	 primary 	purposes 	are 	to	 inform	 citizens	 
and decision-makers about the toxics problem and potential solutions; serve as 
a catalyst for increased citizen involvement and increased action; and inspire 
additional, 	more-efficient	 use	 of	 resources	 for	 increased	 toxics	 reduction	 and	 
assessment actions. 

While several monitoring studies are under way in the Basin to improve our 
understanding of the toxics problem, we must develop a more comprehensive 
and collaborative monitoring and research program. In addition, we must 
expand efforts to identify the sources of toxics in the Basin, characterize the 
types of contaminants, and quantify the contaminant load from these sources. 
We must also identify additional effective actions to reduce toxics and protect 
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the health of the Columbia River Basin ecosystem, and we must continue to 
implement those actions. 

This report focused on four contaminants: mercury, DDT and its breakdown 
products, PCBs, and PBDEs. However, we recognize that other toxics, 
including additional metals, dioxins, radionuclides, and pesticides as well as 
pharmaceuticals and personal care products, are also potential contaminants of 
concern. We know that these other contaminants need to be addressed in the 
future. 

Meanwhile, many groups are conducting pollution prevention and cleanup 
efforts to reduce toxics overall and to reduce toxics in water, sediment, plants, 
and animals in the Columbia River Basin. Despite limited resources, these 
groups are making significant strides in reducing toxics in certain areas, but 
additional efforts need to be expanded throughout the Basin. The following 
Toxics Reduction Initiatives represent a first attempt at describing the next 
steps in the effort to reduce toxics. We look forward to a future public dialogue 
throughout the Basin as we refine and implement these initiatives. 
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8.0 
Toxics Reduction initiatives 
The Columbia River Toxics Reduction Working Group has developed the 
following set of six Toxics Reduction Initiatives, which provide a broad 
overview of major actions needed to further reduce toxics in the Basin. A more 
in-depth and detailed work plan will be developed over the next year with 
stakeholder and public input. 

Initiative #1: Expand toxics reduction activities 
Federal, state, and local agencies have multiple regulatory mechanisms 
available to reduce toxics. Such mechanisms include TMDLs, NPDES permits, 
water quality standards, contaminated site cleanup, and programs to control 
pesticide usage. These programs need to be expanded. For example, additional 
toxics TMDLs and implementation plans are needed, and additional work is 
needed to identify other contaminated sites for cleanup. 

It is also important to promote voluntary/nonregulatory initiatives. States 
and tribes have worked to reduce toxics using a variety of voluntary and 
nonregulatory activities. They have focused much of their work on the 
tributaries to the Columbia River. Excellent examples of voluntary programs 
are Oregon’s Pesticide Stewardship Partnerships and the Pesticide Take Back 
Program. Support of local watershed groups in their efforts to complete toxics 
reduction projects should be continued. In addition, more partnerships should 
be developed with nongovernmental programs such as Salmon Safe and 
organizations such as Columbia Riverkeeper, other local nonprofit groups, and 
area industries. 

Initiative #2: Identify, inventory, and characterize the sources of toxics in the 
Columbia River Basin 
There have been past efforts to identify and characterize sources of toxics 
in the Columbia River and its tributaries,[1] some of which are ongoing (e.g., 
Upper Columbia River, Hanford, and Portland Harbor investigations; Working 
Group efforts; and TMDL development in the Basin). However, additional 
information is needed to better identify, inventory, and characterize the sources 
of these toxics. This information will be used to prioritize reduction efforts and 
develop long-term monitoring and research plans. 

To fill in these critical information gaps, the Working Group has started to 
identify important “next steps.” These steps include, but are not limited to, 
(1) identifying, inventorying, and mapping all potential sources of toxics, both 
within and outside the Basin; (2) determining the contaminants of concern 
from these sources; (3) collecting information on the concentrations of the 
contaminants of concern, where available; (4) determining the quantities of 
contaminants reaching the Columbia River and its tributaries, where possible; 
(5) evaluating the fate and transport of contaminants and their breakdown 
products from air and soil into the Columbia River and its tributaries; 
(6) determining the role of sediments as a source of contamination; and 
(7) prioritizing those sources where the greatest reduction efforts are needed 
and can be implemented. 

Initiative #3: Develop a regional, multi-agency long-term monitoring 
program 
There is no comprehensive, integrated monitoring plan for the Columbia River 
and its tributaries. This initiative will allow the Working Group to develop 
such a plan; ultimately, this plan would provide information on the locations 
and concentrations of toxics in the Basin, fill in data gaps in our scientific 
knowledge, evaluate the impact of toxics on the ecosystem, and characterize 
the information on the status and trends of toxics in the Basin. With this 
information, the Working Group will be able to target limited resources and 
tailor the monitoring program to obtain data from areas that have not been 
previously monitored (such as the mid-Columbia River and the Snake River). 

Critical steps in the development of this monitoring plan include (1) completing 
a data gaps analysis of the Basin’s contaminant data collected from 1994 to 
the present; (2) determining the geographic extent of the areas to be sampled 
and identifying which contaminants would be monitored; (3) determining the 
types of media to be sampled (e.g., water, sediments, and/or fish tissue); and 
(4) determining the frequency, specific locations, and techniques for sampling. 
Because of limited resources, any monitoring program needs to be coordinated 
among the different federal, state, tribal, local, and nongovernmental entities to 
leverage resources and avoid duplication. 
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Initiative #4: Develop a regional, multi-agency research program 
While research is being conducted by different agencies on toxics in the Basin, 
no coordinated effort has been made to identify the highest priorities for 
research. A collaborative plan will help the Working Group further understand 
the Basin’s contaminant problems and their relation to the food web, which will 
allow the Working Group to efficiently leverage resources among agencies. 
It will also enable us to develop an integrated approach that focuses on issues 
specific to the Columbia River Basin (for example, PBDE concentrations in 
osprey eggs) that can be addressed by scientists within the region (NOAA 
Fisheries, EPA Corvallis Laboratory, USGS Science Center, and others). 

Initiative #5: Develop a data management system that will allow us to share 
information on toxics in the Basin 
The ability to access information is critical to effectively evaluating toxics 
information. It is also necessary when prioritizing which reduction activities 
will provide the most benefits. Currently, no single database contains all of the 
data from monitoring efforts within the Basin. In addition, some of the data are 
not publicly accessible or are often available only in hard copy records. Some 
records are of unknown quality, and most are in differing formats. 

While a single database would be useful, its development would be very 
expensive and would require dedicated resources to operate and maintain. 
As an alternative to a single database, the Working Group will explore the 
possibility of working with existing efforts such as the Northwest Data 
Exchange Network and the Pacific Northwest Aquatic Monitoring Partnership. 

Initiative #6: Increase public education about the toxics problems and 
resource needs 
Public support and concern related to toxics and their impact on human health 
and the environment are growing. Furthermore, there is a base of support in 
the Basin among citizens, watershed groups, and other stakeholders associated 
with local, state, tribal, and federal governments. Many of these groups are 
interested in working together to better understand and reduce toxics in the 
Columbia River Basin, with the goal of moving toward a Basin ecosystem that 
is healthier for all. 

It will be important to educate the public further about the Columbia River 
Basin toxics problem, current efforts, and the need for increased action and 
resources to reduce toxics. The Working Group intends to work closely 
with the partners of the Columbia River Toxics Reduction Working Group 
and with Basin stakeholders to coordinate outreach to the public (including 
schools, business/industry groups, nonprofit organizations, farm associations, 
and watershed councils). Outreach efforts will include (1) holding public 
workshops and other public events throughout the Basin; (2) using multi-media 
tools, including websites, postcards, and posters, to educate and inform Basin 
residents about toxics; and (3) encouraging public participation in Columbia 
River toxics reduction activities. 
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9.0 
a path forward 
To a great extent, success will depend on a commitment to join forces to 
make the best use of available resources. This approach will require strong 
communication and collaboration among Basin agencies, organizations, and 
the public. We recognize that the citizens of the Northwest place a high value 
on a healthy Columbia River Basin ecosystem. Therefore, we plan to reach out 
to those who live, work, and play in the Basin; share information on risks to 
the Basin posed by toxics; and solicit help in restoring the Basin’s magnificent 
ecosystem. 

In 2009, the Columbia River Toxics Reduction Working Group will develop a 
draft work plan that will build on the successful and numerous toxics reduction 
efforts already accomplished or under way and will also identify new efforts to 
reduce toxics in the Basin. We will do this by hosting a number of watershed-
based workshops in the Basin. The outcome of these workshops should be 
a toxics reduction work plan for the Columbia River Basin that will involve 
citizens; local watershed councils; Basin communities; other entities; and 
tribal, federal, and state governments in a collaborative partnership. 

Columbia River Toxics Reduction Work Plan and Watershed Workshops 

Late Winter – Early Spring 2009: The Columbia River Toxics Reduction Working Group develops draft toxics reduction work plan. 

Late Spring – Summer 2009: Watershed workshops are held for Basin residents, local watershed councils and communities, tribal governments, and the 
general public to learn about, and contribute to, the draft work plan. Actions are initiated to evaluate the extent of toxic contamination in the Basin and reduce 
impacts. 

Fall – Winter 2009: The Working Group finalizes a collaborative, watershed-based work plan that focuses efforts on implementation. 

vISIT THE WEB 
more detailed information, including expanded data and reports, can be found by visiting epa’s 
Columbia River website: http://www.epa.gov/region10/columbia. 
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EXECUTIVE SUMMARY

Thirty-six river otter (Lutra canadensis) (30 from Lower Columbia River and 6
from Reference Area) and six mink (Mustela vison) (2 from Lower Columbia
River and 4 from Reference Area) were trapped and used to evaluate
organochlorine (OC) insecticides and their metabolites, polychlorinated biphenyls
(PCBs), polychlorinated dibenzo-p-dioxins (dioxins), polychlorinated
dibenzofurans (furans), and heavy metals contamination in the Lower Columbia
River. Animals were aged using annual cementum layers of their canine teeth
and summarized into three age classes: age class 0 (8-10 months old), age
class 1, and age class 2+. Only two mink were captured along the Lower
Columbia River which greatly restricted interpretation of mink residue
accumulation. Therefore, findings were focused on river otter.

In age class 0 river otters, p,p'-DDE (DDE), P-hexachlorocyclohexane (HCH),
heptachlor epoxide, dieldrin, mirex, nearly all PCB congeners, and many dioxin
and furan congeners were already significantly higher in the Lower Columbia
River than in the Reference Area. Contaminant concentrations in river otter
livers were compared with River Mile (RM) of capture to evaluate their
geographic distributions within the river. Geographical distributions were
compared for all OC insecticides that met the mean liver concentration criteria of
>1 ppb wet weight (ww) in age class 0, and Aroclor 1254:1260 represented all
PCBs instead of evaluating each congener separately. These contaminants
were rarely correlated with RM in age class 0 (only DDE), never correlated with
RM in age class 1, but almost always correlated with RM in age class 2+ (the
adults). In all significant relationships, concentrations decreased from Portland-
Vancouver to the river mouth. The lack of significant relationships in age class 0
may be due to lower residue concentrations in young animals, while age class 1
are dispersers and wanderers that may have been captured at locations distant
from their natal area where they spent their first year of life. Age class 2+
represents a relatively sedentary population that lives within an established
home range. Dioxin-like compounds (co-planar PCBs, dioxins and furans) were
evaluated with respect to RM in the same manner as OCs and PCBs. Two of
the four co-planar PCBs (PCB 126 and PCB 169), only two dioxins (1,2,3,7,8,9-
H6CDD and OCDD) and seven furans involving three furan families (PCDF,
TCDF and H6CDF) showed significant relatinships with RM, and in each case,
except age class 1, the concentrations were again higher near Portland-
Vancouver and decreased downstream toward the mouth of the river. Known
point sources of dioxins and furans, many of which were downstream from
Portland-Vancouver, may have been responsible for the reduced numbers of
significant dioxin and furan relationships with RM.

Body and organ weights, and measurements of river otter were compared
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between the Lower Columbia River and the Reference Area. Only baculum
length and weight of Lower Columbia River age class 0 were significantly
different (smaller or shorter) than the Reference Area animals of the same age
class. Thus, only male reproductive organs in age class 0 were adversely
effected, based on parameters measured in this study. Mean testes weight
appeared to be less in river otters from the Lower Columbia River than the
Reference Area, but the difference was not statistically significant. The
seminiferous tubules in the age class 0 testes from the Lower Columbia River
were lined with only a single layer of sertoli cells and there was no evidence of
spermatogenesis. These effects in the Lower Columbia River seemed to result
from delayed development and appeared to be temporary, because by age class
2+, the male reproductive organs were not significantly different in size from river
otters in the Reference Area. However, we do not know if age class 2+ male
reproductive organs were functioning normally. Most contaminants were inter-
correlated making it extremely difficult to identify contaminants with respect to
their potential for causing the observed effects. We evaluated age class 0 testes
weight, baculum length, and baculum weight of individuals with respect to
contaminant concentrations found in their livers (multiple regression).
Heptachlor epoxide, 15 PCB congeners and 2,3,4,7,8-PCDF showed significant
inverse relationships with testes weight. No testes were found in a 0 age class
male from the Lower Columbia River. For most OCs and PCBs, this river otter
had the highest concentrations in its age class. It also had the highest
concentrations for about one-third of the dioxins and furans. Our regression
equations (various contaminants vs. testes weight), excluding this animal,
typically predicted no testes! More significant inverse relationships in age class
0 were found for baculum weight (6 OCs, 35 PCB congeners, 2 dioxins, and 5
furans) and baculum length (3 OCs, 16 PCB congeners, 1 dioxin, 2 furans, and
chromium). It is known that PCBs cause liver enlargement and fatty deposition.
Also, enlarged spleens were noted in some river otters during necropsy. Male
river otters (the largest data set) in each age class were evaluated with respect
to liver parameters, spleen weight and contaminant concentrations. A large
number of significant direct relationships were found with liver and spleen
weights and contaminants (including OCs, PCBs, dioxins and furans).

Spatial information showed that river otter collected at RM 1 19.5 (Portland-
Vancouver) typically contained the highest concentrations of most contaminants
(the exception being dioxins and furans), in addition to a few contaminants that
were seldom found elsewhere. Three of the four animals collected at RM 119.5
showed gross abnormalities including a missing kidney and adrenal gland, a
multilocular cystic abscess in the perineal region, and no testes found in a young
male (the animal previously discussed).
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Our river otter population estimating procedure was not rigorous, but provides an
early autumn estimate of 286 ± 47 animals in the Lower Columbia River that
were well distributed. There was no evidence for fewer animals in the Portland-
Vancouver vicinity where the highest PCB and OC concentrations were found.
No population estimates were made for mink; the population was extremely low.
A mink Habitat Suitability Index (HSI) was determined for 25% of the Lower
Columbia River, although its usefulness for river otter is unknown. The HSI
scores for mink were excellent for many segments of the Lower Columbia River,
but few mink were detected in July-August and only two were trapped during the
trapping season.

Published reports of laboratory studies indicate that mink are extremely sensitive
to PCBs and dioxin-like compounds. Based upon a series of published criteria
developed for interpreting organ residue concentrations in mink, the few mink
captured contained relatively low contaminant concentrations. River otter
sometimes contained contaminants above threshold values (liver
concentrations), and those from the Portland-Vancouver vicinity and immediately
downstream were considered in the critical or almost critical category (scat
concentrations), and gross pathological problems were encountered in 1994-95.
These organ and scat criteria may not be appropriate for river otter because they
were developed for mink (organ concentrations) and European otter (Lutra lutra)
(scat concentrations) and we do not have an understanding of relative sensitivity
among these species. Based upon river otter and mink contaminant data
collected in 1978-79 from the Lower Columbia River, it becomes clear that total
PCBs were much higher in the late 1970s when some individual mink contained
PCB concentrations equivalent to those in adult female mink incapable of
producing young in laboratory feeding studies. Therefore, the few mink
observed now may be pioneering back into the Lower Columbia River in an
attempt to recolonize.

River otter reproductive tract disorders found in age class 0 males from the
Lower Columbia River were correlated with a number of contaminants, although
all environmental contaminants were not evaluated (i.e., pthalate esters and
alkylphenols). These reproductive tract disorders, with significant dose-response
relationships shown for many OC, PCB, dioxin and furan contaminant have not
been previously reported for young free-living mammals. Tissue residue
guidelines established for protecting wildlife from adverse reproductive effects
(the mink data cited) pertained pimarily to the more toxic co-planar PCBs,
dioxins, and furans, and may not be adequate for protecting river otters from the
reproductive disorders we encountered with young males on the Lower Columbia
River. In fact, this study provides some evidence that the more toxic dioxin-like
contaminants may not be implicated in the young males plight. The disorders
seem similar to abnormal gonadal morphology reported in juvenile alligators
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(Aigator mississippienses) from Lake Apopka, Florida, where investigators
hypothesized that xenobiotic compounds were modifying reproductive and
endocrine development and function. Additional research is needed which
includes continued studies with the contaminants initially investigated, plus other
contaminants (e.g., pthalate esters and alkylphenols). This research also
requires live-trapped river otters for evaluating general health, hormone
concentrations, hormone receptor characteristics, gonadal morphology, and
sperm counts.
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1.0 INTRODUCTION

1.1 BACKGROUND

Biomagnification of organochlorine (OC) insecticides, polychlorinated biphenyls (PCBs),
polychlorinated dibenzo-p-dioxins (dioxins), polychlorinated dibenzofurans (furans) and
some heavy metals have been well documented in aquatic systems and high
concentrations have been reported in predatory birds (e.g., bald eagle [Haliaeatus
leucocepha~us] and osprey [Pandion haliaeius]) at the top of aquatic food webs.
Considerably less research has been conducted on wild predatory mammals
associated with aquatic systems. Mink (Mustela vison) and river otter (Lutra
canadensis) are both resident carnivores along the Lower Columbia River watershed;
they feed largely on fish and other aquatic invertebrates and vertebrates and can
therefore be exposed to relatively high levels of pollutants.

Concern about OC insecticides and their metabolites, PCBs, dioxins, and furans in the
Columbia River is based on a variety of data: (1) black-crowned night-heron
(Nycticorax nycticorax) eggs contained higher concentrations of both DDE and PCBs at
Columbia River sites than adjacent sites in the Pacific Northwest (Henny et al. 1984),
(2) bald eagles on the Lower Columbia River contained high concentrations of DDE and
PCBs and elevated concentrations of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD,
dioxin) in their eggs and exhibited low reproductive success compared to eagles in the
remainder of Oregon (Anthony et al. 1993), (3) a pilot study of mink and river otter in
Oregon in 1978-79 showed that PCBs were most frequently encountered in mink and
river oiter from the Lower Columbia River compared to other sites in Oregon (Henny at
al. 1981). Also, PCB concentrations in several mink were within the range detected in
ranch mink that survived long-term tests with a diet of 0.64 parts per million (ppm)
PCBs, but were unable to successfully reproduce (i.e., only I of 12 females produced a
litter [they died the first day] and 2 adult females died during the study) (Platonow and
Karstad 1973). Aulerich and Ringer (1977) showed that mink receiving a dietary level
of 1 ppm Aroclor 1254 had slightly depressed reproductive success compared to total
reproductive failure for those receiving 2 ppm. Aroclor 1242 diets caused complete
reproductive failure at levels as low as 5 ppm in the diet (Bleavins -t al. 1980). Fish in
the Columbia River above Portland in 1976-78 commonly contained PCBs (range 0.24-
2.8 ppm) equivalent to or higher than the dietary dosage given in the laboratory studies
(Henny aet al, 1981). River oiter and mink from the Lower Columbia River contained
some of the highest PCB concentrations reported for the species in North America
(Table I and 2). Exposure of animals to PCB mixtures produces a broad spectrum of
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effects including mortality, inhibition of body weight gain or body weight loss1 porphyria,
immunotoxicity, hepatotoxicity, neurotoxicity, thymus atrophy, dermal toxicity,
carcinogenicity, endocrine disruption, and reproductive toxicity (Safe 1994).

Concern about dioxins and furans in the Lower Columbia River began when the EPA
reported high concentrations in fish collected in 1987 (Table 3). The dioxin congener
2,3,7,8-TCDD and the furan congener 2,3,7,8-TCDF were detected in parts per trillion
(ppt) wet weight (ww) in all 8 northern squawfish (Etyohocheilus oregosis) and
suckers analyzed. The toxic equivalency concentration (TEQ) (combined effective
concentrations of all dioxins and similar chemicals relative to 2,3,7,8-TCDD toxicity)
ranged from 2.80 to 8.50 ppt (ww). Mink are among the most sensitive species to the
toxic effects of TCDD and related compounds such as PCBs. Hochstein et al. (1988)
reported a 28-day LD50 for ranch mink of 4.2 micrograms per kilogram of body weight
TCDD. A simple risk assessment conducted by the Canadian Wildlife Service indicated
that mink fed a diet containing greater than 4.5 ppt of 2,3,7,8-TCDD could suffer
reproductive impairment (Elliott and Whitehead 1989). This is within the range of
concentrations reported in fish collected in the Lower Columbia River and does not take
into account the contribution of PCBs and other contaminants known to be present in
the food chain of the river. River otter in the Lower Columbia River contained even
higher concentrations of PCBs than the mink (Henny et al. 1981), but their relative
sensitivity to PCBs is not known. Several studies have reported that 2,3,7,8-TCDD and
related toxic halogenated aromatics elicit a number of toxic responses similar to PCBs
which include body weight loss, thymic atrophy, impairment of immune responses,
hepatoxicity and porphyria, chloracne and related dermal lesions, tissue-specific hypo-
and hyperplastic responses, carcinogenesis, teratogenicity, and reproductive toxicity
(Safe 1990).

The percentage of Oregon's mink harvest in the two counties bordering the Lower
Columbia River decreased from 15.4% in 1949-52 to 9.1% in 1973-76 (Henny et at.
1981). One trapper, who trapped the same area at the mouth of the Columbia River
near Astoria, kept records since the 1963-64 trapping season. He always trapped
within 13 km of his house and maintained generally constant effort over time. His data
shows an 85% decrease in wild mink trapped from 1963-69 to 1985-89, as opposed to
the overall 35% decrease in the 2-county area from 1965-68 to 1985-88 (Oregon Dept.
Fish and Wildlife, [ODFW] files). Of course, a portion of the total mink harvested in the
2-county area are not directly associated with the Columbia River. Only 7 mink were
taken in the 2-county area in 1992 (ODFW, files).

1.2 PURPOSE AND SCOPE

The present distribution and abundance of mink and river oiler along the Lower
Columbia River remains unknown. Likewise, the role of habitat change and the role of
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pollutants on the present distribution and abundance are unknown. The objectives of
this study were:

(1) Collect mink and river ofter and their scat along the Lower Columbia River
and at a Reference Area to determine present contaminant burdens, and
further evaluate contaminant accumulation in the Lower Columbia River
by comparing residue concentrations among different age classes of mink
and river oiter.

(2) Evaluate contaminant distribution in the Lower Columbia River by
comparing residue concentrations with River Mile (RM) of capture for the
different age classes.

(3) Evaluate possible contaminant effects by comparing body and organ
measurements and weights with contaminant concentrations (also
compare concentrations with known effect levels based on laboratory
studies).

(4) Develop a sampling framework and perform a late summer survey of the
Lower Columbia River to provide a measure of the distribution and
abundance of mink and river otter. Obtain an additional independent
estimate of the number of mink and river offer in various river segments
by obtaining information from knowledgeable trappers on the number of
animals (family units) present and the number harvested.

(5) Evaluate mink and river otter habitat along the Lower Columbia River by
collecting information for the Mink Habitat Suitability Index Model (Allen
1986).

1.3 ACKNOWLEDGMENTS

We appreciate the efforts of numerous individuals who participated in field activities on
this project, including R. Breeden, M.McKinley, J. Culver, J. Nichols, J. Lederer, J.
Shaw, D. Kilawitz, and G. Soukkala. L. Cooper and R. Green, ODFW provided
information about mink and river otter trappers and properly extracted teeth for aging.
C. Mack, Nez Perce Tribe, collected scat samples from the Clearwater River in Idaho.
K. Patnode, Wisconsin Department of Natural Resources, offered advice in designing
the study, and J. Hatfield, National Biological Service, provided statistical advice. The
QA/QC was handled by the Canadian Wildlife Service, Hull, Quebec, Canada who
regularly used the nearby Great Lakes Institute for Environmental Research (GLIER),
University of Windsor, Windsor, Ontario, for contract chemical analyses. This project
was partially funded by a Grant, administered through the Lower Columbia River Bi-
State Water Quality Program. The manuscript was improved by the comments of T.
Colborn, T. Kubiak, K. Patnode, and B. Rattner.
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2.0 APPROACH AND METHODS

2.1 COLLECTION AND NECROPSY OF MINK AND RIVER OTTER

Mink and river oiter were to be live-trapped during the late summer survey, but few
mink were detected and river oiters could not be live-trapped during the short stay at
each location. Therefore, licensed trappers were contacted and skinned carcasses
were obtained from them during the fall-winter 1994-95 trapping season. The
carcasses were wrapped in aluminum foil and frozen by the trappers. We obtained 36
river otter carcasses (30 from within 400 meters of the Columbia River between RM
11.0 and 11 9.5 and 6 from a Reference Area in the Coast Range of Oregon [near
headwaters Wilson and Trask Rivers]) and 2 mink from the Lower Columbia River and
4 from a Reference Area (Malheur National Wildlife Refuge in eastern Oregon). Mink
collected at Malheur in the recent past showed low PCB, dioxin, and OC insecticide
residues in their livers. Fresh scats were collected from both mink and river oiler along
the Lower Columbia River and placed in chemically cleaned jars. Also, Reference Area
river otter scats were obtained from the Clearwater River in Idaho and the Wizard Falls
Fish Hatchery on the Metolius River near Sisters in central Oregon.

A necropsy of each animal was conducted at the Veterinary Diagnostic Laboratory,
College of Veterinary Medicine, Oregon State University, Corvallis, with a Board
Certified Veterinary Pathologist (Hedstrom) present at all times. Small samples of all
organs were preserved in 10% buffered formalin for possible later histology; all organs
were weighed or measured with information recorded on a data form. Toes were
checked for deformities, and a canine tooth was extracted for later use in aging the
animal. Body condition and body measurements were recorded. Baculums were
saved and later placed in a dermestid beetle colony at the Department of Fisheries and
Wildlife, Oregon State University, for clean-up of non-bony tissue.

2.2 AGING TECHNIQUES AND CHEMICAL ANALYSES

Each animal was aged by counting cernentum layers from a canine tooth (Stephenson
1977, Pascal and Delattre 1981, Matson 1981) at the Matson Laboratory, Milltown,
Montana. Each cementum layer or annuli represents one year of age.

Frozen mink and river otter tissue samples and scat were sent to GLIER at the
University of Windsor, Windsor, Ontario, Canada for contract chemical analyses.
Quality Assurance/Quality Control was completed by the National Wildlife Research
Centre of the Canadian Wildlife Service and Environment Canada, Hull, Quebec,
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Canada. Individuals mesentery fat and liver collected during the winter of 1994-95
were analyzed for OC insecticides and their metabolites, PCBs, dioxins and furans; liver
and kidney in addition were analyzed for selected heavy metals. Regional trends in
PCBs (based on Aroclor 1260 standard) and pesticide contamination in otter (L. lutra)
from the United Kingdom have been determined using oiter scats (feces or spraints)
(e.g., Mason 1993, Mason and MacDonald 1993a, Mason and MacDonald 1994).
Thus, the approach was used in this study to evaluate patterns of OCs and PCBs (lipid
basis) in the Lower Columbia River and several Reference Areas, and to provide
baseline information for future non-invasive monitoring. One scat sample was also
analyzed for dioxins and furans to determine if they were present.

Chemical determination of organics followed the methods of Lazar at al. (1992).
Organic and metals analyses for biological tissues are described in detail in the GLIER
Methods and Procedures Quality Manual (1995). General procedures are briefly
described below.

2.2.1 Organics

Moisture content was determined by oven-drying a 1 g aliquot of animal tissue sub-
sample in a pre-weighed aluminum weighing boat for 24 hrs at 125CC. For
organochlorine hydrocarbons, pesticides, and PCBs, a sample of animal tissue
homogenate (1 g fat, 5 g liver) was ground with anhydrous Na2SO4 (5 fold the sample
weight) using a glass mortar and pestle. The free-flowing powder obtained was
extracted using dichloromethane (DCM)/hexane (50% VN). The eluate collected was
concentrated to approximately 5 ml after addition of 5 ml isooctane, and adjusted to 25
ml using hexane. Lipid determination was made by drying 2 ml of the sample eluate in
a preweighed glass beaker at 1 05CC for 1 hr. The remaining 23 ml of extract was
concentrated to -2 ml after adding 5 ml of isooctane. If the lipid content of an extract
was higher than 0.5 g/sample (i.e., fat samples), the extract was placed on a Gel
Permeation Column (GPC) for bulk lipid separation after addition of 2 ml DCM. A total
of 300 ml 50% DCM/hexane (v/v) was added to the gel permeation column and elution
performed. The first 130 ml eluate containing the lipid was discarded. The last 170 ml
of eluate containing the contaminants of interest was collected and 5 ml of isooctane
added. The sample was concentrated to -2 ml and transferred to a florisil column for
additional cleanup. Samples containing less than 0.5 g fat/sample were also
transferred to florisil column for additional cleanup. The first fraction from the florisil
column was collected using 50 ml of hexane, with subsequent second and third
fractions collected using 50 ml of 15% DCM/hexane (VN) and 50 ml of 50%
DCM/hexane (VN), respectively. The 3 fractions were each concentrated to -2 ml after
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addition of 5 ml of isooctane. The fractions were then adjusted to a suitable final
volume in isooctane. The final dilutions of the sample were evaluated for the following:

Fraction 1 Fraction 2 Fraction 3
1,2,4,6-tetrachlorobenzene a-hexachlorocyclohexane (HCH) heptachlor epoxide
1,2,3,4-tetrachlorobenzene P-HCH dieldrin
pentachlorobenzene (QCB) y-HCH trichlorophenylmethanol
hexachlorobenzene (HCB) oxychlordane
octachlorostyrene (OCS) trans-chlordane
trans-nonachlor is-chlordane
p^p'-DDE (DDE) p,p'-DDD (DOD)
photomirex cis-nonachlor
mirex cis-nonachlor
PCBs (including mono- pp'-DDT (DOT)
orthosubstituted congeners) PCBs (non-orthosubstituted

congeners)

A 5% carbon/silica gel mixture was used to separate the non-orthosubstituted PCBs
from florisil fraction #2. An -2 ml concentrated extract of fraction #2 was added to the
top of a previously prepared carbon/silica column. The first fraction was eluted using 30
ml of hexane, followed by elution of a second fraction using 30 ml of DCM. The column
was then inverted and a third fraction eluted using 30 ml of toluene. The third fraction
(containing the non-orthosubstituted PCBs) was concentrated and reconstituted to an
appropriate volume using isooctane. Fractions from the florisil and carbon/silica
separations were run separately on a Hewlett Packard (HP) model 5890 Gas
Chromatograph, equipped as follows:

63Ni-electron capture detector (ECD)
HP-3396 Integrator
HP-7673A Autosampler
Column: 30 m x 0.25 mm l.D. x 0.25 pm DR-5 film thickness (J&W)
Injector temperature: 250 °C; Detector temperature: 300°C
Carrier gas: helium at -30 cm/sec - determined at 100 0C (1 ml/min)
Make-up gas: argon/methane (95%/5%) at 50 mlmin
Oven temperature Program:
Initial temperature: 100°C Initial time: 1 min
Rate: 10 °C/min to 150°C, then 3°C/min to 2750C
Final hold time: 5 min Equilibrium time: 3 min
2 pi sample injection using a splitless injection mode

Analyses were conducted for 20 organochlorine insecticides and 43 PCB congeners.
Quantification was accomplished by comparing sample-peak area against standard-
peak area of 3 standards supplied by the Canadian Wildlife Service. The detection limit
for OC insecticides and PCBs was 0.1 parts per billion (ppb, ww). OCs and PCBs were
confirmed using gas chromatograph/mass spectrometer.
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Extraction of co-planar PCBs, dioxins, and furans was similar to the previously
described extraction and cleanup method with a few exceptions. First, a lOg sample of
liver homogenate was used instead, with the fat sample size remaining the same.
Second, all sample extracts were run through bulk lipid separation by GPC. Third,
during the florisil cleanup only 2 fractions were collected. The first fraction was
collected using 50 ml hexane (fraction discarded), while the second fraction was
collected using 100 ml toluene. The second fraction containing the contaminants of
interest was concentrated and solvent exchanged into DCM to a final volume of I ml.
The concentrated fraction was taken through a carbon chromatography cleanup
process using a semi-automated high pressure liquid chromatography apparatus. Of
four fractions collected, two fractions containing contaminants of interest were
concentrated using DCM prior to analysis by high resolution gas chromatography/ mass
spectrometry using a VG AutoSpec-Q mass spectrometer connected to a Hewlett
Packard 5890 gas chromatograph. The detecting limit for co-planar PCBs, dioxins, and
furans was 0.1 ppt (ww).

The concept of toxic equivalents or 2,3,7,8-TCDD equivalents (TEQs) was developed
for application in risk assessment of dioxin-like compounds (POBs, dioxins and furans),
and converts residue data of complex mixtures into TEQs. 2,3,7,8-TCDD is generally
recognized as the most toxic halogenated aryl hydrocarbon, and relative toxicities or
toxic equivalency factors (TEFs) were developed for several PCBs, dioxins, and furans
in relation to 2,3,7,8-TCDD based on in vivo studies and in vitrQ bioassays (Safe 1990).
This approach is based on receptor-mediated mechanisms of action of phase 1 drug
metabolizing enzymes (e.g., cytochrome P4501A1 induction) involving the Ah receptor.
TEQs were calculated from PCB, dioxin, and furan residues in livers of river oiter and
mink using toxic equivalency factors (TEFs) reported by Safe (1994). TEQs were
determined by conversion of river otter and mink liver residue data in which E(congener
concentration) x (congener TEF) = TEQs for each separate sample. TEQs could then
be compared among individuals. However, TEQs treat residue data as additive, not
taking into account various possible interactions with mixtures which may be additive,
antagonistic, or synergistic in nature. Therefore, care must be taken when interpreting
TEQ information.

2.2.2 Metals

Analyses for 10 heavy metals were run on individual liver and kidney samples. For
mercury analyses, a 1 g sample was digested in 15 ml of a 2:1 solution of sulphuric and
nitric acids at 600C. Once completely digested, 20 ml of 5% potassium permanganate
was added, followed by a 20 ml addition of 5% potassium persulphate. Finally, 5 ml of
10% hydroxylamine hydrochloride-sodium chloride was added. The sample was
adjusted to 100 ml using distilled water. Total mercury was determined using
flameless atomic absorption spectrophotometry.
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For other metal analyses (Al, Cd, Cr, Cu, Fe, Mn, Ni, Pb, V, and Zn), a 2 g sample was
placed into a 50 ml beaker. At room temperature, 5 ml of a 1:1 mixture of concentrated
sulfuric and nitric acids was added to the sample. The sample was heated up to 1200C
for 1 hr and the beaker uncovered and heated at 1200C for 2 hrs or until the sample
was charred. Another 5 ml of concentrated nitric acid was added and the sample
heated at 1200C for 4 hrs. After cooling, 30% hydrogen peroxide was added and the
sample heated. The nearly colorless solution was adjusted to 100 ml using distilled
water., Atomic absorption spectrophotometry was used to determine metal
concentrations in tissue preparations. The dry weight (dw) detection limits (ppm) for
heavy metals were as follows:

Aluminum 0.90 ppm Lead 0.47 ppm
Cadmium 0.02 ppm Manganese 1.07 ppm
Chromium 0.13 ppm Mercury 0.22 ppm
Copper 0.47 ppm Nickel 0.44 ppm
Iron 12.50 ppm Zinc 2.50 ppm
Vanadium 0.25 ppm

2.2.3 Quality AssurancelQuality Control

Organic methodology for extraction and cleanup was checked by running a sample
blank every 6th sample, a replicate sample run every 1 0th sample, a certified reference
material sample provided by the Canadian Wildlife Service run every 9th sample for
OCs and PCBs, and a 13C-surrogate spike for each sample run for co-planar PCBs,
dioxins, and furans. Instrumentation was checked daily using machine blanks, solvent
blanks, method blanks, spiked blanks, and working standard solutions used for sample
quantification. Inorganic methodology was checked using 3 method blanks, 2 samples
in duplicate, an internal reference pool, and 2 certified reference material samples for
every 25 samples run. Instrumentation was checked daily for calibration drift and zero
verification for every eight samples run, and a sample extract re-reading every 25th and
40th sample run. Instrument readings are taken in duplicate accepting relative
standard deviations no greater than 25%. Calibration is performed for each run made.

2.3 IN VITRO EXPOSURE OF RAT HEPATOMA CELLS TO RIVER OTTER LIVER
EXTRACTS

H411E rat hepatoma cells, grown and cultured at 37CC as described by Tillitt et al.,
(1991), were grown to confluency on 96-well tissue culture microtiter plates. Mink and
otter liver extracts held in isooctane were suspended in culture medium and mixed
thoroughly prior to cell culture exposure, with a maximum 1% final solvent
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concentration. Cell cultures were exposed for 48 hours to the spiked cell culture
medium. Following the exposure period, cells were washed with phosphate-buffered
saline prior to ethoxyresorufin-O-deethylase (EROD) bioassay. The procedure used for
monitoring EROD activity was a modification of the method described by Tillitt et al.
(1991). Incubation medium with a final volume of 0.1 ml/well consisted of 50 mM
NaPO4, pH 8.0, containing 60 pM EDTA, 5 mM MgSO4, and 10 pM dicoumarol. The
cells were pre-incubated in this medium for 5 minutes with 40 pM digitonin (to
permeabilize cells), glucose 6-phosphate dehydrogenase (to 0.5 p/ml) and
ethoxyresorufin (to 8 pM). The reaction is started by adding glucose 6-phosphate (to 5
mM) and NADPH (to 0.5 mM). Increased fluorescence as a result of ethoxyresorufin-O-
deethylation was monitored using 96-well flourometric plate reader at 370C, using
excitation and emission filters with wavelength optima of 538 and 591 nm, respectively.
Rates of resorufin production were determined using resorufin standards. Protein
content was determined using the method described by Lowry et al. (1951).

2.4 MINK AND RIVER OTTER DISTRIBUTION AND ABUNDANCE

Initially, it was anticipated that the Lower Columbia River (below Bonneville Dam) would
be divided into ecoregions and perhaps subecoregions that border the river. However,
the usefulness of ecoregions and subregions to describe the 100 meter width of habitat
along the Columbia River was untenable and had no utility for predicting the density of
mink or river otter. Therefore, recognizing that the degree of tidal influence could also
be a factor in animal density, we divided the lower 144 miles (not changed to metric
because of its standard usage for river) of the Lower Columbia River into four equal
strata of 36 river miles, and then randomly chose one 9-mile segment on each side of
the river from each of the four strata (constrained so that the same river miles would not
be surveyed on each side of the river). The home range of a river otter family (adult
female and young) is about 5 to 16 km (Liers 1951), although adult males are known to
move greater distances. Therefore, 72 river miles of the 288 (144 x 2) were surveyed,
or 25% of the river. The stratified random sampling of the Lower Columbia River was
conducted in July-August of 1994. With this approach (about 6 weeks on the river), a
measure of the relative distribution and abundance of mink and river otter was
obtained.

The field survey, by an expert trapper with 30 years of experience and National
Biological Service biologists, used tracks, scat, scent markers, and other signs to
estimate the minimal number of mink and river otter in each (pre-determined) 9-mile
strata. Eight 9-mile segments were evaluated on the Lower Columbia River. In several
studies, total numbers of mink inhabiting relatively small areas were estimated by
intensive field observation (Errington 19431 McCabe 1949). Four days of intensive field
work was completed at each 9-mile segment to evaluate tracks (adult females and
young, and adult males), other sign (scat, etc.), and their distribution within each strata.
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Mink family groups remain within an area of about 300 meters. Track boxes containing
aluminum foil covered cardboard inserts coated with pine pitch soot and marked with
mink anal gland scent were strategically placed in the strata to supplement mink track
observations. Mink tracks alone or on the soot covered foil marked with anal gland
extract may be considered an index to mink abundance. (Humphrey and Zinn 1982).
We believe numbers of animals determined by this approach were minimal.

Locations of all mink and river otter sign within a strata were plotted on maps, so that
prey species sampling could be subsequently conducted to further evaluate
contaminants in areas where animals were found. Available data from previous
sampling of fish, sediment, and crayfish does not provide adequate information to
determine a contaminant gradient for the river. Additional contaminant information for
prey species could be obtained later, but we collected scat (from both river otter and
mink) as an independent method to evaluate contaminant burdens (see Mason 1993).

2.5 MINK AND RIVER OTTER HABITAT

With respect to suitable mink and river otter habitat, the quality of habitat cannot be
obtained from aerial photographs or maps. The availability of suitable denning habitat
and food was evaluated for each 9-mile segment during the ground survey. Also, each
9-mile strata was evaluated for both mink and river otter suitability with the mink Habitat
Suitability Index Model (Allen 1986). This included an evaluation of shoreline cover and
canopy cover for 100 meters immediately adjacent to the river. No Habitat Suitability
Index Model was available for river otter.

3.0 NECROPSY AND HISTOPATHOLOGY OF ORGANS AND
TISSUES (RIVER OTTER)

3.1 GROSS NECROPSY FINDINGS

In all river otters there was moderate to extensive postmortem autolysis. Generally,
river otter collected from the Lower Columbia River and Reference Area were found
during necropsy to be in good body condition. Only one age class I male (No. 4),
collected at River Mile (RM) 53.9, had low body fat reserves. Several gross
pathological findings were noted. The baculum of an age class 0 male (No. 25)
collected at RM 87.5 was previously broken, but healed completely (see Frontispiece).
A 2 year old female (No. 37) collected at RM 119.5 had a multilocular cystic abscess in

26

Exhibit 15



the perineal region which measured 8.9 cm long by 5 cm deep. A 3 year old male (No.
38) from the same area had left adrenal and renal agenesis. In the remaining organ
systems of these river otters (Nos. 37 and 38), no significant gross lesions were
observed. External or internal testes were not found in an age class 0 male (No. 36),
also from RM 1 19.5. Therefore, 3 of 4 river otter collected from RM 119.5 had gross
abnormalities. No external deformities of the toes were noted and no other significant
gross lesions were observed in the remaining organ systems. The CNS system was
not examined. About one-third of the river oiter necropsied had enlarged spleens (a
large lymphoid organ containing the largest collection of reticuloendothelial cells in the
body).

3.2 HISTOPATHOLOGY

Mild granulomatous pneumonia with multifocal PAS positive fungal organisms within the
center of the alveolar inflammatory foci were found in river oiler No. 1 and No. 2 (both
collected RM 73.1). In the testes of age class 0 river otters (Nos. 6, 12, 20, and 22)
from the Lower Columbia River (RM 11.0 to 73.1), evidence of hypoplasia was found
when compared with age-matched river otters (Nos. 28, 29) from the Reference Area
(Figures 1 and 2). In the Lower Columbia River animals (B,C,D), the seminiferous
tubules were small and they were usually lined by a single cell layer of sertoli cells;
also, interstitial cells appeared more prominent and there was no evidence of
spermatogenesis. In the testes obtained from the Reference Area river oiters (Nos.
28,29), seminiferous tubules were large and tortuous and they were lined by several
cell layers; spermatogenesis was observed. In river otter No. 37 from RM 119.5, a
pyogranulomatous abscess and cellulitis was observed and an operculated parasite
ova with a brown cell wall was found associated with the inflammatory reaction. In the
remaining river otters, no significant histologic changes besides postmortem autolysis
and freezing artifacts were observed in the lungs, liver, kidney, testes, uterus or ovary
of the appropriate sex, spleen, thyroid gland, lymph node, and thymus.

4.0 ENVIRONMENTAL CONTAMINANTS IN LIVER, FAT, KIDNEY
AND SCAT OF MINK AND RIVER OTTER

To show and interpret potential contaminant effects on wildlife in a study area (in this
case the Lower Columbia River) several lines of evidence are required: (1) the
contaminant of concern must be present and accumulated by the species studied, (2)
spatial patterns in contaminant accumulation must be documented (e.g., RM) to further
define problem areas, (3) contaminant relationships with body condition (e.g., organ
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weights, gross necropsy findings, histopathology) must be documented, (4) findings
from the study must be evaluated with respect to published literature on known effect,
concentrations of individual contaminants (e.g., in prey species, in tissue or organ
concentrations of animal itself, or in scat concentrations) on survival or productivity, and
(5) items 1 through 4 must be evaluated with respect to the present distribution and
abundance of each species in the study area.

4.1 CONTAMINANT ACCUMULATION (RIVER OTTER)

The 36 river otter form the largest data set (30 from Lower Columbia River and 6 from
Reference Area) to evaluate contaminant exposure and accumulation in the Lower
Columbia River. Exposure beyond background levels was determined by a comparison
of residues from the Reference Area. Accumulation was evaluated by a comparison of
residues for the age classes from the Lower Columbia River. Twenty-six of the river
otters were males, and the data were summarized so that males alone and males plus
females were both evaluated. Age class 0 represents animals less than one year old at
the time of collection in the fall- winter trapping season, with age class I representing
greater than 1 year, but less than 2 years of age. Age class 2+ for the Columbia River
includes animals 2 to 5 years old. The six Reference Area animals shown in Tables 3
and 4 include all ages combined (actual ages 0, 0, 2, 3, 8, 9). Even though two animals
were old, little organic residue accumulation occurred in the Reference Area, which
provides the logic for combining the Reference Area age classes in this analysis. The
addition of 10 females (1 Reference Area, 1 age class 0, 3 age class 1, and 5 age class
2+) did not change geometric means appreciably, but the increase in the sample size
sometimes improved the ability to detect significant differences. Adult female mammals
(age class 2+) are thought to reduce body burdens of lipophilic contaminants through
placental and milk transfer of contaminants to young (e.g., Amdur et al. 1991:72).
Therefore, in age class 2+ from the Lower Columbia River, we tested for significant
differences in residue concentrations between males and females.

Ninety statistical tests (T-test, log10 transformed) of mean contaminant concentrations in
livers or kidneys between 9 males and 5 females showed only 4 tests significant
(PD0.05). These included PCB 126, 1,2,3,7,8-PCDD, PCDD total, and 2,3,4,6,7,8-
H6CDF; the mean female concentrations were unexpectedly higher than in males in all
cases. These findings were contrary to the hypotheses of reduced concentrations in
adult females because of contaminant elimination by placental and milk transfer to
young. The period of carcass collection was long after the nursing period of young,
which may account for these findings. We would expect 4.4 of the 90 tests to be
significant as a random event with a P=0.05. Four tests were significant. Therefore,
the combining of males and females seemed prudent.

28

I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- -- ...

Exhibit 15



4A;.1 PCBs and Organochlorine Insecticides and Metabolites

Liver was used to evaluate organochlorine and PCB concentrations (ppb, ww.) (Tables
4 and 5). The percent lipid and percent moisture in livers was not significantly different
among age classes from the Lower Columbia River or the Reference Area (Table 4).
Geometric means for contaminants were not computed unless at least 50% of the
samples contained residues above the detection limit (0.10 ppb). For statistical
purposes, a value of 0.05 ppb (half the detection limit) was assigned to samples in
which the contaminant was not detected. Based on the largest data set (males and
females combined), DDE, DDD, heptachlor epoxide, P-HCH, dieldrin, and mirex were
already significantly higher in age class 0 from the Lower Columbia River than at the
Reference Area. In river otter from the Lower Columbia River, a pattern of increased
concentrations with age was apparent for all OC insecticides and metabolites, but the
change was statistically significant for only oxychlordane.

PCBs in livers of males and females combined (Table 5) showed that nearly every PCB
congener in age class 0 river oiters from the Lower Columbia River was significantly
higher than in river otters from the Reference Area. The only PCB.congeners that did
not show a significant increase when compared to the Reference Area were PCB 70
and PCB 151. These congeners were found at low concentrations in river oiler from
the Lower Columbia River, but were still at least twice as high as in those from the
Reference Area. Of the 37 PCB congeners shown in Table 5, age class 0, male and
female river oiters from the Lower Columbia River contained concentrations that
averaged 7.8-fold higher than those found in age class 0 otters from the Reference
Area. PCB residues also showed a consistent pattern of increase with age in the river
otters from the Lower Columbia River, but the increases were not statistically
significant.

4.1.2 Co-planar PCBs, Dioxins and Furans

Liver was used to evaluate co-planar PCBs, dioxins and furans (pptww) (Table 6).
Geometric means were not computed unless at least 50% of the samples contained
residues above the detection limit (0.10 ppt, ww). For statistical purposes, a value of
0.05 ppt (half the detection limit) was assigned to samples in which the contaminant
was not detected. Based on the largest data set (males and females combined),
2,3,7,8-TCDD, TCDD total, 1,2,3,4,6,7,8-H7CDD, OCDD, 1,2,3,4,7,8-H6CDF,
1,2,3,4,6,7,8-H7CDF, and H7CDF total were significantly higher in all river otter age
classes (0,1,2+) from the Lower Columbia River than the Reference Area. Six other
dioxins and furans (1,2,3,6,7,8-H6CDD, H6CDD total, H7CDD total, 2,3,4,7,8,-PCDF,
PCDF total, and H6CDF total) were significantly higher in age class 0 from the Lower
Columbia River than the Reference Area. Of these six congeners, none in age class 1
and only four (H7CDD total, 2,3,4,7,8-PCDF, PCDF total, and H6CDF total) in age class
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2+ were higher in river otter from the Lower Columbia River than those from the
Reference Area. These differences between age classes do not appear related to
sample size (age class 1 and 2+ had more animals). An inspection of the geometric
means in Table 6 verifies the higher dioxin and furan concentrations in age class 0 for
many of the congeners. Geometric means of the co-planar PCBs (PCB 77, PCB 81,
PCB 126, and PCB 169) were generally higher in river otter from the Lower Columbia
River than the Reference Area, but significantly higher only for PCB 81 in age class 2+.

PCB, dioxin and furan concentrations (ppt, ww) were also used to calculate a TEQ for
each animal. One of the major applications of the TEQ approach involves the
conversion of analytical data into toxic or 2,3,7,8-TCDD equivalents (TEQs). Therefore,
TEQs reduce many individual congener concentrations of dioxin-like compounds that
act in a similar manner (but with different potencies) to one value for evaluation
purposes. TEQs were evaluated like residue concentrations in Table 6. Geometric
mean TEQs were significantly higher in all river otter age classes from the Lower
Columbia River than the Reference Area. However, as suggested earlier for some
individual co-planar PCBs, dioxins and furans, the TEQs did not show a significant
pattern of increase with age in the Lower Columbia River.

4.1.3 Heavy Metals

Heavy metals were analyzed in both the liver and the kidney of each animal collected.
(Table 7). Cadmium increased significantly from age class 0 to age class I and age
class 2+ in both the livers and the kidneys of river otters from the Lower Columbia
River. Reference Area cadmium concentrations with all age classes combined, as
might be expected, were intermediate between age class 0 and age class 2+ from the
Lower Columbia River. Zinc in livers and kidneys showed no significant change with
age along the Lower Columbia River (males + females combined), but zinc in livers was
significantly higher in males from the Reference Area than in age class 2+ males from
the Lower Columbia River. Chromium, copper, iron, manganese, mercury (analyzed
liver only) and vanadium showed no significant differences between the Reference
Area and the various age classes taken along the Lower Columbia River. Nickel in the
kidney showed no significant differences between the Reference Area and Lower
Columbia River, and it was seldom detected in the liver (only in 3 river otter from Lower
Columbia River and 1 from Reference Area). Aluminum was detected in livers of 3 river
otter and kidneys of 4 river otter from Lower Columbia River. The highest concentration
(1.83 ppm, dw) was reported in a 3 year old male at RM 119.5 which is immediately
downstream from an aluminum smelter. Lead was not detected (detection limit, 0.47
ppm) in any livers of river otter, but was found in 9 of 30 kidneys from the Lower
Columbia River (range 0.48 to 1.63) and none (0 of 6) from the Reference Area. It is of
interest that all four river otters taken at RM 119.5 contained lead in their kidneys (0.58,
1.63, 0.69, and 0.48 ppm).
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Because cadmium increased significantly with age class (0,1,2+) in river otter from the
Lower Columbia River (Table 7), the actual age of the animals was used to further
evaluate the relationship. An ANOVA showed that cadmium in liver (F = 11.05, P =
0.003) and cadmium in kidney (F = 17.58, P = 0.0003) were related to actual age in
years (Figure 3). However, the cadmium increase primarily occurred between age
class 0 and age class 1.

4.2 CONTAMINANT ACCUMULATION (MINK)

With only two mink (adult male and adult female) trapped (both at RM 88 on the Oregon
side) along the Lower Columbia River, the ability to discuss residue accumulation and
concentration patterns within the river is greatly limited (Tables 8-11). The Reference
Area mink (two males pooled and two females pooled) were trapped at Malheur
National Wildlife Refuge in eastern Oregon, where some agricultural crops are planted
(hence some potential insecticide use), but the refuge is mostly surrounded by
rangeland and cattle. Agricultural insecticides were found in livers from both areas
(Table 8), but were usually higher in the mink from the Lower Columbia River. PCB
congeners were almost always higher in the two mink from the Lower Columbia River,
and usually by 3 to 5-fold, and sometimes higher (Table 9).

The liver of only one mink from the Lower Columbia River was available for co-planar
PCB, dioxin, and furan analysis (Table 10). The two pools of mink from the Reference
Area provided evidence that some co-planar PCBs, dioxins, and furans were present in
mink outside the Lower Columbia River system in the Pacific Northwest. Little can be
said about the findings in one mink from the Lower Columbia River, but a number of
congeners were present that were not found in the Reference Area, and several
seemed to be considerably higher than in the Reference Area.

A brief review of the heavy metals concentrations show no obvious patterns between
the Reference Area and the Lower Columbia River, except perhaps nickel in the kidney
(Table 11). Nickel in the Lower Columbia River mink (2.77 and 4.82 ppm, dw) was
considerably higher than in the Reference Area (0.52 and 0.82 ppm). For an additional
point of comparison, river otter age classes (males and females) from the Lower
Columbia River contained nickel concentrations (geometric means) of 0.58, 0.91, and
0.77 ppm (Table 7).

4.3 CONTAMINANTS RELATED TO RIVER MILE (RIVER OTTER)

Collection locations (RM) were used to evaluate residue concentrations for patterns
throughout the Lower Columbia River study area. These animals were divided into
three age classes (both sexes combined) (0,1, and 2+) as previously shown in Tables 4
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and 5. A significant relationship (simple linear regression) was required for at least one
age class (RI vs. contaminant concentration) before figures were presented, except for
total dioxins and total furans.

4.3.1 PCBs and Organochlorine Insecticides and Metabolites

Rather than present all PCB congeners separately, we illustrate the PCB data with
Aroclor 1254:1260 liver concentrations which include many PCB congeners. Age class
0, young animals still remaining in family groups with their mothers (Melquist and
Hornocker 1983), showed no significant relationship between RM and Aroclor
1254:1260 concentrations in the liver. Age class 1, which is known for its dispersal and
wandering (Melquist and Hornocker 1983), showed an even weaker relationship;
however, age class 2+ showed a significant relationship between RM and Aroclor
1254:1260 concentrations (Figure 4). Only age classes with significant relationships
are shown with an equation and line plotted.

In addition to PCBs, we evaluated all OC insecticides and metabolites in which age
class 0 from the Lower Columbia River contained a geometric mean of at least 1 ppb
(Table 4). These contaminants included HCB, DDE, DDD, dieldrin, oxychlordane, and
tram-nonachlor.

HCB concentrations showed no relationships to RM for any of the age classes. DDE
concentrations showed a significant relationship to RM in age class 0, no relationship in
age class 1, but again a relationship in age class 2+ (Figure 5). The other metabolite of
DDT, DDD showed the same pattern, a relationship with RM in age class 0, no
relationship in age class 1, but a significant relationship in age class 2+ (Figure 6).
Dieldrin showed no significant relationship between RM in age class 0 or age class 1,
but a significant relationship in age class 2+ (Figure 7). Oxychlordane and trans-
nonachlor followed a pattern similar to Aroclor 1254:1260 and dieldrin, no significant
relationship in age class 0 or age class 1, but a significant relationship for age class 2+
(Figures 8 and 9).

The pattern observed shows that these contaminants were rarely related to RM in age
class 0 (only DDE and DDD), never related to RM in age class 1, but almost always
(only exception HCB) related to RM in age class 2+ (the adults). The lack of significant
relationships in age class 0 may be due to lower residue concentrations in the younger
age class, while, as mentioned earlier, age class 1 are dispersers and wanderers that
may have been captured at locations distant from their natal area where they spent
much of their first year of life. Age class 2+ represents a relatively sedentary population
that lives within an established home range, although the home range is relatively large
for adult males.
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4.3.2 Co-planar PCBs, Dioxins and Furans

The dioxin-like compounds (see Table 6), including co-planar PCBs and furans, were
evaluated with respect to RM in the same manner as the OC insecticides and PCBs.
We evaluated all congeners except 1,2,3,4,7,8-H6CDD, 1,2,3,7,8-PCDF, and
1 ,2,3,7,8,9-H6CDF which had 50% or more of the samples below the detection limit
(0.10 ppt, ww).

ITwo co-planar PCBs (PCB 126 and PCB 169) showed significant relationships with
RM--age class 0 for PCB 126; age class 0 and age class 2+ for PCB 169 (Figures 10
and 11). Only two dioxins (1,213,7,8,9-H6CDD for age class 0 and OCDD for age class
0) showed significant relationships with RM (Figures 12 and 13). Only seven furans
showed significant relationships with RM (Figures 14-20); however, only three families
(H6CDF, PCDF, and TCDF) were involved and the family total was always one of the
significant relationships. Therefore, the number of relationships could be considered
biased, because congeners were counted twice (as a specific congener and again as
part of a total). Five of the furan relationships (all age class 2+) were direct, much like
those reported for OCs and PCBs. Two inverse relationships with RM were found
(2,3,7,8-TCDF and TCDF total) which were contrary to all previous findings and
involved age class 1 (the dispersing segment of the population). However, the majority
(54 of 63) of the tests conducted with dioxins and furans showed no significant
relationships to RM. The reduced number of significant dioxin and furan relationships
with RM, which contrasts with the other contaminants, suggests additional important
point sources of dioxins and furans downstream from Portland-Vancouver. Known
point sources within the study area are shown in Figure 21. This figure also provides
information on total dioxins and total furans found in the two more sedentary age
classes (age class 0 and age class 2+). Age class 0 was included because dioxin and
furan concentrations were nearly as high or higher than in age class 2+ (Table 6). It
appears that some of the highest dioxin and furan concentrations appear to occur in
river ofters collected near known point sources (Figure 21).

4.3.3 Heavy Metals

Heavy metals were evaluated with respect to RM in the same manner as OC
insecticides, PCBs, dioxins, and furans except relationships were evaluated with both
liver and kidney concentrations. Because of the limited number of detections for some
metals, no statistical analyses were attempted with aluminum, lead and nickel in the
liver, or aluminum and lead in the kidney: The kidney was not chemically analyzed for
mercury.

Liver concentrations of heavy metals showed no significant relationships with RM
(cadmium, chromium, copper, iron, manganese, mercury, nickel, zinc, and vanadium)
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for any of the age classes. With kidney concentrations, manganese in age class 2+
showed a significant direct relationship with RM (Figure 22), and chromium in age class
I showed a significant inverse relationship (Figure 23).

4.4 CONTAMINANTS IN RIVER OTTER SCAT

Only five pools of river otter scats were collected along the Lower Columbia River
(Tables 12 and 13). The scats were collected at latrine sites and represented several
animals at each location. One collection was made above Portland-Vancouver at RM
134, and the other four at various distances downstream. A consistent pattern
emerged from the data with the sample from RM 87-108 showing higher OC and PCB
concentrations than the sample above Portland-Vancouver (RM 134), then contaminant
concentrations progressively decreased downstream from RM 87-108. PCB congener-
specific residue concentrations are shown graphically in Figure 24. The same
geographical residue pattern was shown from livers of age class 2+ river otters (Figures
4-11). The sample from RM 27 included (by chemist error) some scat (18.2% of total)
from outside the Lower Columbia River system (Bear River in coastal Washington).
The adjusted concentration presented (Tables 12 and 13) assumes that residue
concentrations in the Bear River component of the sample equal the other two
Reference Area concentrations. Since RM 27 findings were similar to Reference Area
concentrations, the adjustment had little effect on the final concentration.

Wizard Falls Fish Hatchery on the Metolius River in central Oregon and the Clearwater
River in northern Idaho were chosen as Reference Areas for comparative purposes.
The scat samples at Wizard Falls were taken at the fish hatchery, while those on the
Clearwater River were pooled and taken from the Upper and Lower reaches of the river
(Kooskia, Ahsahka, Arrow Junction, Spalding and Orofino). Residue concentrations in
scat samples from the two Reference Areas were always lower than at RM 87-108, and
similar to or lower than at RM 27 (the lowest concentrations found in the Lower
Columbia River). Interpretation of residue concentrations in scats from a toxicological
perspective is found in section 6.3.3.

One pool of scat samples (RM 87-108) was analyzed for dioxins, furans and co-planar
PCBs (Table 14). Dioxins, furans and co-planar PCBs were detected, thus, it seems
possible that they could be monitored with scats.

4.5 CONTAMINANTS RELATED TO BODY AND ORGAN WEIGHTS AND
MEASUREMENTS (RIVER OTTER)

Skinned carcass and organ measurements and weights were recorded during necropsy
(Table 15). Tabor (1974) found that total body weight before skinning was about 120%
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of the skinned carcass weight based on three river otter weighed before skinning and
again after being skinned and stored in a freezer. Thus, the skinned carcass weight
may be adjusted to a total body weight by multiplying by 1.2. Statistical comparisons
(ANOVA) were made in two ways: (1) age class comparisons of only the Lower
Columbia River males, and (2) comparisons of the Lower Columbia River and
Reference Area males (no age class 1 animals were collected in Reference Area).

With respect to only the Lower Columbia River males, carcass weight, lungs, testes,
baculum length, and baculum weight increased significantly with age (Table 15). Most
other measurements or organ weights also increased with age, but the changes were
not statistically significant.

When Lower Columbia River males were compared to Reference Area males (Table
15), only the baculum length and weight of Lower Columbia River age class 0 was
significantly different (smaller or shorter) than those from the Reference Area animals of
the same age class (see Frontispiece). The age class 2+ from the Lower Columbia
River and the Reference Area showed no significant difference in baculum length or
weight. The mean testes weight was also much smaller for the animals from the Lower
Columbia River than the Reference Area (4.30 vs 21.1Og), but the difference was not
statistically significant. One river otter from the Lower Columbia River with no testes
found (No. 36) was not included in the above mean. Basically, weights and
measurements of the males from the Lower Columbia River were similar to those from
the Reference Area except for the male reproductive organs in age class 0 (Table 16).

Before trying to understand if specific contaminants can be implicated in the reduced
baculum length and weight and reduced testes weights from age class 0 river otters
collected 'along the Lower Columbia River, it was important to determine if the various
OCs and their metabolites, PCB congeners, dioxin-like compounds and heavy metals
were correlated with each other. A series of two correlation matrices wete prepared
using residue concentrations (log10, ww) from the 30 river otter collected along the
Lower Columbia River. One correlation matrix was developed for OCs and their
metabolites, PCBs, and dioxin-like compounds including furans and co-planar PCBs in
the liver (Table 17) and another for heavy metals in the liver (Table 18) and kidneys
(Table 19). Many of the contaminants were highly correlated which makes it extremely
difficult to evaluate contaminants with respect to their potential for causing observed
effects.

Since the male reproductive organs were reduced in age class 0, testes weight,
baculum length, and baculum weight were evaluated with respect to OCs and their
metabolites, PCBs, dioxin-like compounds, and heavy metals concentrations found in
their livers and kidneys (Table 20). A number of OCs and metabolites in addition to 25
of 38 PCB congeners plus XPCBs, Aroclor 1254:1260, and Aroclor 1260 showed
significant inverse relationships with testes weight. Similar relationships in age class 0
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were found for baculum weight and length, A graphical presentation is made for
several of the significant relationships with testes weight (Figures 25-27) and baculum
weight and length (Figures 28-33).

A few of the dioxin-like compounds also showed significant inverse relationships to
testes weight, baculum weight, and baculum length (Table 20). These were: (1) testes
weight PCB 126, 2,3,4,7,8-PCDF and PCDF total, (2) baculum weight PCB 126,
1,2,3,4,6,7,8-H7CDED, OCODID, 1,2,3,4,6,7,8-H7CDF and H7CDF total, and (3) baculum
length PCB 126, OCDD, 1,2,3,4,6,7,8-H7CDF, H7CDF total and OCDF. Several of the
congeners with significant relationships included both a dominant individual congener
and the total for the family (Figures 3441). TEQs were again used to evaluate the
dioxin-like compounds collectively. With the age class 0 males, there was a significant
relationship between TEQs and baculum weight, but not with testes weight or baculum
length. The contribution of dioxins and furans vs. PCBs to the total TEQ is of special
interest. On the average, 35 percent of Lower Columbia River river otter TEQ value
was derived from dioxins and furans. All significant findings between mate reproductive
organs and organic contaminants were inverse relationships.

Heavy metals concentrations in liver and kidneys were not significantly related to testes
weight (Table 20), but chromium in the liver showed a significant inverse relationship to
baculum length (Figure 42). Iron in the liver showed a significant direct relationship for
both baculum length and baculum weight, while vanadium in the kidney also showed a
significant direct relationship with baculum weight (Figures 42 and 43).

The testes of mature males (2 years old and older) hypertrophy during late October for
the reproductive cycle and remain enlarged through April (Liers 1960).. We suspected
that some growth of testes may occur in age class 0 males during the trapping season
(all age class 0 males collected between 16 December and 16 February) which could
confound the linear regressions in Table 20. Therefore, we further investigated testes
weight, but also baculum length and weight, using multiple regression techniques to
better elucidate contaminant and potential collection date effects (Table 21). Collection
date for age class 0 in the multiple regression was significantly related to testes weight
in only 2 of 90 tests (1 positive, 1 negative) for the contaminants studied, but the.
additional variable reduced (from 36 to 18) the number of contaminants significantly
related to testes weight and none of the heavy metals were related to testes weight with
either the simple or multiple regressions (Tables 20 and 21). Similarly, collection date
for age class 0 in the multiple regression was significantly related to baculum length for
only two of the contaminants studied (both positive), but again the additional variable
reduced (from 26 to 23) the number of contaminants inversely related to baculum
length. With respect to baculum weight in age class 0, collection date was significant
(always positive) in 22 instances, and resulted in an increase (from 40 to 49) in the
number of contaminants significantly related inversely to baculum weight. In all above
instances (with one exception), when significant relationships were found between
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specific organic contaminants and baculum length, baculum weight, and testes weight,
the relationship was inverse or negative (a decreased male reproductive organ with
increased contaminant concentrations in the liver).

Of the dioxin-like compounds, testes weight was inversely related to three compounds
or totals (PCB 126, 2,3,4,7,8-PCDF and PCDF total) with the simple regression, but
with the multiple regression an inverse relationship was found with only two compounds
(PCB 81 and the same 2,3,4,7,8-PCDF). A direct relationship was found with testes
weight and 1,2,3,7,8,9-H6CDD with the multiple regression. With baculum weight and
the simple regression, five dioxin-like compounds showed an inverse relationship
(PCB 126, 1,2,3,4,6,7,8-H7CDD, OCDD, 1,2,3,4,6,7,8-H7CDF, and H7CDF total), but
with the multiple regression eight dioxin-like compounds showed an inverse relationship
(PCB 126, 1,2,3,4,6,7,8-H7CDD, OCDD, 2,3,4,7,8-PCDF, PCDF total, 1,2,3,4,7,8-
H6PCDFI 1,2,3,4,6,7,8-H7CDF and H7CDF total). The five significant compounds with
the simple regression were significant again with the multiple regression and the
significance level improved with the multiple regression. Baculum length was inversely
related to five dioxin-like compounds with the simple regression (PCB 126, OCDD,
1,2,3,4,6,7,8-H7CDF, H7CDF total, and OCDF) and only three compounds with the
multiple regression (OCDD, 1,2,3,4,6,7,8-H7CDF and H7CDF total). Again, TEQs were
used to evaluate the dioxin-like compounds collectively. Based on age class 0 males
using multiple regression, baculum weight again showed a significant relationship with
total TEQs and the relationship was a little stronger than with the simple regression.
Testes weight and baculum length again showed no significant relationship to TEQs.

Heavy metals showed no significant inverse relationships to testes weight or baculum
weight with either the simple or multiple regressions, but two significant direct
relationships (iron in liver with baculum weight and vanadium in kidney with baculum
weight) using simple regressions were no longer significant using multiple regressions.
Chromium in liver, the only heavy metal inversely related to baculum length in the
simple regression (P=0.02), remained inversely related to baculum length in the multiple
regression (P=0.05). The direct relationship between iron in liver and baculum length
with the simple regression was no longer significant with the multiple regression.
Among the heavy metals, it appears that only chromium may be adversely impacting
baculum length.

4.6 CONTAMINANTS RELATED TO LIVER AND SPLEEN PARAMETERS (RIVER
OTTER)

Although liver weights were not significantly different for age class 0 and age class 2+
between the Reference Area and the Lower Columbia River (Table 15), mean weights
were higher in animals from the Lower Columbia River. Since hepatic effects of PCBs
include possible hepatocellular damage, liver enlargement, and fat deposition (i.e.,
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higher % lipid) (U.S. Dept. Health and Human Services 1993), it was decided to further
evaluate several liver parameters. The gross necropsy also provided evidence of
enlarged spleens in some animals. The mean spleen weights were also higher from
Lower Columbia River, although the difference was again not statistically significant.
Thus, the liver and spleen were both chosen for further evaluation with respect to
contaminants. The river otter males (the largest data set, 26 animals) provide the best
opportunity to evaluate liver lipid content (% lipid), liver weight, relative liver weight (liver
wt./carcass wt.) and spleen weight in relationship to contaminants in the liver. The
same three age classes of males (0,1,2+), as in earlier evaluations, were used. Liver
concentrations for each contaminant (log10) were evaluated separately by ANOVA for
each age class (Table 22).

For age class 0, the lipid in liver ranged from 2.48% to 4.21 %, the liver weight ranged
from 354 to 569g, the spleen ranged from 21 to 95g, and the liver/carcass weight ratio
ranged from 0.052 to 0.075. Age class 0 river oiler showed no significant relationships
between OCs and liver or spleen parameters and only PCB 206 showed a direct
relationship with liver size. Several dioxins and furans were directly related to liver
parameters, but 7 were directly related to spleen weight.

Age class 1 findings were somewhat different and the lipid in the liver ranged from
2.27% to 4.94%, the liver weight ranged from 282 to 721 g, the spleen ranged from 26
to 59g, and the liver/carcass weight ratio ranged from 0.041 to 0.084. There were few
significant direct relationships with percent lipid in the liver (trans-chlordane and
PCB 118), but cadmium in the liver and kidney was also significant. Several OCs and
many PCB congeners showed significant direct relationships with liver weight, the
liver/carcass weight ratio, or spleen weight. Dioxins and furans were not significantly
related to any of the parameters, but both liver and kidney cadmium showed significant
direct relationships with percent liver lipid.

Age class 2+ consisted of more animals, but fewer significant relationships. The lipid in
the liver ranged from 2.97% to 5.26%, the liver weight ranged from 499 to 749g, the
spleen ranged from 40 to 84g, and the liver/carcass weight ratio ranged from 0.060 to
0.069. All of the significant OC and PCB relationships were direct (6 of 6) and related
to % lipid in the liver. Significant dioxin and furan effects (3 of 4 direct) pertained solely
to spleen weight. Metals showed primarily inverse relationships (7 of 8) to both liver
and spleen parameters.

The ability to detect significant relationships with the above data sets at least partially
relates to the range of values for each parameter. For all measured weights in each
age class, the maximum value was at least 1.5-fold higher than the minimum and
averaged 2.2-fold higher. Examples of four of the most significant relationships
(including a dioxin, a furan, a PCB, and an OC) are presented in Figures 44 and 45.
Total TEQ was not related to any of the liver or spleen parameters.
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4.7 PERSISTENCE OF PCB CbNGENERS IN RIVER OTTERS FROM LOWER
COLUMBIA RIVER

How are specific PCB congeners behaving over time in river offers? River otters from
the Lower Columbia River provide a unique data set to evaluate patterns of
accumulation or loss over time (age). We chose a chemically stable congener in the
environment (PCB 153) as a basis for comparing expected values for other congeners
(Table 23). The expected values for age class 1 or age class 2+ are based on the
relationship for PCB 153 found between age class 0 and age class 1 (age class 0 x
2.0099) and age class 0 and age class 2+ (age class 0 x 2.1504). With the exceptions
of PCB 138 and PCB 170/190, all PCB congener concentrations were below that
expected for age class 1 (and sometimes as much as 50 to 80% below) which suggests
some metabolism and excretion of most PCB congeners over time. PCB 138 and PCB
170/1 90 in age class 2+ continued to have higher concentrations than expected based
on PCB 153; however, PCB 183 and PCB 180 also showed higher concentrations than
expected. All other congeners in age class 2+ were below expected values.

4.8 RELATIONSHIP BETWEEN OC AND PCB CONCENTRATIONS IN
RIVER OTTER LIVER AND FAT (LIPID ADJUSTED)

Both mesentery fat and liver were collected for analysis of organic compounds.
Theoretically, if the lipid throughout an individuals body has equal concentrations of the
contaminant of interest, the slope of the relationship between concentrations in
individual animals (percent lipid adjusted in liver and fat) should be 1.00 and (P) should
be highly significant. The 51 organics evaluated showed that tests were indeed
significant (P•0.05) and usually P•0.0001 in all but four cases (3-HCH, PCB 28, PCB
44, and PCB 70; Table 24), where concentrations were extremely low in fat (all
geometric means <10 ppb, lipid weight [1w]). Excluding the four contaminants above,
liver contained higher concentrations than fat (slope significantly [p•0.05] below 1.0) for
11 contaminants, the fat contained higher concentrations of 24 contaminants1 and 12
contaminants were not significantly different from 1.0. The pattern was different for OCs
and metabolites (7 liver, 3 fat, 2 similar) and PCBs (4 liver, 21 fat, 10 similar) (see
Figures 46-54). PCB 138, PCB 153, and PCB 180 are the dominant congeners
(highest geometric means) in river oiter from the Lower Columbia River system and
they show the same dominance in liver and fat (lipid adjusted) and in all three age
classes (Figure 55).

Earlier (section 4.3) we showed that several OC insecticides and metabolites as well as
PCB concentrations (based on Aroclor 1254:1260) in livers of river otters were
correlated with RM of capture, although PCB congeners were not evaluated at that
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time. All significant patterns showed higher concentrations near Portland-Vancouver
with decreases downstream. We now use the lipid adjusted fat and liver samples to
further present congener specific PCB patterns associated with RM. Only age class 2+
showed a significant relationship with RM, therefore, all (male and female) age class 2+
animals from the Lower Columbia River were divided into three reaches because of
natural gaps in collection sites (RM 11-41, RM 54-73, and RM 82-120). This approach
yielded nearly equal sample sizes of 5, 6 and 3, respectively.

In general, the same three congeners predominate (PCB 138, PCB 153, and PCB 180)
in all three reaches of the Lower Columbia River although concentrations were much
higher in the Portland-Vancouver vicinity (Figure 56). Fat:liver ratios (lipid adjusted) for
the PCB congeners in the lower two reaches were nearly 1:1, but for the upper reach
(Vancouver-Portland, RM 82-120) concentrations in fat samples were substantially
higher for several congeners. Reasons for the higher fat concentrations are uncertain.
Elimination of PCBs in mink results from a combination of excretion via urine, feces and
metabolism, in addition to lactation in females, but another elimination route is assumed
to be secretion by the anal gland, which is present in all mustelids, including river otter.
The gland is primarily used for territorial marking purposes. Concentrations of PCBs
measured by Larsson et al. (1990) and Leonards et al. (1994) showed high levels in
this secretory product of mustelids. Larsson dt al. (1990) calculated a half-life of PCBs
in mink of only 42 days, primarily due to this secretion route.

4.9 DIET AND CONTAMINANTS IN PREY SPECIES OF RIVER OTTER AND MINK

Food habits of river otter have been studied in a number of North American
ecosystems. The river otter is primarily a fish predator, but also preys opportunistically
on invertebrate, avian, amphibian, and mammalian species to varying extents in
different aquatic ecosystems. River otters select prey items according to their relative
availability, availability being a function of both local abundance and ease of detection
and capture (Toweill and Tabor 1982, Melquist and Dronkert 1987). Tabor et al. (1 980)
studied wildlife along the Columbia River from Vancouver (RM 106.5) to Priest Rapids
Dam (RM 397) and from the mouth of the Okanogan River (RM 535) to Grand Coulee
Dam (RM 597). They noted that major foods of river otter (in the summer) within the
study area were carp (Cypuinus carpiQ), crayfish (Pacifiastau leniuisclu and P.
towbrgii), suckers, and centrarchid fishes. Waterfowl was identified as an important
food in the John Day Pool only (outside our study area). Sculpins and American shad
(Atosa sapidissima) were of minor importance only in The Dalles pool (again outside

'our study area). Other prey including northern squawfish (Etychocheikus Oxegonnss),
salmon, birds, mammals, insects, and mollusks were eaten infrequently and were
judged by Tabor et al. (1980) to be of minor importance. Carp and crayfish were by far
the most frequently eaten foods of river otter in the summer in all reaches studied
including below Bonneville Dam (our study area), but no quantification of percentage
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contribution was made. Toweill (1974) presents the only other food habits data for river
otter trapped in western Oregon from late November to early February. Contents of 75
digestive tracts (only 5 from Lower Columbia River) showed that fish were the main
staple of the diet occurring in 80 percent of all tracts examined. Major fish families
included Cottidae (31 percent), Salmonidae (24 percent), and Cyprinidae (24 percent).
Crustaceans, amphibians, and birds were other important food items occurring in 33,
12, and 8 percent, respectively. The general river oiter diet reported by Toweill (1974)
does not deviate appreciably from diets reported elsewhere in North America (see
Toweill and Tabor 1982, Melquist and Dronkert 1987); however, in another large river
(Mississippi) a seasonal pattern in diet was apparent (Anderson and Woolf 1987). Fish
were dominant in the fall, winter, and spring diet, but crayfish became very important in
summer.

Crayfish remains were noted in almost every river otter scat sample we observed in the
summer (July-August), but crayfish remains were infrequent in digestive tracts of river
oiler trapped in the fall-winter during this study. This suggests seasonality in the diet
along the Lower Columbia River as reported from the Mississippi River.

Tabor et al. (1980) reported crayfish, fish, birds, and mammals as important foods of
mink in their Columbia River study area. Reptiles and amphibians appeared to be
eaten infrequently. Crayfish was the most important mink food in the study area as a
whole. The most frequently eaten fish were sculpins, suckers, and centrarchids. Of the
7 taxa of mammals eaten by mink, bushy-tailed woodrats (Neotoma cinerea),
microtines, and pocket mice were consumed most frequently.

The collection of river otter or mink prey species for contaminant evaluation was not
part of this study. Published papers and unpublished information of others provide
some useful contaminant information (e.g., Table 3). The National Contaminant
Monitoring Program had fish collection sites on the Columbia River above Bonneville
Dam at Cascade Locks (RM 149) and another on the Willamette River at Oregon City
(Tables 25 and 26). Both of these sites were immediately outside the Lower Columbia
River study area, but provide residue data from nearby fish between 1976 and 1984.
PCBs were found in all pools of fish and concentrations ranged from 200 to 2800 ppb
(ww) in the Columbia River and 100 to 2300 ppb on the Willamette River. Anthony et
al. (1993) collected fish in the Lower Columbia River associated with a bald eagle study
in 1986. The fish were collected between RM 19 and 26, and contained PCB
concentrations (380 to 2100 ppb) similar to the two monitoring stations immediately
outside the study area. DDT and its metabolites were also detected in the fish. The
data were inadequate for statistical evaluation.
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4.10 IN VITR RAT HEPATOMA CELL LINE H411E BIOASSAY OF EXTRACTS
FROM RIVER OTTER LIVERS

Assessment of complex mixtures with common toxic mechanisms can be achieved
using the rat hepatoma cell line H411E bioassay which is a semi-quantitative technique
used to evaluate dioxin-like toxicity and yields TEQs (Safe 1990). Assessments have
been made with tern eggs, cormorant eggs, and eggs and flesh of chinook salmon
(Oncorhynchus tshawytscha) from the Great Lakes region (Tillitt at al. 1993, Tillilt at al.
1992, Ankley et al. 1991), and black-crowned night-herons (Rattner et al. 1994).

Although use of 2,317,8-TCDD as the sole inducer showed the expected dose-response
for EROD induction of the rat hepatoma cell line H411E, no induction was observed from
extracts of river otter livers collected from the Lower Columbia River. Two possible
reasons exist for the lack of induction: (1) interference by other less potent PCB
congeners by competitive binding, or (2) concentrations of dioxin-like compounds were
too low to induce EROD activity. A recent paper by Schmitz et at. (1995) reported that
an equipotent mixture of PCBs 77, 105, 118, 126, 156, and 169 (non- and mono-ortho
PCBs) showed perfect additive behavior of predicted TEFs in bioassays using both
H411E rat hepatoma and primary Wistar rat hepatocyte cell cultures. However, a tenfold
mixture addition of PCBs 28, 52, 101, 138, 153, and 180 (mono- and di-ortho PCBs) to
the former mixture resulted in a almost threefold higher TEF than predicted. Their
findings suggest a moderately synergystic induction enhancement of the more potent
PCBs by less potent congeners. PCB congeners 138, 153, and 180 are the most
common PCBs found in extracts of river otter livers collected in this study. With this fact
in mind, contaminant concentrations may be too low to induce EROD activity. Further
work with this assay technique is needed to fully understand why induction did not
occur.

5.0 DISTRIBUTION AND ABUNDANCE

Time did not permit the use of a mark-recapture procedure to estimate the mink or river
otter population size, and in fact, we were unable to live-trap animals in the summer for
detailed histopathology investigations. We relied upon two types of data to generally
assess mink and river otter populations: (1) a July-August count on only one side of the
river at eight selected 9-mile strata, and (2) harvest data by trappers plus their
assessment of size of the river otter populations (at the end of the trapping season) in
the 9-mile strata they trapped or investigated.

42

Exhibit 15



5.1 NUMBERS OF MINK AND RIVER OTTER (LATE SUMMER 1994)

Only 4 days were available during the July-August counts to cover each 9-mile strata
with only one side of the river covered, therefore, the counts provide minimum
population numbers (i.e., and index). Mink sign was seldom located along the Lower
Columbia River and only one mink family was documented in addition to four lone
animals. These mink were found in five strata, while there were no observed signs of
mink in three strata (Table 27).

At least one family of river otters was found in seven of the eight strata and two families
were found in two strata. The average river otter family contained 2 adults, 2.28 young
of year, and 1.53 1-year-olds (total of 5.81 for family). The estimated number of young
of year and 1-year-olds were based on Tabor and Wight (1977). A simple calculation
(1.125 families per strata x 5.81 animals in family x 16 strata = minimum population
estimate) provides an estimate of 105 river otter in the Lower Columbia River that were
well distributed among the strata. In addition to the visit to each sampled strata being
short (4 days), the fact that only one side of the river was checked provides another
reason for this estimate being minimal because animals, especially river ofter, may
switch back and forth to each side of the river and not be present on the side surveyed
during the survey period.

6.2 NUMBERS OF MINK AND RIVER OTTER (FALL-WINTER 1994-95)

Trappers during the fall and winter trapping season spent many days on the river, and
those individuals we worked with were accomplished knowledgeable trappers and
understood the percentage of the population they were harvesting (i.e., knew initial size
of population). We know that at least 42 river otter, but only 2 mink, were trapped on
the Lower Columbia River during the 1994-95 trapping season. Population estimates
by trappers of river otter present provide what we believe are more meaningful
estimates. We have two independent estimates by different trappers (15 and 16 river
otter) for RM 81-90. In addition to an estimate of 17 river otter for RM 9-18, we have
another estimate for RM 0-36 of 40 to 50 river otters with the majority on the Oregon
side of the river. The trappers provided estimates (both sides of river) for eight of the
strata where they worked (Table 27). These estimates ranged from 11 to 24 animals
per strata with a mean (*2 SE) of 15.25 i 2.92 animals. These point estimates were
not obtained by rigorous statistical methods and procedures and have limitations, but
they were made by individuals with great knowledge of the species on the Lower
Columbia River. The logic for essentially doubling the count from the 8 strata with
population estimates by trappers to include those 8 strata without population estimates
by trappers is as follows: the 8 strata with trapper estimates contained a minimum of 4
family groups in July-August and the 8 strata without trapper estimates contained a
nearly identical 5 family groups in July-August (Table 27). Recognizing that the July-
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August counts were minimal, they still provide a measure of variability within strata and
suggest little difference between those with trapper estimates and those without trapper
estimates. Assuming 15.25 ± 2.92 river otter per strata, the 16 strata which cover the
Lower Columbia River would contain an estimated 244 ± 47 river oiters alive at the end
of the trapping season plus 42 animals harvested during the trapping season. The
early autumn population was estimated at 286 ± 47 animals which is our best estimate.
Clearly, a considerable number of river otter live in the Lower Columbia River. To
further emphasize the abundance of river otter, nine nuisance animals were live-
trapped along the Lower Columbia River near Portland by the Oregon Department of
Fish and Wildlife in 1989 and transplanted in Colorado (ODFW, files).

To estimate the number of river otter in relation to river shoreline, the river length from
Bonneville Dam to the ocean was estimated. The navigation channel is 235 km, but the
shoreline on each side of the river averaged 309 km (31% more). The 309 km was
based on tracing shoreline and large islands with a map wheel on USGS quadrangle
maps at a scale of 1:24000. The shoreline estimate was considered conservative. We
used 309 km of river shoreline as the base for further computations.

Although the July-August estimate of river otters in this study (105 animals or 34 per
100 km of river) was believed biased low because of limited effort, the early autumn
population estimate based on much more effort by knowledgeable trappers (286
animals or 93 per 100 km of river) provides our best estimate and also suggests that
about 15% (42 of 286) of the population was harvested by trappers. How do these
population estimates compare with river otter populations from other locations? In a
marine environment at Kelp Bay, Alaska, Woolington (1984) used the minimum number
of animals known to inhabit the range of several family groups to estimate a density of
85 river otters per 100 km of coastline. An estimate of 50 per 100 km of shoreline was
reported from Prince of Wales Island, Alaska (Larsen 1983, 1984). Testa et al. (1994)
estimated 28 to 80 river otter per 100 km of coastline in Prince William Sound. A
negative bias is likely for all of the Alaskan estimates, but the mark-recapture methods
(Testa et al. 1994) are more nearly unbiased than what are essentially enumeration
methods used in the studies in southeastern Alaska (Larsen 1983, 1984, Wollington
1984). Melquist and Hornocker (1983) provided an estimate of 27 animals per 100 km
of river (enumeration method) in Idaho, although the rivers were much smaller than the
Lower Columbia River. To our knowledge, no other estimates for river otter in riverine
habitat are available. Our present Lower Columbia River population density estimate is
the highest reported.

The mink population contrasts markedly with the river otter as only one family group
and four singles were noted in July-August, and only two animals were captured by
trappers during the trapping season. Of 219 mink scent box nights in the 8 strata in
July-August, only one mink was attracted to a box at RM 108. Furthermore, 57 mink
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trap nights in the strata during the same time period yielded no mink captures. No
population estimates were attempted.

5.3 MINK AND RIVER OTTER HABITAT

H Habitat measurements for riverine mink (Allen 1986) were recorded at each half mile
interval within the eight 9-mile strata sampled with the average values provided in Table
16. See Appendix 9 for a brief narrative and records for each sampling site. The mink
habitat suitability index was slightly modified to include two types of canopy cover (high
and low) although they both tended to parallel each other. The habitat suitability index
(HSI) indeed was lower in urban industrial areas as expected, but too few mink
detections were recorded to attempt any type of analysis. However, for many portions
of the Lower Columbia River, the HSI was excellent, but few mink sign were found and
few mink were trapped. The usefulness of the mink habitat suitability index model for
river otters is unknown, but the river offer seemed well distributed throughout the Lower
Columbia River.

6.0 DISCUSSION AND CONCLUSIONS

6.1 CONTAMINANT ACCUMULATION AND SPATIAL PATTERN

An evaluation of OC insecticides, PCBs, dioxins, furans and heavy metals in river oiter
(section 4.1) showed that nearly every OC insecticide including DDE, DDD, heptachlor
epoxide, fl-HCH, dieldrin and mirex were significantly higher in age class 0 from the
Lower Columbia River that at the Reference Area which provides evidence of
contaminant exposure and accumulation. A pattern of increased OC insecticide
concentrations was also apparent with age, although all increases were not statistically
significant. PCBs showed the same pattern with all but two congeners (PCB 70 and
PCB 151, both found at low concentrations) from the Lower Columbia River showing a
significant increase from the Reference Area. PCBs in river otter also showed a
consistent pattern of increase with age in the Lower Columbia River, although all
increases were not significant.

Dioxins and furans again showed the same pattern with age class 0 river otters having
significantly higher concentrations in the Lower Columbia River than in the Reference
Area. But, with dioxins and furans, a general pattern of increased concentrations with
age was not apparent. In fact, age class 0 had higher concentrations of some
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congeners. Geometric means of co-planar PCBs were always higher in the Lower
Columbia River than the Reference Area, but the difference was significant only for
PCB 126 (age class 2+). TEQs, a method of combining all dioxin-like compounds, were
significantly higher in all river otter age classes from the Lower Columbia River than the
Reference Area. However, TEQs did not show a significant pattern of increase with
age in the Lower Columbia River. Thus, the dioxin-like compounds behaved differently
than OC insecticides and other PCBs which generally showed an increase in
concentrations with age. Cadmium was the only heavy metal that increased with age in
river otters along the Lower Columbia River.

The two mink from the Lower Columbia River provide limited information, but OC
insecticides were usually higher in the Lower Columbia River animals and PCBs usually
higher by 3 to 5-fold. Some co-planar PCBs, dioxins and furans were found in the
Lower Columbia River that were not found in the Reference Area, and several were
considerably higher than found in the Reference Area. Nickel was high in mink from the
Lower Columbia River compared to Reference Area mink or the river oiter from the
Lower Columbia River (about 5-fold higher).

The river otter in age class 0 and 2+, which stay within a home range, showed many
more significant relationships between RM and contaminant concentration. Age class
1, which disperses during this phase of their life, showed few relationships between RM
and contaminant concentration. Age class 0 showed few significant relationships with
RM for OC insecticides compared to age class 2+ (age class 0 contained lower residue
concentrations). Aroclor 1254:1260 was evaluated with respect to RM instead of each
individual PCB congener, and only age class 2+ showed a significant relationship with
RM. For the dioxin-like compounds (including 4 co-planar PCBs, dioxins and furans),
age class 0 sometimes contained higher residue concentrations than age class 2+ and
both age classes showed an equal number of significant relationships with RM.
The reduced number of significant correlations with RM may be the result of important
additional sources of dioxins and furans downstream from Portland-Vancouver.
Several of the highest dioxin and furan concentrations in river oiter were reported
between RM 86.9 and RM 88 with another at RM 39.1. Of the heavy metals in river
otter, only manganese in kidneys (age class 2+) showed a significant relationship with
RM.

When significant relationships existed between RM and contaminant concentrations,
there was always (with the exception of 2 furans and chromium in the disperses [age
class 1]) an increase in concentrations with an increase in RM. The highest
concentrations were in the Portland-Vancouver vicinity (RM 119.5). Lead and
aluminum were also found in a few animals, and they were usually those in the
Portland-Vancouver vicinity. It appears that the Portland-Vancouver vicinity is the
source of much contamination. Although no river oiter were taken upstream from
Portland-Vancouver, river oiter scats from above Portland-Vancouver (RM 134) showed
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lower OC and PCB concentrations than samples taken at Portland-Vancouver or
immediately downstream.

6.2 CONTAMINANT CONCENTRATIONS AND ANIMAL CONDITION

Basic weights, measurements and body condition were recorded during necropsy and
tissues were collected for histopathology. Weights and measurements were evaluated
with respect to age class (0,1,2+) and location of capture (Reference Area vs. Lower
Columbia River). When Lower Columbia River males were analyzed together with
Reference Area males, only the baculum length and baculum weight of Lower Columbia
River age class 0 males was significantly different (smaller or shorter) than the
Reference Area animals of the same age class. The older animals (age class 2+) from
the Lower Columbia River showed no significant difference in baculum length or weight
which suggests that the delayed development may be temporary. Mean testes weight
was much smaller for age class 0 river oilers from the Lower Columbia River than the
Reference Area (4.30 vs. 21.1 Og), but the difference was not statistically significant. All
of the weights and measurements of the males from the Lower Columbia River were
similar to those from the Reference Area except for the male reproductive organs in age
class 0. Testes of age class 0 river otters from the Lower Columbia River showed
evidence of hypoplasia when compared to age-matched Reference Area animals. In
the affected animals, the seminiferous tubules were small and they were lined by a
single cell layer of sertoli cells; interstitial cells appeared more prominent and there was
no evidence of spermatogenesis. In the Reference Area river otters, seminiferous
tubules were large and tortuous, and they were lined by several cell layers;
spermatogenesis was observed. Although not statistically significant, livers and
spleens were generally larger in river otters from the Lower Columbia River. The
enlarged spleens were also noted during necropsy. Four other gross pathological
findings were noted: the baculum, which was much reduced in size, of an age class 0
male (RM 87.5) had been broken and healed, a 2 year old female (RM 119.5) had a
multilocular cystic abscess, a 3 year old male (RM 119.5) had left renal agenesis and
agenesis of the left adrenal, and no testes found in an age class 0 male (RM 119.5).
Three of the 4 river otter collected at RM 119.5 (the Portland-Vancouver vicinity) had
gross abnormalities.

Were contaminants correlated with the observed reproductive tract developmental
problems with the young males or the enlarged livers and spleens in river otters from
the Lower Columbia River? Before trying to determine if specific contaminants may be
implicated in the above phenomena, it was important to determine if the OCs and their
metabolites, PCBs, dioxin-like compounds, and heavy metals were correlated with each
other. Several large correlation matrices were constructed (section 4.5), and it is
unfortunate that many of the contaminants were highly correlated. However,
recognizing this limitation, all of the contaminants were evaluated (regression and
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multiple regression [adding capture date] techniques) with respect to age class 0 male
reproductive organs. Also, contaminants in all males were evaluated (regression
techniques) with respect to age class (0, 1, and 2+) and liver parameters (% lipid,
weight, liver/carcass ratio) and spleen weights.

Two-thirds of the PCB congeners, a number of OCs and metabolites in addition to
some dioxins and furans were inversely related to testes weight in age class 0 males
(simple regression). TEQs, used for dioxin-like compounds, showed no significant
relationship with testes weight. River otter No. 36 (age class 0), a male collected at RM
119.5, had the highest concentrations for its age class for most OCs and PCBs. It also
had the highest concentrations for about one-third of the dioxins and furans. No
external or internal testes were found in the animal during necropsy. Perhaps they
were so small that they were not found, but based on the relationship in Figure 27, the
2864 ppb (1og 10=3.46) Aroclor 1254:1260 in its liver would project to no testes! The
concentrations of heptachlor epoxide, PCB 101, PCB 149, and PCB 182/187 also
project to no testes based on relationships reported. Not all contaminants significantly
related to testes weight were evaluated with respect to projected testes weight in No.
36.

The multiple regression technique with male river otter reproductive organs included
capture date which showed positive relationships for some of the tests (especially
baculum weight). This indicates that growth was occurring as the trapping season
progressed which was logical for age class 0. Testes weight (with multiple regression)
was inversely related to 1 OC insecticide (heptachlor epoxide), 13 PCB congeners, and
1 furan (2,3,4,7,8-PCDF); baculum weight was inversely related to 6 OC insecticides
(DDE, mirex, cis-chlordane, DDE, cis-nonachlor, and dieldrin), 32 PCB congeners, 2
dioxins (1,2,3,4,6,7,8-H7CDD, OCIDID) and 5 furans (2,3,4,7,8-PCDF, PCDF total,
1,2,3,4,7,8-H6CDF, 1,2,3,4,6,7,8-H7CDF, and H7CDF total); baculum length was
inversely related to 3 OC insecticides (DEIE, DDD, dieldrin), 16 PCB congeners, 1
dioxin (OCDD), and 2 furans 1,2,3,4,6,7,8-H7CDF, H7CDF total). TEQ was used to
evaluate dioxin-like compounds collectively. Only baculum weight was inversely related
to TEQs. In general, use of multiple regression reduced the number of contaminants
inversely related to testes weight from 36 to 18, and baculum length from 26 to 23
contaminants, but increased the number of contaminants related to baculum weight
from 40 to 49. PCBs provided some of the strongest inverse relationships with testes
weight and baculum weight. Although PCBs provide some strong inverse relationships
with baculum length, OCDD, 1,2,3,4,6,7,8-H7CDF, and H7CDF total also provide strong
relationships. Metals, with the exception of chromium in the liver and baculum length,
did not show significant inverse relationships with reproductive organs of young male
river otter.

Concern about enlarged livers and spleens led to a series of regression analyses by
age class. The % lipid in liver showed a general increase with age, and several OC
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insecticides and PCB congeners, in addition to iron, cadmium and TCDF total, were
directly related to % lipid in the liver. These relationships were more frequently found in
the older age class. Liver weight and the liver weight/carcass weight ratio showed
similar findings since they were two approaches for evaluating liver size. Most of the
direct relationships occurred in age class 1, with none in age class 2+, and only a few in
age class 0. The direct relationships were dominated by PCB congeners, but included
a few OC insecticides. The only significant dioxin and furan relationships were in age
class 0. The pattern of significant direct relationships with spleen weight was different.
Seven dioxins and furans showed significant direct relationships with spleen weight in
age class 0; however, no dioxins and furans in age class 1 were directly related to
spleen weight, but there were several OC insecticides and PCB congeners. Then, in
age class 2+ the only significant direct relationships with spleen weight were two furans
and a dioxin. In general, it seems that dioxins and furans seem to primarily affect the
spleen in river offers, while the PCBs primarily affect liver. The liver and spleen weights
varied widely which improved the ability to detect significant relationships.

Finally, the spatial information shows that the river otter collected at RM 119.5
(Portland-Vancouver) contained the highest concentrations of most contaminants (the
exception was dioxins and furans), in addition to a few contaminants (e.g., lead and
aluminum) that were seldom found elsewhere. These were also the animals that
showed three of the four gross abnormalities discovered.

6.3 OTHER CONSIDERATIONS

Historically, environmental guideline development has focused on water quality
guidelines to protect different water uses from water-borne contaminants. For
hydrophobic chemicals, which tend to partition to sediments and accumulate in aquatic
organisms, water quality guidelines are of limited use since these types of chemicals
are difficult to measure in water with current analytical techniques. These substances
are more likely detected in the tissues of aquatic organisms or sediments than in water.
Hydrophobic and lipophilic organic substances (e.g., dioxins, furans, and PCBs) and
some chemical forms of metals, primarily organometallic species tend to accumulate in
aquatic organisms because of their high affinity for fat relative to water and typically low
metabolism and excretion rates.

Recently, the Canadian Council of Ministers of the Environment Task Group on Water
Quality Guidelines initiated the development of environmental quality guidelines for
other media (e.g., sediment, soil, prey species) to address contamination of these
compartments. For bioaccumulative contaminants, one major route of exposure for
predatory species in aquatic food webs is the consumption of contaminated aquatic
prey species. Also, of concern is the significance of body residues of contaminants to
the aquatic biota themselves. In order for environmental managers to make
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scientifically defensible decisions to protect the different uses of the aquatic
environment, tissue residue guidelines (TRGs) for the protection of wildlife and aquatic
life have been proposed as useful tools for aquatic resource managers to assess the
significance of contaminant levels in tissues of aquatic biota. However, federal TRGs
are not in place at this time? but some TRGs have been developed in New York and
British Columbia and the concept is receiving more attention in Canada (see Appendix
10), The Netherlands (Leonards et al. 1994), and the United States (Tillitt at al. 1996).

The goal of TRGs in aquatic biota is to: (1) protect wildlife predators from exposure to
contaminants in their aquatic prey species; and (2) protect the aquatic biota themselves
from contaminant concentrations in their tissues. TRGs for the protection of wildlife are
mainly targeted at those substances that are persistent and bioaccumulative. Following
the above line of reasoning, it is our intention to: (1) review contaminant concentrations
in the tissues and organs of mink and river otter themselves with respect to published
effect concentrations, and (2) review contaminant concentrations in prey species of
mink and river otter with respect to available TRGs and other similar information, and
(3) review contaminant concentrations in scat in relation to published findings.
Mustelids, seals, and cormorants are some of the most sensitive species for PCBs
(Giesy et al. 1994).

6.3.1 Contaminants in Organs and Tissues

Organ and tissue residue concentrations from laboratory studies allow the field
investigator to relate laboratory effects to concentrations in the field and permit simple
comparisons with concentrations from wild populations. A recent series of papers
where laboratory mink were fed graded amounts (1 0, 20, 40%) of carp (Cyprinus
caw)in) from Saginaw Bay, Michigan (Heaton et al. 1995a, 1995b, Tillitt et al. 1996),
provides useful information for interpreting the residue concentrations found in mink
and river otter from the Lower Columbia River. Several points were unique about this
laboratory feeding study: (1) environmentally degraded contaminants (i.e.,
contaminated fish), which may be a more realistic diet, were used, (2) the laboratory
reproductive study was followed by detailed analyses of the liver for contaminant
concentrations, and (3) the contaminants in the diet and livers were both evaluated by
TEQs. Therefore, we can evaluate the survival and reproductive performance of the
mink in relationship to TEQs in the liver (this section) as well as TEQs in the diet or prey
species (section 6.3.2). The study emphasized reproductive effects and the dioxin-like
compounds (co-planar PCBs, dioxins and furans) which showed a strong correlation
with reproductive success. The estimated threshold dose (TEQ) for reproduction
effects, based on liver concentrations was 60 (ppt, ww), and based on H4IIE rat
hepatoma cell bioassay was 70 (Tillift et al. 1996). Their calculated TEQ was based on
International values assigned each congener, (Ahlborg et al. 1992, Ahlborg at al. 1994)
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while our study used values from Safe (1994) which yields slightly higher TEQs. The
control mink in their study had a calculated liver TEQ of 18 ppt (ww) and based on rat
hepatoma cell bioassay <10 ppt (ww), while the 10% carp group (lowest treatment) had
TEQs of 207 and 495 ppt (ww), respectively. The 10% carp diet fed to females for two
months prior to breeding resulted in decreased body weights and survival of kits to
three to six weeks of age. The 10% carp diet was equivalent to 0.72 ppm (ww) PCBs,
while Hornshaw At al. (1983) fed female mink a diet containing 1.5 ppm (ww) PCBs
from Saginaw Bay carp for about seven months prior to breeding. Hornshaw's mink
failed to whelp any live kits. In our study, the TEQ in the liver for the only mink from the
Lower Columbia River was 17.67 ppt (ww), while the two from the Reference Area were
12.09 and 1.68. The TEQs from our study were all below controls (18 ppt, ww) in the
Heaton et al. (1995a, 1995b) and Tillitt et al. (1996) studies.

Although we do not know the relative sensitivity of mink and river otters to the groups of
contaminants of concern, the geometric mean TEQs from river ofters in age class 0, 1
and 2+ (both sexes) from the Lower Columbia River were 19.79, 22.37, and 27.94 ppt
(ww), respectively. These means were far below the estimated threshold 60-70 ppt
(ww) of Tillift at at. (1996); however, some individuals including No. 34 (2 year old male)
from RM 88 (TEQ 82.72), No. 37 (2 year old female) from RM 119.5 (TEQ 83.17), and
No. 38 (3 year old male) from RM 119.5 (TEQ 115.24) had TEQs exceeding the
calculated threshold. The generally low TEQs calculated for the river otter from the
Lower Columbia River may be responsible for the lack of induction observed with the
rat hepatoma cell line H4IIE bioassay.

In summary, although possible adverse effects on reproduction of river offer are
suggested for some individuals, it is important to recognize that the criteria were
established for mink and not for river otter and that relative sensitivity of the two species
to the same contaminants is unknown. Another point also needs to be made. PCB
and DDE concentrations in river otter were much higher in the Lower Columbia River in
1978-79 (Henny et al. 1981). It seems logical to assume that contaminant
concentrations were also much higher in mink 15 years ago, although we have sparse
information about present concentrations. Therefore, estimated effects on kit survival
and productivity based on the residue criteria presently available most likely
underestimates effects in the past.

Synergistic and antagonistic effects between PCB congeners and dioxins and furans in
combination with PCBs on reproduction and kit survival of minks is poorly understood.
The tendency at the moment is to calculate and report only TEQs for PCBs, dioxins and
furans using an additive model. Valuable information might be lost with this approach,
therefore, we have included all congener-specific concentrations in the report, but
recognize that a more complete interpretation of the data may become available at a
later date.

51

Exhibit 15



It is important to recognize that the under-development or delayed development of the
male reproductive tract of young river ofter observed in this study has not been
previously documented in any free-living mammals, where significant dose-response
relationships were shown for many chlorinated hydrocarbon contaminants. Many of
these contaminants have been reported to reduce litter size and kit survival in mink by
Heaton at a]. (1 995a, 1 995b) and Tillitt et al. (1996). However, recent laboratory
studies with rats have shown that some of these contaminants such as pp'-DDE also
compete for the androgen receptor, disrupting normal androgen physiology, resulting in
under-developed male gonads and reduced sperm counts (Chapin -t al 1995, Gray -t
al. 1995). In this study, many strong relationships between baculum size and weight
and testes weight were not associated with the more toxic co-planar PCBs, dioxins, and
furans, but with other less toxic OCs, PCBs, dioxins, and furans. Thus, the criteria
established for mink reproductive affects is probably not relevant to what was found
with young male ofters.

6.3.2 Contaminants in Prey Species

As mentioned in the previous section, the laboratory reproductive study of Tillitt at at.
(1996) provides TEQs in the diet responsible for various degrees of reproductive
problems in mink. TRGs are also shown in Appendix 10 and include three tissue
residue estimates for PCBs in fish eaten by aquatic wildlife. More recently Leonards
et al. (1994) evaluated current available PCB toxicity data for mink. They extrapolated
risk levels expressed on the basis of mink tissue residues to concentrations in prey
organisms (fish). Congener specific effect levels were extrapolated to concentrations
expressed as different cumulative indices (total PCBs, PCB 153, TEQs). Extrapolated
to concentrations in prey organisms (fish) (Table 28), the no-effect level for lifter size for
total PCB in the diet was 145 ppb (ww). For kit survival, the PCB level was higher (399
ppb, ww). The diet based no-effect levels expressed as TEQs were 50 ppt (ww)
(relative litter size, TEQ System of Safe 1993) and 17 ppt TEQ (ww) (kit survival).

Residue concentrations in fish from areas immediately adjacent to the study area
(upstream in the Lower Columbia River and the lower Willamette River) are shown in
Table 25, but unfortunately PCB information for the Lower Columbia River is limited and
usually based on Aroclor 1254 or 1260. The limited fish data from the study area do
not warrant an analysis at this time, but criteria mentioned above is available for
interpreting information when it becomes available. As mentioned in the previous
section, the assumption that toxicokinetics and sensitivity to PCBs, dioxins, and furans
for river otter and mink are comparable is highly speculative. From the literature it is
known that large differences may exist in sensitivity for PCBs between closely related
species. So caution is again warranted in extrapolation effect levels from mink to river
otter. More research regarding the sensitivity and toxicokinetics of PCBs for the river
otter in comparison to the mink is needed.
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6.3.3 Contaminants in Scat

To assess the significance of contaminant concentrations in scats, Mason and
MacDonald (1993b) developed a hierarchy of concentrations:

(a) critical levels
concentrations in scats (1w) >16 mg/kg (ppm) of PCBs ( based on Aroclor
1260 standard) and dieldrin, singly or combined, or concentrations of total
organochlorines (OCs) >20 ppm;

(b) ltevel of concern
concentrations in scats 9-16 ppm of PCBs and dieldrin singly or combined, or
concentrations of total OCs >16-20 ppm;

(c) maximum allowable cncention
concentration less than the level of concern but greater than the no effects level;
and

(d) no effects level
less than 4 ppm for all individual contaminants, as described above.

Their approach was based on a single compartment model relating PCB concentrations
in scats to tissue concentrations (Mason et al. 1992, Mason and MacDonald 1993b).
They adopted a compliance level of 90% of the samples within a catchment falling
below levels (a) and (b), in a manner analogous to that of regulatory authorities
protecting water resources from polluting discharges.

Although congener specific information was available in this study, PCB concentrations
based on the Aroclor 1260 standard were obtained (Table 13). The small series of scat
data from the Lower Columbia River would be interpreted, according to criteria of
Mason and colleagues as follows: RM 134 (10.3 ppm, ww) level of concern; RM 87-
108 (27.2 ppm) critical; RM 63-69 (15.6 ppm) level of concern (almost critical); RM 28-
33 (6.7) maximum allowable concentration; RM 27 (2.9 or 3.1 ppm) no effects level.
The two Reference Areas (Wizard Falls, OR and Clearwater River, ID) showed Aroclor
1260 concentrations of 1.1 and 2.4 ppm which were both at the no effects level. Again,
a caveat must be made. Lutra uLtra from Europe and Lutz canadensis from North
America are not the same otter. Therefore, criteria established for one species may not
be directly comparable to another.
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6.4 CONTAMINANTS AND PRESENT DISTRIBUTION AND ABUNDANCE

The two mink captured along the Lower Columbia River contained relatively low
contaminant concentrations compared to criteria available for interpreting findings.
However, based upon river ofter and mink residue data collected in 1978-79 from the
Lower Columbia River, it becomes clear that PCB concentrations are not nearly as high
now as they were in the late 1970s. An important point here is that PCB concentrations
in some Lower Columbia River mink in the late 1970s were equivalent to mink that
survived long-term PCB tests, but failed to produce any kits that survived (Henny at at.
1981). Little can be said about the mink population along the Lower Columbia River
except, that few animals were present in 1994-95 (size of population could not be
estimated) although large numbers were present in earlier years, and PCBs were
present in the two animals trapped. Mink are extremely sensitive to PCBs and perhaps
the most sensitive mammalian wildlife species(Platonow and Karstad 1973, Aulerich
and Ringer 1977, Jensen et al. 1977, Tillitt et al. 1992). Therefore, it seems
conceivable that PCBs nearly extirpated the mink over the last several decades and
that the few mink seen in 1994-95 may be animals pioneering back into the Lower
Columbia River System in an attempt to recolonize it. We have too few data to
determine if their attempts will fail (a population sink) or be successful.

The river otter in 1994-95 have a relatively dense population that seems well distributed
throughout the Lower Columbia River, including the most polluted (at least from a PCB
perspective) Portland-Vancouver vicinity. Three of the four river otter collected within
the area at RM 119.5 had gross abnormalities in addition to the highest PCB
concentrations, and several other contaminants that seemed unique to the area.
Unless some other unknown factor (e.g., disease) has nearly extirpated the mink from
the Lower Columbia River over the last three or four decades, we can only account for
the numbers of river otter seen and the lack of mink by their different sensitivities to the
contaminants in the river. Hennyet al. (1981) reported that river otter contained higher
PCB concentrations than mink at that time, so we can only infer that river otters are less
sensitive. Despite river ofter being relatively abundant in the Lower Columbia River, the
adverse effects documented with the reproductive system of age class 0 males
(reduced baculum size and reduced testes weight, including the apparent lack of testes
found in the young male from RM 119.5 with the highest PCB concentrations) causes
great concern. Baculum size and testes weight were inversely correlated with a
number of OCs, PCBs, dioxins, and furans. The development of the male genitalia is
apparently completed later as age class 2+ males seemed to have normal sized testes
and baculums, although we do not know at this time if they function normally.

Many xenobiotic compounds introduced into the environment by human activity have
been shown to modify normal biological function in various wildlife species. The
ubiquitous distribution of many contaminants and the nonlethal, multigenerational
effects of such contaminants on reproductive, endocrine, and immune systems have
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led to concerns that wildlife worldwide may be affected (Colborn et al. 1993, Hose and
Guillette 1995). The reproductive disorders reported to date in wildlife exposed to
xenobiotic compounds involve such factors as reduced fertility, reduced hatchability,
reduced viability of offspring, impaired endocrine function, and modified adult sexual
behavior (Guillette et al. 1995). Of special interest to this Lower Columbia River study
are the observations of Guillette et al. (1994) who reported that juvenile alligators
(Algar mississippiensis) from Lake Apopka, Florida, exhibited abnormal gonadal
morphology and plasma sex steroid concentrations. Male alligators 6 months old from
Lake Apopka had poorly organized testes with unique, aberrant structures of unknown
origin within the seminiferous tubules. Both male and female alligators exhibited
abnormal plasma sex steroid concentrations, with males from Lake Apopka having
greatly reduced plasma testosterone (T) concentrations similar to that of females from
either the contaminated lake (Lake Apopka) or control lakes. In contrast, males from
the control lake had plasma T concentrations four times that observed in the juvenile
males from Lake Apopka. Guillette et al. (1995) hypothesized that xenobiotic
compounds are modifying reproductive and endocrine development and function in
alligators exposed in ovo, and suggest that the changes in the reproductive and
endocrine systems are the result of modifications in gonadal steroidogenic activity,
hepatic degeneration of steroids, and synthesis of plasma sex steroid binding proteins.
In our study on the Lower Columbia River, age class 0 river oiler males showed
significantly smaller baculums, and much smaller testes compared to Reference Area
animals in the same age class. Unfortunately, animals were not live-captured during
our study which eliminated the option of collecting blood to evaluate steroid
concentrations, as well as the option for histopathology of unaltered (non-frozen)
organs and tissue.

7.0 CONSIDERATION FOR FUTURE RESEARCH ACTIVITIES

Conclusions drawn from data collected during this study make it abundantly clear that
additional research is needed to better characterize the current status of river otter on
the Lower Columbia River in relation to contaminant exposure and accumulation.
Research effort should be focused on the Portland-Vancouver area along the Lower
Columbia River where the highest PCB residues were found in river otter tissue
collected during this study, and where 3 of 4 otter collected in the general vicinity had
obvious physiological or pathological abnormalities. Effort should be made to live-trap
about 15 river oiler in this location, as well as about 15 from a Reference Area. The
Reference Area animals provide baseline values for comparative purposes. Proposed
field research should be conducted over a 2-year period with consideration given to
seasonal effects which influence reproductive readiness which may complicate data
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interpretation. Live-trapping should be done in accordance with current animal care
and use guidelines, thus minimizing stress and suffering of captured animals. Live-
traps should be monitored in such a way to immediately identify when river offers are
caught in order to reduce trap time.

Proposed research would focus on six areas:
(1) Blood samples will be taken prior to euthanasia to determine cell

populations and biochemical indices. Cell assessments include RBC,
WBC, and differential counts to characterize general animal condition and
immunological competence, while serum chemistry reflects liver and
kidney function. Concentrations of serum progesterone, 17f-estradiol,
testosterone, and protection will be quantified.

(2) A complete necropsy will be performed to obtain general morphometric
data. Samples of liver, kidney, and reproductive tissues will be
immediately removed and frozen in liquid nitrogen for enzyme activity and
hormone receptor analyses. Samples of liver, kidney, spleen, thymus,
adrenal glands, lung, reproductive tracts will be fixed in buffered formalin
for histopathological evaluation. Samples of liver kidney, fat, and perhaps
other tissue will be frozen and stored for subsequent contaminant
analyses.

(3) Disease and parasite incidence will be evaluated from tissues collected
for histopathology, potentially providing some evidence of
immunocompetence. Tissue examined microscopically will be
categorized by lesion when discovered. Gonadal morphology of male
river ofter will be characterized and correlated with sperm count and
contaminant concentrations.

(4) Cytochrome P450 biomarkers of contaminant exposure will be determined
in liver and kidney tissue by fluorometric monooxygenase assays and by
western blotting to quantify exposure to P450 inducing contaminants
(Rattner et al. 1994). Progesterone, 170-estradiol, and glucocorticoid
receptor density (Ri) and dissociation contents (Kd) in the. uterine cytosolic
and nuclear subcellular fractions will be estimated by competitive binding
assays (Patnode and Curtis 1994).

(5) Analyze fat, kidney, and liver samples for OCs, total PCBs and
congeners, other coplanar polyhalogenated hydrocarbons, pthalate
esters, alkylphenols, and inorganics.
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(6) Fecal samples taken from river otter during necropsy will be assessed for
hormone concentrations as a potential bio-marker that-could be compared
to hormone levels in blood.

Responses (hormonal, steroid receptor, gonadal and other morphological lesions, etc.)
will be categorized by age, sex, reproductive state, study site and degree of
contaminant exposure (as evidenced by P450 induction responses or actual
contaminant burdens). Apparent effects of PCBs and other persistent contaminants on
endocrine regulation of reproduction, morphology of reproductive tissues, sexual
differentiation and fertility of adults will be evaluated by parametric statistical analysis
(analysis of variance and correlation techniques). Intensive research effort conducted
on river otter as proposed above would lead to a better understanding of its current
physiological status in the Lower Columbia River with respect to present contaminant
exposure. Furthermore, data collected on river otter in the Lower Columbia River may
help to understand the dramatic decline of mink in the same area.
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Figure 1. Low magnification (25X) hematoxylin and eosin stained micrographs of testes
from age class 0 river otters obtained at a Reference Area (A, river otter No. 29) and
the Lower Columbia River (B, river otter No. 6).
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Figure 2. High magnification (250X) hematoxylin and eosin stained micrographs of testes from age class 0 river otters obtained at a

Reference Area (A, river otter No. 29) and the Lower Columbia River (B, river otter No. 6; C, No. 12; D, No. 20).
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Figure 4. Relationship between River Mile and Aroclor 1254:1260
concentrations in livers of river otter (age class 0, 1, 2+) from
the Lower Columbia River. No line was plotted when the
relationship was not significant.
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Figure 5. Relationship between River Mile and p '-DDE
concentrations in livers of river otter (age class 0, 1, 2+)
from the Lower Columbia River. No line was plotted when
the relationship was not significant.
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Figure 6. Relationship between River Mile and p,p'-DDD
concentrations in livers of river otter (age class 0, 1, 2+)
from the Lower Columbia River. No line was plotted when
the relationship was not significant.
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Figure 7. Relationship between River Mile and dieldrin
concentrations in livers of river otter (age class 0, 1, 2+)
from the Lower Columbia River. No line was plotted when
the relationship was not significant.
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Figure B. Relationship between Agiver Mle and oxychlordane
concentrations In livers of river otter (-a ge class 0, 1, 2+)
from Lower Columbia River. No line was plotted when the
relationship was not significant.
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Figure 9. Relationship between River Mile and trans-nonachlor
concentrations in livers of river otter (age class 0, 1, 2+)
from the Lower Columbia River. No line was plotted when
the relationship was not significant.
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Figure 10. Relationship between River Mile and PCB 126
concentrations in livers of river otter (age class 0, 1 2+) from
the Lower Columbia River. No line was plotted when the
relationship was not significant.
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Figure 11. Relationship between River Mile and PCB 169
concentrations in livers of river otter (age class 0, 1, 2+)
from the Lower Columbia River. No line was plotted when
the relationship was not significant.
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Figure 12. Relationship between Rtiver Mile and 1237B9-H6CDD
concentrations in livers of river otter (age class 0, 1, 2+) from
the Lower Columbia River. No line was plotted when the
relationship was not significant.
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Figure 13. Relationship between River Mile and OC'DD
concentrations in *ivers of river otter (age class 0, 1, 2+)

- ~~from tire Lower Columbia River. No line was plotted when
the relatio nslip was not significant.
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Figure 15. Relationship between River Mile and TCDF total
concentrations in livers of river otter (age class 0, 1, 2+)
from the Lower Columbia River. No line was plotted when
the relationship was not significant.
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the relationship was not significant.
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Figure 17. Relationship between River Mile and PCDF total
concentrations in livers of river otter (age class 0, 1, 2+)
from the Lower Columbia River. No line was plotted when
the relationship was not significant.
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Figure 18. Relationship between River Mile and 123478-H6CDF
concentrations in livers of river otter (age class 0, i, 2+) from
the Lower Columbia River. No line was plotted when the
relationship was not significant.
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Figure 19. Relationship between River Mile and 123678-H6CDF
concentrations in livers of river otter (age class 0, 1, 2+) from
the Lower Columbia River. No line was plotted when the
relationship was not significant.
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Figure 20. Relationship between River Mile and Y6CDF total
concentrations in livers of river otter (age class 0, 1, 2+)
from the Lower Columbia River. No line was plotted when
the relationship was not significant.
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Figure 21. Relationship between River Mile, known point sources,
and dioxin total and furan total concentrations in livers of river
otter (age class 0 and 2+) from the Lower Columbia River. No
line was plotted when the relationship was not significant.
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Figure 22. Relationship between River Mile and
manganese concentrations in kidneus of river otter (age
class 0, 1, 2+) from the Lower Co umbia River. No line
is plotted when the relationship is not significant.
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Figure 23. Relationship between River Mile and chromium
concentrations in kidneys of river otter (age class g2 1, 2+)
from the Lower Columbia River. No line was plotted when the
relationship was not significant.

Exhibit 15



I-0000
40000

3000

32000

1000

O- ~~~~~~~~9
01 5000

4000

3000

2000

U 1000

CL .0 5000

3000

C 52000

a)1 1000

8 5000C

(. 4000

3000

2000

1000

01 ~~~5000

1 ~~~3000

2000

1 ~~~1000

0 k

- PCSG Congen-ers

Figure 24. Congener specific PCB concentrations (ppb, 1w) in river otter
scat collected from the Lower Columbia River (A=River Mile 27; B=River
Mile 28-33; C=River Mile 63-69; D=River Mile 87-108; E=River Mile 134).
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Figure 25. Relationship between testes weight and heptachlor
epoxide (top) or PCB 101 (bottom) concentrations in livers of
age class 0 river otter from the Lower Columbia River and
Reference Area.
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Figure 26. Relationship between testes weight and PCB
149 (top) or PCB 1821187 (bottom) concentrations in livers
of age class 0 river otter from the Lower Columbia River
and Reference Area.
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Figure 27. Relationship between testes weight and Aroclor
1254:1260 concentrations in livers of age class 0 river otter
from the Lower Columbia River and Reference Area.
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Figure 28. Relationship between baculum weight and
p,p'-DDD (top) or mirex (bottom) concentrations in livers of
age class 0 river otter from the Lower Columbia River and
Reference Area.
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Figure 29. Relationship between baculum weight and PCB
87 (top) or PCB 110 (bottom) concentrations in livers of age
class 0 river otter from the Lower Columbia River and
Reference Area.
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Figure 30. Relationship between baculum weight and PCB
203 (top) or Aroclor 1254:1260 (bottom) concentrations in
livers of age class 0 river otter from the Lower Columbia
River and Reference Area.
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Figure 31. Relationship between baculum length and
p,p'-DDD (top) or PGB 87 (bottom) concentrations in livers
of age class 0 river otter from the Lower Columbia River
and Reference Area.
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Figure 32. Relationship between baculum length and PCB
101 (top) or PCB 110 (bottom) concentrations in livers of
age class 0 river otter from the Lower Columbia River and
Reference Area.
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Figure 33. Relationship between baculum length and PCB
149 (top) or Aroclor 1254:1260 (bottom) concentrations in
livers of age class 0 river otter from the Lower Columbia
River and Reference Area.
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Figure 34. Relationship between testes weight and PCB
126 (top) or 23478-PCDF (bottom concentrations in livers
of age class 0 river otter from the Lower Columbia River
and Peference Area.
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Figure 35. Relationship between testes weight and PCDF
total concentrations in livers of age class 0 river otter
from the Lower Columbia River and Reference Area.
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Figure 36. Relationship between baculum length and
H7CDF total (top) or OCDF (bottom) concentrations in
livers of age class 0 river otter from the Lower Columbia
River and Reference Area.
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Figure 37. Relationship between baculum length and PCB
126 (top) or OCDD (bottom) concentrations in livers of age
class 0 river otter from the Lower Columbia River and
Reference Area.
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Figure 38. Relationship between baculum length and
1234678-H7CDF concentrations in livers of age class 0 river
otter from the Lower Columbia River and Reference Area.
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Figure 39. Relationship between baculum weight and PCB
126 (top) or 1234678-H70DD (bottom) concentrations in
livers of age class 0 river otter from the Lower Columbia
River and Reference Area.
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Figure 41. Relationship between baculum weight and
1234678-H7CDF concentrations in livers of age class 0 river
otter from the Lower Columbia River and Reference Area.
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of age class 0 river otter from the Lower Columbia River
and Reference Area.
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Figure 44. Relationship between spleen weight and
123678-H6CDD concentrations (top) or liver % lipid) and
TCDF total (bottom) of age class 0 river otter from the
Lower Columbia River and Reference Area.

Exhibit 15



800.0 
Y - 534.900 + 524.090X R - 0.965

_Prob>F 0.0005.

700.0 -

600.0

-r 500.0

CD

_ 400.0

300.0

200.0

-0.60 -0.50 -0.40 -0.30 -0.20 -0.10 0.00 0.10 0.20 0.30 0.40

Heptachior Epoxide Concentration
(logiC ppt, ww)

0.09
2I Y - 0.013 + 0.041X R - 0.980

Prob>F 0.0001

1 0.08 .

0.07I C/
Cu

.0.06-/
*a, 

* 0.05

0.04 -

0.60 0.70 0.80 0.90 1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80

PCB 1821187 Concentration
(loglO ppt, ww)

Figure 45. Relationship between liver weight and heptachlor
epoxide concentrations (top) or liver weight/carcass weight
ratio and PCB 1821187 concentrations (bottom) in livers of
age class I river otter from the Lower Columbia River and
Reference Area.
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(top) or PCB 101 (bottom) in lipid adjusted river otter fat
and liver samples collected from the Lower Columbia River
and Reference Area.

Exhibit 15



30000 /
2

Y - -1408.418 +1.186X R 0.863/
Prob>F 0.0001

CO

I ~~ 20000
CD

co

10000
(U

L-
ca~~~ X

* ~~~~0-

0 10000 20000 30000

Liver PCB 138 Concentration
(ppb, 1w)

U~~~~~~~~~~~~~~~~~~~~~~~_Y - 122.087 1.586X R -0.898 /
3000 -Prob>F 0.0001/3000

I C~~C
CL

2000

co

.0

_(0 0o0- 

0 1000 2000 3000
Liver PCB 146 C:oncentration

(ppb, [w)
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Figure 50. Relationship between concentrations of PCB 153
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and liver samples collected from the Lower Columbia River and
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Table 1. Concentrations of PCBs (ppm, ww) in river otter tissues from North America.

Liver Muscle Fat

Detection
Area Mean' Range n Mean Range n Mean Range n Limit Reference

USA: Oregon 0.5 Henny et al. 1981
Lower Colu mbia River 9.4 (7.0) 1.7 -23 7 4.0 (3.3) 1.1 - 8.3 7

USA: Louisiana 0.11 nd - 0.83 57 0.5 Fleming etal. 1985

USA: Alabama 0.36 nd-2.5 19 0.01 Hill and Lovett 1975

USA. Georgia 3.5 nd -66.7 128 0.2 Halbrooket al. 1981

USA: New York 0.1 Foley et al. 1988
Eastern Lake Plains (1.7) - -

WestAdirondaks (3.5) - -
Northeastern Adirondaks (3.6) - -

Hudson River Valley (19.9) - -

USA: New York (0.40) nd -7.3 63 0.05 Foley et al. 1991

USA: Virginia 0.02 nd - 0.07 7 0.003 nd - 0.01 6 0.01 nd - 0.04 3 - Anderson 1981

USA: Michigan 0.30 0.1 -4.4 50 3.2 0.4 - 38.5 39 0.1 Stuht 1981

Canada: Alberta 0.02 nd - 2.3 88 0.38 nd -2.34 58 0.002 Somerset al. 1987

Arithmetic means with non-detections treated as 'D" in all calculations although the detections limits varied; when geometric means, they are shown in parenthesis
( and use half the detection limit for non-detections.

nd = not detected

Exhibit 15



- -m - - - -1 - -1- 1 - - -m I m

Table 2. Concentrations of PCBs (ppm, ww) in mink tissues from North America.

Liver Muscle Fat

Detection
Area Meana Range n Mean Range n Mean Range n Limit Reference

USA: Oregon 0.5 Henny eta. 1981
Lower Columbia 0.74 (0.63) nd -2.1 9 0.50 (0.48) nd -1.6 9

USA: Maryland nd - 24 82 0.25 O'Shea etal. 1981

USA: New York 0.03 -7.9 0.4 - 95.0 0.05 L, 0.10 F Foley et al. 1988
West Appalachian Plateau (0.1) 6 (0.8) 6
East Appalachian Plateau (0.3) 5 (2.0) 5
WestAdirondaks (0.3) 16 (2.4) 15
Northeast Adirondaks (0.2) 7 (2.4) 6
Eastern Lake Plains (0.3) 15 (3.4) 15
Lake Ontario (0.30) 8 (2.4) 9
South Hudson River (0.40) 11 (3.5) 12
North Hudson River (0.60) 7 (4.4) | 6

Canada:
Northwest Territories 0.01 (0.004) nd -0.03 90 0.00002 Poole eta]. 1995
Ontario 0.27 20 - Frank etal. 1979

Arithmetic means with non-detections treated as =0" in all calculations although the detection limits varied; when geometric means, they are shown in parenthesis
()and use half the detection limit for non-detections.

t Eight of 82 mink collected in counties of Maryland had detectable PCB concentrations. PCB values for the 8 mink were 0.62, 0.74, 1.1, 1.1, 1.4, 2.0, 2.2, and 2.4
ppm.

nd = not detected
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Table 3. Dioxins, furans and TEQs (ppt, ww) in fish collected from the Lower Columbia
River in 1987 and reported by the Environmental Protection Agencya.

Location (RM)b Species Partc 2378-TCDD 2378-TCDF TEQ

Camas (120) no. squawfish PF 1.14 11.95 2.36

sucker WB 2.28 15.95 4.08

St. Helens (86) no. squawfish PF 1.28 9.03 2.80

3sucker WB 2.29 10.83 3.79

Longview (66) no. squawfish PF 1.62 20.43 3.82

sucker WB 5.23 28.34 8.50

Wauna (42) no. squawfish PF 1.73 21.63 4.38

sucker WB 2.78 16.39 4.45

3 a Environmental Protection Agency, Unpublished data.

b Estimated River Mile (RM).

I PF fillet, WB - whole body.
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Table 4. Geometric mnoan organochlorire insecticide residue conceitratioiis (ppb, ww) in livers for mnle and male +
female (combined) river otters collected in the Reference Area (all age classes combined) and Lower Columbia River
(0,1,2+ age classes). Moisture and lipid, content of livers are arithmetic means.5 _ _ _ _ Males Males + Females

Age Class Ref 0 1 2+ Ref 0 1 2+

n 5 6 6 9 6 7 9 14

Lipid(%) 3.1 OA 3.26A 3.36A 3.83A 3.13A 3.33A 3.46A 3.71 A

Moisture(%) 70.33A 70.51A 70.41 A 69.92A 70.12A 70.29A 70.66A 70,26A

Hexachlorobenzene 5.28A 3.21A 4.62A 6.27A 4.38A 2.92A 5.26A 5.84A

pp'-DDE 9.18B 51.22AB 131.62A 142.72A 7.15B 53.43A 88.OOA 144.61A

Oxychlordane 3.45C 5.28BC 10.74AB 12.93A 3.21 B 5.20B 11.50A 12.27A

p,p'-DDD 0.68B 3.56AB 6.52A 10.27A 0.58B 3.08A 5.96A 10.50A

Heptachlor epoxide 0.35B 0.90AB 1 .20A 1.30A 0.34B 0.87A 1.26A 1.30A

Dieldrin 1.08B 3.91 AB 5.38A 6.82A 1.02B 3.96A 5.69A 6.51 A

Octachlorostyrene 0.24A 0.25A 0.43A 0.57A 0.1 8B 0.26AB 0.47AB 0.51A

Trans-nonachlor 1.18B 2.33AB 4.50AB 7.15A 0.90B 2.16AB 4.14A 5.88A

Mirex 0.27B 0.62AB 0.85AB 1.23A 0.20B 0.56A 0.86A 1.13A

Cis-chlordane 0.08A D.21A 0.22A 0.51A 0.07B 0.1 BAB 0.20AB 0.44A

Cis-nonachlor 0.13B 0.31AB 0.59AB 0.88A 0.1IB 0.27AB 0.49A 0.80A

5I -Hexachlcrocyclohexane 0.0563 .14A 0.07AB 0.1OAB 0.05B 0.12A 0.08AB O.1OAB

Trans-chlordane 0.05A 0.08A 0.07A 0.12A 0.05A 0.07A 0.07A 0.11A

One-way ANOVA, General Linear Models Procedure, Tukey's Studentized Range Test, Alpha = 0.05. Males and males +
females tested separately. Rows of these categories sharing same letter are not significantly different.

Note: 1,2,4,5-tetrachlorobenzene; 1,2,3,4-tetrachlorobenzene and gamma hexachlorocyclohexane were not detected.
Pentachlorobenzene had 7 detections (high 1.03 ppb), photo-mirex 10 detections (high 1.19 ppb), alpha
hexachlorocyclohexane 10 detections (high 0.15 ppb), p,p'-DDT 16 detections (high 0.78 ppb).
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I Table 5. Geometric moain polyclilorhliatod bilponyl (cotiganor specino and estiinatod total) residue concentrationis (ppb,
ww) in livers for male and male + female (combined) river oiters collected in the Reference Area (all age classes combined)
and Lower Columbia River (0,1,2+ age classes).

£_Males _ Males + Females

Age Class Ref 0 1 2+ Ref 0 1 2+

n 5 6 6 9 6 7 9 14

PCB 99 3.94B 14.49A 27.51 A 29.34A 3.36B 14.53A 26.75A 27,63A

PCB 118 0.54B 2.94A 3.82A 3.41A 0.36B 2.95A 3,26A 3.47A

PCB 146 0.59B 4.38A 8.11A 8.66A 0.53B 4.38A 7.25A 8.39A

PCB 153 6.85B 39.83A 85.41A 98.45A 5.91B 40.43A 81.26A 86.94A

PCB 138 8.94B 59.33A 128.59A 154.67A 8.03B 58.94A 120.67A 136.11A

PCB 1821187 2.22B 14.63A 19.56A 27.59A 1.88B 14.73A 15.55A 25.92A

PCB 183 0.60B 5.1 OA 9.64A 12.43A 0.52B 5.08A 8.68A 11.11A

PCB 180 5.028 30.62A 68.31 A 85.04A 4.41 B 31.59A 62.07A 73.72A

PCB 170/190 2.90B 19.27A 45.59A 57.15A 2.60B 19.36A 41.65A 47.65A

PCB 201 1.35B 11.51A 18.22A 21.90A 1.33B 12.53A 14.90A 19.68A

PGB 194 0.92B 4.28A 8.53A 10.59A 0.81 B 4.56A 7.13A 9.35A

PCB 206 0.70B 3.17A 4.69A 6.72A 0.70B 3.52A 3.89A 5.88A

PCB SPCB 40.96B 240.77A 474.13A 563.64A 35.73B 244.51A 434.31 A 508.98A

Aroclor 1254-1260 120.73B 801 .68A 1737.40A 2089.78A 108.478 796.34A 1630.42A 1839.08A

Aroclor 1260 44.00B 268.60A 599.24A 745.93A 38.65B 277.08A 544.50A 646.70A

PCB 28 0.05B 0.24A 0.20AB 0.21AB 0.07B 0.25A 0.22AB 0.21 AB

PCB52 0.33B 1 .82A 3.69A 3.12A 0.24B 1.96A 2.96A 3.73A

PCB 49 0.05B 0.40A 0.62A 0.63A 0.05B 0.46A 0.53A 0.69A

PCB 44 0.13B 0.94A 0.77A 0.78A 0.18B 0.80A 0.75A 0.73A

PCB 74 0.07B 0.71A 0.35AB 0.28AB 0.07B 0.78A 0.31A 0.40A

PCB 70 0.07A 0.19A 0.14A 0.29A 0.07B 0.15AB 0.12AB 0.24A

PCB 66/95 0.15B 0.72AB 1.12A 1.42A 0.13B 0.77A 0.90A 1.52A

PCB60 0.21 B 0.71AB 1.17A 1.31A 0.17B 0.82A 0.98A 1.18A

PCB 101 0.408 3.1 OA 4.59A 4.89A 0.28B 3.09A 3.81A 4.96A

PCB 87 0.17B 1.61 A 2.28A 2.58A 0.14B 1.58A 1.83A 2.71A

PCB 110 0.14B 1.17A 1.29A 1.67A 0.12B 1.15A 1.11A 1.64A

PCB 151 0.31A 0.64A 0.92A 0.79A 0.23A 0.58A 0.57A 0.86A

PCB 149 0.25B 1.15A 1.23A 1.86A 0.19B 1.04A 1.02A 1.66A

PCB 105 0.35B 1.97A 2.78A 3.04A 0.25B 2.OOA 2.64A 3.16A
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Table 5. (continued).

PCB 141 0.05B 0.37A 0.48A 0.58A 0.05B 0.28A 0.36A 0.54A

PCB 158 0.051 1.19A 2.29A 2.56A 0.05B 1.15A 2.03A 2.30A

PCB 129 0.18B 1.28A 2.05A 2.33A 0.15B 1.34A 1.80A 2.18A

PCB 171 0.348 2.12A 3.03A 2.75A 0.258 1.97A 2.51A 2.87A

I PCB 200 0.32B 1.68A 2.65A 3.08A 0.23B 1.68A 2.59A 2.95A

PCB 172' 0.08B 0.76A 1.32A 1.29A 0.08B 0.81 A 1.1 OA 1.26A

U PCB 203 0.49B 4.13A 6.79A 9.51A 0.48B1 4.32A 5.68A 8.26A

PCB 195 0.14B 2.17A 3.36A 4.98A 0.12B 2.23A 3.02A 4.35A

3 One-way ANOVA, General Linear Models Procedure1 Tukey's Studentized Range Test, Alpha = 0.05. Males and males +
females tested separately. Rows of these categories sharing same letter are not significantly different.

Note: PCB 31 and PCB 42 were not detected. PCB 64 had 14 detections (high 0.10 ppb), PCB 97 had 7 detections (highI 0.38 ppb), PCB 185 had 3 detections (high 5.97 ppb), PCB 174 had 7 detections (high 0.99 ppb).

I
I

I
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Table 6. Geometric mean co-planar polyciloilnated biplienyl (PCS 77, PCS 81, PCB 126, and PC0 169), dioxIn, amdI furan residue concentrations (ppt, ww) in livers for male and nmalesfemalo (combined) river otters collected in the
Reference Area (all age classes combined) and Lower Columbia River (0, 1, 2+ age classes). Total TEQ is also
presented (geometric mean) for each age class.

l _ _ _ _ Males ' Males + Females _

Age Class Ref 0 1 2+ Ref 0 1 2+

l In 5 5 6 9 6 6 9 14

PCB 77 2.07A 2.39A 3.72A 2.69A 1.77A 2.21A 3.26A 2.61A

I PCB 81 0.07A 0.23A 0.22A 0.37A 0.07B 0.1 8AB 0.20AB 0.43A

PCB 126 8.64A 27.66A 34.31A 25.47A 6.93A 28.81A 30.54A 33.65A

PCB 169 4.65A 9.1OA 19.54A 9.31A 4.11A 9.34A 17.17A 12.03A

2378-TCDD 0.121 1.03A 0.52A 0.83A O.108 1.01A 0.57A O.90A

£ TCDD Total 0.22B 1.03A 0.57AB 0.90A 0.18B 1.01A 0.62A O.95A

12378-PCDD 0.I9A 0.41A 0.42A 0.38A 0.22A 0.52A 0.27A 0.48A

5 PCDD Total 0.19A 0.41A 0.42A 0.38A 0.22A 0.52A 0.27A 0.49A

123678-H6CDD 2.74A 14.22A 7.88A 11.01A 3.01 B 19.16A 8.34AB 11.33AB

I 123789-H6CDD 0.15A 0.65A 0A/A 0.56A 0.18A 0.80A OA9A 0.66A

H6CDD Total 3.23A 16.48A 8.73A 12.92A 3.54B 21.76A 9.13AB 13.30AB

1234678-H7CDD 7.77A 69.06A 46.89A 43.81A 8.58B 86.58A 53.28A 54.33A

H7CDD Total 7.84A 113.95A 47.09A 59.81A 8.65B 131.40A 54.14AB 68.98A

OCDD 11.07B 138.55AB 169.36A 111.79AB 12.20B 155.42A 199.71A 144.88A

2378-TCDF 0.11A 0.14A 0.16A 0.21A O009A 0.12A 0.19A 0.20A

TCDF Total 1.00A 0.28A 0.18A 1.35A 0.61A 0.21A 0.33A 0.91A

23478-PCDF 1.48A 4.18A 2.53A 4.19A 1.29B 4.55A 2.73AB 4.11A

PCDF Total 1.74A 6.SOA 2.51A 6.34A 1.47B 6.56A 3.12AB 5.87A

123478-H6CDF 1.45A 6.55A 7.17A 7.1 OA 1.42B 8.24A 8.48A 8.25A

I 234678-H6CDF O.90A 1.95A 1.42A 1.07A 0.92A 2.14A 0.67A 1.24A

123678-H6CDF 0.62A 1.51A 1.27A 1.32A 0.61 A 1.81A 1.41A 1.50A

I H6CDF Total 3.25A 10.80A 10.38A 11.59A 3.30B 13.06A 11.5_AB 12.76A

1234678-H7CDF 1.47A 14.95A 19.99A 13.30A 1.63B 15.27A 27.21 A 17.21A

I H7CDF Total 1.53A 17.46A 20.17A 13.99A 1.69B 17.77A 27.37A 17.90A

OCDF 0.39A 3.96A 5.45A 2.11A 0.39B 3.34AB 5.58A 3.36AB

* [Total TEQa J 3.90B 18.12A 24.28A 2.03A 3.5B 19.79A 22.37A 27.94A
One-way ANOVA, General Linear Models Procedure, Tukey's Studentized Range Test, Alpha = 0.05. Males and males +U females tested separately. Rows of these categories sharing same letter are not significantly different.

NOTE: 3478-H6CDD, 12378-PCDF, and 123789-H6CDF were detected (>0,10 ppt) in less than 50% of the samples
(geometric means not presented and statistical tests not performed). Totals in bold.

I a Total TEQ based on Safe (1990,1994), and includes PCB congeners in Table 5.
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Table 7. Geometric mean heavy metal concentrations (ppm, dw) in livers and kidneys for male and male + female
(combined) river otters collected In the Reference Area (all age classes combieod) and Lowoe Columbia Rlver (0,1,2 -
age classes).

Males Males + Females

Age Class Ref. 0 1 2+ Ref. 0 1 2+

Livers (n)2bt 5 6 6 9 6 7 9 14

Moisture (%) 70.33A 70.51 A 70.41A 69.92A 70|2A 70.29A 70.6A 70.26A

Cadmium 0.07AB 0.03B 0.16A 0.15A 0.078 0.03B 0.16A 0.17A

Chromium 0.07A 0.19A 0.12A 0.16A 0.13A 0.28A 0.17A 0.15A

Copper 26.77A 31.37A 21.44A 25.07A 28.22A 29.05A 25.18A 28.01A

Iron 971A 745A 1013A 1025A 1015A 733A 1053A 1043A

Manganese 7.38A 6.81A 7.46A 6.54A 7.16A 6.77A 7.47A 6.83A

Zinc 79.29A 70.56AB 70.95AB 60.95B 76.51 A 70.39A 7101 A 64.75A

Mercury 5.60A 3.62A 3.34A 3.46A 5.38A 3.65A 3.33A 3.39A

Vanadium 0.66A 0.67A 0.70A 0.66A 0.64A 0.63A 0.70A 0.67A

Kidneys(n)d e _ 5 6 6 9 6 7 9 14

Moisture (%) 70.51A 71.73A 72.40A 70.92A 71.09A 72.01A 72.47A 71.24A

Cadmium 0.74AB 0.301 2.01A 2.12A 0.668 0.328 1.89A 2.27A

Chromium 2.24A 1.49A 1.40A 1.36A 3.09A 1.30A 1.57A 1.12A

Copper 34.65A 31.87A 36.82A 38.15A 38.42A 34.18A 39.50A 35.32A

Iron 573A 567A 612A 600A 607A 567A 599A 594A

Manganese 3.34A 2.47A 2.60A 2.45A 3.38A 2.47A 2.76A 2.51A

Nickel 1.91A 0.69A 0.92A 0.87A 2.13A 0.58B1 0.91AB 0.77AB

Zinc 60.33A 56.19A 59.94A 54.02A 60.88A 56.03A 60.32A 56.29A

Vanadium 0.76A 0.63A 0.62A 0.76A 0.76A 0.64A 0.63A 0.67A

One way ANOVA, General Linear Models Procedure, Tukey's Studentized Range Test, Alpha 0.05. Males and males +
females tested separately. Rows of these categories showing same letter are not significantly different.

a Aluminum found in livers (above detection limit, 0.90 ppm) of 3 animals from Lower Columbia River (Nos. 1,11,24)
0.91 ppm, 1.21 ppm, 1.77 ppm, respectively.

b Nickel found in livers (above detection limit, 0.44 ppm) of 3 animals from Lower Columbia River (Nos. 4,12,24)
0.72 ppm, 0.92 ppm, and 1.22 ppm, respectively and 1 animal from Reference Area (No. 26) 1.00 ppm.

C No detection of lead in livers (detection limit, 0.47 ppm).

d Aluminum found in kidney (above detection limit, 0.90 ppm) of 4 animals from Lower Columbia River (Nos. 1,2,16,
38) 0.98 ppm, 1.28, 0.94,1.83 ppm, respectively.

Lead found in kidney (above detection limit, 0.47 ppm) of 9 animals from Lower Columbia River (Nos.
3,9,12,1418,35,36,37,38) 0.65 ppm, 0.52 ppm, 0.53 ppm, 0.57 ppm, 0.61 ppm, 0.58 ppm, 1.63 ppm, 0.69 ppm,
0.48 ppm, respectively.
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Table 8. Organochlorine insecticide residues concentrations (ppb, ww) in livers
of male and female mink collected from the Lower Columbia River and a
Reference Area.

Reference Area Lower Columbia River

Sex Male Female Male Female

n 2 2 1 1

Age (years) 2,2a 5,1a 3 2

Sample No. MK 39 MK 40 MK 30 MK 31

Lipid (%) 4.81 4.38 5.14 3.18

Moisture (%) 70.88 70.86 71.89 73.69

Pentachlorobenzene ND ND 0.53 ND

Hexachlorobenzene 0.73 0.44 2.13 0.58

Octachlorostyrene 0.13 ND 0.55 0.20

Trans-nonachlor 0.10 0.12 0.67 ND

p,p'-DDE 281.59 1459 151.72 47.41

Photo-mirex 1.17 ND 0.52 0.23

Mirex 1.27 ND 1.49 0.68

P-Hexachlorocyclohexane 0.08 0.12 ND 0.10

Oxychlordane 26.27 3.71 58.37 36.84

3Qjs-chlordane ND 0.08 ND ND

p,p'-DDD 1.22 0.59 6.56 2.83

3CLis-nonachlor ND 0.08 ND ND

Heptachlor epoxide 0.32 0.08 2.30 0.43

Dieldrin 3.30 0.81 33.69 8.40

Note: alpha HCH, gamma-HCH, trans-chlordane, and p,p'-DDT were not detected.

a Two animals of the same sex were pooled for residue analysis.
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Table 9. Polychlorinated biphenyl (congener specific and estimated total)
residue concentrations (ppb, ww) in livers of male and female mink collected
from the Lower Columbia River and a Reference Area.

Reference Area Lower Columbia River

Sex Male Female Male Female

n 2 2 1 1

Age (years) 2,2a 5,1a 3 2

Sample No. MK 39 MK 40 MK 30 MK 31

PCB 28 0.14 ND 0.51 ND

PCB 52 ND ND ND 0.29

PCB 44 0.39 0.17 1.22 ND

PCB 74 0.74 ND 3.05 0.62

PCB 66/95 0.21 ND 1.16 0.46

PCB 60 0.49 ND 3.84 0.89

PCB 101 0.26 ND 2.08 0.60

PCB 99 4.56 0,18 19.96 5.69

PCB 87 0.21 ND 0.81 0.35

PCB 110 ND ND ND 0.14

PCB 118 7.09 0.84 21.73 6.10

PCB 146 2.73 0.20 10.50 2,60

PCB 153 23.97 4.83 59.49 21.49

PCB 105 1.74 ND 5.28 1.77

PCB 138 29.72 4.90 109.30 28.93

PCB 158 0.68 ND 1.82 0.66

PCB 129 0.38 ND 1.22 0.38

PCB 182/187 ND 1.40 67.16 23.34

PCB 183 2.29 0.37 6.20 3.07

PCB 185 ND ND 8.74 1.79
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Table 9. (continued).

Sample No. MK 39 MK 40 MK 30 MK 31

PCB 171 1.48 0.36 7.85 1.60

PCB 200 0.38 ND 1.79 0.33

PCB 172 0.16 ND 0,81 0.25

PCB 180 19.95 11.70 98.46 22.48

PCB 170/190 8.59 4.12 47.93 9.21

PCB 201 3.47 0.46 16.99 5.57

PCB 203 2.64 0.64 8.77 3.88

PCB 195 1.34 0.45 6.26 1.51

PCB 194 2.89 2.35 20.18 3.61

PCB 206 2.29 1.14 15.78 3.41

SPCBs 118.83 34.11 548.87 151.02

Aroclor 1254:1260 401.66 66.25 1477.02 390.99

Aroclor 1260 174.99 102.67 863.66 197.19

Note: PCB 31, PC0 49, PCB 42, PCB 64, PCB 70, PCB097, PCD 151, PCB 149, PCB
141, and PCB 174 were not detected.

a Two animals of the same sex were pooled for residue analysis.

I~~~~~~~~~~~~~~~~~~~~ ......
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Table 10. Co-planar PCBs, dioxin and furan concentrations (ppt, ww) in livers
of male and female mink collected from the Lower Columbia River and a
Reference Area.

Lower Columbia
Reference Area Rivera

Sex Male Female Female

n 2 2 1

Age (years) 252 1 2

Sample No. MK 39 MK 40 MK 31

Lipid (%) 4.81 4.38 3.18

Moisture (%) 70.88 70.86 73.69

PCB77 0.80 0.60 2.20

PCB 81 0.40 ND 0.70

PCB 126 58.60 6.40 56.50

PCB 169 8.70 1.60 2.30

2378-TC.DD ND ND 0.19

TCDD Total ND ND 0.19

12378-PCDD ND ND ND

PCDD Total ND ND ND

123478-H6CDD ND ND 1.23

123678-H6CDD 2.77 ND 6.84

123789-H6CDD ND ND 0.80

H6CDD Total 2.77 ND 8.87

1234678-H7CDD 2.07 3.11 35.25

H7CDD Total 2.07 3.11 35.25

OCDD 3.22 13.37 66.95

2378-TCDF ND ND 0.30

TCDF Total ND ND 0.30
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Table 10. (continued).

12378-PCDF ND ND ND

23478-PCDF 2.86 ND 6.24

PCDF Total 2.86 ND 6.24

123478-H6CDF 0.23 ND 1.17

234678-H6CDF 0.90 0.66 2.09

123678-H6CDF 0.36 ND 1.55

123789-H6CDF ND ND 0.04

H6CDF Total 1.51 0.66 5.16

1234678-H7CDF 0.21 1.08 0.52

H7CDF Total 0.21 1.16 0.66

OCDF 0.22 ND 1.15

ND = not detected (detection limit, 0.10 ppt), totals are bold.

Another mink (MK 30) from Lower Columbia River did not have adequate
amount of liver for this analysis.

b Two animals of the same sex were pooled for residue analysis.

Exhibit 15



Table 11. Heavy metal residue concentrations (ppm, dw) in livers and kidneys of male and female mink
collected from the Lower Columbia River and a Reference Area.

Reference Area Lower Columbia River

Sex Male Female Male Female

n 2 2 1 1

Age (years) 2,2' Sy1 3 2

Sample No. MK39 MK40 MK30 MK31

Liver _

Moisture (%) 70.88 70.86 71.89 73.69

Cadmium 0.04 0.09 0.08 0.06

Chromium ND 0.15 0.35 ND

Copper 16.32 30.69 12.63 25.83

Iron 992 1368 904 1215

Mercury 3.42 0.86 1.95 2.21

Manganese 6.49 8.73 4.29 4.77

Vanadium 0.58 0.82 0.47 0.76

Zinc 106.1 91.7 81.6 84.5

Kidney

Moisture (%) 72.70 67.51 71.25 68.89

Aluminum ND ND ND 1.55

Cadmium 0.15 0.10 0.44 0.34

Chromium 0.52 0.33 0.32 0.24

Copper 26.49 24.24 19.18 24.93

Iron 519 466 470 654

Lead ND 0.63 ND ND

Manganese 2.99 2.53 3.11 3.39

Nickel 0.82 0.52 2.77 4.82

Vanadium 1.14 0.66 0.98 0.64

Zinc 64.7 45.7 68.7 59.8
NOTE: Aluminum (detection limit, 0.90 ppm), lead (0.47 ppm), and nickel (0.44 ppm) in liver were not:
detected.

a Two animals of the same sex were pooled for residue analysis.
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- - a a a a a a a a a - - - - -- a
Table 12. Organochlorine insecticide and metabolite residue concentrations (ppb, lw) in pools of river otter scats from the Lower Columbia River and Reference
Areas*.

River Mile % %
Lipid Moisture HCB OCS TRNO DDE MIREX yHCH OXY TRCH CICH DDD CINO DDT HE, Dieldrin

RM 134 0.37 60.20 273 nd 274 6095 nd nd 351 17 47 285 85 nd 69 132

RM 87- 0.35 7.15 209 29 585 9230 42 22 1388 69 224 765 339 nd 200 561
108

RM 63-69 0.37 33.81 281 29 465 6942 40 nd 517 16 39 168 91 nd 110 321

RM 28-33 0.23 68.57 222 nd 211 2457 75 36 724 20 79 122 nd nd 128 253

RM 27b 0.70 57.64 131 nd 95 1290 nd nd 214 7 16 72 35 nd 39 106
RM27(Adj.b - - (151) (nd) (101) (1352) (nd) (nd) (242) (7) (17) (74) (35) (nd) (43) (119)

Reference Areas

VWzard Falls, 1.52 52.53 23 nd 62 644 13 nd 36 4 13 71 41 nd 7 21
OR

Clearwater 0.91 22.31 53 nd 69 1371 nd nd 134 6 7 55 32 5 31 69
River, IDc

Note: HCB = hexachlorobenzene, OCS = octachlorostyrene, TRNO = trans-nonachlor, yHCH = gamma hexachlorocyclohexane, OXY = oxychlordane,
TRCH = trans-chlordane, CICH = cis-chlordane, CINO = cis-nonochlor, HE = heptachlor epoxide, TCB = tetrochlorobenzene, QC3 =
pentachlorobenzene.

A 1,2,4,5-TCB; 1,2,3,4-TCB; QCB; photo-mirex; alpha-HCH; and beta-HCH; and beta-HCH were not detected.

b Scat from Bear River in coastal Washington was included by error with the scat from RM 27. It amounted to 18.2% of the sample. The adjusted
estimate assumes residue concentrations in the Bear River comnponent of the sample were equal to the Reference Area concentrations.

Arithmetic mean for % lipid and % moisture (n=3); geometric mean for residue concentrations.
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Table 13. This is a large table placed in a packet in the back of the report.

I
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l-- JI- - - --l- -- - -m m
Table 13. Congener specific PCB concentratons (ppb, Iw) in pools of river otter scats from the Lower Columbia River and Reference Areas.

PC3 Congeners'

Lower Columbia River
RiverMile % Lipid % Moisture 52 49 44 74 70 66195 60 101 99 97 87 110 151 149 118 146 153 105

RM134 0.37 60.20 88 60 47 nd nd 68 60 184 1086 nd 72 111 nd 141 168 180 2374 nd

RM 87-108 0.35 7.15 278 166 58 115 141 261 376 533 1956 92 215 286 152 331 621 542 4444 221

RM 83-69 0.37 33.81 142 82 nd nd nd 61 127 233 1728 nd 87 92 nd 92 219 329 3431 nd

RM28-33 0.23 68.57 nd nd nd nd nd nd nd 116 779 nd nd 74 nd 61 154 132 1498 nd

RM 27 0.70 57.64 63 24 nd nd nd 33 nd 54 390 nd nd 32 nd 29 84 68 778 nd
RM 27(Adj.)' - - (68) (28) (nd) (nd) (nd) (35) (nd) (46) (429) (nd) (nd) (26) (nd) (18) (84) (75) (850) (nd)

Reference Areas

Wizard Falls, OR 1.52 52.53 20 nd 18 14 20 29 46 87 85 17 27 60 29 88 63 34 231 nd

Clearwater, ID' 0.91 22.31 60 9 27 nd nd 16 nd 95 336 nd 42 59 nd 66 86 40 674 nd

PCB Conoeners'

Lower Columbia River Aroclor Aroclor
RiverMile 141 138 158 129 1821187 183 174 171 200 172 180 170/190 201 203 195 194 206 77 EPCBs 1254:1260 1260

RMf134 25 2372 67 81 203 120 38 86 53 25 1172 572 129 86 52 162 75 nd 9937 . 32055 10280

RM 87-108 98 4181 119 139 781 388 88 256 106 76 3099 1142 415 223 138 390 120 13 22545 56495 27184

RM 63-69 42 3344 92 57 335 221 nd 123 62 39 1775 770 155 99 65 176 54 nd 14031 45186 15573

RM 28-33 nd 1421 nd nd 142 53 nd 50 nd nd 759 343 43 39 nd 82 nd nd 5776 19200 6659

RMF27 nd 633 nd 22 117 43 nd 29 nd nd 326 158 33 20 13 39 14 nd 3002 8557 2863
RM27(Adj.)' (nd) (671) (nd) (25) (131) (46) (nd) (31) (nd) (nd) (353) (169) (34) (20) (14) (39) (13) (nd) (3166) (9077) (3101)

Reference Areas

WizardFalls,OR 20 220 nd 11 69 26 23 .17 11 9 129 54 30 17 11 27 30 nd 1576 2966 1133

Clearwater, ID' nd 696 nd nd 36 32 15 27 nd nd 276 160 28 19 nd 54 6 nd 2929 9408 2423

a PCB31, PCB2O, PCB42, PCB64; PCB185, PCB125andPCB169waerntidetected.

b Seat from Bear River In coastal vvasfinston wes incuded by error with the rcat from RM 27. It amounted te 18.2% of the sample. The adjusted estimate assumes residue onoentrabons in the Bear River component of the sample were equal to the Reemnenoe
Are conoentrntions.

o Anthmetic mean tar % lipid and % morstore (n=S); ge e.n.rir meon for reidue noenerotions.
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Table 14. Dioxin, furan, and co-planar PCB residue concentrations (ppt, Iw) in a pool
of river otter scats from River Mile 87-108 along the Lower Columbia River.

__ 1 1 _ 2378- TCDD
% Lipid PCB 77 PCB 81 PCB 126 PCB 169 TCDD Total

0.35 39.80 1.10 13.60 2.42 ND ND

12378- PCDD 123478- 123678- 123789- H6CDD 1234678-
PCDD Total H6CDD H600D K6CDD Total H7CDD

ND ND 0.15 2.47 ND 6.84 58.80

H7CDD 2 2378- TCDF 12378- 23478- PCDF
Total OCDD TCDF Total PCDF PCDF Total

93.48 552.00 3.73 7.80 ND 1.42 3.55

123478- 234678- 123678- 1123789- H6CDF 1234678- H7CDF
H6CDF H6CDF H6CDF H6CDF Total H7CDF Total

0.62 0.94 0.22 0.27 8.87 4.18 11.06

OCDF

ND= Not detectable
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Table 15. A comparison of body and organ measurements (arithmetic mean) for river otter males of different age classesI (O01,2+) In the Lower Columbia River aloia anid Including two age classes (O and 2+) fromn a Rererence Area.

Only Columbia River Columbia River + Reference Area &

I Age Class 0 1 2+ Ref 0 0 1 2+ Ref 2+

n 6 6 9 2 6 6 9 3

I Carcass (kg) 7.27B 8.66A 9.83A 7.40B 7.27B 8.66AB 9.83A 8.95AB

Total length (cm) 110.45A 121.30A 11 6.33A 115.OOA 11 0.45A 121.30A 116.33A 112.17A

I Tail length (cm) 45.25A 45.50A 46.77A 47.25A 45.25A 46.77A 45.50A 44.17A

Messentary fat (g) 18.47A 23.55A 30.28A 18.85B 18.47B 23.55AB 30.28AB 42.23A

I Thymus (g) 13.90A 9.43A 8.86A 5.2OAB 13.90A 9.43AB 8.86AB 4.13B

Lungs (g) 174.07B 205.38AB 234.08A 182.80A 174.07A 205.38A 234.08A 200.43A

Liver (g) 478.32A 575.45A 624.24A 421.90A 478.32A 575.45A 624.24A 596.03A

Spleen (g) 47.32A 48.50A 56.39A 38.15A 47.32A 48.50A 56.39A 43.70A

I Pancreas (g) 35.02A 38.23A 44.61A 34.858 35.02B 38.23AB 44.61AB 52.90A

Testes (g) 4.30B 26.62A 39.31A 21.10AB 4.301 26.62AB 39.31A 40.13A

Thyroids (g) 0.77A 0.74A 0.81A 0.62A 0.77A 0.74A 0.81A 0.65A

Kidneys (g) 97.65A 97.77A 124.27A 92.1 OA 97.65A 97.77A 124.27A 111.43A

I Adrenals (g) 1.02A 1.26A 1.30A 1.O1A 1.02A 1.26A 1.30A 1.06A

Baculumr

I length (cm) 8.30B 9.82A 9.80A 9.52A 8.30B 9.82A 9.80A 9.52A

weight (g) 2.62B 6.18A 7.OBA 5.82A 2.62B 6.18A 7.08A 6.48A

I Note: For testes, thyroid, kidney, and adrenal, the values are the combined weight of left and right.

I

I
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Table 16. A comparison of body and organ measurements of male
river otter (age class 0) between six river otter from the Lower
Columbia River and two from a Reference Area.

Columbia River Reference Area
Category Mean (Range) No. 28 No. 29

Carcass (kg) 7.27 (6.12-8.39) 7.06 7.74

Total length (cm) 110.5 (104.8-114.6) 115.9 114.1

Tail length (cm) 45.3 (40.0-48.3) 46.7 47.8

Messentary fat (g) 18.5 (14.3-25.5) 20.6 17.1

Thymus (g) 13.9 (7.4-23.3) 4.9 5.5

Lung (g) 174.1 (106.4-215.1) 185.0 '180.6

Liver (g) 478.3 (353.6-569.3) 443.0 400.8

Spleen (g) 47.3 (21.0-94.7) 34.8 41.5

Pancreas (g) 35.0 (26.3-47.6) 34.6 35.1

Testes (g) 4.3 (2.8-6.9) 12.9 29.3

Thyroids (g) 0.77 (0.35-0.97) 0.62 0.62

Kidneys (g) 97.7 (71.1-132.1) 92.9 91.3

Adrenals (g) 1.02 (0.74-1.45) 0.97 1.05

Baculum
length (cm) 8.30 (7.42-9.14) 9.58 9.46

weight (g) 2.62 (1.92-4.03) 5.79 5.85

Note: For testes, thyroid, kidney, and adrenal, the values are the combined
weight of left and right.
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UTable 17. Correlation matrix between OC insecticides and their metabolites, PCB congeners, dioxins, and furans found in
the 1994-95 trapping season (113<Q.O5, a*P<0g 1j #P<o.aoi, ##P<O.OOO1).- - _-= - -

Trans- Oxy- Cis- Cia- POs POD P08 FOB PCB P08 POB
118 006 nonachlo DOE Mirex clilcrdana dilmfdana ODD nadlor Heptachio DiI&drn 28 52 49 44 74 70 66/5

* ______ _______ 0.890

* r-an-s-Nonsacor- - W -- ____-- 

5 0~~~.68 0.479 _ _ _ _ _ _

-0.405 0.300 0.704 ___

I y - - - - - - - ----N

0.673 0.617 0.860 0.473 0.708

0.398 0.180 0.776 0.582 0.645 0.649 ___

______________0.836 0.311 0.873 0.785 0.746 0.732 0.843 ___

'Cis-onachlo( _-- r r r r r r r -

0.486 0.279 0.819 0.709 0.638 0.714 0.771 0.897 0.863 0.963

0.043 11058 40306 -0.364 0.004 40121 -0.081 -0.262 -.1261 -0.197 -0.161 

0.366 0.249 0.6W 6 0.774 0.575 0.591 0.632 0.680 0.767 0.763 0.791 -0.225

0.307 0.247 0.498 0.584 0.533 0.515 0.655 0.727 0.617 0.581 0.669 0.064 0.843

0.17 0.17 10179 .15 0.29 0,60 D504 .36 0.34 0.54 0185 0.279 0.242 0.523 0.148 0.309

0.324 0.23 0.68 0~64 0605 .532 .713 0.82 0J4 0,52 0705 0.204 0.917 0.865 -0.108 0.220 0.475

0.238 0.213 0.568 0.823 0.478 0.426 0.545 0.676 0.599 0.405 0.521 -0.131 0.700 0.782 -0.082 0.176 0.490 0.837

0.398 0.311 0.724 0.763 0.652 0.621 0.698 0.893 0.798 0.734 0.775 -0.193 0.938 0.855 -0.076 0.209 0.41 0.9~42
r~~~nr- ~~- -,W- m #- -r-a -ua- W- -r- -r- -- r -- a--

0.641 0.541 0.768 0.63 0.770 0.830 0.630 0.800 0.757 0.767 0.755 -0.039 0.797 0.719 -0.152 0.211 0.230 0.747
#9A -r r r -rW -r - - #

0.358 0.237 0.717 0.757 0.601 0.634 0.724 0.894 0.797 0M7SS 0.789 -0.236 10.938 0.823 -0.098 10.237 0.379 0.920
* flu- - r -n -- -r vi -r# r -- r - r r-5 ~~~~~~~0.332 0.277 0Q627 0.643 0.666 0.555 0.690 0.603 0.709 0.616a 0.674 -0.152 06844 0.664 -0.043 0.231 0.573 0.927

-r r r- - r -'- -r -~~NO-r- r- 
0.164 0.106 0.551 0.54 0.411 0.301 0.656 0.686 0.660 0449 0.557 -0.270 0.626 0.581 0.050 0,295 0.626 0.734

0.342 0.283 0.744 10.773 0.615 0.512 0.735 0.841 0.795 0.693 0.707 -0.376 0.771 0.603 0.098 0.165 0.365 0.650UPCB118 - -- r -- r - --- -
0.324 0.315 0.558 0.426 0.604 0.488 0.673 0.627 11604 0.46.6 0.478 -0.148 0 .84 0.601 10.2.23 0.214 0.474 0.737

0.562 0.435 0.614 0.785 0.734 0.738 0.708 0.911 0.864 0.857 0.883 -0.179 0.899 0.782 -0.161 0.181 0.261 0.834
*pUr1- -r -rJW r# r r& -r r -r -r- - -w--r# r-W - W- -

0.591 0.518 0.767 0.687 01741 0.777 0.619 11796 0.765 0.741 0.741 -0.122 0.787 0.701 -0.14 0.130 0.247 0.750

0.487 0.337 0.675 0.490 0.616 0.758 0.684 0.805 0.726 0.713 0.748 -0.022 0.638 0.760 -0.151 0.169 0.363 0.770

0.411 0.247 0.787 11676 0.660 0.608 0.757 0.874 0.864 0.687 0.691 -0.345 01751 0.669 .0.248 0.196 0.525 0.843I -r r r -r -vi- -vi- -r -viN W- r r r N - r r- - -

0.567 0.460 0.7086 0.701 0,729 0.80 0.689 0.851 0.817 0.810 0.823 40.137 0.613 0.737t -0.168 0.161 0.263 0.771p~mn- r- -rr- rr r r r-r-- v----
0.622 0.493 0.886 0,724 0.803 0.606 0.750 0.9D0 0.884 0.64 0.854 40.168 0.842 0.754 -0.099 0.175 01318 0.806

* p~~~~~u- r -r- -r~~~S r -r- vi v- r- -Wi- - -vi- -r -- - -
U ~~~~~~~0.483 0.363 0.818 0.740 0.668 0.6B9 0,732 0.910 0.873 0.824 0.893 40.228 0.877 0.800 -0.184 0.175 0.303 0.619

0.397 0.265 0.795 0.861 0.671 0.561 0.753 0.899 0.877 0.810 0.859 -0.252 0.651 0.744 -0.166 0.164 0.291 0.837

O.808 0.401 0.194 0.809 0.731 0.705 0.728 0.880 MM8 0.612 0.839 -0.173 0.828 0.762 -0.193 0.180 0.305 0.828
.- r-- r-- -vi- r,-- - - -i- - r r r -- - - v

0.485 0.345 0.754 0.753 0.673 0.567 0.633 0.847 0.805 0,829 0.837 .0.141 0.811 0.660 0.028 0.202 0.240 0.753-
FUMMU- r I r r -i - r - -r - r r -amr-vi

11523 0.429 0.697 0.664 0.714 11733 0.689 0.825 0.752 0.753 0.770 -0.01 1 0.820 01743 -0.191 0.272 0.326 0.787
* Im - -r- -r -rN r - IT -r - r r - vi
S ~~~~~~~0.385 0.295.1 .12 0.584 0.599 0.641 0.86i 0.7688 0.794 0.853 40219 0.891 081 -0.203 0.204 0.249 0.827

* rrur- -s-- -s -r a-- -vi- -vi- -r -r-r -r -r - - - - - -NW
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-0.499 0.437 0.720 0.725 0.667 0.691 0.617 0.784 0.749 0.701 0.725 -0.132 0.751 0.718 -0.190 0.128 0.305 0.756

0.5611 0.422 0.737 0.697 0.664 0.730 0.84 0.802 0.773 0.739 0.770 -0.152 0.746 0.705 40.185 0.127 0.291 0.726
- - ~~~~-u- -r- - r -r-r r-r - -ii-- - - - - -r

0.280 0.199 0.645 0.760 0.511 0.547 0.814 0.795 0.732 0.736 0.812 -0.165 0.807 0.822 -0.260 0.188 0.315 0.1774
PCB2r- -'- # -r uar-r- r- r- r r-- T-

0.392 0.293 0.743 0.820 M.4 0.6*04 0.717 0.51 0.2 0.777 0.833 4.159 0.807 0.797 1-0.227 013 .366 0.829

0.367 I0.281 0.671 0.750 0.801 0.60 O6Wos 0.812 0.757 0.758 0.814 -0.105 0.788 (1823 40.263 0.192 as3h o.796

0.389 0.352 0.681 0.746 0.571 0.568 0.561 0.754 0.705 0.635 0.8689 -0.180 0.734 0.749 40.182 0.124 0.371 0.769

0.213 0.219 0,527 0.717 0.428 0.395 0.511 0.647 0.601 0.542 0.614 -0.141 0.631 0.697 -0.235 A0.14 0.38 0.89

* ~~~~~~~01206 0.419 0.708 0.259 0.714 0111 DIM6 017 0.159 3 4.111 -0.200 -0.0183 0.i31 0,7 0.203 0.345 4 DIM 0.30 0.22
- - - -r~~~X - ; -x -r r -rw- W

0.166 0.145 03786 0.701 0.7290 0.27 0.574 0.477 0.4897 0.381 0.871 40.135 0.839 0,737 -0.137 0.434 0.2o3 0.771
Aroc-or12-0- - -rN nr-r -r# -r-- -RMw 
* ~~~~~~~0.431 0.4374 0722 0.6785 0.667 0.691 0.617 0.784 0.751 0.6702 I0.721 -0.123 0.751 0.574 -0.901 0.198 0.299 0.709

nPrrc17 -,0 0-3 006 -. 2 .3 O 2 002 -. 3 10 -0- 20-4 - -0-7 000--.7 002 016 .9 .8 - -00

.1197 0.184 0.218 0.451 0.29016 0.1172 0.564 0.497 0.309 0.374 0.471 -0.205 0.452 04512 -00237 0A34 0.278 0.421
M1- u- -# - -N - -U ---- - - - -ON 

01214 0.334 0.920 0.649 0.319 0.115 0.272 0.74 02 7513 0.367 0.7375 -0.27 0.4452 0.746 0.014 0.150 0.295 0.709

.0.149 -0.209 0.211 04556 0.3106 -00057 03903 048 396 0 260 0.3444.9 0.584 0. 8240-0.172 0. 142 0.23 08 4 0 0.278 042

I ~~~~~~~0.018 -0.132 0.278 0.512 0.3148 0116 0.391 0.4028 0.4209 0.318 0.137 .0.207 0.417 0-41i *0.07 0.1038 0.295 0.5404

40.149 -0.206 0.211 0.272 411 -0.045 0.209 0.29 01963 0.260 0.393 -0.150 0,4WA 0.547 -0.727 0.148 0.205 0.329

-0.056 40.221 0.2041 0.2472 0.093 1 0.0164 0.2486 0350 02291 03282 0.4392 0.1314 0.551 0.5179 .. 262 0.247 0.282 03972

.0.12 IS 0.147 -0.122 -0.345 0.063 (10749 0.0572 04015 0104 -0.276 -0.255 0.288 04.26 -0.189 0.215 -0.097 0.379 -0.1792

-0.145 0.279 0.107 0.1408 0.079 0(1481 0.4 0.147 0.325 0.187 0.447 0.203 -0.5129 -0.2 -0.111 0.11 0.294 4.513

-0.018 -M0187 0.1278 05294 0.28014 0012 01228 (1236 0.420 0.058 0(1i3 40.125 0.617 0.21 05 30 0.197 0.266 .92 0.240

-0.139 -0.029 0.084 0.272 0.183 0.255 0.209 0.258 0.184 01484 0.3620 (0400 0.6106 0.472 -0.245 0.091 01419 0.629

-0.172 -00083 -00.30 04249 0.1267 (10 0 490 G2 0.5179 (1439 0.215 0.383 0.103 04905 0.591 -0.217 0,129 0.3210 ,(149

0.023 -0.035 (1217 01472 (0902 0.194 0.247 0.53M0 .2237 0.487 1 0.490 ,1 -0 0 440168 0.579 -0.262 0.110 0.262 0.5723 4.224 .0.2840.12 0. 12 147 3 4.021 -0 113077 0235 (12434 0.178 00.256 0.12220 2.34325 0.48 .9 0216 0(1258 0.097 0879 -0.179

(0203 -0.2709 13 0.30 50614 01115 02013 33 00 1 0.479 0.589 -0,014 (1645 0.699229 -0.12 00 2 8911 (1122 0.297 -0.045

0(1028 0.052 02640 0.24 04173 0.264 03493 0542 01396 0.484 (1610 -0.048 0(169 0.739 -0.287 0.115 0.219 0.623

(1135 0.010 0.18 0.314 0.026 02564 02893 0417 0431 049 0.510.9 -0.1032 (1482 050 -0.2173 O2 0.169 (101 0.434
24/- - - - - - -- -r - r --- - -- w- -

01960 -0.070 0.139 03138 (1025 02137 02867 04509 0.3889 0.479 0.500 -0.03 (14 7 0.6 5 1569 -0.181 (119 122 0 0.235 874

0.0.72 4.~048 01063 0.177 4.,0~78 0.33 (210 0Q285 026 076 (348 (1009 0,320 0.330 -0.125 (1203 (1168 0.195
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U livers (ppb, ww) of 30 river otters collected from the Lower Columbia River during

PCB PCs PCB PCO PCB PCB PCB PCB PCO PCB PCO P Cs P C8 POs PCB PCB POD PCB PCB PCB

60 101 99 87 110 151 149 118 146 153 105 141 138 158 129 1821187 183 171 200 172

I -…=== -…

06587 0,847

0.705 0.979 0.814

*0753 0.937 0131 0i34

0.648 0.700 0.474 0.637 0.679

* 0653 0885 0.695 0.876 = 0=841 0.715

U 0.562 0.775 0.630 0.756 0.776 0.550 0,717

0.841 0.924 0.931 0.893 0.798 0.647 0.802 0.636

0.615 0 833 0.965 0.771 0.704 0.543 0.725 o.581 09-35

054A9 0.853 0.83-4 0.873 0.807 0.488 0.640 0.698 0.828 0.741

0,677 0.868 0.705 0.842 0.850 0.793 0.877 0.752 0.795 0.721 0.682
-i r -r n - - r -r -r r r -

0583 08664 0.962 0.831 0.757 0.568 0.746 0.588 0.966 0.977 0.807 0.759

0.618 0.697 0.944 0.667 0.80 0.621 11799 0,648 0.93 0.942 01831 06818 0.971

0,03O904 0.827 0.872 0.804 0.700 0.782 0.692 0.950 0.843 0.800 0.781 0.890 0.919

-a- -===-- r -= =--- --a -r =- -_- -
0.691 0.887 0.765 0.869 0.778 0.689 0.858 0.661 0.916 0.798 10.677 0,7W7 0.838 0.878 0,922

-r--- - -W-- -W-- -aW- -r- - -a- -r N -a- -a- -r r-- 
0 1676 0.883 0.896 0.837 0.766 0.6,45 11819 11571 0.962 11950O 0.715 0.787 0.958 0.948 0.906 0.930

* -a-- -a- -a -a- -a- -r-- - -a-- r N a -aW-- -s -r - r r 3 0.511 0.851 0.794 0.832 0.725 0.604 0.798 0.667 0.89 0.779 01744 0.763 0.820 0.861 0,820 0.656 0.834
i-a- r-W r- -Ir r-= r-f r -rr-a- -r -r -r -r r iff W - - -

0569 0.893 0.9 0 9 0.770 0,65 0.936 0934 0.8 0.722 0.931 0.847 0,803 09 0.828
a - a r a- r. '-r-# -' - -- r - ' r - .r r

05694 0.918 0.831 0.884 0.790 0.669 0.800 0.802 0.956 0.862 10729 0.757 0.892 0,890 0.953 0.938 0.935 0.852 0.672
-a- a-1 r.924 r.931 r.693 0.7sa r r rWIX - r rr

I 
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0.639 0.825 .0.897 0.757 10.701 0.586 0.735 0.532 a.913 0.975 0.675 0.709 0.950 0103 0.848 0.831 0.963 0.758 0.904 0.587
m r o -r r w- r rr- r-

0.586 0.824 0.905 0.770 0.710 0.587 0.725 0.522 0.931 0.970 0.713 0.726 0.974 0.927 0.879 0,825 0.957 0.770 0.917 0.894
--- w- -rw -w- -uw- -r -- -w-r -ra -#r- -rW r r rx r r w -r # 

0.681 0.559 0.757 0.527 0.765 0.617 0.744 0,510 0.892 0.619 0.661 0.703 0.558 0.536 0.914 0.91 8 0.916 0.778 0.812 0.983
a-#r #- -rW- r Ng -r- -'r,- rW r-- --W- -rW- -r -W-r -r rW- rW rW- -

0.714 0.873 0.802 0.835 0.78i 0.652 0.817 0.559 0.916 0.871 0.665 0.767 0.590 0.887 0.903 0.57 0.972 I 08i1 0.840 0.940
w-n- -r -r RN -r r- r--- --- -- r R -r r r 

0.661 0.856 0.815 0.815 0.781 0.606 0.748 10.515 0.911 0.881 0.584 0.732 0.909 0.580 (558 0.904 0.95 0.790 0.862 assi1
-a-w------ -a-v m a- * m r r ra-r r-

0.701 0,625 0.785 0.754 0.712 0.608 0.738 0.553 0.662 0.890 0,617 0.698 0.860 0.826 0,650 0.847 0.922 0.725 0.517 0.899
-W- -rW -r rw a-- - r- -a#- -r -~ -r -r -aW- -- r9 -r -a- -rN

0.567 0.732 0.621 o,667 0.638 0.560 01700 0.462 0.73a5 0,749 0.465 0.597 0.718 0.884 0.750 0.815 0.540 0.530 0.688 0.832
-- -a --- - -ra- -- -r -aa- -- r -a- -a- -r-- - a a- -r - a 
0.552 0.692 0.940 0.845 0.769 0.803 0.781 0.591 0.971 0.976 0.773 0.760 0.982 0.956 0.909 0.688 0.96 0.840 0.951 0.937

-a- -a- n-~~~E a- r Wrs r -a- r a- - a- a-a- -W-a- --a- --
O5583 0.864 0.962 0.831 0.757 0.56 0.746 0.585 0.966 0.977 0.607 0.759 1.000 09171 0.80 0.636 0.958 0.320 0.952 0.893

-a--a- a- - m a- r - r a- -r -r -r rw a7- r-I- --a- -
0.839 0.825 0.597 0.757 0.701 0UN8 0.735 0.532 0.913 0.975 0.675 0.709 0.950 0.903 0.848 0.831 0.963 0.756 0.904 assi

-0,024 -0.063 -0.03.4 -0.032 0.035 -0.051 .0.023 0.144 .0.126 -0.101 0.044 0.002 -0.090 -0.027 -0.0861 -0.194 -0.169 1-0.112 -0.062 -0.203

0.163 0.256 0.120 0.252 0.74 0.073 0.192 0. 3'75 0.113 0.116 0,183 0.33 0.131 0,130 0.095 0.149 0.117 0.093 0.179 0.112

0.,441 0.466 0.292 0.485 0.579 0.641 0.533 0.402 0.397 0Q279 0.410 0.501 0.340 0.494 0.443 0.447 0407 0.426 0.366 0.395

032 0.773 01702 0.605 0.746 0.557 0.702 0.617 0.772 0.65 0.743 0.707 0.720 0.765 0.789 0.757 0.723 0,733 0.705 0.760

0.280 0.488 0.380 0.457 0.426 0.233 0.424 0.307 0.471 0.383 0.321 0.331 0.399 G.413 0.408 0.560 0.483 0.55 0.483 0.534

* 0.276 0.484 0.377 0.450 0,412 0.257 0.422 0.303 0.475 0.386 0.325 0.328 0.402 0).415 0.425 0.561 0.479 0,552 0.491 0.540

08004 0.548 0.145 0.521 0.540 0.566 0.464 0. 389 0.406 0.206 0.289 0.484 0.256 0.307 0.539 0.54 0.410 0.319 0.279 0.570

0.596 0.536 0.131 0.511 0.530 0.580 0432 0.377 0.395 0.192 0.285 DAM5 0.244 0295 0.127 0.574 0.397 0.312 0.266 0.556

0O542 0,460 0.178 ,0.470 0.448 0.439 0.495 01294 0.361 0.216 0.243 0.416 0.250 0.Q50 0.415 0.521 0.366 0.380 0.279 0.490

0504 0,447 0.211 0.448 0-432 0.369 0.327 0.173 0. 410 0.258 0.278 0,280 ,0.317 0.307 0.483 0.565 0.445 0.342 0.308 0.575

0.602 0 443 0.206 0.417 0.423 0.522 0.284 0.135 0.399 0.250 0.290 0.367 0.302 0.310 0.497 0.520 0.41B 0.290 0.271 0.535

0491 0.540 0.360 0.537 0aso7 0.420 0.399 0.229 0.557 0.404 0.432 0.347 0.472 0. 470 0.627 0.655 0.570 0.475 0.433 0.679

0.335 0.271 0.097 0.268 0.285 0.298 0.102 -0.065 0.278 0.115 0.198 0.193 0.205 0.178 0.347 0.337 0.279 0.172 0.143 0.406

U 0.389 0.277 0.077 0&309 0.318 0.255 0.122 -0.011 0.248 0.084 0.186 0.189 0.174 0.152 0.321 0.352 0.256 0.155 0.134 0.391

0.307 0.325 0.268 &321 0.345 0.317 0 .13 0.042 0.373 0.270 0.289 0.71 0.349 0.287 0.376 0.312 0.368 0.225 0.285 0.436U .0168 0232 40053 -0.263 -0.104 0.111 -0.248 -0.013 -0.184 -0.078 -0.052 -. 01 0 0.0,79 -0.076_ -G.273 -0.323 -0.182 -0.220 -0.093 -0.341

O0.64 -0,014 10.201 0.040 0.076 -0.082 0.008 0.056 0.030 0.1i3 0.266 0.107 0.143 0.137 0.022 1 0.056 0.027 0.005 0.165 -0.133

0).413 0.194 0.095 0.160 0.i9i 0.330 0.240 0.09 0.176 0.153 0.028 0.322 0.150 0.159 0.182 0.323 0.252 0.249 0.122 0.245

0. 09 0636 0.391 0.645 0.664 0.457 0.539 0.313 0.572 0.397 10.491 0.469 0.474 0.504 10.660 0.717 0.581 0.509 0.494 10.684

0.499 0.530 0.391 o.6s0 0.659 0.383 0.458 0.187 0.515 0.375 0.481 0.395 0.457 0,473 0.575 0.6239 0.524 0.479 0.474 0.584

* 0,477 0,571 0.420 0.590 0.560 0.406 0.393 0.88 0.69 0.423 0.512 0.388 0.504 0.466 0.51 0.556 0.543 0.457 0.486 0.657

0.44 0.71 _.3_0_ 6 0.359 0.363 0.280 0.248 0.249 0.073 0.157 0.251 0.117 0.168 0.346 0.472 0.284 0.255 0.148 0.406

0478 05624 0.340 0.551 0.500 0.371 0.372 0.206 0.517 0.340 0.418 0,348 0.421 0,415 0.567 0.589 0.507 0.418 0.398 0.533

0,527 0,558 0.416 0.61B 0.581 0.389 0417 0.283 0.570 0.414 0.514 0.392 0.494 0.470 0.695 0.601 0.555 0.483 0.47 DAM7

0276 0,342 01292 0.351 0.327 0.359 0.173 0.080 0. 414 0.267 0.334 0.328 0.371A 0.330 0.423- 0.330 0.372 0.281 0.284 0 454

0,295 0 340 0.275 0.353 0.333 0.351 0.171 0.072 0.39 0.267 0.32 0.323 0.354 0.313 10.413 0.330 0.362 0.266 0.271 0.450

-A1 0.160 0.131 10.179 0165 0-351 0.037 .000 027 018 0.176 0.232 0.217 0.188 0.28 0.182 0212 0,142 0.123 0.294
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I PCB PCS POD POD POD POD PODMCiB .Ndoclor POD FB PODP C PCS 2378- Total 12Z378- Total ¶23.478- 123678-
180 170S1190 201 203 195 194 206 SPOB 1254:1260 1260 77 81 126 169 TCOD TODD FOOD PCnD 1-6000 1-6000

111 IIIZ_____ _ ___

I--- == - … = == ==-__

lII' - -…_ = __=====
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Iz~zz 111111X
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0879 0,887

o.927 0 930 0.96 0.975

* 0.955 0.926 0.923 0.934 0.932
* r-- -r -r- --- -N-N-

- 0.85 808608(902 (1907 0.889(1953

0.977 0.979 10.912 0.943 0.9.49 0.924 0.818
or-n--N--r-r- w--r
05a 0.974 0.858 0.890 0.909 .0.860 0.718 0.982

1.000 0.983 0.879 0.919 0.927 0.955 0.858 0.977 MM95I -0.143 0.0093 -0.240 .0.202 -0.251 -0.144 4.,218 4.,145 -0.090 .0.143

0.125 0.127 0.137 0.i38 0.137 0.156 0.142 0. 125 0.131 0.125 .1152
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(1421 (1444 (1651 01612 (1823 0.446 0.5M03 (105 0.457 0.421 40.288 (1098 0.421 0.694 0.663 (.161 01455 0454 (1594 0.7523 0.464 0.475 0.670 (1593 0.628 0.488 (1512 0.532 0.504 0.464 -0.346 0.008 01355 01533 0,534 0.522 0.615 (1612 0.513 0.873

0-18 0.6.4 0.476 (1421 (1373 (1336 0.459 (1226 (1 117 (1187 .01278 (1273 0.172 (1206 (1413 (1407 0.878 0.675 0.496 0.508

0.395 036 0.665 0.591 (158 0.445 0.511 (1472 (1421 (1395 40.362 (1047 (1336 (1529 (1601 0.586 (1669 (1685 (1647 0.921

0.46 0.68 0699 0.828 (1646 0.508 (1551 (1538 (1494 0.483 40.320 0.037' (1378 (1675 (1566 (1555 (1638 (1632 (1571 (1908

0297 0337 (1438 (1 372 0411 (1279 (1268 (57 1371 0.297 40.156 4.077 (1298 01345 (1265 15 12 12 13 .1

I 0.282 0.321 10.441 (1373 0.413 (10274 (10269 (10345 01354 0.292 40.164 40.068 (1301 (1348 (1272 (1266 (1450 (1449 (1283 (1642

0.167 0211 (1279 0.203 0.242 (1149 (1138 0.201 0.217 (1187 40.069 40142 (14 0.8 14 0.108 0.335 01339 (1074 0.39
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Table 18. Correlation matrix between heavy metals found in livers (ppm. dw) of 30 river otters collected from the
Lower Columbia River during the 1994-95 trapping season.

Cadmium Chromium Copper Iron Manganese Mercury Vanadium

Chromium
_ _ _ ___ 0.063 . . .

Copper *

0.148 0.547 .

Iron*_

' / A, __ 0.149 -0.565 -0.717
Manganese ** ## #_

0.256 0.532 0.753 -0.671

Mercury
0.019 0,284 0.185 -0.295 0.230

Vanadium *
0.074 0.026 0.366 -0.150 0.301 0.009

Zinc = 
-0.090 0.346 0.323 -0.216 0.564 0.147 0.237

Significance: * - PsO.05, ^* = P!0.011, # = PO.001, # = Ps0.0001

Table 19. Correlation matrix between heavy metals found in kidneys (ppm, dw) of 30 river otters collected from the
Lower Columbia River during the 1994-95 trapping season.

Cadmium Chromium Copper Iron Manganese Nickel Vanadium

Chromium
0.070

Copper __

0.227 0.806

Iron
0.033 -0.031 -0.082

Manganese3_ 0.253 0.241 0.334 0.289

Nickel
0.271 0.496 0.292 0.221 0.140

Vanadium **

0.095 -0.464 -0.342 0.535 0.258 0.060

Zinc *

0.208 0.197 O.344 0.412 0 .0 730 0.206 0.343

Significance: * = Ps0.05,' = PsO.01, # = Po.oo1, ## = PAo.0001
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Table 20. Linear regression (probability of F) for age class 0 liver oiler between cotilamilnants
(log,) and testes weight, baculum weight and baculum length.

testes wt. bac wt. bac Ig.

Contaminant (a 1 6 8 8

Hexachlorobenzene NS NS NS

Octachlorostyrene NS NS NS

Trans-nonachlor -0.04 NS NS

pp'-DDE NS NS NS

Mirex -0.007 -0.02 NS

Oxychlordane -0.05 NS NS

Cis-chlordane NS NS NS

p,p-DDD -0.03 -0.03 -0.05

Cis-nonachlor NS NS NS

Heptachlor epoxide -0.005 NS NS

Dieldrin -0.01 NS NS

PCB 28 NS NS NS

PCB 52 -0.01 -0.01 -0.03

PC8 49 NS -0.01 -0.04

PCB 44 -0.01 -0.002 -0.04

PCB 74 -0.03 -0.0009 -0.03

PCB 70 NS NB NS

PCB 66/95 NB -0.006 -0.02

PCB 60 NS NS NS

PCB 101 -0.001 -O.Q02 -0.02

PCO 99 -0.0008 -0.03 NS

PC3 87 -0.03 -0.0005 -0.01

PCB 110 -0.04 -0.0001 -0.007

PCO 151 NS -0.05 NS

PCB 149 -0.0001 -0.01 -0.04

PCB 118 -0.003 -0,001 -0.03

PCB 146 -0.0002. -0.01 -0.05

PCB 153 -0.001 -0.006 -0.05
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Table 20. (confinued).

PCB 105 -0.0008 -0.02 NS

PCB 141 NS -0.003 -0.003

PGB 138 -0.001 -0.007 -0.05

PCB 158 -0.03 -0.002 -0.02

PCB 129 -0.001 -0.02 -0.05

PCB 182/187 -0.0005 -0.02 NS

PCB 183 -0.001 -0.007 -0.05

PCB 171 -0.03 -0.04 NS

PCB 200 NS -0.008 NS

PCB 172 -0.007 -0.009 -0.04

PCB 180 -0.03 -0.01 NS

PCB-170/190 -0.02 -0.01 NS

PCB 201 -0.03 -0.02 NS

PCB 203 -0.02 -0.02 NS

PCB 195 -0.02 -0.009 NS

PCB 194 NS NS NS

PCB 206 NS NS NS

S PCB -0.004 -0.01 NS

Aroclor 1254:1260 -0.001 -0.007 -0.05

Aroclor 1260 -0.03 -0.01 NS

PCB 77 NS NS NS

PCB 81 NS NS NS

PCB 126 -0.04 -0.01 -0.05

P0B 169 NS NS NS

2378-TCDD NS NS NS

TCODD Total NS NS NS

12378-PCDD NS NS NS

PCDD Total NS NS NS

1 23678-H6CDD NS NS NS

123789-H6CDD NS NS NS
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Table 20. (continued).

H6C00 Total NS NS NS

1234678-H7CDD NS -0.05 NS

H7CDD Total NS NS NS

OCDD NS -0.009 -0,009

2378-TCDF NS NS NS

. TCDF Total NS NS NS

23478-PCDF -0.01 NS NS

PCDF Total -0.04 NS NS

123478-H6CDF NS NS NS

234678-H6CDF NS NS NS

123678-H6CDF NS NS NS

H6CDF Total NS NS NS

1234678-H7CDF NS -0.03 -0.006

H7CDF Total NS -0.03 -0.007

OCDF NS NS -0.04

Total TEQ[ NS -0.03 NS

Cadmium (liver) NS NS NS

Cadmium (kidney) NS NS NS

Copper (liver) NS NS NS

Copper (kidney) NS NS NS

Chromium (liver) NS NS -0.02

Chromium (kidney) NS NS NS

Iron (liver) NS +0.04 +0.02

Iron (kidney) NS NS NS

Manganese (liver) NS NS NS

Manganese (kidney) NS NS NS

Zinc (liver) NS NS NS

Zinc (kidney) NS NS NS

Mercury (liver) NS NS NS

Vanadium (liver) NS NS NS

Vanadium (kidney) NS +0.05 NS

Nickel (kidney) NS NS NS
NS = Not Significant P>0.05

= Total TEQ based on Safe (1990, 1994).
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Table 21. Multiple regression (probability of T) for age class 0 river otter between capture date
and contaminalnts (IoUO) and tOstes weight, baculum weight, baculum length.1

testes wt. baculum wt. baculum length
Contaminant Date Residue Date Residue Date Residue

Hexachlorobenzene NS NS NS NS NS NS

Octachlorostyrene NS NS NS NS NS NS

Trans-nonachlor NS NS NS NS NS NS

p,p'-DDE NS NS +0.01 -0.007 NS -0.04

Mirex NS NS NS -0.03 NS NS

Oxychiordane NS NB NS NS NS NS

Cis-chlordane NS NS NS -0.04 NS NS

pp'-DDD NB NS +0.03 -0.006 NS. -0.03

Cis-nonachlor NS NS NS -0.05 NS NS

Heptachlor epoxide NS -0.02 NS NS NS NS

Dieldrin NS NS +0.03 -0.02 NS -0.05

PCB28 NS NS NS NS NS NS

PCB 52 NS NS NS -0.005 NS -0.03

PCB 49 NS NS NS -0.01 NS NS

PCB44 NS NS NS -0.009 NS NS

PCB 74 NS NS NS -0.003 NS NS

PCB70 NS NS NS NS NS NS

PCB 66195 NS NS NS -0.005 NS -0.03

PCB60 NS NS NS NS NS NS

PCB 101 NS -0.005 NS' -0.002 NS -0.04

PCB 99 NS -0.01 NS -0.03 NS NS

PCB 87 NS NS +0.02 -0.0002 NS -0.02

PCB 110 NS NS +0.05 -0.0001 NS -0.02

PCB 151 NS NS NS -0.05 NS NS

PCB 149 NS -0.0009 +0.02 -0.002 NS -0.04

PCB 118 NS -0.02 NS -0.005 NS NS

PCB 146 NS -0.001 NS -0.004 NS -0.05

PCB 153 NS -0.005 NS -0.005 NS NS

PC8 105 NS -0.009 NS -0.04 NS NS

PCB 141 NS NS NS -0.004 NS -0.006

PCB 138 NS -0.003 NS -0.004 NS NS
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'l'nlihj 21. (colfliovde).

PCB 158 NS NS NS -0.002 NS -0.04

PCB 129 NS -0.02 NS -0.008 NS -0.05

PCB 1821187 NS -0.002 +0.004 -0.0005 NS -0.03

PCB 183 NS -0.004 +0.02 -0.001 NS -0.04

PCB 171 NS NS NS -0,02 NS NS

PCB 200 NS NS NS -0.008 NS NS

PCB 172 NS -0.02 +0.002 -0.0002 NS -0.02

PCB 180 NS NS +0.03 -0.004 NS NS

PCB 170/190 NS NS +0.03 -0.003 NS NS

PCB 201 NS NS +0.004 -0.0006 NS -0.04

PCB 203 NS NS +0.004 -0.0005 NS -0.04

PCS 195 NS NS +0.008 -0.0006 NS -0.05

PC8 194 NS NS +0.02 -0.01 NS NS

PCB 206 NS NS +0.01 -0.008 NS NS

S PCB NS -0.02 +0.03 -0.003 NS NS

Aroclor 1254:1260 NS -0.003 NS -0.004 NS NS

Aroclor 1260 NS NS +0.03 -0.004 NS NS

PCB 77 NS NS NS NS NS NS

PCB 81 -o.o5 -0.04 NS NS NS NS

PCB 126 NS NS +0.008 -0.001 NS NS

PCB 169 NS NS NS NS NS NS

2378-TCDD NS NS NS NS NS NS

TCDD Total NS NS NS NS NS NS

12378-PCDD NS NS NS NS NS NS

PCRD Total NS NS NS NS NS NS

123678-H6CDD NS NS NS NS NS NS

123789-H6CDD +0.004 +0.007 NS NS NS NS

H6CDD Total NS NS NS NS NS NS

1234678-H7CDD NS NS NS -0.02 NS NS

H7CDD Total NS NS NS NS NS NS

OCD0 NS NS NS -0.004 NS -0.006

2378-TCDF NS NS NS NS NS NS

TCDF Total NS NS NS NS NS NS
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'Ti'ldo 21. (uuilinitied).

23478-PCDF NS -0.01 +0.04 -0.01 NS NS

PCDF Total NS NS NS -0.03 NS NS

123478-H6CDF NS NS +0.04 -0.02 NS NS

3 234678-H6CDF NS NS NS NS NS NS

123678-H6CDF NS NS NS NS NS NS

3HGCDF Total NS NS NS NS NS NS

1234678-H7CDF NS NS NS -0.02 +0.03 -0.001

H7CDF Total NS NS NS -0.02 +0.04 -0.002

OCDF NS NS NS NS NS NS

Total TEQ' NS NS +0.02 -0.01 NS NS

Cadmium (liver) NS NS NS NS NS NS

3_Cadmium (kidney) NS NS NS NS NS NS

Copper (liver) NS NS NS NS NS NS

Copper (kidney) NS NS NS NS NS NS

Chromium (liver) NS NS NS NS NS -0.05

Chromium (kidney) NS NS NS NS NS NS

Iron (liver) NS NS NS NS NS NS

Iron (kidney) NS NS NS NS NS NS

Manganese (liver) NS NS NS NS NS NS

Manganese (kidney) NS NS NS NS NS NS

Zinc (liver) NS NS NS NS NS NS

Zinc (kidney) NS NS NS NS NS NS

Mercury (liver) NS NS NS NS NS NS

Vanadium (liver) NS NS NS NS NS NS

Vanadium (kidney) NS NS NS NS NS NS

3 Nickel (kidney) NS NS NS NS NS NS

NS = Not Significant P>0.05.

3 Total TEQ based on Safe (1990, 1994).
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Table 22. Significant regression relationships between contaminant concentrations (log,,) in the liver of male river oiler (Reference Area and Lower
Columblia Rier combinied) and liver pninmetnrp nid spafinl waiuIti.

Contamninant IP value)

Category Liver % Lipid) Liver wt. (g) Liver wt.(g)/Carcass wt.(g) Spleen wt. (g)

Age Class 0 ln=8)

DOs

PCBs PCB206 +0.04 PC8206 +0.03

Dioxins 2378-TCDD +0.05 123678-H6COD +0.002

TCODD Total +0.002 TCDD Total +0.03 H6CDD Total +0.003

H7CDD Total +0.02

Furans TCDF Total +0.01 PCDF Total +0.02 PCOF Total +0.02 123478-H6CDF +0.05

I . 23478-PCDF +0.05 234O78-H6CDF +0.03

123678-H6C0F +0.04

H6CDF Tota 1 +0.02

Metals _ _

Total TEQ I7
Age Class I (n=6)

OCs Trans-Chlor +0.04 p,p'-DDE +0.007 p,p'-DDE +0.0008 p,p'-DDE +0.03

p,p'-DDD +0.005 p,p'-DDD +0.03 p,p0-DDD +0.04

Heptachlor epoxide +0.0005 Heptachlor epoxide +0.005 Heptachlor epoxide +0.006I _________ Dieldrin +0.003 DOeldrin +0.007 Dleldrin +0.01

Cis-Nonachlor +0.01

PCBs PC8118 +O.OS PCB99 +0.007 PCB206 +0.05 PCB99 +0.05

PCB146 +0.003 PCB146 +0.005

pCB153 +0.001 PCB153 +0.01 PCB153 +0.04

PCB138 +0.003 PCB138 +0.02 PCB138 +0.03

PCB1821187 +0.01 PCB1821187 +O.WO1

PCB183 +0.002 PCB183 +0.003 PCB183 +0.03

PCB180 +0.007 PCB180 +0.008 P0B180 +0.04

PCB1701190 +0.009 PC81701190 +0.008 PCB170M190 +0.04

3___ __ PPCB194 +0.04 PCB201 +0.02 PCB49 +0.05

SPCBs +0.004 EPCBs +0.009 EPCBs +0.03

Aroclor 1254:1260 +0.003 Aroclor 1254:1260 +0.02 Araclor 1254:1260 +0.02

Aroclor 1250 +0.007 Aroctor 126D +0.008 Aroctor 1260 +0.04

PCB44 -0.03 PCB44 -0.03 PCB44 -0.004

PCB66/95 +0.03 PCB52 +0.04

PCB60 +0.04 PCB60 +0.04

PCB8158 +O.W05 PCB158 +0.03

PCB129 +0.02 PCB129 +0.003

PCB171 +0.03 PCB171 +0.02

PCB200 +0.03
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Table 22. (continued).

3 _.____ PCB172 40.03 PCBf172 O.W7,07

PC8203 40.01 PCB203 40.005 PCB203 +0.03

PCB195 +0.01 PCB195 +0.008 PCB195 +0.02

Dioxins

Furans _ _

Total TEQ ._-

Merals Cd +0.03 Cr -0.02 Cr -0.003

Metals Cd (K) +0.05 r V -0.03

Age Class 2+ (n=12)

OCs p,p-DDE +0.03

| mHCH +0.02

PCBs PCB180 +0.04

PCB194 +0.04

PCB206 +0.02

Aroclor 1260 +0.04

Dioxins OCDD +0.01

Furans 234678-H6cDF -0.05

H7C0F Total +0.02U ________ ______________________ OCDF +0.02

[TotalTEQ I _ _ I
Metals Fe +0.007 |Zn -0.03 Zn -0.03

Mn -0.004 Mn(k) -0.02

___.__._ Crr(k) -0.008 Zn(k) -0.01.

________ NI~k) -0.03

NOTE: Organic contaminants (ww), heavy metals (dw). For heavy metals, concentrations in kidneys (k) were also evaluated (except mercury).
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alulo 23. A comiparlsol of oxpOind r'cM lvor coiin:cuiilrnloiis (pph,ww) lijn ogo I fS ilid] q I ljvr otllor jmlsnal rlIljt if lnM [miiiti I owor ( :nhi itituin
River with.observed P C concentrations. Expected PCB concentrations are based on findings for PCB 153 which is relatively stable.

Males + Females (Lower Columbia River)

PCB# Obs'O' Exp.-I" Obs"l Obs _Exp.nI_(%) ExP.NZW Obs"2" Obs#2-Exp.'22Y%)h

153 40.43 81.26 81.26 0 86.94 86.94 0

Egg - 14.53 29.20 26.75 -2.45(-8) 31.25 27.63 -3.62(-12)

118 2.95 5.93 3.26 -2.67(-42 ) 6.34 347 -2.87(-45)

146 4.38 8.80 7.25 -1.55(-18) 9.42 8.39 -1.03(-11)

138 58.94 118.46 120.67 -2.21(+2) 126.74 135.11 +9.37(+7)

182/187 14.73 29.61 15.55 -14.06+(-47) 31.68 25.92 -5.76(-18)

183 5.08 10.21 8.68 -1.53(-15) 10.92 11.11 +0.19(+2)

180 31.59 63.49 62.07 -1.42(-2) 67.93 73.72 +5.79(+9)

1701190 19.36 38.91 41.65 +2.74(+7) 41.63 47.65 +6.02(+14)

201 12.53 25.18 14.90 -10.28(-41) 26.94 19.68 -7.26(-27)

194 4.56 9.17 7.13 -2.04(-22) 9.81 9.35 -0.46(-5)

206 3.52 7.07 3.89 -3.18(-45) 7.57 5.88 -1.69(-22)

28 0.25 0.50 0.22 -0.28(-56) 0.54 0.21 -0.33(-61)

52 1.96 3.94 2.96 -0.98(-25) 4.21 3.73 -0.48(-1l)

49 0.46 0.92 1 0.53 -0.39(-42) 0.99 0.69 -0.30(-30)

44 0.80 1.61 0.75 -0.86(-53) 1.72 0.73 -0.99(-58)

74 0.78 1.57 0.31 -1.26(-80) 1.68 0.40 -1.28(-76)

70 0.15 0.30 0.12 -0.18(-60) 0.32 0.24 -0.08(-25)

66(95 0.77 1.65 0.90 -0.65(42) 1.66 1.52 -0.14(-B)

60 0.82 1.65 0.98 -0.67(-41) 1.76 1.18 -0.58(-33)

101 3.09 6.21 3.81 -2.40(-39) 6.64 4.96 -1.68(-25)

87 1.58 3.18 1.83 -1.35(-.42) 3.40 2.71 *0.69(-20)

110 1.15 2.31 1.11 -1.20(-52) 2.47 1.64 -0.83(-34)

151 0.58 1.17 0.57 -0.60(-52) 1.25 0.86 -0.39(-31)

149 1.04 2.09 1.02 -1.07(-51) 2.24 1.66 -0.58(-26)

105 2.00 4.02 2.64 -1.38(-34) 4.30 3.16 -1.14(-27)

141 0.28 0.56 0.36 -0.20(-36) 0.60 0.54 -0.06(-10)

158 1.15 2.31 2.03 -0.28(-12) 2.47 2.30 -0.17(-7)

129 1.34 2.69 1.60 -0.89(-33) 2.88 2.18 -0.70(-24)

171 1.97 3.96 2.51 -1.45(-37) 4.24 2.87 -1.37(-32)

200 1.68 3.38 2.59 -0.79(-23) 3.61 2.95 -0.66(-18)

172 0.81 1.63 1.10 -0.53(-33) 1.74 1.26 -0.48(-28)

203 4.32 8.68 5.68 -3.00(-35) 9.29 8.26 -1.03(-1 1)

105 2.23 4.48 3.02 -1.46(-33) 4.80 4.35 -.045(-9)

SPCB 244.51 491.44 434.31 -57.13(-12) 525.79 508.98 -16.81(-3)

Aroclor 1254:1260 796.34 1600.56 1630.42 +29.86(+2) 1712.45 1839.08 +126.63(+47)
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Table 23. (continued).

rAroclor 1260 |277.08 | $63,90 | 5441.50 | -12.40(-2) | 595.83 646.70 | $50.87<9

I * Expected V1' Is calculated by observation '0- x 2.0099 (the increase from the geometric mean for PCB 153 in age class 0 to age class 1.

b % (change from expected)

I s Expected N25 follows the same logic. i.e., observation '0' x 2.1504 (the increase from the geometric means for PCB 153 In ago class 0 lo age
class 2.
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Table 24. Regression equations showing the relationships between OCs in liver and fat and
PCBs in liver and fat (adjusted to lipid weight) for 30 river otter from the Lower Columbia River
plus 1 pooled Reference Area sample (n=31).

Contaminant Equation R2 Prob > F Slopes

Hexachlorobenzene Y = 47.978 + 0.376X 0.344 0.0003

Octachlorostyrene Y 5.532 + 0.619X 0.334 0.0004

Ctis-nonachlor Y = 1.237 + 1.133X 0.932 0.0001 +

I3rans-nonachlor Y = -74.332 + 2.495X 0.912 0.0001 +

pp'-DDE Y = 941.682 + 0.932X 0.947 0.0001 NS

p,p'-DDD Y -1 9.613 + 0.848X 0.988 0.0001 _

Mirex Y = 6.500 + 0.518X 0.254 0.0023

P-HCH Y = 1.413 + 0.356X 0.086 0.0599

Oxychlordane Y -95.277 + 1.177X 0.709 0.0001 NS

Cis-chlordane Y = 6.084 + 0.694X 0.978 0.0001

Tians-chlordane Y = -0.160 + 0.876X 0.981 0.0001 .

Heptachlor Epoxide Y = -1.429 + 0.B40X 0.925 0.0001

Dieldrin. Y -82.329 + 1.169X 0.961 0.0001 +

PCB28 Y =2.572 + 0.11OX 0.052 0.1150

PCB44 Y = 8.897 + 0.128X -0.010 0.4036

PC0 49 Y = -4.246 + 1.201X 0.832 0.0001 +

PCB 52 Y = -22.289 + 1.QOOX 0.991 0.0001 NS

PCB 60 - Y--4.758 + 1,261 X 0.736 0.0001 NS

PCB 64 Y -0.956 + 1.477X 0.462 0.0001 NS

PC8 66195 Y = -2.634 + 0.750X 0.950 0.0001 _

PCB 70 Y = 5.331 + 0.238X 0.068 0.0848

PCB74 Y = 13.413 + 0.685X 0.275 0.0015 NS

PCB 87 Y = -33.593 + 1.109X 0.966 0.0001 +

PCB 99 Y = -545.802 + 2.065X 0.896 0.0001 +

PCB 105 Y = 17.975 + 0.660X 0.449 0.0001 _
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Table 24. (continued)

Contaminant Equation R2 Prob > F Slope

PCO 101 Y = -66.215 + 1.447X 0.941 0.0001 +

PCB 110 Y = -16.566 + 1.225X 0.843 0.0001 +

PCB 118 Y = -27.731 + 1.431X 0.747 0.0001 +

-PCB 129 Y = -23.032 + 1.302X 0.865 0.0001 +

PCB 138 Y = -1408.418 + 1.186X 0.863 0.0001 +

PCB 141 Y -1 1. 157 + 2.11 9X 0.929 0.0001 +

PCB 146 Y -1 22.087 + 1.586X 0.898 0.0001 +

PC8 149 Y -20.772 + 1.392X 0.950 0.0001 +

PCB 151 Y = -4.081 + 0.887X 0.817 0.0001 NS

PCB 153 Y = -1 206.629 + 1.808X 0.791 0.0001 +

PCB 158 Y -11.881 + 1.378X 0.731 0.0001 +

PCB 170/1 90 Y -272.132 + 1.117X 0.680 0.0001 NS

PCB 171 Y = 28.957 + 1.613X 0.384 0.0001 NS

PCB 172 y = -30.747 + 2.188X 0.862 0.0001 +

PCs 180 Y = -897.061 + 1.898X 0.746 0.0001 +

PCB 182/187 Y = -120.212 + 0.548X 0.914 0.0001

PCB 183 Y = -136.146 + 1.374X 0.819 0.0001 +

PCB 194 Y -57.744 + 1.800X 0.693 0.0001 +

PCB 195 Y = -1 5,268 + 1.052X 0.742 0.0001 NS

PCB 200 Y = -44.204 + 1.329X 0.887 0.0001 +

PCB 201 Y = -35.099 + 0.498X 0,715 0.0001 _

PCB 203 Y = -48.491 + 1.073X 0.779 0.0001 NS

PCO 206 Y = 3.577 + 1.078X 0.681 0.0001 NS

Aroclor 1254:1260 Y = -19032.679 + 1.186X 0.863 0.0001 +

Aroclor 1260 Y -7868.965 + 1.898X 0.746 0.0001 +

SPCBS Y =-4930.492 + 1.372X 0.844 0.0001 +

Slope significantly different (P•0.05) if 2SE of slope does not overlap 1.00; - (liver has higher
concentrations), + (fat has higher concentrations), and NS (slope not significantly different from 1.00).
Note: liver (X) and fat (Y) in the equations.
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Table 25. Fish collected in 1970, 1971, 1972, 1973, 1974, 1976, 1978, 1981, and 1984 and analyzed as part of the National Contaminant Monitoring Program (after Schmitt et
al 1981, Schmitt et al. 1983, Schmitt et al. 1985, Schmitt et al 1990) and 1986 (after Anthony et al. 1993) for organochlorine contaminants (ppb vw, total carcass).

Cis- Trans- Cis- Trans- Oxy- Hepta- Toxa-
Species- DDE DDD DDT chlor chlor non non chlor chlor Endrin Dieldrin HCB a-BHC y-BHC phene PCBs

Columbia River at Cascade Locks, RM-149

1970

largescale sucker 220.0 120.0 80.0 b _ _ _ - ND' ND 10.0 - 10.0 - - 440.0

northern squawfish 1410.0 510.0 230.0 - - - - - ND ND 10.0 - 10.0 - - 2080.0

northern squawfish 930.0 340.0 180.0 - - - - - ND ND 10.0 - 10.0 - - 1410.0

1971

carp 110.0 30.0 20.0 - - - - - ND 10.0 10.0 - - - ND 130.0

carp 260.0 100.0 30.0 - - - - - ND ND 10.0 - - - ND 260.0

eargescale sucker 320.0 220.0 200.0 - - - - - ND ND 10.0 - - - ND 290.0

iargescale sucker 470.0 370.0 270.0 - - - - - ND ND 10.0 - - - ND 950.0

northern squawflsh 940.0 240.0 80.0 - - - - - ND ND 10.0 - - - ND 980.0

northern squawfish 850.0 190.0 60.0 - - - - - ND 10.0 10.0 - - - ND 830.0

1972

carp 500.0 180.0 ND - - - - - ND ND ND - - - ND 100.0

largescale sucker 470.0 380.0 240.0 - - - - - ND ND ND - - - ND 1400.0

1973

carp 230.0 ND ND - - - - - ND ND ND - - - ND ND

largescale sucker 280.0 110.0 ND ND ND ND - - - ND 800.0

largescale sucker 220.0 170.0 ND - - - - - ND ND ND - - - ND 930.0

northern squawfish 240.0 ND ND - - - - - ND ND ND - - - ND 500.0
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Table 25. (continued).

Cis- Trans- Cis- Trans- Oxy- Hepta- Toxa-

Species DDE DDD DDT chlor chior non non chlor chlor Endrin Dieldrin HCB a-BHC y-BHC phene PCBs

Columbia River at Cascade Locks, RM-149

1974

carp 320.0 120.0 ND - - - - - ND ND ND - - - ND 180.0

largescale sucker 2000.0 ND ND - - - - - ND ND ND - - - ND ND

largescale sucker 20.0 ND ND - - - - - ND ND ND - - - ND ND

northern squawfish 1200.0 280.0 ND - - - - - ND ND ND - - - ND 2600.0

1976

largescale sucker 180.0 40.0 10.0 20.0 10.0 10.0 20.0 - ND ND 10.0 10.0 70.0 10.0 ND 600.0

largescale sucker 90.0 70.0 30.0 50.0 10.0 ND ND - ND ND 10.0 10.0 70.0 20.0 ND 2800.0

northern squawrish 270.0 120.0 20.0 320.0 190.0 ND ND - ND 10.0 20.0 ND 10.0 ND 100.0 2000.0

1978

largescaie sucker 230.0 140.0 30.0 20.0 ND ND 10.0 ND ND 10.0 10.0 ND ND ND ND 240.0

largescale sucker 350.0 210.0 40.0 30.0 10.0 10.0 20.0 ND ND ND 10.0 ND 10.0 ND 100.0 400.0

northern squawfish 360.0 30.0 ND 10.0 ND 10.0 20.0 ND ND ND ND ND ND ND 100.0 800.0

1981

largescale sucker 470.0 220.0 70.0 20.0 20.0 10.0 20.0 ND ND ND 10.0 10.0 ND ND 100.0 200.0

largescale sucker 610.0 200.0 30.0 10.0 20.0 10.0 10.0 ND ND ND 10.0 10.0 10.0 ND 200.0 400.0

northern squawfish 640.0 140.0 ND 10.0 20.0 10.0 30.0 ND ND ND 10.0 ND ND ND 100.0 500.0

1984

largescale sucker 730.0 230.0 50.0 10.0 10.0 10.0 20.0 10.0 ND ND 10.0 10.0 10.0 ND 100.0 500.0

northern squawfish 660.0 120.0 ND 10.0 10.0 10.0 10.0 ND ND ND 10.0 ND ND ND 100.0 600.0
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Table 25. (continued).

Cis- Trans- Cis- Trans- Oxy- Hepta- Toxa-
Species DDE DDD DDT chlor chlor non non chior chlor Endrin Dieidrin HCB a-BHC y-BHC phene PCBs

Columbia River, RM 18-22

1986

largescale sucker 70.0 80.0 20.0 - - - - - - - - - - - - 850.0

peamouth 410.0 150.0 ND - - - - - - - - - - - - 2100.0

american shad 70.0 100.0 50.0 - - - - - - - - - - - - 380.0

northern squawfish 200.0 210.0 80.0 - - - - - - - - - - - - 1700.0

Willamette River, Oregon City, OR

1970

carp 340.0 350.0 110.0 - - - - - ND ND 70.0 - 60.0 - - 1250.0

largescale sucker 570.0 720.0 810.0 - - - - - ND ND 40.0 - 60.0 - - 2400.0

largescale sucker 640.0 770.0 440.0 - - - - - ND ND 40.0 - 40.0 - - 4580.0

1971

largescale sucker 250.0 320.0 210.0 - - - - - ND ND 10.0 - - - ND 1670.0

largescale sucker 250.0 350.0 180.0 - - - - - ND ND 20.0 - - - ND 1350.0

northern squawlish 370.0 410.0 140.0 - - - - - ND ND 10.0 - - - ND 2370.0

northern squawfish 330.0 240.0 210.0 - - - - ND ND 10.0 - - - ND 2600.0

1972

iargescate sucker 400.0 160.0 ND - - - - - ND ND 20.0 - ND 2800.0

largescale sucker 500.0 290.0 510.0 - - - - - ND ND ND - - - ND 5400.0

channel catfish 570.0 280.0 150.0 - - - - - ND ND 60.0 - - - ND 4400.0

northern squawfish 570.0 130.0 ND - - - - - ND ND 20.0 - - - ND 3000.0
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Table 25. (continued).

Cis- Trans- Cis- Trans- Oxy- Hepta- Toxa-
Species DDE DDD DDT chlor chlor non non chlor chlor Endrin Dieldrin HCB a-BHC y-BHC phene PCBs

Willamette River, Oregon City, OR

1973

carp 350.0 ND ND - - - - - ND ND ND - - - ND 200.0

largescale sucker 310.0 150.0 ND - - - - - ND ND ND - - - ND 2400.0

largescale sucker 210.0 110.0 ND - - - - - ND ND ND - - - ND 1600.0

northern squawfish 530.0 140.0 ND - - - - - ND ND ND - - - ND 2800.0

1974

carp 880.0 330.0 ND - - - - - ND ND ND - - - ND 100.0

largescale sucker 150.0 30.0 20.0 - - - - - ND ND ND - - - ND 1300.0

largescale sucker 500.0 150.0 170.0 - - - - - ND ND ND - - - ND 2700.0

northern squawfish 190.0 60.0 ND - - - - - ND ND ND - - - ND 2300.0

1976

smallmouth bass 60.0 30.0 20.0 40.0 10.0 ND ND - 10.0 ND 40.0 ND 10.0 20.0 ND 600.0

chiselmouth 70.0 70.0 ND 60.0 20.0 ND ND - ND ND 20.0 ND 160.0 20.0 ND 2300.0

chiselmouth 120.0 40.0 ND 30.0 10.0 ND 20.0 - ND ND 20.0 10.0 80.0 20.0 ND 700.0

1978

northern squawfish 420.0 ND 120.0 40.0 10.0 30.0 50.0 ND ND ND ND ND ND ND ND 830.0

chiselmouth 90.0 50.0 ND 30.0 10.0 10.0 20.0 ND ND ND 20.0 ND ND 10.0 ND 600.0

chiselmouth 90.0 60.0 ND 30.0 10M0 10.0 20.0 ND ND ND 20.0 ND ND 10.0 ND 600.0

1981

largescale sucker 150.0 50.0 10.0 20.0 10.0 10.0 30.0 ND 10.0 ND 20.0 10.0 ND ND ND 700.0
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Table 25. (continued).

Cis- Trans- Cis- Trans- Oxy- Hepta- Toxa-
Species DDE DDD DDT chlor chlor non non chior chlor Endrin Dieldrin HCB a-BHC y-BHC phene PCBs

Wiliamette River, Oregon City, OR

1981

iargescale sucker 210.0 50.0 20.0 10.0 10.0 10.0 20.0 ND ND ND 10.0 ND ND ND 100.0 1200.0

nortrnem squawfish 280.0 30.0 ND 10.0 10.0 10.0 30.0 ND ND ND 10.0 ND ND ND 100.0 800.0

1984

northern squawfish 130.0 20.0 10.0 10.0 ND 10.0 10.0 ND ND ND ND ND ND ND ND 300.0

pearmouth 30.0 10.0 10.0 10.0 ND ND 10.0 ND ND ND 10,0 ND ND ND ND 200.0

peasmouth 30.0 10.0 ND 10.0 ND ND 10.0 ND ND ND ND ND ND ND ND 100.0

NOTE: Abbreviations: DDE = p,p-DDE, DDD = p,p'-DDD, DDT = p,p'-DDT, Cis-chlor = cis-chlordane, Trans-chlor = trans-chlordane, Cis-non = cis-nonachlor,
Trans-non = trans-nonachlor, Oxy-chlor = oxychiordane, Hepta-chlor = heptachlor epoxide, HCB = hexachlorobenzene, a-BHC = alpha-benzene
hexachloride, y-BHC = gamma-benzene hexachloride.

Scientific names: largescale sucker (Catostomus macrocheilus , northern squawfish (Ptvchocheilus oregonensis), carp (Cvprinus carob), peamouth
(Mylocheilus caurinus), American shad (Alosa idissima), channel catfish (Ictalurus Punctatus , smallmouth bass (Micronterus dolomieuit, chiselmouth
(Acrocheilus alutaceus).

Each value is a composite of 3 to 5 adult specimens of a single species; 2 pools representing bottom-feeding species and 1 representative of a predator
species. Level of quantification was 10.0 ppb for organochlorine contaminants, except for toxaphene and PCBs (based on Aroclor mixtures) which was set
at 100.0 ppb.

A dash = not analyzed.

ND = not detected.
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Table 26. Fish collected in 1971, 1972,1973, 1976-77, 1978, and 1981 as part of the National
Contaminant Monitoring Program (after Walsh et AL 1977, May and McKinney 1981, Lowe et al 1985),

* ~~~and 1 _6(ftrAton _twd1986 (after Anthony et al. 1993) for heavy metal contaminants (ppm ww, total carcass).

Species' Arsenic Cadmium Copper Lead Mercury Selenium Zinc

Columbia River, RM 149

1 971

carp 0.15 0.11 _b NDc 0.05

largescale sucker 0.12 ND - 0.11 0.21

northern squawfish ND ND - ND 0.84

1972

carp 0.15 0.16 - 0.58 0.08 0.31

largescale sucker ND 0.16 - 0.10 0.23 0.14

northern squawlish 0.11 0.42 - 0.30 0.06 0.11

carp 0.12 1.80 - 0.20 0.12 0.40

1973

largescale sucker ND 0.13 - 0.32 0.32 0.13

northern squawfish ND ND - 0.24 0.85 0.20

carp 0.08 ND - 0.24 0.06 0.20

1976-77

northern squawfish ND ND - ND 0.23 -

largescale sucker 0.87 0.15 - ND 0.05 - -

1978

largescale sucker 0.42 0.06 1.3 0.23 0.05 0.43 21.4

largescale sucker 0.25 0.05 1.1 0.27 0.11 0.41 23.6

northern squawfish 0.11 0.01 0.7 0.10 1.09 0.49 18.5

:argescale sucker 0.47 0.03 0.8 0.10 0.05 0.29 17.4

largescale sucker 0.40 0.03 1.0 0.10 0.10 0.23 19.4

northern squawfish 0.10 0.02 0.8 0.10 0.37 0.17 14.2

I~~~~~~~ .
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Table 26. (continued).

Species Arsenic Cadmium Copper Lead Mercury Selenium Zinc

Willamette River, Oregon City, OR

1971

largescale sucker 0.05 ND - ND 0.28

northern squawfish ND ND - ND 1.10 - -

1972

channel catfish ND ND - 0.10 0.29 0.06 -

northern squawfish ND 0.13 - 0.20 0.04 0.04 -

largescale sucker 0.14 ND - 0.10 0.24 0.12 -

1973

largescale sucker - - 0.08 0.09 -

northern squawfish - - - - 0.65 ND -

carp - - - - 0.15 0.18 -

1976-77

smallmouth bass ND ND - 0.12 0.13

chiselmouth 1.15 0.20 - 0.85 ND,

1978

northern squawfish 0.05 0.01 0.7 0.10 0.52 0.13 23.2

chiselmouth 0.13 0.03 1.2 0.23 0.04 0.17 31.9

chiselmouth 0.16 0.03 1.6 0.54 0.03 0.14 42.2

1980

largescale sucker 0.07 0.01 0.9 0.15 0.15 0.20 22.4

largescale sucker 0.07 0.02 1.0 0.13 0.23 0.23 22.6

northern squawflsh 0.06 0.01 1.2 0.10 0.77 0.45 17.6
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Table 26. (continued).

Species Arsenic Cadmium Copper Lead Mercury Selenium Zinc

Columbia River, RM 18-22

1986

largescale sucker - 0.052 - 0.10 0.094 - -

ipeamouth - 0.061 - 0.16 0,120 - -

american shad - 0.054 - ND 0.039 - -

northern squawfish - 0.170 - ND 0.190 - -

a Each value is a composite of 3 to 5 adult specimens of a single species for the Columbia River,
RM 149 and Wilamette River sampling sites. The level of quantification for arsenic, cadmium,
copper, lead, mercury selenium and zinc were 0.05, 0.01, 0.25, 0.10, 0.01,0.051 and 1.0 ppm (ww,
whole carcass). A composite of 2 to 4 fish were collected for the Columbia River, RM 18-22, with
the level of quantification for cadmium, lead, and mercury at 0.01, 0.08, and 0.03 ppm (ww, whole
carcsss).

b A dash = not analyzed.

c ND =not detected.
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Table 27. The harvest of mink and river otter along the Lower Columbia River during the 1994-95 trapping
season together with July 1994 population estimates (minimum) and March 1995 river otter population
estimates based on trapper information.

Side of River

Oregon Washington _ _

River Mile Suitability Index Suitability Index River Otter
(RM) Lo' Hi2 July Count Lo Hi July Count Harvest Pop. Est.4

0-9 0.826 0.091 M-none
0-1 family

9-18 0-8 0-176

18-27

27-36 0.946 0.783 M-1 family
0- 2 families _

36-45 0-5 0-15

45-54 0.752 0.716 M-none
0-1 family 0-2 0-11

54-63 0-2 0-12

63-72 0.573 0.506 M-none
0-2 families 0-3 0-12

72-81 0-5 0-16

81-90 0.418 0.343 M-one M-2
0-1 family 0-6 0-15

I 90-99

99-108 0.226 0.126 M-one
0-1 family

108-117

117-126 0.715 0.566 M-one
O-none 0-4 0-24

126-135 0.678 0.552 M-one
0-1 family _

136-144

* Based on low canopy index.

2 Based on high canopy index.

3 1994-95 trapping season. Number of river otters (0) and mink (M) harvested on both sides of the river
within 0.25 miles of Columbia River. An additional 6 to 8 river otters (assume 7) were taken between RM
36 and RM 90, but carcasses were not obtained and could not be assigned to a RM.

4 Population estimate by trappers working in each segment.

3 ~ One trapper estimated 40-50 river oiler between RM 0 and RM 36, while another estimated 17 between
RM 9 and RM 18.
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Table 28. Proposed critical (EC5.) and safe levels (EC,) of total
PCBs, PCB153 and TEQs for mink diet which was calculated with a
one-compartment bioaccumulation model in combination with a
dose-effect model (from Leonards et al. 1994).

Mink Diet

Litter Size Kit Survival

Critical level

Total PCB ppm (ww) 0.371 0.730

PCB153 ppm (ww) 0.051 0.068

TEQ~Ot AHH ppt (ww)8 38 72

TEQtot S ppt (ww)b 77 96

No-effect level

Total PCB ppm (ww) 0.145 0.399

PCB153 ppm (ww) 0.026 0.049

TEQtOt AHH ppt (ww)8 38 0.02

TEQtot S ppt (ww)b 50 17

a Predicted toxic equivalent concentration with the TEF-AHH system (see
Leonards et al. 1994:38).

b Predicted toxic equivalent concentration with TEF system (Safe 1993).
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Appendix 1. Morphometrics of river otter and mink collected during the winter of 1994-95 from the Lower Columbia
River and Reference Area.

Body Total Tail Neck Mesentery Thymus Lung
Sample Date River Age in Weight Length Length Girth Fat Weight Weight
Number Species Collected Mile Sex Years (kg) (cm) (cm) (cm) (g) (g) (g)

OT#1 Otter 12118194 73.1 M 5 9.53 119.4 47.6 25.4 25.7 7.7 223.7

OT#2 Otter 12/21/94 73.1 M 3 9.75 114.9 48.3 30.5 17.0 14.2 246.3

OT#3 Otter 12/21/94 64.8 F 2 7.94 118.1 50.8 24.8 23.8 6.6 164.9

OT#4 Otter 1121t6194 53.9 M 1 6.80 111.8 46.4 24.8 8.9 2.5 137.8

OT#5 Otter ,1222/94 61.0 M 2 11.11 126.4 48.3 29.2 44.4 8.1 230.3

OT#6 Otter 12/16194 71.5 M 0 6.12 104.8 43.2 22.2 16.4 7.4 153.0

OT#7 Otter 12/23/94 41.0 F 1 7.94 113.7 44.5 25.4 12.6 10.4 209.7

OT#8 Otter 12121194 73.1 M 4 9.30 116.8 41.9 27.3 33.8 12.0 245.5

OT#9 Otter 12/26/94 56.5 M 3 8.16 111.8 43.2 24.4 13.9 5.9 210.4

OT#10 Otter 12120194 39.1 M 2 10.44 114.6 42.2 30.5 20.6 12.0 237.8

OT#1 1 Otter 12/27/94 87.6 F 1 7.48 107.9 40.0 24.8 13.8 6.7 202.7

OT#12 Otter 12/18/94 73.1 M 0 6.80 105.4 40.0 26.0 25.5 8.0 106.4

OT#13 Otter 12/16/94 73.1, M 1 9.75 127.6 55.2 26.7 23.0 12.0 249.3

OT#14 Otter 12/14194 39.1 F 4 8.62 111.1 44.4 26.7 22.0 10.5 208.0

OT#15 Offer 12/29/94 86.9 M 1 8.85 115.6 46.0 27.9 25.9 13.4 220.1

OT#16 Otter 12123194 53.9 M 1 9.53 117.5 47.3 27.6 17.5 12.4 228.9

OT#17 Oiler 12/14/94 39.1 F 1 7.94 111.9 47.1 24.8 16.2 5.3 206.3

OT#18 Otter 12114194 39.1 F 3 7.94 107.2 43.0 26.4 23.7 7.7 177.4

OT#19 Otter 12/27/94 81.5 M 1 g.07 144.0 43.8 26.0 31.9 9.8 236.1

OT#20 Otter 12/16/94 68.0 M 0 8.39 114.6 48.3 27.9 22.2 23.3 178.2

OT#21 Otter 01102/95 11.0 F 2 6.45 109.2 45.7 24.1 17.0 2.2 177.7

OT#22 Otter 01/15/95 11.0 M 0 7.29 112.7 46.7 24.8 16.7 19.0 206.1

OT#23 Otter 01/30195 12.5 M 4 10.01 112.4 47.0 29.2 42.1 9.3 277.8

OT#24 Otter 01129195 87.2 F 0 6.69 106.0 45.4 25.4 14.2 12.6 173.5

OT#25 Otter 01113/95 87.2 M 0 7.26 113.0 47.6 26.0 15.7 17.7 185.6

OT#26 Otter 01/11195 - F 3 6.83 109.2 42.2 25.1 20.2 5.7 145.9

OT#27 Otter 02120/95 M 2 7.74 109.2 41.4 26.S 49.9 4.3 181.6

OT#28 Otter 01129/95 M 0 7.06 115.9 46.7 24.4 20.6 4.9 185.0

OT#29 Otter 01/21/95 _ M 0 7.74 114.1 47.8 23.5 17.1 5.5 180.6

MK#30 Mink 02/03/95 88.0 M 3 1.13 63.1 23.2 14.6 9.6 0.3 23.6

MK#31 Mink 02/15195 88.0 F 2 0.57 21.4 18.1 11.4 4.8 0.3 16.2

OT#32 Otter 02/20/95 - M 9 8.19 110.5 46.0 24.1 45.8 5.6 199.4

OT#33 Otter - - M 8 10.92 116.8 45.1 27.3 31.0 2.5 220.3

OT#34 Otter 03/10/95 88.0 M 2 11.09 - - 29.8 39.2 4.6 235.4

OT#35 Otter 01109195 119.5 M 1 7.97 111.3 41.9 24,8 34.1 6.5 160.1

OT#36 Otter 02/16195 119.5 M 0 7.74 112.2 45.7 26.4 14.3 8.0 215.1

OT#37 Otter 12/28/94- 119.5 F 2 8.65 112.1 43.3 28.9 23.3 6.3 252.2

OT#38I t 0123195 119.5 M 3 a 10 t 1 - 26 

U~~~~~~~~~~~~~~~~~~~~~~~- 1. 2- 58 59%~
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Appendix I (continued).

Liver Spleen Pancreas Gonad Uterus Thymus Kidney Adrenals Baculum Baculum
Sample Weight Weight Weight Weight Weight Weight Weight Weight Length Weight
Number (g) (g) (9) (g) (g) (9) (9) (9) (cm) (9)

OT#1 634.3 83.7 43.4 30.60 - 0.58 137.4 1.16 10.132 7.36

OT#2 642.1 42.5 50.2 32.50 - 1.13 103.2 1.34 9.734 6.45

OT#3 482.4 27.1 37.6 0.52 5.6 0.49 96.4 0.98 - -

OT#4 281.8 25.6 28.2 24.20 - 0.42 74.9 0.83 9.363 5.04

OT#5 684.6 62A 38.8 19.70 - 0.68 138.7 1.55 9.990 6.42

OT#6 377.3 21.0 26.3 2.80 - 0.35 80.2 0.75 8.202 2.33

OT#7 448.0 38.2 26.8 0.96 1.5 0.63 97.8 0.73 - -

OT#8 558.8 45.6 39.4 28.50 - 0.68 106.8 1.42 9.432 6.41

OT#9 498.8 52.2 31.7 27.40 _ 0.65 93.8 1.12 10.148 6.00

OT#10 626.0 60.9 52.4 43.70 _ 0.88 136.6 1.68 9.805 7.92

OT#11 463.2 45.6 34.1 0.69 1.6 0.77 78.8 0.98 - --

OT#12 353.6 27.3 27.3 4.40 - 0.97 71.1 1.00 7.423 1.92

OT#13 686.8 51.8 46.4 39.60 - 1.05 121.2 1.22 10.252 7.27

OT#14 515.7 40.8 44.2 1.57 4.9 0.77 118.8 1.31 _

OT#15 502.6 54.2 33.8 33.00 - 0.71 94.1 0.94 9.730 5.16

OT#16 720.7 58.7 42.4 14.60 - 0.73 107.5 1.77 9.418 5.69

OT#17 501.9 35.0 36.9 0.90 3.0 0.83 105.2 1.12 - -

OT#18 470.7 37.4 46.8 1.37 5.2 1.17 101.5 1.20 - -

OT#19 593.5 48.1 38.0 24.80 - 1.00 91.9 1.49 9.779 6.30

OT#20 516.2 28.4 47.6 3.10 - 0.75 101.1 1.07 8.602 2.52

OT#21 313.1 38.3 37.5 1.01 3.7 0.78 97.0 1.02 - -

OT#22 509.6 51.4 31.4 6.90 - 0.87 102.8 0.74 9.144 4.03

OT#23 654.0 54.1 43.7 49.40 - 0.80 141.9 1.15 9.523 9.25

OT#24 382.9 36.4 35.3 0.15 0.9 0.59 97.6 1.38 - -

OT#25 543.9 94.7 39.9 - - 0.70 132.1 1.45 8.340 2.52

OT#26 402.8 32.0 36.3 0.47 8.1 0.60 106.3 t130 . .

OT#27 503.3 49.6 48.1 37.90 - 0.66 104.0 0.79 9.184 5.17

OT#28 443.0 34.8 34.6 12.90 - 0.62 92.9 0,.97 9.579 5.79

OT#29 400.8 41.5 35.1 29.30 - 0.62 91.3 1.05 9.455 5.85

MK#30 65.2 6.0 1.4 7.2 - 0.07 14.7 0.13 - .

MK#31 46.9 5.6 4.8 .0.39 1.2 0.16 7.4 0.14 - -

OT#32 535.9 41.5 52.2 40.80 - 0.40 97.5 0.88 9.169 5.94

OT#33 748.9 40.0 58.4 41.70 - 0.90 132.8 1.50 10.215 8.32

OT#34 _708.4 57.6 45.0 56.90 - 1.38 148.7 1.42 10.364 8.79

OT#35 667.3 52.6 40.6 23.50 - 0.54 97.0 1.32 10.364 7.59

OT#36 569.3 61.1 37.6 - _ 0.96 98.6 1.11 8.106 2.42

OT#37 498.6 58.4 40.6 0.36 6.5 1.02 112.2 1.13 -

OT#38_ 611.2 48.5I 56.9 65.10 - . .- .1 .St11.3 0.90 9.032 _,_5-13S
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Appendix 2. Organochlorine Insecticides and metabolites and P08 concentralions (ppb, ww) in livers of river oiler and mink collected from the Lower Columbia River and
Reference Area, 1994-95. Detection limit =1.0 ppb (ww. ND not detectable. A,OB=2 replicates of the same sample. SPCBs=The sum ofPFOBs.

12,24,5 1,2.3.4 trass- pacts- oy
Sample Number % Lipid % Moisture -TOE -106 ace I-Ca 005 Noacshlor pp!-DDE Mires Mires a-NONI b-HON s-NON Oblordane
0151-LIVER 352 70OS5 ND ND ND 5.51 0.53 3.09 84.01 ND 0.9$ ND ND ND 2.38
0152-LIVER 2.97 71,65 ND ND NO 2.49 0,20 10.42 52.96 ND ass8 ND ND NO 17.55
0103-LIVER 9-31 71,29 ND ND ND 10.20 0.95 9.26 145.60 ND 1.14 ND 0.19 ND 15.00
0OT4LIVER 3.84 71.61 ND ND ND 2.77 0.42 2.93 35.55 0.35 0.41 ND ND ND 4.54
OT#5-LIVER 2.97 69.85 ND ND ND 4.70 0.40 2.98 47.32 ND 0.72 ND 6.14 ND 14.34
0156-LIVER 4.21 70.03 ND ND ND 3.38 0.31 2.83 5.97 ND 1.29 ND 0.49 ND 6.09
0T47-LIVER 4.45 73.06 ND ND ND 7.52 0.69 4.97 6.53 ND 1.00 ND 0.14 ND 25.86
0158-LIVER 3.87 69.39 ND ND ND 11.56 1.11 7.40 115.25 1.19 2.08 ND 0.23 ND 17.75
OT#9-LIVER 3.90 71.19 ND ND ND 6.41 0.45 3.99 108.69 ND 1.05 ND 0.12 NO 10.45
01410-LIVER 3.65 99.40 ND ND ND 6.55 0,7a 9.77 195.33 ND 1.53 ND 0.05 NO 13.36
01511-LIVER 2.93 70.53 NO ND ND 7,09 0.72 2.37 98.45 ND 0.79 ND 0,18 ND 9.53
01512-LIVER 3.03 70.41 ND ND ND 4.57 0.44 3.19r 47.91 0.32 0.63 ND 0.13 N D 6.26
0T513-LIVER 4.94 70.07 NO ND NO 9.18 0.689 7.29 134.98 NO 1.27 0.09 6,0 ND 22.62
O1414-LIVERA 3.41 70.72 ND NO ND 3.09 0.55 1.52 33.72 ND 0.41 ND ND ND 4.56
0T414-LIVERS8 3.01 70.72 ND ND ND 3.32 0.17 1.59 35.92 ND a.4o NO 0.10 ND 4.94
OT515-LIVER 2.27 70.87 ND ND 0.14 2.35 0.18 2.19 91.77 ND 0.25 0.16 0.06 ND 11.44
0T15-LIVER 2.76 70,31 ND ND ND 8.37 0.77 10.50 302.35 0.89 2.92 0.05 0.12 ND 12.20
01517-LIVER 3.57 59.91 ND ND ND 5.97 0.37 3.82 68.29 ND 0.88 ND 0.09 ND 9.36
0T15-LIVER 2.79 69.22 ND ND ND 7.00 0.63 2.29 165,26 ND 1.54 0.00 0.11 ND 8.87
01019-LIVER 3.61 68.07 ND ND NO 4,87 ass9 3.57 132.92 ND 1.25 0.05 0.07 ND 15.66
0T620-LIVER A 4.09 71.46 NO ND 0.16 5.31 ass0 ass 47.99 0.56 0.74 ND 0.i9 ND 6.47
01520-LIVER 6 4.03 71.48 ND ND 0.iS 5.28 0.44 3.90 48.44 0.54 0.75 ND 0.15 NO 6.49
01521-LIVER 3,49 72.07 ND ND ND 3.43 0.93 1.92 63.57 Nbt 0.86 NO 0.07 ND 8.91
01522-LIVER 2.70 70.20 ND ND ND 1.99 0.20 0.64 14.06 ND 0.23 ND 0.13 ND 2.76
01822-LIVER 9.26 70.10 ND ND ND 2.53 ass8 2.76 92.54 0.46 0.75 ND 0.20 ND 6.25
01524-LIVER 3.71 68.93 ND ND ND 1,56 0.34 1.25 66.98 ND 0.21 0.05 NO ND 4.71
01#52-LIVER 2.92 99.14 ND ND ND 0.53 ND asi1 77,12 ND 0-3 osi as ass NO 2.05
01526-LIVER 3.24 59.06 ND ND NE) 1.71 ND 0.23 2.09 ND ND ND ND ND 2.22
01427-LIVER 3.34 70.25 ND ND ND 5.01 0.21 2.07 16.36 0.53 0.69 ND 0.10 ND 4.40
01428-LIVER 3.78 71.69 ND ND ND 12.16 0.49 3.69 18.74 0.39 0.29 NO ND ND 6.48
01629-LIVER 2.48 70.10 ND ND ND 2.18 ND ai1s 1.18 ND NO ND ND ND 1.36
MINI(#3-LIVER 5.14 71.89 ND ND 0.53 2.13 0.55 0.87 151.73 0.52 1.49 ND ND ND 58.27
MINRO31-LIVER 3.19 73.59 ND ND ND 0.58 0.30 NO 47.41 0.33 0.69 ND am1 ND 36.94
O0152-LIVER 3.02 69.93 ND ND ND 6.14 0.33 1.73 14.09 0.28 0.45 ND ND ND 2.75
0T433-LIVERA 3.06 69.47 ND ND ND 6.17 0.51 1.80 13.37 0.29 0.30 ND ND NO 4.41
01522-LIVER B 2.92 69.47 ND ND ND 5.90 Us.3 1.66 12.20 ass 0.29 ND NO ND 4.64
01434-LIVER ass5 69.29 NO ND 0.26 13,21 1.92 1 1.90 391.79 ND 1.34 ass5 0.07 ND 12.42
01535-LIVER 2.43 71.55 ND ND 0.47 3.30 0.32 4.73 202.94 ND 0.72 ND ND ND 6,89
01528-LIVER 2.56 71.82 ND ND 1.02 7.23 0.92 13.54 1036.26 ND 1.30 ND aim ND 11.93
01587-LIVEzR 2.66 71.68 ND ND 0.65 4.55 0.24 27.12 1325.72 ND 1.34 0.07 ND ND 29.78
01438-LIVER 4.50 69.44 ND ND 0.74 10.22 0.59 91.13 1821.36 ND 4.37 0.07 0.17 ND 29.44
MINK#39-LIVER 4.81 70.60 ND ND ND 0.73 a13 0.1C 291.59 1.17 1.27 ND 0.08 ND 26,27
MINI<44-LIVER 4.38 70.66 ND ND ND 0.44 ND 0.13 14.55 ND ND ND 0.12 ND 1.71
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Appendix 2 (continued).

trues- ole- -
Sample Number Chiurdane Oblordane ppW-DDD Nonuchlor pp~-DDT I40 Epex Dleihir PC08*31 PC8828 PCB6852 PCB6649 PC08844 PCB 742 PC00584 PC0574
0T51-LIVER 0.11 0.34 9.12 0.54 0.18 0.61 3.34 N D ND 3.20 0.66 1.03 ND ND 1.13
OT62-LIVER 0.06 0.57 5.84 0.81 0.14 1.28 4.54 N D ND 1.51 0.35 1.24 ND 0.08 ND
DT#3-LIVER 0.08 0.08 9.88 0.48 ND 1.50 7.63 N D 0.24 3.34 1.08 0.97 ND 0.05 1.42
OT#4-LIVER NO 0.06 1.41 0.19 0.16 0.31 0.90 N D ND 0.77 ND 1.56 ND ND ND
OT#5-LIVER 0.08 0.37 6.02 0.44 0.37 1.06 7.39 N D 0.37 1,83 0.40 0.52 ND ND 0.38
07T8LIVER 0.13 0.44 7.24 0.68 0.24 1,08 6.08 N D 0.87 3.89 1.19 1.11 ND 0.08 0.98
OT#7-LIVER ND 0.19 4.08 0.39 0.08 1.84 9.48 N D DAD0 1.73 0.39 0.54 ND ND 0.44
0TAS-LIVER 0.09 0.46 9,91 0.69 0.78 1.1 4.83 ND 0.39 2.15 0.73 0.45 ND 0.10 0.99
0759-LIVER ND ND 3.92 0.31 ND 0.81 3.04 ND 0.33 2.97 0.49 0.91 ND ND ND
07810-LIVER 0.08 0.32 6.49 0.59 0.15 1.02 5.95 ND0 0.39 2.50 0.51 0.86 NO ND 0.40
07811-LIVER ND ND 4.35 0.20 ND 1.20 4.29 ND0 0.16 2.15 0.28 1,31 ND ND ND
O7812-LIVER ND 0.12 2.49 0.30 0,25 0.60 3.02 N D ND 1.31 0.22 1.00 ND 0.05 0.53
O781-LIVER 0.20 1.08 8.5 1.9 6.32 1.67 8.07 ND 0.27 3.43 1.03 0.71 ND 0.08 1.57
07814.LIVER A 0.08 0.20 3.41 0.33 ND 0.70 3.58 ND 0.44 1.47 0.34 0.45 ND ND 0.40
07814-LIVER 6 0.08 0.20 3.69 0.34 ND 8.84 3.27 ND 0.46 1.88 0.36 0.55, ND ND 0.33
0T#l5.LIVER ND 0.28 4.89 0,20 ND 1,08 4.89 ND 0.49 3.50 0.83 0.08 ND ND 0.75
071716-LIVER 0.08 0.32 10.31 1.0 0.19 2.03 7.73 ND 0.49 4.26 0.08 0.64 ND 0.08 0.59
07817-LIVER 0.08 0.01 9.68 0.92 0.22 1.21 6.27 NO 0.30 1.65 0.47 0.51 ND ND 0.55
OT818-LI1VER 0.07 0.33 6.20 0.54 NO 1.17 4.53 ND 0.38 2.94 0.71 0.50 ND ND 0.74
OT#I9-LIVER 0.09 0.42 12.24 0.51 ND 1.32 6.47 NO 0.34 7.88 1.82 0.82 ND 0.07 1.19

T0920-LIVER A ND 0.20 2.40 0.31 0.13 0.93 2.08 ND 0.73 1.40 0.33 1.33 ND 0.08 0.61
OT920.LIVER 6 ND 0.17 2.40 0.28 0.12 0.66 2.21 ND 0.74 1.33 0.33 1.19 ND 0.05 0.65
07821-LIVER 0.05 0.21 5.21 0.21 ND 0.48 1.61 ND 0.19 2.64 0.66 0.82 ND ND 0.64
0T422.IM VO ND ND 0.43 0.08 ND 0.60 2.00 ND 0.44 0.29 ND 0.92 ND ND 0.57
0T523-LIVER 0.09 0.21 2.79 0.28 ND 0.62 2.73 ND 0.29 1.29 0.22 0.53 ND ND 0.71
OT924-LIVER ND 0.08 1.26 0.12 ND 0.70 4.21 ND 0.33 3.08 1 l13 0.30 ND ND 1.10
07825-LIVER ND 0.11 2,44 0.11 ND 0.25 2.02 ND 0.30 1.57 0.63 0.78 ND ND 0.77
07826-LIVER ND ND 0,25 ND ND 0.21 0.77 ND 0.33 ND ND 0.70 ND ND ND
07827-LIVER 0.08 0.31 1.78 0.25 0.19 0,31 0.84 ND ND 0.81 - ND 0.20 ND ND 0.34
07925-LIVER ND 0.07 0.50 0.14 0.38 0.84 2.1 ND ND 0.33 ND 0.19 ND 0.00 ND
07829-LIVER ND ND 0,14 ND ND 0.1 0.48 ND ND ND ND 0.13 ND ND ND
MINK#820.LIVER NO ND 6.06 ND ND 2,30 33.69 ND 0.01 ND ND 1.22 ND ND 3.85
MINK#31-LIVSR ND ND 2.83 ND ND 0.43 8.40 ND ND 0.29 ND ND ND ND 0.62
0T632-LIVER ND 0.08 1.13 0.18 ND 0.38 1.22 ND ND 0.71 ND ND ND ND ND
07833-LIVER A ND 0.10 0285 0.14 ND 0238 1.20 ND ND 0.25 ND 0.18 ND ND ND
07633-LIVER B ND 0.00 0.91 0.16 NO 0235 1.31 ND ND 0.32 ND .ND ND ND ND
07934-LIVER 0.30 0.99 31.82 1.61 ND 1.78 14.05 ND OSS5 13.92 2.56 0.99 ND 0.05 ND
07936-LIVER ND ND 5.28 0.68 ND 1.98 11.08 ND ND 7.65 1.25 2.54 NO ND ND
071736-LIVER 0.29 1.84 45.81 2.82 ND 4.28 27.02 ND ND 11.71 1,51 0.72 ND 0.09 0.83
07537-LIVER 0.49 3.23 137.80 4.95 ND 6.49 37.64 ND ND 61.69 1.43 0.60 ND 0.08 0.84
07482-LIVER 4.65 23.22 314.49 30.83 0.19 7.79 90.34 ND 0.14 12.38 1.84 0.85 ND 0.10 1.92
MINK(839-LIVER ND ND 1.22 ND ND 0.32 3.30 ND 0.14 ND ND 0.39 ND ND 0,74
MINK#4G-LIVER ND 0.08 0.59 0.03 ND 0.08 0.81 ND ND ND ND 0,17 ND ND ND
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Appendix 2 (continued).

PCB
SampleNumber PCB#70 #6519S PC3#60 PC3#101 PCB#99 PCB#97 PCB387 PCB#110 PCB#151 PCB#149 PCB#118 PCB#146 PCB#153 PCB#105 PCB#141
OT#1-LivER 0.46 1.54 1.17 4.16 26.32 ND 2.41 1295 1.69 1.60 3.29 7.55 90.81 2.66 0.70
OT#2-LIVER 0.26 1.00 0.92 3.02 14.08 0.33 1.72 1.75 0.75 1.S6 3.67 4.00 51.93 2.50 0.81
OT#3-LIVER 0.33 1.01 1.41 5.14 28.67 ND 2.61 1.66 0.89 0.91 4.69 9.48 74.79 3.47 0,62
OT#4-LIVER ND 0.18 0.64 1.42 7.33 ND 0.56 0.29 0.45 0.55 2.83 1.91 21,89 1.42 0.12
OT#5-LIVER 0.20 0.48 0.55 3.10 19.20 ND 1.56 1.17 0.59 0.75 1.87 6.13 60.39 3.15 0.22
OTW#-LIVER 0.60 1.53 0.86 4.98 20.64 ND 2.94 2.02 0.91 0.94 4.69 5.56 47.54 4.14 0.62
OT#7-LIVER ND 0.35 0,70 2.43 37.50 ND 1.08 0,60 0.23 0.53 1.92 7.14 94.62 3.16 0.14
OT#8-LIVER - 0.23 1.08 1.37 4.41 34.90 0.38 3.3a 2.03 ND 1.49 3.24 6.24 79.99 3.54 0.26
OT#9-LIVER ND 0.46 0.58 3.28 27.13 ND 1.41 0,61 ND 0.52 2.67 6.94 00.18 2.30 0.19
OT#10 LIVER 0.23 0.98 1.44 4.65 45.81 ND 2.00 1.18 1.24 1.32 2.63 11.26 157.00 3.,22 0,50
OT#11-LIVER ND 0.73 0.66 2.40 18.00 0.19 1.11 0.60 ND 0.94 2.68 3.95 53.27 1.93 0,21
OT#12-LIVER ND 0.54 0.67 2.48 11.84 0.29 1.24 1.10 0.74 1.02 2.66 3.37 28.02 1.64 0.56
OT#13-LIVER 0.3a 1.89 1.33 5.13 61.21 ND 2.55 1.68 1.46 1.15 7.82 13.28 103.03 3,67 1.01
OT#14-LIVERA a.19 0.51 0.47 1.60 7.79 ND 0.80 0.64 0.37 0.25 1.70 2.56 20.3s 2.43 0.12
OT#14-LIVERB 0.22 0.57 0A0 1.69 8.22 ND 0.84 0.57 0.32 0.28 1.84 2.60 21.66 2.62 0.09
OT#15-LIVER 0.21 0.69 1.21 3.32 20.81 ND 1.99 1.09 0.34 0.55 OS 5.24 60.63 2.46 0.29
OT#16-LIVER ND 1.30 1.26 4.5t 39.21 0.20 1.69 1.16 0.64 1.23 3.03 11,36 117.86 2.42 0.36
OT#17-LIVER 0.24 0.76 0.68 3.11 23.91 ND 1.40 1.13 0.91 0.57 2.76 6.89 78.00 2.20 0.30
OT#1B-LIVER 0.20 1.02 0.56 3.13 16.45 ND 1.60 0.93 os.1 0.a5 2.36 5.74 45.33 2.24 0.2a
OT#19-LIVER 0.74 3.36 1.61 11.76 45.46 0.17 7.43 4.52 1.86 3.66 8.64 11.77 110.36 5.47 14A
OT#20-LIVERA 0.24 0.74 0.66 2.47 18.90 ND 1.11 0.a2 1.07 1.02 2.66 3,85 51.10 1.70 0.35
OT#20-LIVER B 0.22 0.74 0.81 2.60 18.56 ND 1.15 1.05 1.09 1.08 2.68 3.80 50.37 1.68 0.31
DT#21-LIVER 0.29 1.87 1.42 5.50 25.63 ND 2.29 1.68 143 2.05 4.00 6.44 101.42 2.42 0.63
OT#22-LIVER ND ND ND 1.01 7.01 ND 0.48 0.30 ND 0.50 2.15 1.92 19.06 1.19 ND
OT#23-LIVER 0.24 1.04 0.88 2.90 18.03 ND 1.03 0.80 0.87 1.67 2.a6 4.06 73.99 1.72 0.27
OT#24-LIVER ND 1.08 1.67 3.03 14.75 ND 1.43 1.09 0.34 0.58 3.02 4.39 44.19 2.21 ND
OT#25-LIVER 0.47 1.21 2.98 3.21 8.72 0.15 1.65 1.24 0.69 1.00 2.62 2.78 26.11 1.44 0.31
OT#26-LIVER ND ND ND ND 1.52 ND ND ND ND ND ND 0.31 2.81 ND ND
OT#27-LIVER 0.27 0.46 ND 1.23 7.20 ND 0.57 0.50 0.92 0,61 0.89 1.05 12.57 0.57 ND
OT#26-LIVER ND ND 0.58 0.35 7.16 ND ND ND 0.38 0.28 0.60 0.87 7.77 0.76 ND
OT#29-UVER ND ND ND ND 0.58 ND ND ND ND ND 0.2a 0.14 2.08 ND ND
MINK#30-UVER ND 1.16 3,84 2,08 19.96 ND 0.81 ND ND ND 21.73 10.50 59.49 5.28 ND
MINK#31-LIVER ND 0.40 0.89 -0.60 5.69 ND 0.35 0.14 ND ND 6.10 2.60 21.49 1.77 ND
OT#32-LIVER ND 0.19 0.63 0.86 4.49 ND 0.39 0.16 049 0.42 a.63 0.77 6.52 0.41 ND
OT#33-LIVER A ND ND 0A5 0.56 7.31 ND 0.28 0.31 0.40 0.28 0.46 0.73 11.95 0.61 ND
OT#33-LIVER B ND 0.35 0.44 0.64 6.75 ND 0.25 0.26 0.23 0.27 0.49 0.60 10.91 0.52 ND
DT#34-LIVER 1.56 7.53 4.00 14.08 40.02 ND 7.86 6.66 4.13 5.01 7.06 21.61 157.18 5.28 1.48
OT#35-UVER ND 1.93 1.25 7.24 31.13 ND 3,57 1.75 2.75 2.26 2.55 16.05 138.00 2.82 0.69
OT#376LIVER 0.2a 3.85 1.79 8.85 33.12 ND 6,00 3.07 2.67 4.52 3.42 18.37 118.73 2.97 1.35
OT#37-LIVER ND 14.27 1.82 23.04 97.30 ND 28.73 6.66 2.84 10.19 7.79 37.96 224.42 9.39 2.41
OT#36-LIVER 0.56 7,36 5.17 15,31 69,01 ND 10.12 3.65 13.52 15.00 5.96 34.59 231.62 4.45 5.68
MINK#39-LIVER ND 0.21 0.49 0.26 4.56 ND 0.21 ND ND NO 7.09 2.73 23.97 1.74 ND
MINK#40-LIVOR ND ND ND ND 0.18 ND ND ND ND ND 0.s4 0.20 4.83 ND ND
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Appendix 2 (continued).

P06 P06
Samplellumber P099128 P089#188 P008#129 61821167 P068#183 P069188 P065Al74 P089#171 P0692200 P09#1 72 PC59188 61761190 P0690201 P0s66203 P065188
0191-LIVER 152.48 2.28 1.97 16.73 9.88 ND 0.24 1.94 2.90 1.01 73.88 88.61 18.47 6.i5 3.74
0T#2-LIVER 84.16 1.70 1.32 14.92 6.82 ND 8.28 1.24 1.37 0.48 40.78 27A1 'I1.72 8.70 2.07
OTIS- LIVER 182.39 1.89 2.34 18.46 7.82 ND ND 4.86 2.44 1.82 88.14 26.89 28.38 8.88 2.87
OT94-LIVER 20.67 0,53 0.79 4.88 1.66 ND ND 0.67 0.71 8.27 14.72 7,68 2.84 1.02 8.20
OT#6.LIVER 120.73 1.62 2.44 11.79 6.62 ND ND 1.26 2.79 0.88 86.37 80.62 17.08 4.82 3.29
0T158-LIVER 76.43 1.70 1.91 12.34 4.97 ND ND 3.02 2.21 0.72 20.86 20.39 11.18 3.81 2.17
0T97-LIVER 136.71 2.28 1.86 10.88 7.84 ND ND 1.36 2.64 0.84 88.89 38.81 10.97 3.88 2588
0T68-LIVER 120.43 2.31 1.73 21.87 9.01 ND ND 1.74 2.90 0.74 89.94 28.06 14.72 7.69 3.30
0O99-LIVER 121.99 1.88 1.68 17.69 8.29 ND ND 1.73 2.47 1.18 73.44 48.23 19.79 9.86 3.66
01910-LIVER 209.07 3.34 1.93 32.98 17,19 ND ND 8.89 3.86 lAO0 121.26 88.48 21.74 10.76 9.91
01911I-LIVER 70.19 1.01 0.78 6.81 0.20 ND ND 2.32 1.72 0.80 38.71 19.87 9.10 2.94 149
011112-LIVER 43.84 0.84 1.12 8.61 2.11 ND ND 0.83 0.96 0.46 14.91 11.28 5.37 1.97 0.93
0T913-LIVER 262.68 3.67 2,80 22.18 18.14 3.89 ND 3,79 2.92 1.89 131.92 86.29 22.90 12.20 6.18
0T914.LIVER A 32.08 0.66 8.75 7.62 2.90 ND ND 1.45 0.92 0.26 18.16 6.73 4.54 1.92 1.16
OT914-LIVER8B 34.31 0.72 0.82 8.29 2.71 ND ND 1.89 1.01 0.2.0 17.89 18.80 4.93 2.06 1.13
0O915-LIVER 100.99 1.44 1.97 13.02 7.16 ND ND 1.11 1.69 1.06 89.08 37.63 22,903 8.88 3.29
0T51&-LIVER: 177.19 3.88 2.23 21.72 14.60 8.97 ND 8.04 3.84 1.37 80.14 92.78 16.64 8.41 4,37
011117-LIVER 128.08 1.78 1.88 14.82 8.56 ND ND 1.61 all1 1.03 88.28 62689 14.62 9.84 3.78
01918-LIVER 68.03 148 1.39 21.11 7.73 ND ND 1.38 1.79 0.77 34,41 18.40 10.88 8.68 2.27
0O918-LIVER 184.99 4.38 2.52 22.18 11.13 ND 0.93 7.59 9.10 1.79 78.79 88.63 21.73 7.38 4A44
0T92D.LIVER A 64.83 1.23 8.98 9.80 4.82 ND ND 2.42 1.86 0.52 25.65 21.62 7.60 3.22 1.55
0T#20-LIVER 8 64.07 1,36 8.98 9.88 4.80 ND ND 2.44 1.84 0.82 44.63 21,72 7.72 3.21 1.57
01521-LIVER 120.88 1.74 1.8 20.24 11.78 NO 0.28 1.81 3.28 1.30 112.91 88.38 21.01 7.99 441l
DT#22-LIVER 28.60 0.801 CAB 8.22 2.13 ND ND 1.45 1.13 0.30 14.23 18.29 8.70 1.78 1.01
DT#23-LIVER 72.66 1.12 8.81 10.48 7.82 NO ND 1.20 2.04 0.52 70.84 32.01 6.33 6.21 2.57
0T924-LIVER 86.61 0.91 1.78 18.39 5.34 ND ND 1.26 1.66 1.19 88.04 18.89 20.80 5.66 2.66
0T925.LIVER 33.81 0.68 0.81 14.88 4.31 ND ND 0.92 1.28 0.76 24.45 12.74 18.68 5.10 2.87
OT#26.LIVER 4.70 ND ND 0.83 0.28 ND ND ND ND ND 2.31 lA49 1.24 0.43 ND
01927-LIVER 18.17 ND CAB 4.27 1.13 ND ND OAT7 0,35 0.10 8.38 3.72 1.73 0.88 0.22
OT#2O-LIVER 10.67 ND 042 2851 0,68 ND ND 0.27 0.21 0.08 4.22 3.48 1.21 0.80 0.18
OT#29-LIVER 2.86 ND ND 0.83 0.19 ND ND 0.27 0286 ND 3.98 1.88 1.17 0.41 Oil1
MINK930-LIVE 109,30 1.82 1.22 67.16 6.20 8.74 ND 7.88 1.79 0.61 98.46 47.93 16.88 8.77 9.26
MINKS3I-LIVE 28.93 0.86 0.38 22.34 3.07 1.78 ND 1,60 0.22 0.28 22.48 9.21 5.57 3.58 1.91
01532-LIVER 9,41 ND 0.18 2.22 0.61 ND ND 0.30 0.39 0.06 4.19 2.33 1.37 0.33 ND
0T#33-LIVER A 15.28 ND 0.14 2.46 0.06 0237 NO 0.22 0289 0.10 7.67' 8.10 1.38 0.73 0.26
01533-LIVERSB 13.87 NO 0.12 2.30 0.89 ND NO 0.30 0.33 ND 7.17 4.68 1,28 ND 0.27
01524-LIVER 270376 5.27 842 71.76 34,82 ND 0.28 8.63 8.64 3.79 141.11 68.28 80.68 2,1.29 11.14
01535-LIVER 239.77 2.36 4.26 99.98 22.71 ND ND 7.19 3.03 4.01 164.69 117.38 74.34 21.34 12.41
OT#36-LIVER 211.80 5.88 9.07 109.88 24.08 ND 0.28 10.00 3.83 4.38 128.34 78.06 57.08 21.90 11,30
DT537-LIVER 521.48 7.36 6.40 118.47 34.08 ND NO 18.40 10.02 6.53 162.01 120.08 92.59 20.34 10.28
01538-LIVER 479.30 9.19 11A8 321.010 67,12 ND 0.99 32245 7.88 8.42 267.87 188.08 140.15 72.62 23.322
MINK#39-LIVE 28.72 0.68 0298 NO 2.28 ND NO 1.46 0.38 0.16 18.98 8.89 3.47 2.64 1.34
MINK#4O-LIVE 4.90 ND ND 1.40 0.37 ND NO 0.38 ND ND 11.70 4.12 0.48 0.64 048
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Appendix 2 (confinued).

Arodor Aroclor Total PCE
SanplelNumber PCB#194 PCB#206 SPCBs 12S4:1260 126D) TEQs
OT#1-LIVER 9.04 4.60 442.54 2060.49 546416 0.012355
OT#2-LIVER 5.64 3.65 261.75 1137.27 357.72 0.007731
OT#S-LIVER 11.72 6.25 423.73 1383.49 509.99 0.015028
OT#4-LIVER 2.52 1,43 88.80 277.96 129.21 0.003068
OT#5-LIVER 6.37 3.64 393.12 1631.54 494A5 0.011134
OTS-LIVER 4.34 2.48 285.28 1032.83 270.61 NS
OT#7-LIVER 4.60 2.46 439.15 1847.45 498.99 0.012292
OT3-LIVER 7.89 4.98 444.19 1627.43 525.81 0.011846
OT#9-LIVER 9,61 5.72 460.75 1647.91 644.23 0.010024
OT#1O-LIVER 10.66 6.19 797.76 3194.24 1063.65 0.015067
OT#1 1-LIVER 3,70 2.28 251.06 949.47 313.22 0.007012
OT#12-LIVER 1.86 1.16 135.75 588.31 130.82 0.004007
OT#13-LIVER 13.83 6.89 867.93 3549.69 1154.53 0.030115
OT#14-LIVERA 2.46 1.53 125.52 433.13 132.08 0.003205
OT#14-LIVER B 2.15 1.71 135.35 463.69 156.96
O19S-LIVER 7.36 5.21 371.29 1364.74 483.20 0.008768
OT#16-LIVER 7.63 3.39 611,41 2394.26 703.00 0.009933
OT#17-LIVER 8.87 3.40 438.98 1699.8S 981.26 0.008836
OT#15-LIVER 4.11 3.25 271.10 932.87 301.93 0.006808
OT#19-LIVER 8.60 4.63 660.91 2633.60 673.63 0,010844
OT#20-LIVER A 3.86 2A6 253.18 873,38 312.73 0.004240
OT20-LIVER B 3.58 2A9 260.97 865.81 39t.47
OT21-LIVER 14.43 9.85 554.98 1633.69 086.90 0.012356
OT#22LIVER 2.17 2.21 113.06 396.52 124.96 0.002700
OT#23-LIVER 9.42 7.79 2.92 981.94 618.81 0.007276
OT#24-LIVER 6.67 6.58 268.36 765.00 333.71 0.006208
OT#25-LIVER 5.08 5.06 186.75 494.21 214.46 0.004461
OT29-LIVER 042 0.71 18.03 63.52 20.22 0,000332
OT27-LIVER 0.59 0.51 94.13 205.02 57.70 0.001277
OT#2SLtVER 0.90 0.73 44.53 144.22 37.02 0.000790
OT29-LIVER 1.73 1.11 17.69 38.62 32.15 0.000345
MINK430-LIVER 20.18 15,76 546.87 1477.02 863.66 NS
MINK#31-LIVER 3.61 3.41 151.02 390.99 197.19 0.005650
OT032-LIVER 0.52 0,43 38.94 113.S4 36.41 0.000877
OT#3-LIVERA 1.66 0.98 61.99 206.08 69.07 0.001176
1T#33-LIVER B 1,08 0.90 5509S 188.74 62.85

OT#04-LIVER 19.33 11.21 1094.53 3658.66 1237.85 0,026975
OT#35-LIVER 22.96 1324 982.37 3240.10 13586.56 0.017932
OT362LIVER 17.83 12.69 926.46 2863.91 1125.60 0.017826
OT#37-LIVER 14.86 6.46 1940.22 7046.98 1421.16 0.058338
OT#38-LIVER 35.10 27,11 2119.55 6463.56 2260.29 0.037999
MlNt<#39-LIVER 2.69 2,29 118.83 401.66 174.99 0.003900
MlNK#40-LIVER 2.35 1.14 34.11 66.25 102.67 0.000834
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Appendix 3. Organochlorine inseotide and metabolites and P06 concentrations (ppb, 1w) in livers of river offer and mink collected from the Lower Columbia River and
Refeence Area, 1994-95. Detection limit is adjusted for % fat. AE3 = 2 replicates of the same sample. SPCBs = the sum of PCBs.

1,24.5 1,2,3,4 trues- Photo- OW
Sample Number % Lipid 0-Moisture -TCB -TOO 00 NO HB 005 Nenuoblor pp-ODE Mires Waxe a-HON b-IHOH g-HOH Chlorduare
OT#1-LIVER 3.92 70.95 0.00 sea0 0.00 156,44 15.19 D7.a1 2286.55 see0 27.01 0.05 0.00 0.00 238.10
0T692-LIVER 2.97 7i.65 0.00 s.sa .ss uses9 6.74 350.92 1i16e83 0.00 22.31 0.00 0.00 0.00 590.93
OT#3-LIVER 5,31 71.29 0.05 0.00 0.9 192.14 17.95 117.97 2742.03 0.00 21.90 0.90 3.52 0.00 291.99
0T44-LIVER 3.94 71.~61 0.09 000 0.00 IU 99.18 11.05 76.21 929.07 9.09 10.59 o.ee 0.00 ass0 lisle
0165-LIVER 2.97 99.95 0.00 0.00 0.00 158.14 13.29 loose0 1593.59 0.sa 24.14 0.00 4.59 0.00 492.79
0T#6-LtVER 4.21 70.02 0.00 0.0 0.00 80.32 5.09 . 7.1$ 165.96 0.00 30.99 0.00 11.71 a.ss 144.7e
0T67-LIVER 4.48 73.09 0.00 0.00 0.00 1lelsI 14.69 110,99 190.51 0.05 22.42 0.00 3.19 9.00 577.24
0O69-LIVER 3.97 69.08 0.00 0.00 0.00 2s9.18 28.97 191,19 2978.06 30.79 03.75 0.00 5.64 0.00 459.04
0T65-LIVER 2.90 71.19 0.00 0.00 0.00 164.29 11.64 102.27 -2797.01 0,00 26.99 0.00 2.97 0.00 2sese1
0T16-LIVER 3.65 69.40 ue 0.00 OD 0.00 179.51 19.19 196.09 4250.95 0.09 41,67 0.90 1.25 0.00 3e9.74
0161 1-LIVER 2,93 70.52 0.00 0.09 0.90 241.92 24.49 99.99 3360.22 0.00 29.53 0,90 9.19 9.09 325.23
01612-LIVER 2.03 70.41 0.00 8.00 0.00 150.70 14.92 104.14 1577.79 10.42 20.92 0.90 4.22 5.09 209.92
07612-LIVER 4.94 70.07 0.00 9.00 0.00 165.50 13.69 147.49 2722.45 0.00 25.69 0.99 1.32 0.00 457.93
OT614-LIVER A 3.41 70.72 0.00 0.00 0.00 50.79- 4.30 44.44 900.99 0.00 12.09 0.00 0.00 0.00 123.75
07614-LIVER 0 3.01 79.72 0.90 9.00 0.00 110.41 0.50 52.63 1193.01 0.00 13.27 0.00 3.19 0.00 164.19
07#19-LIVER 2.27 70.97 0.00 6.00 6.19 103,90 9.93 90.97 4042.75 0.00 12.42 6.40 2.45 0.00 003.91
07416-LIVER 2.76 70.31 0.00 9.00 0.00 303.31 29.55 290.49 10991.16 22.40 95.27 1.9s4 4.52 0.00 441.92
07617-LIVER 3.57 09.91 0.00 0.00 £1.9 167.16f 10.90 101.49 1940.07 0.00 24.64 9.00 249 0.00 262.11
07419-~LIVER 2.79 99.23 0.00 0.00 0.00 291.06 22.62 95.49 6926.62 0.00 56.60 1.92 3.959 0.00 319.09
01619-LIVER 3.91 98.07 0.0 0.00 9.00 124.42 15.19 91.35 2426.19 0.90 34.58 2.22 1.69 0.00 387.85
07620-LIVER A 4.00 71.48 0.00 0.00 2.93 121.17 12.39 97.61 1184.95 13.73 18.19 0.00 2.72 0.00 199.67
0T620-LIVER4 0 4.03 71.46 0.00 0.00 4.01 130.90 10.93 96.74 1201.89 13.52 19.50 0.00 3.71 0.00 191.111
0T621-LIVER 3.49 72.07 9,00 0.00 0.00 98.31 14.91 55.11 1921.00 0.00 24.91 6.00 2.09 0.09 255.23
0T622-LIVER 2.70 70.20 0.00 0.00 0.00 73.32 7.55 19.91 520.92. 0.00 8.44 9.00 4.94 0.09 102.39
07923-LIVER 5,26 70.10 0.00 0.00 0.00 67.19 7.29 52.50 1569,21 0.03 14.16 0.00 3.76 0.0 99.93
0T624-LIVER 2.71 689.3 0.00 0.00 0.00 45.30 9.21 36.34 1959.17 0.00 9.24 1.29 0.00 0.00 127.01
07629-LIVER 2.92 69.14 0.00 0.00 0.00 31.99 0.00 20.85 2941.06 0,00 10.96 1.94 1.55 0.00 90.895
07626-LIVER 3.24 69.06 0.00 0.00 0.00 02.92 9.00 7.02 63.29 0.00 0.00 0.00 0.00 0.00 08.06
07627-LIVER 3.24 70.29 0,00 0.00 0.00 154.70 9.95 62.79 909.93 19.41 20.90 0,00 3.07 0.00 135.71
OT429-LIVER 3.76 71.68 0.00 0.00 0.00 221.09 12.90 91.40 490.94 10.29 7.58 0.09 0.00 0.00 170.00
07629-LIVER 2,48 70.10 0.00 0.00 0.00 07.97 0.00 4.66 47.69 0.00 0.00 0.00 0.00 0.00 04.76
MINlKJ30-LIVER 9.14 71.99 0.00 0.00 10.22 41.02 10,72 13.00 2901.79 10.20 29.99 0.00 0.00 0.00 1135.60
MINK#31-LIVER 3.1a 73.60 0.00 0.00 0.00 18.09 6.43 0.00 0490,87 7.23 21.37 0.00 3.15 0.00 1158,49
07622-LIVER 2.03 65.93 0,00 0.00 0.09 169.69 7.99 96.91 469.12 9.11 16.15 0.0 0.00 0.00 90.99
0T023-LIVER A 3.00 65.47 0.00 0.00 0.00 201.67 16.90 59.77 436.78 11.84 9.99 0.00 0.00 0.00 150.96
0T633-LIVERS 2.92 69.47 0.00 0.00 0.06 202.05 12.10 96.79 417.72 11,21 10.04 0.00 0.00 0.00 159.41
0T634-LIVER 2.95 60.20 0.00 0.00 9,94 342.19 49.90 310.42 10175.09 0.00 34.91 1.25 1.79 0.00 322.47
0T625-LIVER 243 71.90 0.00 0.00 19940 135.61 12.36 194.64 125000.01 0.00 39.74 0.00 0.00 0.00 293.38
01636-LIVER 2.69 71.02 0.00 0.00 39.39 299.94 19.26 920.03 39696.00 0.00 50049 0.00 4.06 0.09 441.49
01637-LIVER 2.66 71.09 0.00 0.00 29.74 170.95 ass5 1o1a.5o 00210.21 0.00 0049 2.91 0.00 0.00 1119.40
0T639-LIVER 4.90 68,44 0.00 0.00 16.02 227.00 13.04 2029.17 40474.76 0.00 07.06 1.02 3.99 0.00 604.32
MINK9I39-LIVER 4.91 70.89 6.00 0.00 0.00 15.26 2.73 2.19 0904.16 24.223 26.44 0.00 1.69 0.00 546.23
MINK(#4D-LIVER 4.29 70.06 0.00 0.00 0.00 9.99 0.00 3.71 332.09 0.0 0.00 0.00 2.77 0.00 64.70

Exhibit 15



Appendix 3 (continued).

trans. cm- cis-
Sample Number Clilordane Chiordane pp-.DDD Nonachlor pp-DOT HO Epox Dioldrin PC84131 PC5 #28 PC81152 PC5 #49 POD 144 POD #42 P084164
OT#1-LIVER 3.03 0.71 259.17 15.47 5.23 17.47 94.58 0.00 0,00 92.28 18.80 28.28 0.00 0.00
OT#2-LIVER 1.99 10.35 190.03 27.20 4.72 42.85 182.85 0.00 0.00 00.77 11.78 41.69 0.00 2.07
OTMl-LIVER 1.65 1.50 105.02 9.08 0.00 28.27 142.689 0.00 4.93 62989 18.94 18.24 0.00 o.9i
OT#4-LIVER 9.00 1.61 39.69 5.00 4,28 7.90 29.89 0.90 0.50 19.99 0,00 40.51 0.00 0.00
OT#9-LIVER 2.13 12.36 202.79 14.99 12.42 39.83 249.82 0.00 12.39 61.84 13A46 17.53 0.00 0.09
OT#S-LIVER 2.99 10.43 171.97 13.29 5.77 29.76 120.71 0.00 29.98 92.98 27.33 29.29 0.09 1.12
OT#7-LIVER 0.00 4.29 110.72 8.5 2.09 43.29 211.70 0.00 8.99 38.68 9.62 11.97 0.09 0.09
OT#9-LIVER 1.37 11.91 152.99 16.69 20.27 30.70 119.81 0.00 9.22 59.89 19,92 11.74 0.09 2A49
OT#9-LIVER 0.00 0.00 100.50 7.91 0.00 23.30 77.97 0.00 6.98 69.44 11.42 232.21 0.00 0.00
OT4110-LIVER 1.77 8.99 177.11 16.00 4.04 27.90 180.18 0.00 10,58 68.91 14.01 23.94 0.00 0.00
0T#11-LIVER 0.00 9.00 148.61 6.70 0.00 40.93 148.49 0.00 6.32 73.31 9,44 44.59 0.00 0.00
0T#12-LIVER 0.00 3.99 81.33 9.60 9.20 25.30 99.88 0.00 0.00 42,39 7.28 33.01 0.08 1.52
OT#13.LIVER 4.09 21.91 201.23 33.57 4.54 33.86 183.58 0.00 6.49 69.46 30.92 14.32 0.90 1.14
OT1114-LIVERA 1.72 9.99 99.92 9.54 0.00 29.39 104.80 0.00 12.99 42.99 10.06 14.24 0.00 0.00
0T#14-LIVER8B 2.91 .8.1 122.15 11.22 0.00 21.14 109.79 0.09 19,41 91.79 12.10 18.52 o.o0 0.00
OT4115.LIVER 0.09 13.29 206.79 13.11 0.00 46.64 219.39 9.00 31.7 196.39 36.53 28.40 0.06 0.0
014116-LIVER 2.22 11.52 373.42 39.29 .8.6 73.09 280.07 0.00 17.98 194.22 21.10 23.59 0.00 2,50
0T#17-LIVER 2.48 14.23 199.18 14.83 6.03 33.89 175.74 0.00 6.47 51.77 13.27 14.27 0,00 0.00
014116-LIVER 2.34 11.79 222.07 19.26 0.00 41.94 173,23 0,00 14.01 141.39 39.90 17.90 9,09 9.00
0T19-LIVER 2.21 1 0.84 312.83 15.00 0.00 33.87 165.46 0,06 9.72 201.10 49.13 21.08 0.09 1.68
01920-LIVER A 0.00 4.94 99.15 7.80 3.30 19.99 91.37 0.09 19,10 34.48 8.20 30.26 6,00 0.48
014120-LIVER 8 0.00 4.24 595.1 7.06 2,87 .16.19 94.72 0.00 15.38 32.92 6.22 25.61 0.00 1.29
014121-LIVER 1.46 6.09 146.18 9.81 0.00 13.81 46.23 0.00 5.15 91.24 24.63 23.35 0.00 0.09
014132-LIVER 0.00 0.00 15.65 2.15 0.00 23.90 74.10 0.00 10.37 10.22 0.00 24.13 0.00 0.00
01023-LIVER 0.98 3.03 92.26 6 .26 0.00 195.69 51.82 0.00 5.06 24.27 4.11 19.16 0.00 0.90
014124-LIVER 0.00 too8 34.49 3.13 0.00 19.92 113.47 0.00 89.7 83.32 30.91 9.00 0.00 0.00
01#29.LIVER 0.00 2.71 83.59 3.84 0.00 12.15 69.24 0.00 10.13 93.79 21.57 29.98 0.00 0.00
01826-LIVER 0.00 0.05 7.04 0,00 0.00 9.62 23.90 0.00 9.41 0.00 0.00 21.68 0.00 0.00
014127-LIVER 1.97 9.43 65.23 7.63 9.93 9.54 29.00 0.00 0.00 27.99 0.90 6.04 0.00 0.06
014125-LIVER 0.00 1.83 15.74 3,67 9OAO 17.02 97.00 0.00 0.06 5.80 0.00 4.70 0.00 1.69
01#29.LIVER 0.00 0.00 6.63 0.00 0.00 7.33 19.45 0.00 0.96 0.00 0.00 5.18 0.00 0.00
MINK#30-1.IVER 0.00 0.00 127.72 0,00 0.00 44.69 655.27 0.0 9.83 0.00 0.00 22.89 9.09 0.00
MINK#31-LIVER 0.00 0,90 89.0 0.00 0.00 13.96 264.07 0,00 .0.00 9,20 0.0 0.00 0.09 0.09
07412-LIVER 0.00 1.85 37.21 4,80 0.00 12.46 40.12 0.00 0.00 23.97 0.00 0.00 0.09 0.09
01T133-LIVERA 0.00 3.42 27.60 4.69 0.00 12.97 39.24 0.00 0.0 11.62 0,00 6.37 0.00 0.09
014133-LIVER B 0.00 3.19 31.19 9,60 0,00 12.09 44.77 0.00 0.00 11.11 0.0 0.00 0,00 0.05
011134-LIVER 7.75 35,79 526.94 41.83 0.00 49.31 369.04 0.00 14.17 361.59 60.61 29.85 0.00 1.30
014136-LIVER 0,00 0.05 380.64 27.02 0.00 81,61 469.32 0.00 0.00 329.53 51.54 22.30 0.00 0,00
01T136-LIVER 10,67 57.52 1701.73 105.04 0.00 160.11 1009.08 0.00 0.00 436.89 68.36 26.79 0.00 3.30
01*37-LIVER 16.65 131.90 5172.75 189,98 0.00 242.95 1410.13 0.00 0.00 2315.20 03.67 22.43 0.00 2.12
OT4138-LIVER 107.79 515.87 6687.598 699.07 4.25 173.12 2007.66 0.00 3.13 374.38 40.50 18.958 0.60 2.13
MtNK#39.LIVER 0.00 0.00 29.49 0.00 0.00 5.64 69.52 0.00 3.95 .0.05 0.00 5.15 0.00 0.00
MINKU40-LIVER 0.00 1.90 13.39 1,79 0.00 1.03 10.05 0,00 0.00 0.00 0.00 3.85 0.00 0.00
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Appendix 3 (continued).

PCS

Sample Number PCB#74 PCB#70 #966/95 PCs60 PCB#10l PCs899 PCB#97 PCB#87 PCB#110 PCB#151 PCB0149 PCB#118 PCB#146 PCB#193
OT#1-LIVER 32.23 12.95 43.79 33.32 11E.79 747.94 0.00 88.37 49.59 53.70 51.16 93.39 214.$0 2579.74
OT#2-LIVER 0.00 8,74 35.91 31.08 101.65 474.03 11.23 55.07 58.s5 25.14 52.55 133.75 134.85 1748.40
O073-LUVER 26.51 6.26 19.08 26.83 96.82 539,88 0.08 49.14 31.26 16.82 17.19 85.s3 169.71 1409.55
OT74-LIVER 0.00 0.99 4.67 16.65 37.07 190.76 0.00 14.35 7.48 11.75 14.27 73.568 49.69 5869.81
OT#S-LIVER 9.93 6.91 16.02 15.58 104.53 846,57 0.90 52.45 39.24 ,19.71 25.13 62.86 206.43 2033.45
OT46LIVER 2328 14.18 36,40 32.91 118.19 490.23 0.00 60.42 47.94 21.64 22.24 111.44 132.65 1129.21
OT#7-LIVER 9.90 0.00 7.81 15.59 54.15 838.89 0.00 24.18 13.47 5.17 11.93 40.63 159.32 2112.19
OT#3-LIVER 14.20 5.98 27.78 35.33 114.03 903.30 9.82 86.87 52.37 0.0 38.37 83.60 161.12 20s9.s6
OT#7-LIVER 0.00 0.00 12.20 14.11 s4.05 699,60 0.00 36.17 15.71 o.0o 13.43 68.34 177.85 2312.29
OT#01-LIVER 10.92 6.34 26.74 39.32 124.71 1255.15 9.00 54.77 32.37 14.08 35.15 71.95 308.44 4301,32
oT#11-LIVER 0.00 0.90 24.79 22,60 81.77 614.32 6.54 37.86 27.25 0.80 32.05 91.98 134.98 1819.19
OT#12-LIVER 17.51 0.00 17.93 22.10 81.74 390,91 9.51 40.76 38.34 24.38 33.53 87.83 111,31 924.64
OT#13-LIVER 27.70 7.27 30,34 26.92 103.76 1038.07 0.00 51.08 32.01 25.65 23.30 1568.33 268.41 3300.16
OT#14-LIVERA 11.6b 5.61 14,94 13.76 46.92 228.37 0.0o 23.42 15.75 10.85 7.39 49.71 75,13 597.21
OT14-LIVER B 11.11 7.14 18.96 13.14 55.99 273,20 8.00 27.88 19.01 10,55 9.37 61.10 89.00 719.53
OT15-LIVER 33.13 9.17 30.09 03.46 146.49 916.87 0.00 87.50 48.22 15.17 24.07 90.14 230.70 2870.71
0T718-LIVER 21.39 0.00 46.s9 49.76 163.26 1420.72 7.23 88.38 42.12 10.44 44.42 109.73 411,48 4270.35
OT17-LIVER 16.51 6.84 21,24 19.12 87.18 689.85 0.00 39.18 31.63 25.54 18.97 77.33 193,12 2212,90
0T#18-LIVER 26.68 7.32 30.50 19.94 112.12 989,64 0.00 57.45 33.25 29.07 30.35 84.93 200.69 1624,74
OT15-LIVER 30,55 18.88 86.02 41.18 301.4D 1102.60 4.36 189.91 115.50 47.50 93.54 226.17 301.06 2822.47
OT20-LIVER A 15.02 5.98 18.28 16.89 81.00 466.69 o.0o 27.48 32.73 26.41 25.11 68,74 99.28 1201.82
OT#20-LIVERS 16,01 5.34 18.36 20.07 82.06 481.13 0.00 28.49 26.10 26.98 28.76 68,48 94.41 1249.92
OT#21-LIVER 18.928 8.49 03.8 40.82 157.68 731.49 0.00 689.58 5.73 41.10 59.78 114.58 184.58 2906.12
0T#22-LIVER 21.10 0.00 0.00 8.00 37.49 258.64 o.oo 17.05 11.18 0.00 18.52 79868 71.17 705.93
OT#23-LIVER 13.97 4.48 19.70 16.84 55.21 342.75 0.00 19.50 15.17 16.63 31.75 50.53 77.20 1400.71
OT#24-LIVER 29.97 0.00 29.01 50.43 81.63 397.47 o.20 38.43 29.49 9.12 16.71 81.51 118.32 1191.09
OT#25-LIVER 26A46 16.05 41.31 102.07 109.95 299.48 5.28 08.37 42.36 23.53 34.38 89.98 95.10 804.00
OT#26-LIVER 0,08 0,00 0.00 0.00 o.o0 47.04 0.30 0.00 0.00 o.o0 0.00 o.o0 9.49 88.87
OT#27-LIVER 10.47 8.30 14.12 0.00 37.92 222.16 0.00 17A6 15.43 28.36 18.76 27.43 32.26 387.96
oT026-LIVER 8.00 0.00 0.00 19.38 9.13 180.05 0.00 0.00 0.00 10.11 7.39 17.38 23.10 205.63
OT28-LIVER 0.00 0.00 0.00 0.08 0.00 23A2 o.00 0.80 0.00 0.00 0,00 10.08 5.78 93.73
MINK#30-LIVER 99,33 0.00 22.08 74.64 40.40 328.25 0.00 15.69 0.00 0.00 0,00 422.76 204.29 1157.41
MINK#81-LIVER 19.36 0.00 14.41 27.97 18.98 178.78 0.80 10.89 4.38 0.00 0.00 191.71 81.95 879.73
OT#32-LIVER 0.00 0.00 6.13 20.79 28.27 148.19 0.00 12.90 5.43 16.28 13.81 20.81 25.53 215.11
OT33-LIVERA 0.00 o.oo 0.00 15.54 18.45 238.78 0.00 9.14 10.02 13.02 9.03 14.90 23.77 390.89
OT#03-LIVER B 0.00 0.00 11.99 18.31 18.56 231.09 o0.0 8.44 8.94 8.02 9,26 16.47 22.63 373.80
OT#34-LIVER 0.00 40.53 195.51 103.80 236.69 1273.31 0.80 204.08 172.80 107.36 130.15 183.47 561.19 4082.53
OT#35-LIVER 0.00 0.00 79.48 51.29 298.09 1281.07 0.80 146.96 71.88 113,02 93.15 104.79 860.40 9678,86
OT#30-LIVER 34.59 9.65 143.55 66.84 330.13 1235.99 0.0 227.20 114.52 99.70 188.60 127.43 688.34 4430.13
OT#37-LIVER 31.76 0.00 536.59 68.31 806.12 3588.06 0.00 1079.93 212.35 106.88 283.09 293.01 1427.92 8436.83
OT02-LIVER 42.74 12.52 193.53 114.97 340.14 1311.43 0.00 224.90 81.13 300.39 333.30 132,97 768.73 5147.12
MINK#3s-LIVER 15.40 0.00 4.35 10.27 9.36 94.87 0.00 4.34 0.00 8.09 0.00 147.40 56.70 499.35
MINIO45LIVER o.o0 0.30 6.09 0.00 0.09 4.17 0.90 o.0o 0.00 0.00 0.00 19.14 4.49 110,21
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Appendix 3 (continued).

PCB PCs
Sample Number PCB#105 PCB #141 PCB#138 PCB#158 PCB#129 #182/187 PC0#183 PCB#185 PCB9174 PCB#171 PCB#200 PCB#172 PCS#180 #170/10
OT#1-LIVER 76812 19880 4331.72 64.76 56.09 475.41 279.95 0.00 6.83 85.18 82.34 28,69 2099.23 1577.00
OT#2-LLVER 84.22 27.30 2833,60 57.09 44.46 502.38 222.91 0.00 6.84 41.59 46.11 16.01 1373.08 922.82
OT#3-LIVER 88.28 11.67 1928.03 35.56 43.89 310.60 143.44 O.00 0.00 91.51 45.97 238,67 1094.90 679.69
OT#4-LIVER 37.04 3,17 535.65 13.71 230.46 129.71 43.67 0,0 0,00 17.53 18.45 6.97 3B3.59 204.46
OT1f-LIVER 106,07 7.41 4065.11 54.91 82.05 398.95 222.78 0.00 0,00 42.85 92.51 33.02 1897.88 1711.13
OT5-LIVER 98.33 14.80 1815.43 40.43 45.34 316.93 117.00 0.00 0.00 71.72 52.80 17.25 732.77 483.31
OT#7-LIVER 70,56 3.10 3051.59 50.79 41,54 224.41 175.08 0.00 0.00 30.43 63.29 18.64 1289.76 890.85
OTS-LIVER 91.43 6,40 3111.88 59.63 44.06 559.93 232.69 0.00 0.00 45.04 74.99 19.22 1548.89 988.60
OT#9-LIVER 59,0 4.78 3126.81 46,12 43.19 453.67 211.92 0.00 0.00 44.29 63.41 29.39 1883.13 1159.86
OT#10-LIVER 86,25 13.67 6475.99 91.55 52.90 902.81 471.01 0.00 0.00 153.02 109.10 38.43 3322.09 2204.09
0#181-LIVER 65.77 7.04 2398.45 34.48 25.99 222.25 177.51 8.00 0.00 79.30 58.84 16.91 1218.66 678.29
OT12-LIVER 54.07 19.06 1438,81 30.87 37.11 290.92 102.54 0.08 0.00 30.69 31.70 15.71 492.19 371.51
OT#1-LIVER 72.25 20.50 5317.35 74.26 50.67 449.00 367.14 78.73 0.00 76.72 79,32 38.21 2654.30 1787.21
OT#14-LIVER A 71,19 3.60 939.92 19.48 21.98 223.50 73.45 0.00 0.00 42.40 26.92 7.50 444.88 285.38
OT#144UVER B 88.90 3.13 1139.96 23.81 27.35 274.20 89.88 0.00 0.00 52.96 33.57 10.00 594.47 348.91
OT1-LIVER 108.32 12.66 4448.92 63.51 69.29 529.41 315.39 0.00 0.08 48.69 83,47 46.68 2426.62 1687.81
OT016-LIVER 87.62 12.97 6419.40 129.94 80.77 1149.37 828.91 216.18 0.00 182.69 128.19 49.76 2903.69 1911.47
OTS#7-LI VER 61.62 8.52 3502.78 49.75 52.79 406.68 239.72 0.00 0.00 45.04 87.10 28.80 1850.14 1484,35
OT#18-LIVER 80.39 9.44 2474.29 53.09 48.75 758.74 276.93 0.00 0.00 48,79 64,18 27.80 1233.29 659.58
OT#19-LIVER 139.98 37.19 4984.30 109.96 64.37 887.34 25A4.61 0.00 13.83 193.79 156,13 45.89 1954.04 1422.76
OT#20-LIVERA 41.94 8.62 1595.81 30.18 24.10 236.95 118.98 0.00 0.00 59.71 45.94 12.91 880.28 533.70
OT#20-LIVER B 41.78 7.74 15689.83 29.71 23.68 237.64 119.09 0.00 0.00 60.62 45.73 12.97 1107.40 539.02
OT#21-LIVER 69.24 17.95 3463.98 80.00 47.28 582.69 336.63 0.00 8.18 43.37 95.88 37.12 3223.68 1700.91
OT#22-LIVER 44.07 0.08 1059.35 18.88 19.89 198.97 78.91 0.00 0.00 53.82 41.75 51.10 527.14 370.45
OT#23-LIVER 32.72 5.12 1381.43 21.28 17.33 199.25 14.72 0,00 0.00 22.89 38.77 9.99 1341.15 908,47
OT24-LIVER 59.63 o.0o 1525.88 24.55 48.00 414.79 143.91 0,00 0.00 33.95 44.77 32.09 1025.42 536.04
OT#25-LIVER 49.18 10.77 1151.08 - 19,84 31.08 509.67 147.54 0.00 0.00 31.63 44.04 26.82 837.27 436.23
OT#26-LIVER 0.00 0.00 145.08 0,00 0.00 25.62 8,08 0,00 0.00 0.00 0.00 0.00 71.14 45.97
OT#27-LIVER 17.70 0.00 468.26 0.00 14.78 131,94 34.80 0.00 0.80 14.45 10.70 3.20 203.01 114.75
OT28-LIVER 20.02 0.00 282.33 0.00 11.13 66.29 17,24 0,00 0.80 9.81 5.86 2.49 111.68 65.17
OT29-LIVER 0.00 0.00 115.24 0.06 0.00 26.06 7.71 0.00 0.00 10.99 14.70 0.00 147.77 79.80
MINK#30-LIVER 102.64 0.00 2126.45 35.33 23.71 1306,71 120.53 170.06 0.00 152.70 34.90 15.70 1915.51 932.55
MINK#31-LIVER 55.79 0.00 909.85 20.62 12.10 734.03 96.82 56.19 0.00 50A5 10.23 7.99 708.92 289.66
OT32-LIVER 13.47 0.00 277.54 0.00 9.28 106.48 20.18 0.00 0,00 10.01 11.54 2.62 136.97 76.79
OT33-LIVER A 20.03 0.00 499.58 0.00 4.62 80.50 31.34 12.11 0.00 10.88 12.83 3.25 257.31 18,676

T033-LIVER B 17.83 0.00 478.32 0.00 4.26 78.80 29.99 o.o 0.00 10.18 11.32 0.00 245.38 160.20
OT34-LIVER 137.05 38,55 7032.62 136.89 140.74 1864.52 636.98 0.00 7.34 172.17 143.90 98.34 3865,31 2475.14
OT35-LIVER 116.17 28.34 9866.57 138.17 175.30 2468.81 934.65 0.00 0.80 295.37 124.69 165.11 6384.19 4829,76
OT#36-LIVER 110.79 S0.50 7906.70 190.10 189.21 4092.54 098.88 0.00 9.16 372.98 146.75 162.30 4788.85 2946.29
OT37-LIVER 353.04 90.68 19604.37 273.07 240.63 4453.81 1280.00 0.00 0.0C 891.60 410.43 245.49 6080.78 4514.67
07T38-LIVER 98.90 130.65 10629.97 2V4.31 254.40 7355,63 1491.51 C.00 21.97 498.79 156.04 187.10 5726.08 4401.68
MINK#39-LIVER 36.16 0.00 617,93 14.17 7.90 0,00 47.68 0.00 0.00 30.84 7.84 3.41 414.78 178.49
MINK#4COLIVER O.C0 o.00 111.92 0.00 0.00 31,96 8.51 0.00 0.00 8.30 0.00 0.0 267.23 94.00
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Appendix 3 (continued).

Aroclor Arodor
Sample Number PCB#201 PC #203 PCB#195 PCB #194 PCB# 206 SPCBS 1254:1260 1260
OT#1-LIVER 430.52 174.63 103,38 256.73 136.33 12572.26 35836.72 18414.26

OT#2-LIVER 394.96 191.81 103.52 189.95 129.65 8512.97 32291.92 12044.55
OT#3-LIVER 384.03 111.96 74,86 220.77 117.63 7979.94 26054.41 9804.39
OT#4-LIVER 66.16 26,59 7.93 65.50 37.22 2312.60 7239.53 3384.87

OT#5-LIVER 574.94 155.50 109.73 214.40 122.50 13236,51 54933.89 18645.10

OT#6-LIVER 264.84 92.93 51.49 103.05 58.91 6776.25 24532.77 6427.76

OTOt-LIVER 244.95 86.60 57.57 107.06 54.89 9802.53 41237.69 11138.26

OT#8-LIVER 380,34 198.44 85.34 203.65 125.63 11477.65 42052.44 13588.75
OT8-LIVER 507.50 150.31 98.93 246.41 146.59 11914.19 42254.23 18518.71

OT#10-LIVER 595.75 295.45 161.84 291.95 169.53 21856.37 87513.36 29141.15
OT#11-LIVER 208.30 100.25 50.90 126.32 77.91 8698.93 32370.95 1C689.98

OT#12-LIVER 177.18 65.02 30.94 61.22 38.45 4480.30 19416.29 4317.48
OT#13-LIVER 484.81 249.01 125.99 279.89 139.91 17969.37 718568.9 23371.02

OT14-LIVER A 133.22 55.27 33.99 72,09 44.74 3681.06 12701.69 3899,63
OT#14-LIVER S 163.80 88.50 37.40 71.33 56.74 4496.74 1S404.88 5214.65

OT015-LIVER 991.07 259.04 143.03 324.23 229.37 16356,39 60120.53 21286.16
OT16-LIVER 698.35 384.74 158.16 276.37 122.78 22152.51 08740.61 28471.01

OT17-LIVER 415.20 155.23 104.58 195.17 95.38 12299,47 47334.90 16281,89

OT#15-LIVER 379.33 202.76 81.31 147.47 116,57 9716.74 33436.34 10818.35

OT#19-LIVER 559.81 198.72 113.48 219.83 118.31 16503.13 97355.41 17228.46
OT#20-LIVER A 187.71 79.43 38.17 95.19 60.72 6251.43 21565.04 7721.72

OT#20-LIVER B 191.45 79.77 38.86 96.22 61.75 6475.78 21484.22 9714.01

OT#21-LIVER 602.07 228.96 126.38 413.39 292.37 15902.15 45810.53 28277.85
OT#22-LIVER 211.19 95.89 37.59 80.22 81.81 4188.08 14315.52 4824.03

OT#23-LIVER 158.31 99.09 48.93 179.10 148.04 6574.59 18667.97 11784.49

OT#24-LIVER 590.54 152.37 71.70 179.76 177.25 7233.33 20619.98 8994.99

OT#25-LIVER 533,46 174.54 95.40 174.05 173.27 6395.57 15555.08 7344.46
OT#26-LIVER 38.16 13.14 0.00 12.82 21.98 556.48 1980.99 624.05
OT#27-LIVER 53.47 16.93 6.92 18.16 15.72 1979.44 6327.84 1780.81

OT#28-LIVER 31.97 13.19 4.33 23.77 19.34 1178.17 3815.28 979.41

OT#29-LIVER 47.06 16.36 4.31 69.79 44.75 713.24 1557.26 1296.24
MINK#30-LIVER 330.51 170.65 121.82 392.59 305.97 10678.32 28735.79 16802,72

MINK#31-LIVER 175.08 121.97 47.58 113.59 107.15 4748.98 12295,22 6201.08

OT#32-LIVER 45.17 11.03 0,00 17.13 14.21 1255.23 3750.59 1201.52

OT#33-LIVER A 45.46 23.91 9.13 55.05 31.99 2025.97 5751.08 2257.09

OT#33-LIVER B 43.07 0.00 9.17 37.05 30.58 1893.04 6483.76 2152.50

OT#34-LIVER 1315.48 553.04 289.35 502.13 291.21 27390.43 99030.36 32151.84

OT35-LIVER 3059.07 878.15 510.79 944.72 544.92 40429.59 133337.45 55826.19
OT#39-LIVER 2129.90 817.09 421.79 565.22 473.36 34569.35 109847.34 42007.44

OT#37-LIVER 1976.79 764.53 386.45 547.13 242.97 61662.30 254923.95 53427.93

OT#383LIVER 3114.41 1618.15 516.10 779.83 902.39 47101.00 143834.70 50228.77
MINK#39-LIVER 72.14 54.99 27.82 60.18 47,53 2470.44 835545 3639.13

MINK#40-LIVER 10.43 14.56 10.25 53.70 25.06 778.83 1512.44 2344.15
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Appendix 4. Organochlorine insecticides and metabolites and PCB concentrations (ppb, ww) in mesentary fat of river otter and mink collected from the Lower Columbia River and
Reference Area, 1994-95. River otter fat samples 26-29 and 32-33 from the Reference Area were pooled. Detection limit = 1.00 ppb (ww), A,B = 2 replicates of the
same sample, SPCBs = the sum of PCBs.

1,2.4,5 1,2,3,4 trans- photo
Sample Number % Lpid % Molilure -TCB -0TC QC0 HCO OCS Nonachlor pp-DDE Mirex Mirex a-HCH b-HCH g-HCH
OT71-FAT 67.24 20.93 ND ND 1A7 73.81 8,00 104.17 2702.39 ND 8.S8 1.21 1.02 ND
OT#2-FAT 82.23 n.d. ND ND 1.14 30.63 5.31 501.12 2118.58 5.77 11.34 1.76 0.77 ND
OT#3-FAT 63.93 28.92 ND ND 1fi6 94,83 12.64 117,00 3125.71 8.64 8.93 1.08 2.48 NO
OT4-FAT 7.21 n.d. ND ND ND 7.91 1.26 12.49 83.13 242 2.06 ND ND ND
OT#5-FAT 78.88 19.37 ND ND 1.91 88.42 113.8 128.62 2008.37 ND 11.38 1.37 1.42 ND
OT#00FAT sas.s 31.89 ND ND 1.38 40.08 3.16 51.73 1351.17 ND sA1 1.19 ND ND
OT#7-FAT 38.35 41.87 ND ND ND 91A2 283 38.17 1039.985 ND 5.73 1.39 1.14 ND
OT#8-FATA 42.78 44.03 ND ND ND 90.52 11.53 133.81 1378.05 19.47 13.43 ND 1.75 ND
OT#S-FATB 48.85 44.03 ND ND ND sa.wo 11.59 132.61 1473.11 20.49 14.39 ND 2.19 ND
OT#0-FAT 52.87 38.00 ND ND 2.10 80.s8 7.48 88.22 1628.99 7.46 9.11 0.81 0.87 ND
OT#10-FAT 47.17 42.91 ND ND ND 55.90 9.49 131.16 2493.77 8.89 13.18 ND ND ND
OT#11-FAT 35.19 52.35 ND ND ND 64.49 2.23 26.68 901.20 3.52 2.92 D.6e 3.16 ND
OT#12-FAT 57.24 39.96 ND ND 1.80 78.94 7.78 64.83 114.8.0 9.33 7.40 ND 3240 ND
0T#13-FAT 31.29 88.80 ND NO ND 58.51 7.93 118.77 1879.25 ND 10.98 NO ND ND
OT714-FAT 42.39 47.22 ND ND ND 3.6f7 3.36 48.13 583.94 ND 3.87 0.62 ND ND
OT#1S-FATA 50.22 38,31 ND ND ND 97.45 17.24 318.46 593.899 18.61 20.88 128 2.81 ND
OT#18-FAT a 84.74 33.31 ND NO 129 111.18 18.69 351.70 6855.42 21.43 23.58 1.38 2.72 ND
OT18-FAT 60A8 33.91 ND ND 2.83 34.89 3.88 89.71 2745.08 ND 5.15 5.10 1.38 ND
OT#17-FAT 63.32 37.78 ND ND 1.37 87.77 8.42 80.32 1308.57 ND 7.59 0.87 1,58 ND
OT#15-FAT 51.72 48.14 ND ND 1A1 63.86 7.08 64.32 1820.84 ND 4.84 0.72 2,08 ND
OT#18-FAT 57.24 2B.18 ND ND 1.39 59.49 11.25 107.08 2480.73 ND 10.24 1.01 1.33 ND
OT#20-FAT 45.82 42.27 ND ND 122 38.62 4.35 92.10 433.47 5.38 842 1.25 1.86 ND
OT#21-FAT 69.60 45.72 ND ND ND 39.70 7.14 46.81 1164.84 6.90 6.24 ND 1.14 ND
OT#22-FAT .1.84 42.83 ND ND 127 24.26 1.51 12.52 326.29 ND 209 1.15 328 ND
OT#25-FAT A 80.83 12.72 ND ND 1.39 48.93 5.21 51.48 1019.00 5.86 5.99 2.00 4.05 NO
OT#23-FAT B 83.19 1272 ND ND 1.0 48.38 5.45 52.72 1083.82 6.14 .15 2.15 3.89 ND
OT#24-FAT 57.35 38.78 ND ND 1.64 20.79 2.97 3220 1615.34 ND 5.87 2.31 1.14 ND
OT25-FAT 50.37 42.82 ND ND 1.23 11,79 1.91 16.59 1297.29 ND 2.89 3.13 0.86 ND
OT-FATPOOL(#26827.28.29.32.33) 89.17 41.20 ND ND 1.14 65,87 5.07 48.88 224.98 8.24 3.22 ND ND ND
MINKW3OFAT 52.44 39.81 ND ND 1.00 8.12 241 2.92 582.27 ND ND ND ND ND
MINK#31 FAT 87.63 26.46 ND ND 1.52 10.72 328 38.3 890.62 ND ND ND 1.37 ND

T004-FAT 44.73 45.76 ND ND 2.46 69.28 20.82 249.99 5555848 ND 12.73 0.89 ND ND
OT#35-FAT . 81.95 36.42 ND ND 6.09 37.91 7.47 147.07 7860.89 ND 10.65 0.76 ND ND
OT-FAT 38.24 48.80 ND ND 11.89 58.25 9.84 408.48 17156.51 ND 28.08 ND 1.11 ND
T0737-FAT 4745 39.85 ND ND 10.30 44.25 7.84 1757.38 21910.29 ND 28.50 0.78 0.88 ND

OT#38-FATA 55.76 30.19 ND ND 8.40 74.19 10.49 2558A3 20758.43 ND 51.36 1.00 . 1.87 1s.4
OT72-FATB 71.25 30.19 ND ND 10.86 94.15 14.81 3243.21 22273.38 ND 81.04 1.03 2.45 241
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Appendix 4 (continued).

exy- Irons- dos- dos-
SarpleNumber Chlerdan Chlordane Chlordane pp-DDD Nonachlor pp-DDT HC Epox D]eldrn PC3#31 PCB#28 PC0052 PCB649 P08644 PC0942
OT#1-FAT 107.08 1.08 7.45 72.07 11.84 29.10 13.28 52.50 ND ND 38.59 10.86 3.73 NO
OT#2-FAT 501.12 2.00 24.52 108.81 43.38 8.52 19.72 74.29 ND 1.02 24.53 6,38 3.93 ND
DT#3-FAT 106.78 0.84 8.68 101.70 13.96 23.87 18.33 76.14 ND 1.82 49.21 18.55 6,33 ND
OT#4-FAT 12.29 NO ND 2.91 0.71 ND 0.70 2.18 ND ND ND ND 1.50 ND
OT#5-FAT 289.11 0.97 8.79 49.96 11.50 20.70 20,07 96.17 ND 2.49 43.98 11.56 4.56 ND
OT#S-FAT 29,79 0.46 4.78 52.73 8.05 27.75 14.01 35.44 ND 2.80 42.22 12.67 8.91 ND
OT#7-FAT 15.40 ND 2.85 33.01 6.93 22.61 13.99 33.98 ND 2.17 14.95 4.02 4.82 ND
OTV8-FATA 129.88 ND 3.64 30.82 6.35 20.02 12.04 33,96 ND 3.78 19.94 10.31 7.50 ND
OT#8-FATB 122.47 0.41 4.57 35.19 7.72 19.78 14.30 33.51 ND 3.07 21.08 11.12 5.48 ND
OT#9-FAT 131.45 ND 3.20 47.37 7.71 4.78 10.03 34.22 ND 2.50 25.36 6.05 4,65 ND
OT#10-FAT 165.23 0.85 2.72 42.39 9.17 6.38 12.52 33.92 ND 2.15 21.11 4.75 5.47 ND
OT#11-FAT 8.73 ND 2,52 32.44 5.44 21.64 7.81 18.21 ND 2.29 16.75 3.35 5.51 ND
OT#12-FAT 84.62 ND 4.69 32.44 9.05 24.67 9.83 20.77 ND 2.42 18.94 4.79 5.92 ND
OT#13-FAT 166.27 0.60 4.76 27.15 8.55 15.12 11.33 41.84 ND 2,82 22A6 4.62 4.61 ND
OT#14-FAT 68.99 ND 2.88 22.00 5.40 11.68 8.65 37.84 ND 2A5 13.78 3.94 4.27 ND
O071 S-FATA 250.44 1.02 10.62 135.15 23.79 61.68 30.54 102.73 ND 1.68 46.01 9.41 6.02 ND
QT#1 5-FAT 251.35 1.11 10.29 137.91 26.03 79.33 33.39 98.33 ND 1.62 51.78 10.61 8.88 ND
OT16-FAT 185.75 1.08 6.06 85.85 9.80 5,50 15.62 72.39 ND 2.97 49.40 16.69 5,63 ND
OT#1 7-FAT 130.23 0.62 4.72 29.84 7.82 20.76 14.93 50.37 ND 2.54 23.22 5.53 3.43 ND
OT#168-FAT 115.33 0.70 4.38 31.50 9.93 13.79 13.64 02.71 ND 2.28 25.41 7.98 2.85 ND
OT#19-FAT 233.64 0.81 4.70 69.40 9.29 8.32 15.04 58.08 ND 3.10 104.97 24.79 10.23 ND
0T#20-FAT 77.61 ND 3.66 19.38 4.59 10.22 6.55 16.96 ND 2.80 11.28 2.88 4.14 ND
OT#21-FAT 109.42 ND 1.62 35.84 5.62 6.18 4.95 1326 ND ND 15.18 5.34 2.08 ND
OT#22-FAT 1W48 ND 341 10,02 2.88 ND 6.86 2231 ND ND 5.58 2.22 1.18 ND
OT#23-FATA 84.56 0.46 3.56 25.72 5.47 14.25 10.77 31.79 ND ND 8.50 1.73 1.36 ND
OT#23-FATB 89.14 0.52 2.48 24.33 8.50 20.04 10.63 32.28 ND ND 8.82 1.91 2,73 ND
0TY24-FAT 92.65 ND 2.12 38.04 4.38 1.75 9.75 59.49 ND 2.28 27.31 12.46 7.02 ND
0T#25-FAT 61.58 ND 1.35 48.50 2.99 ND 5.20 29.61 ND 1.27 13.50 7.37 3.03 ND
OT-FAT POOL(#28,27,28.29,32.33) 67.65 ND 3,65 9.77 4.01 12.10 4.61 12.00 ND ND 6.70 1.54 1.84 ND
MIN4630 FAT 68.35 ND ND 25.44 ND 6.14 2.04 19.60 ND 1.18 3,97 1.81 2.14 ND
MINK#31 FAT 57.94 ND ND 28.47 ND 11.91 2.31 25.46 ND 1.50 7.62 3.36 3.44 ND
OT#34-FAT 232.95 3.14 16.23 344.36 34.19 16.61 16.68 125.62 ND 1.15 135.79 34.24 11.97 ND
OT#35-FAT 104.86 4.56 17.84 288.32 25.84 4.78 22.97 147.26 ND 2.49 119.48 31.04 16.87 ND
OT#36-FAT 113A4 7.09 21.21 750.62 69.32 9.10 52.89 407.95 ND 1.26 196.60 33.66 11.61 ND
OT#37-FAT 673.26 8.57 57.65 1888.80 15.56 61.54 90.82 606.31 ND 0.96 1091.89 34.81 13.586 ND
OT#38-FATA 532,68 51.72 203.34 3371.63 448.87 71.72 97.48 1385.69 ND 0.86 174.97 32.94 6.19 ND
OT#30-FAT B 709.13 66.42 246.83 4340.95 5897.98 65.82 130.76 1884.46 ND 1.17 217.08 41.08 6.89 ND
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Appendix 4 (continued).

PCB
SampleNumber PCB#64 PCB674 PCB8#70 #66195 PCB#G0 PCB#101 PCB0s9 PC0997 PCB#87 PCB#11O PCB#10 1 PCB#149 PCB#118 PCB#146
OT6-FAT 0.73 16,18 5.22 12.20 17.79 50.04 663.74 1.48 21.81 16.6B 4.20 1300 52.05 129.85
OT#2-FAT 0.89 8.33 2.03 8.62 24.86 45.93 393.39 2.04 15.50 12.89 8.70 13A7 46.s8 77.37
OT#3-FAT 1.2$ 27.18 9,77 21.08 29.01 76.79 448.62 2.4$ 29.69 26.4s5 .49 18.6 69.48 126.78
OT#4-FAT ND ND ND NO ND 3.23 23.01 ND ND ND ND ND 6.13 5.37
0T#S-FAT 0.82 15.62 6.16 15.76 14.52 60.07 6586.05 1.55 21.16 15.94 16.04 15.96 61.33 124.12
OT#0SFAT 0.27 20.49 5.36 12.60 12.79 54.60 394.49 NO 19.65 15.08 121 6.28 67.24 75.07
1OT61-FAT 0.38 6.18 ND 3.37 8.44 26.23 467.17 ND 9.58 4.13 1A9 6.99 27.10 98.04

OT#0-FAT A 1.38 10.83 6.99 16.29 23.53 54.91 471.75 6,03 21.84 28.72 24.66 20.68 55.30 85.99
OT#S-FATB 1.84 11.43 6.18 15.22 24.55 57.51 452.19 6.34 23.07 28.29 23.13 21.80 57.70 69.73
OT19-FAT 0.54 7.94 1.34 529 15.13 41.93 453A6 2.01 12.93 9,69 2.16 9.93 39.64 90.86
OT#10-FAT 0.45 7.38 1,9 5.82 16.45 36.48 653.20 2.30 11.43 9,22 8.45 12.26 31.47 116.83
OT#11-FAT 0.70 9.79 4.84 s.20 12.96 38.55 226.80 6.21 17.30 22.16 5.46 18.22 53.51 46.65
0T#12-FAT O.56 9.99 3.39 7A9 9.20 34.29 208.56 2.31 1025 8.05 17.65 6.09 36.89 62.02
OTX13-FAT 0.23 8.52 ND 5.71 8.75 31.93 643,47 ND 10.39 4.3 6.47 10.41 26.84 129.89
OT#14-FAT ND 8.59 ND 4.87 9.65 17.62 143.99 ND 6698 3.92 2.04 2.33 25.33 32.99
OT#15-FATA 1.39 12.65 3.20 13.75 2W,72 69.96 779.16 4.ss 26.41 17.74 26.66 25.65 45.45 163.12
OT#15-FATB 1.34 10.56 2.75 14.52 31.37 79.12 662.06 5.11 29.99 20.19 33.43 28.00 52.10 184,69
OT#16-FAT 0.98 23.52 7.56 132.1 33.66 59.00 646.03 3.38 29,26 20.79 3.06 14.67 57.96 101.69
OT#17-FAT 0.47 8.T7 2.76 8.27 6.02 34.89 469.32 2.03 11.94 9.84 7.79 10.62 38.40 90.59
OT#19-FAT 0.35 16.12 4.17 9.71 9.46 28.29 251.62 ND 10,60 6.05 7120 9.84 47.93 64.04
OT#19-FAT 1.11 25.59 8.66 30.65 15.86 149.35 1163.91 3.84 77.45 59.78 13.02 27.19 149.98 221.15
OT#20-FAT 0.52 4.90 ND 4.23 1.28 47.37 171.20 1.64 5.68 9.49 9.14 6.31 20.07 27.51
OT#21-FAT 0,38 8682 3.07 7.83 14.38 48.27 405.73 4.06 16.25 16.96 6.00 17,03 60.07 77.38
OT#22-FAT ND 5.26 ND 2.63 4.62 17.32 150.05 ND 4A8 3.78 ND 2.59 40.78 35,92
OT#23-FATA 0.37 4.38 ND 3.22 44.92 17.4 233.41 ND 4.76 3.59 8.03 6.97 20.20 37.26
0T1623-FATB 0.39 4.81 ND 3.50 15.26 18.68 241.04 ND 4.92 3.o0 8.43 7.22 21.43 36.77
OT#24FAT 0.75 23.64 9.16 17.10 26.10 49.74 268.09 4.59 23.02 23.87 3.97 15.59 72.67 58.88
OT#2S-FAT 0.60 13.69 3.72 6.24 43.40 28.58 172.63 1,40 10.856 .12 1.28 6 .05 37.93 36.97
OT-FAT POOL(926,27,28,29,32,33) 0AO 2.97 0.54 3.61 10.72 13.25 85.39 2.46 4,49 6.04 16.17 10.85 16.55 10.55
MINK#3O FAT ND 19.29 5.71 13.19 15.23 27.07 75.02 5.60 14.18 21.30 4.00 18.58 121.45 27.06
MINK#31 FAT 0.26 18.92 8.45 18.79 13.48 37.67 84.08 8.83 19.89 32.01 5.85 23.10 134.66 25.07
OT#34-FAT 0.86 20.79 6.57 38.00 35.41 151.38 696.90 3.85 7.17 60.60 21.34 46.52 99.31 250.99
OT#3s-FAT 1.84 23.37 9.91 33.59 43.92 104.75 804.28 3.78 59.81 48.65 22,6 55.51 95.90 303.47
OT#36-FAT 1.79 21.67 6.74 55,52 34.74 179.28 793.73 4.31 S5.84 51.00 37.05 65.22 52.97 341.40
DT#37-FAT 1.65 22.00 2.54 194.40 60.35 619.34 3691.17 3.17 574.17 150,98 50.72 274.50 226.98 1221.56
0T#13FATA 2.04 30.30 5.42 83.93 114.29 255.71 1241.92 3.80 106824 49.18 171.82 234.6a 111.37 570.77
OT#39-FAT B 2.60 34.37 4.03 92.s9 140.84 313.19 1860.00 4.92 131.56 62.36 211.99 269.84 137.94 704.87
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Appendix 4 (continued).

PCB
SampleNumber PCB#153 PCB#105 PCB#141 PCB913b PCB#15B PCB0129 #1821485 PCB0183 PCB#185 PCB#174 PCB#171 PCB#200 PCB#172
OT#1-FAT 2110.53 45.88 7.13 2026.70 45.37 21.28 76.59 127.53 ND 1.08 1059.54 37.82 20.22
0162-FAT 1373.98 34.04 5.93 1261,72 32.40 15.46 81.52 104.10 ND 1,05 19.67 t5.85 10.69
OT#3-FAT 1343.88 64.80 10,35 1251.07 39.21 35.27 92.34 104.28 ND 3,86 76.72 30.03 28.99
OT4-FAT 72.25 ND ND 41.89 ND 1.22 7.47 9.22 ND ND 3.26 1.84 4.04
OT#5-FAT 1800.18 47.19 8.30 1837.11 40.95 31.54 77.69 123.32 ND 1.22 63.53 28.38 21.84
OT06-FAT 888.59 39.12 4.49 500.05 27.44 14.81 51.55 54.17 ND ND 42.21 20.34 11.47
OT#7-FAT 1295.48 32.89 1.73 1444A0 38.19 19.26 40.10 79.55 ND ND 46.27 28.85 17.20
OT#SFAT A 1111.74 29,59 6,87 1002.10 26.61 10.10 52.56 74.82 ND 2.32 12.72 18.86 5.84
OT#0-FATB 1165.96 30.94 7.38 1060.11 30.58 15.53 58.62 78.15 ND 2AO 14.25 20.17 9.27
OT#g-FAT 1583.08 39.79 7.14 1352.35 32.16 20.40 92A2 103.05 ND 2.42. 22.07 27.18 21.87
OT#10-FAT 1576.74 42.05 3A5 1851.12 48.71 25.75 100.21 141.68 NO 1.20 31.25 34.55 20.956
OT#11-FAT 757.57 33.57 8.07 534.51 17.60 9.30 35.38 39.66 ND 4.08 34.92 16.85 9.53
OT12-FAT 557.81 22.51 3.79 498.81 16A2 12.26 44.50 38.64 ND ND 27.45 10.59 8.36.
OT#13-FAT 1702.28 29.50 2.85 1913.20 50.17 25.07 81.51 142.43 ND ND 80.58 31.80 24.64
OT#14-FAT 381.58 21.29 1.60 294.90 10.34 8.32 27.32 26.64 NO ND 20.67 6.49 4.61
OT#1S.FATA 1507.32 44.82 6.86 2061.15 60.75 29.75 139.47 166.83 ND 1.78 73.52 32.87 23.86
OT#1S-FAT B 1714.20 43.87 7.83 2343.92 63.97 27.46 155.50 190.35 ND 2.04 85.23 40.55 28.13
OT#1*-FAT 1596.09 56.27 10.44 1395.62 34.33 31.54 83.88 114.40 ND 3.58 65.58 25.43 23.78
OT#17-FAT 1337.58 29.64 3.19 1117.82 29.32 21.14 59.22 83.32 ND ND 16.19 22.25 12.28
OT#18-FAT 878,25 31.30 3.14 S18.1 19.45 1215 53.84 51.56 ND ND 31.10 11.44 7,21
OT#19-FAT 2738.80 113.32 20.36 2575,52 90.07 33,43 106.11 164.81 ND 1.82 143.57 77.89 31.30
OT#20-FAT 445.15 13.96 1.57 350.76 11.21 7.29 23.19 26.58 ND ' ND 16.57 8.32 3.61
OT#21-FAT 1517.40 43.04 12.19 1114.06 28.73 21.89 80A4 96.87 ND 4.63 47.98 29.61 16.85
OT#22-FAT 459.28 24.98 3.73 385.83 13.06 7.52 30.61 30.59 ND ND 27.16 11.59 5,36
OT#23-FATA 795.69 14.97 1.05 578.91 14.44 8.02 30.30 48.67 ND ND 20.35 13.10 4.74
OT#23-FAT B 824.52 15.03 1.37 602,40 15.09 8.35 31.62 50.61 ND ND 21.76 13.90 4.75
OT#24-FAT 775.30 41,52 11.45 667.61 17.54 22.43 63.89 61.96 ND 4.19 49.28 15.94 17.06
OT#F25-AT 487.74 24.14 5.24 400.96 11.71 12.36 45.60 41.48 ND 1.65 29.09 9,84 9.55
OT-FAT POOL(926.27,28,29.32,33) 144.59 7.83 3.37 104.83 ND 3.75 9.27 7.75 ND ND 4.99 4.04 1.55
MINK#30 FAT 254.00 29.33 7.82 277.61 9.78 7.73 32.48 21.26 ND 3.53 24.41 11.05 5.61
MINK#31 FAT 280.48 3.24 10.85 286.89 11.60 5.24 31.54 24.80 ND 582 28.85 8.69 4.94
OT#34-FAT 2268.29 77.41 28.09 2325.40 70.16 53.57 341.69 243.51 ND 11.86 119.36 45.54 99.97
OT#35-FAT 3715.82 ND 30.23 3234.78 83.43 88.76 346.84 328.70 ND 15.11 139.58 37.31 10233
OT#38-FAT 2761.13 74.61 47.12 3034.13 108.93 78.12 744.50 427.34 ND 19.81 193.76 62.44 104.13
OT#37-FAT 9314.73 103.67 91,83 12919.18 245.88 198.54 1612.99 1186.60 ND 8.59 721.98 273.21 329.93
OT#38-FATA 4364;57 ND 155.91 5559.34 58.22 162.53 2105,286 1010.6 13.41 77.11 320.45 94.05 205.50
OT#38-FAT B 5911.61 ND 194.16 6787.23 74.59 199.75 2569.85 1246.69 15.50 94.92 470.48 113.84 253.09
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Appendix 4 (rontinued).

PCB Arocor Arodor
SmnpleNumber PC8#180 #1701190 PCB0201 PCB#203 PCB#185 PCB#194 PCB#206 SPCBs 1254:1260 1260
OT#1-FAT 1890.02 879.58 94.78 78.72 58.87 280.08 96,54 10032.87 27387.80 16579.10
OT#2-FAT 1116.86 458.63 78.29 89.69 48,36 18.35 80.24 5539.45 17050.25 9798.98
OT#3-FAT 1135.80 485.09 135.30 69,38 60.75 196.88 81.22 6229.38 16908.31 9861.38
OT4-FAT 77.89 24.10 8.13 4.36 2.03 19.46 * 13.16 320.27 588.13 680.58
OT8$FAT 1975.33 740.23 120.95 73.87 82.77 288.08 75.01 8115.06 22123.10 17327.48
OT#6-FAT 802.22 232.60 53.63 34.33 20.73 69.88 29.34 3743.57 12162.82 4408.41
OT#7-FAT 1083.90 497.39 55.72 41.86 34.52 107.30 44.42 s962.70 19518.89 9244.73
OT#8-FATA 606.19 346.76 44.58 48.58 26A7 119.66 82.23 4861.88 13541.98 7071.87
OT4-FAT 8 655.58 367,02 46.30 80.79 29.63 126.88 64,57 4872.32 14325.84 7505.07
OT9-FAT 1367.93 599.39 119.22 73.35 49.45 207.84 100,61 6398.91 18275.04 11999.37
OT#10-FAT 1882.77 731.69 86.31 88.87 SS.55 201.85 84.47 7663.07 25015.11 16515.55
OT#1 1-FAT 523.86 229.78 38.30 27.30 19.44 74.90 35,o0 3050.27 8576,54 4595.27
OT#12-FAT 299.71 138.89 33.44 22.19 12.63 41.40 18.77 2242.99 6713.72 2629.08
OT#123FAT 1598.48 733.46 102.97 89.92 60,68 207.27 79.81 7854.64 25854.11 14021.73
OT#14-FAT 250.63 102.21 20.49 16.75 11.53 42.74 23A1 1533.03 3985,14 2198.80
OT#15FATA 1343.15 32.a8 88.35 88.90 53.32 131A2 45.22 7915.64 27683.37 11781.98
OT 1-FATB 1540.58 731.46 100.05 101.47 61.68 149.30 51.07 s883.37 31674.59 13513.87
OT16-FAT 1494.49 628.05 177.50 94.32 65.23 263.83 125.56 7276.89 18871.92 13109.59
OT17-FAT 1010.69 446.05 86.20 44.14 34.98 110.87 39.20 5156.89 15105.64 8866.68
OT718-FAT 479.84 168.63 34.84 30.47 18.68 64.77 32.44 2638.53 6982.61 4206.53
OT#1S-FAT 2212.42 891.57 151.20 95.78 68.61 235.45 90.87 12334.58 40265.17 18407.15
04320-FAT 285.48 123.46 22A0 16.82 9.65 3918 16.92 1719.43 4740.00 2504.18
OT#21-FAT 1617.86 678.37 94.16 60.92 45.80 264.12 112.24 6580,73 15084.93 14191.73
OT#22-FAT 310.67 135.61 . 36.81 24.08 13.02 54.22 33.09 1882,92 8213.91 2725.19
OT#23FATA 708.30 291.14 29.13 30.89 20.96 118.57 68.49 3162.45 7823,14 6213.12
OT#23-FATS 563.68 303.68 29.91 32.24 21.83 125.00 71.89 3408.65 8140.51 7486.39
OT24-FAT 602.37 290.30 127.63 61.06 08.08 142.06 92.65 3949.27 9021.81 7038.29
OT#28-FAT 482.62 172.12 71.25 39.00 23,21 82.46 53.72 2290.60 9540.00 4058.07
OT-FATPOOL(#26,27,28,29,32,33) 82.12 28.89 5.15 4.26 1.97 17.08 11.53 638,44 1418.62 720.36
MINK#30 FAT 369.76 178.49 18.74 1864 19.33 96.43 40.88 1809.99 3751.51 3243.50
MINK9t1 FAT 342.67 126.84 13.64 20.58 16.86 60.25 35.11 1794.21 3876.88 3205.88
OT#34-FAT 2026.13 875055 249.55 187.856 104.79 275.01 111.29 11140.84 31964.92 17773.04
OT#068FAT 4779.05 1784.99 500.31 293A6 179,16 715.05 252.17 18495.68 49713.25 41921.50
OT#062FAT 2870.66 1164.92 459.87 360.13 171.15 485.84 251.28 15235.17 41001.74 23426.86
OT#37-FAT 8693.38 4245.12 953.07 776.32 389.01 952.84 298.24 51623.87 174583.51 76257,72
OT138-FATA 6187.53 2340.13 896.33 892.60 311.73 913.07 432.10 25858.52 76126.21 84276.60
07#38-FAT3 7690.69 2878.12 1090.01 1096.97 381.87 111626 525.19 366964A 91719.30 87462.22
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Appendix 5. Organochlorine insecticides and metabolites and PCB concentrations (ppblw) in mesentary fat of river otter and mink collected from the Lower Columbia River
and Reference Area, 1994-95. River otter fat samples 26-29 and 32-33 from ihe Reference Area were pooled. Detection limit is adjusted for % fat. A,B = 2 replicates
of the same sample. SPCBs = sum of PCBs.

1,2.4.5 1.2,3,4 tans- phola-
Sample Number Y L*l1 % Moisture -TCB -TCO QC9 HCB OCS Ncnachler pp-DDE Mirex Mirex a-HCH 9-HCH
OT#1-FAT 67.24 20.9a 0 0 2.18 109.78 11.89 154.02 4019.02 0.00 12.91 1.00 1.62
OT2-FAT 62.23 n.d. 0 0 1,83 49.21 8.53 805.27 3404.44 9.27 18.23 2za3 123
DT#3-FAT 63.93 26.92 0 0 2.91 148.34 20.25 183.01 408827 10.39 13.96 1.65 3.86
OT4-FAT 7.21 nd. 0 0 0.00 109.76 17.81 173.25 1153.01 33.62 28.64 0.00 0.00
OT#S-FAT 768.8 18.37 0 0 2A8 11240 15.45 167.30 2606.44 0.00 14.81 1.78 1.85
OT#6-FAT 59s8 31.89 0 0 2.30 65.94 5.27 86.40 2256.47 0.00 15.71 1.98 0.00
OT#7-FAT 38.35 41.57 0 o 0.00 134.07 7.39 94.31 2711.74 0.00 14.95 3.62 2.98
OT#8-FATA 42.78 44.03 0 0 0.00 211.58 26.95 312.78 3221.24 45.51 31.39 0.00 4.09
OT#8-FAT B 48.85 44.03 0 0 0.00 200.61 23.73 271.46 3015.58 41.85 28A9 0.0 4.49
OT#9-FAT 52.87 38.00 0 0 3.96 114.76 14.15 166.87 3061.12 14.11 17.23 1.53 1.84
OT010-FAT 47.17 42.91 0 0 0.00 118.s0 20.11 278.07 5286.77 18.42 27.89 0.00 0.00
OT1Y11-FAT 35.19 52.35 0 0 0.00 183.26 6.34 79.72 2580.97 10.01 0.29 1.68 8.99
OT#12-FAT 57.24 39.50 0 0 2.79 137.91 13.60 165.14 2007.17 16,30 12.92 0.00 8.94
OT#13-FAT 31.29 58.90 0 0 0.00 186.98 25.33 373.20 5005.91 0.00 35.06 0.00 0.0o
OT#14-FAT 42.39 47.22 0 0 0.00 85.51 7.92 108.82 1377.99 0.00 9.14 1,48 0.00
OT#1S-FATA 50.22 38.31 0 0 0.00 194.04 34.33 630.14 11819.97 37.00 41.76 294 5.21
OT#1 5-FAT B 94.74 38.31 0 0 2.35 203.06 34.14 642.46 12523.60 39.16 43.08 2A4 4.97
OT#18-FAT 80.48 32.91 0 0 4.67 87.70 642 133.45 4538.79 0.00 8.52 643 2.24
OT#17-FAT 03.32 37.70 0 0 2.17 107.03 10.14 126.89 2063.44 0.00 11.99 1.37 2.49
OT#1B-FAT 51.72 46.14 0 0 2.72 123A7 13.68 124.36 3520.56 0.0o 0.05 1.39 4.02
0T#19-FAT 57.24 38.16 0 0 2.42 103.93 18,68 187.07 4333,90 0.00 17.89 1.76 2.32
OT#20-FAT 45.62 42,27 0 0 2.67 79893 sA4 113.72 946.02 11.70 11.84 2.73 4.05
OT21-FAT 88.60 45.72 0 0 0.00 57.05 10.26 67.26 1673.34 8.92 8.96 0,00 1.63
OT#22-FAT 51.64 42.83 0 0 2.47 45.06 2.91 24.25 631.06 0.00 3.96 2.22 8.70
OT#23-FATA 80.83 12,72 0 0 1.72 58.05 6.44 63.89 1280.67 7.25 7.39 2.47 8.01
OT#23-FAT B 83.19 12.72 0 0 1.80 58.13 6.55 63.38 1278.79 7,36 7.39 209 4.66
OT#24-FAT 97.35 38.78 0 0 2.86 38.26 5.17 57.89 2816.63 0.00 1024 4.03 1.95
OT#29-FAT 50.37 42.62 0 0 2.45 23,40 376 32.65 2575.52 o.0o 5.94 6.15 1.70
OT-FATFOOL(#26.27,28.29.32.33) 65.17 41.20 0 0 1.75 101.08 7.70 71.88 345.21 9.57 5.05 0.00 0.00
MINK30 FAT 52.44 39.81 0 a 2.65 15.45 4.59 9.05 105316 0.00 0.00 0.00 0.00
MINK#31 FAT 67.63 26.46 0 0 2.25 19.85 4.64 5.22 1316.91 0.00 0.00 0.00 2,02
OT#34-FAT 44.73 45,76 0 0 8.s0 194.09 46.00 598.88 12420.00 o.o0 286. 1.88 0.00
OT#36-FAT 61,95 36.42 0 0 13.00 61.20 12.05 237.40 12379.14 0.00 17.20 1.23 0.00
OT#36-FAT 3824 46.90 0 0 31.09 147.09 25.21 1060.16 44585.53 0.0o 73A2 0.00 2.91
OT437-FAT - 47.45 39.85 6 0 21.7t 93.27 16.64 3703.69 46175.93 0.00 61,14 1.80 1.85
OT#33-FATA 55.76 30.19 0 0 15.06 133.05 18.80 4594.70 37224.62 0.00 92.11 1.79 3.36
OT#30-FAT B 71.25 30.19 0 0 14.97 132.14 20.51 4851t87 31200.89 0.00 8.67 . 1.45 3.44
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Appendix 5 (continued).

Oxy- Van- CWis- Ci-
Sample Number g-HCH Chlardane Chlordane Chlordane pp'-DODD Nonachor pp-DDT HC Epe Deldrin PC9 #31 PCB #28 PCB #52
OT#1-FAT o0oo 159.25 1.97 11.09 107,19 17.61 43.28 19.75 78.08 0.00 0.00 54.42
OT#2-FAT 0.00 805.28 3.21 39.41 174,85 69.72 13.70 31.69 119.38 0.00 1.64 39.42
OTO-FAT 0.00 167.02 1.47 B.88 159.08 21.83 37.02 28.68 119.10 0.0 2.53 76.98
Ot#4-FAT 0.00 170.47 0.00 0.00 40.34 9.82 0.00 10.39 29.98 0.0 0.00 0.00
OTYS-FAT 0.00 337.03 1.26 8.84 64.99 15.06 29.93 26.11 125.10 0.00 3.24 97.21
OT#6-FAT 0.00 49.76 0.81 7.95 88.06 13.44 46.34 23.40 99.19 0.00 4,67 70.51
OT#7-FAT 0.00 40.15 0.00 7.43 86.06 18.07 99.98 36.48 88,81 0.00 9.6S 39.00
OT#8-FATA 0.00 303.60 0.00 9.20 72,04 14.85 48.80 28.15 79.39 0.00 8.83 46.60
OTS-FAT B 0.00 250.71 0.89 9.36 72.05 18.81 40.50 29.23 88.59 0.00 6.29 43.15
OT#9-FAT 0.00 248.64 0,00 8.00 9.59 14.59 9.00 18.98 64.72 0.00 4.73 47.96
OT010-FAT 0.00 350.58 1.19 7.89 99.89 19.43 13.53 26.54 71.90 0.00 4.55 44.76
OT711-FAT 0.00 24.92 0.00 7.15 92.19 18.47 61.50 22.20 51.76 0.00 6.61 47,60
OTY12-FAT 0.00 95.77 0.00 9.20 56.58 15.81 43.10 17.18 36.28 0.00 4.23 33.08
OT#13-FAT 0.00 528.18 1.91 15.22 86.79 27.33 48.31 36.21 133.72 0.00 9.01 71.79
OT#14-FAT 0.00 158.04 0.00 6.79 91.91 12.74 27.56 20.40 98.59 0.00 5.79 32.50
OT#71-FAT A 0.00 498.58 2.03 21.15 269.12 51.39 122.91 90.81 204.96 0.00 3.35 91.62
OT019-FATB 0.00 499.17 2.02 18,80 251:94 47.59 144.91 60.99 179.83 0.06 2.96 94.58
OT#16-FAT 0.00 307.13 1.79 10.02 141.95 15.88 9.09 26.83 119.70 0.00 4.91 01.89
OT717-FAT 0.00 205.07 0.98 7A4 48.81 12.35 32.79 23.57 95.35 0.00 4.01 2b.72
OT#18-FAT 0.00 222.98 1.35 847 60.90 19.20 26.86 26.37 101.91 0.0W 4.35 49.12
OT#19-FAT 0.00 408.18 1.41 8.21 121.26 16.22 14.53 26.28 101.47 0.00 5.42 183.39
OT20-FAT 0.00 169.39 0.00 7.98 33.56 10.02 22.30 14.30 37.02 0.00 9.11 24.62
OT#21-FAT 0.00 157.21 0.00 2.33 51.49 8.08 9.93 7.10 19.05 0.00 0.00 21.81
OT#22-FAT - 0.a 20.32 0,00 6,91 19.41 5.54 0.00 13.32 43.21 0.00 0.00 10.80
OT023-FAT A 0,00 104.61 0.57 4.41 31.82 6.79 17.93 13.32 39.33 0.00 0.00 10.52
OT#23-FAT B 0.00 107.16 0.62 2.99 29.24 6.61 25.17 12.78 32.80 0.00 0.00 10.a1
OT24-FAT 0.00 11.56 0.00 3.70 89.32 7.61 3.06 17.00 103.72 0.00 3.98 47.92
OT#25-FAT 0.00 122.22 0.00 2.98 92.32 5.94 0.00 1033 58.78 0.00 2.52 29.79

OT-FATPOOL(#29.27.28,29,32,33) 0.00 103.91 0.00 8.61 14.99 8.15 18.67 7.07 19.41 0.00 0.00 10.27
MINK3O FAT 0.00 111.27 0.00 0.00 48.51 0.00 11.71 3.85 37.37 0.00 2.26 7.67

MINK#31 FAT 0.00 99.67 o.00 0.06 42.10 0.a 17.91 3.42 37.64 0.00 2.22 11.27
OT34-FAT 0.00 520.79 7.01 3.,28 769.86 76.44 37.13 37.07 280.83 0.00 2.99 303.87
0T739-FAT 0,00 169.24 7.36 28.99 433.12 41.71 7.72 37.08 237.70 0.00 4.01 192.86
OT#39-FAT 0.00 286.75 18.55 55.47 1962.91 181.26 23.79 138.32 1066.81 0.00 3.29 514.95
OT37-FAT 0.00 1418.88 18.07 121.49 3990.83 32.79 129,70 191.40 1277.79 0.00 2.03 2301,13
OT#33-FATA 347 955.30 92.75 364.67 6046.69 905.01 128.53 174,82 2486.09 0.00 1.00 313.79

OT38-FAT B 3.38 995.27 9322 346.59 6082.56 825.23 92.93 183.53 2644.89 0,00 1.64 304.68
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Appendix 5 (continued).

PCB
SampleNumber PCB#49 PC0844 PCB#42 PC8564 PCB#74 PCB#70 #86195 PCB#60 PCB#101 PCB#99 PCB#97 PCB#87 PC50110

OT#1-FAT 16.15 5.00 0.00 1.08 24.07 7.76 18.14 26.45 74.42 987.12 2.17 32.43 28.10
OT#2-FAT 10.25 8.32 0.00 1.37 13.39 3.26 13.85 39.95 73.81 632.15 3.27 24.81 20.72

OT#3-FAT 30.58 9.90 0.00 1.86 42.52 15.28 32.97 45.38 124.81 701.74 3.85 46.37 41.38
OT#4-FAT 0.00 20.78 0.00 0.00 0.00 0.0 0.00 0.00 44.84 319.18 0.00 0.00 0.00,

OT#S FAT 18.03 5.84 0.00 1.07 20.32 7.99 20.49 18.89 78.13 723.27 2.02 27.55 20.60

OT#S-FAT 21.1S 9.86 0.00 0.81 34.21 8.9 20.87 21.36 91.01 658.80 0.00 32.a2 25.18

OT#7-FAT 10.48 12.57 0.00 0.99 16.11 0.00 8.79 22.02 68.39 1218.18 0.00 24.98 10.76

OT#9-FATA 24.11 17.54 0.00 3.22 25.33 18.35 38.07 85.01 128.35 1102,74 14.10 81,08 62A46

OT#8.FATB 22.76 11.21 0.00 3.97 23.39 12.68 31.16 50.26 117.74 825.67 12.98 47.22 57.83
OT#3 FAT 11.A 8.79 0.00 1.03 16.01 2.53 10.00 28.62 78.32 857.68 3.80 24A4 18.34

OT#l0-FAT 10.07 11.60 0.00 0.80 16,85 4.02 12.33 34.87 77.34 1384.77 4.88 24.24 19.55

OT#11-FAT 9.51 15.68 0.00 1.99 27,81 13.74 26.14 36.90 189.84 844.49 17.60 49.16 63.02

OT#12-FAT 8.37 10.34 0.00 1.02 17.45 8.92 13.08 16.08 59.83 309.12 4.04 17.91 14.07

OT#13-FAT 14.75 14.74 0.00 0.75 20.89 0.00 18.25 21.58 102.06 2008.47 0.00 33.22 18A3

OT#14-FAT 9.29 10.08 0.00 0.00 20.27 0.00 11.80 14.04 41.87 339.69 0.00 16A48 9.24

OT#1S-FATA 18.74 11.98 0.00 2.76 25.58 6.37 27.27 57.19 139.28 1651.47 9.07 02.60 32.32

OT#51-FATB 19.75 10,74 0.00 2A5 19.28 5.02 28.84 57.32 144.04 1811.39 9.34 64.79 36.88

OT16-FAT 27.09 9.30 0.00 1.62 38.90 12.51 22.84 55.66 97.56 902.83 5.69 41.76 34,38

OT#17-FAT 8.74 5.42 0.00 0.75 13.85 4.35 13.06 12.66 55.10 640.11 3.20 18.70 10.23

OT#l8-FAT 14.65 5.50 0.00 0.58 35.04 8.08 16.77 18.33 84.70 486.89 0,00 20.87 11.70

OT#19-FAT 43.31 17.80 0.00 1.84 04.71 14.93 03.89 27.36 260.92 2033.35 6.70 138.31 99,20

OT#20-FAT 6.28 9.04 0.00 1.13 10.70 0.00 9.23 2.80 37.91 373,65 3.57 12A4 11.99

OT#21-FAT 7.67 2.99 0.00 0.84 12.67 4.40 11.20 20.67 689.35 587.28 5.84 23.35 27.24
OT#22-FAT 4.30 2.29 0.00 0.80 10.23 0.00 5.48 8,96 33.54 290065 0.00 8.67 7.32

OT#23-FAT A 2.14 1.66 0.00 0.45 6.40 0.00 3.98 17.97 22,08 288.76 0.00 0.91 4.44
OT#2S-FAT B 2.30 3.29 0.00 0.46 6.42 0,08 4,56 18.35 22,44 289.75 0.00 5.92 4.6

OT#24-FAT 21.73 12.24 0.00 1.30 41.21 15.97 29.82 45.51 88.72 487.45 8.00 40.14 41,62

OT20-FAT 14.84 6.01 0.00 1.20 27.19 7.38 18.35 86.17 586.75 343.11 2.78 21.t3 16.12
OT-FAT POOL(#26,27,28.29,32233) 2.36 2.82 0.00 0.61 4.56 0.82 5.53 16.45 20.34 131.03 3.78 6.89 9.26

MCNIN20 FAT 3.45 4,09 0.00 0,00 32.79 10.89 25.14 29.04 51.82 143.07 10.68 27.04 40.62

MtNIK31 FAT . 4.97 5.08 0.00 0.38 27.08 12A9 27.79 19,91 55.89 124.33 13.05 29.41 47.33

OT#34-FAT 76.54 26.78 0.00 1.92 48.47 14.68 84.96 79.17 330.44 1558.02 8.60 16.02 135A8

OT#3S-FAT 50.11 27.23 0.00 2.97 37.72 16.00 54.70 70.90 249.80 1298.27 6.09 986.54 78.62

OT#36-FAT 86.02 30.37 0.00 4.67 56.68 17.63 147.82 80.86 468.82 2075.86 11.27 223.70 133.36

OT#37-FAT 73,36 28.57 0.00 3.53 46.37 5.36 409.70 127.18 1305.25 8010.89 6.69 1210.04 318.19
OT#38-FATA 59.07 11.11 0.00 3.65 54.34 9.72 150.52 204.97 458.59 2227.26 6.82 190.52 68.21

OT#38-FAT B 57.62 9.67 0.00 3.65 48.24 5.66 131.32 197.67 439.58 2217.84 6.91 184.65 87,52
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Appendix 5 (continued).

PCn
SampleNumber PCS#151 PCB#149 PCB#118 PCB#146 PCB#153 PCB0105 PCB#141 PCB#138 PCB0188 PCB#128 61821187 PcB#1a3 PC01 85
OT#1-FAT 6.25 19.34 77.41 193.11 3138.80 68.24 10.61 3014.12 67.47 31.65 113.90 189.66 0.00
OT#2-FAT 13.98 21.64 73.40 124.33 2307.91 54.70 9.53 2027.61 82.06 16.81 131.16 167.29 0.00
OT#3-FAT 8.08 29.02 139.97 198.31 2102.11 101.35 16.20 1956.53 81.3$ 85.17 144.44 183.12 0.00
OT#4-FAT 0.00 0.00 85.02 74.58 1002.10 0.00 0.00 581.05 o.00 16,93 103.65 72.38 0.00
OT#S0FAT 20.86 20.76 79.77 161.45 2341.64 61.38 10,80 2129.43 53.31 41.03 101.06 160.41 0.00
OT#6-FAT 2.02 13.82 112,29 125.37 1483,96 65.34 7,50 1503.09 45.82 24.74 86.09 90.47 0.00
OT#7-FAT 3.90 15.61 70.66 288.68 3377.98 88.23 4.51 37e6.36 59.59 50.23 104.56 207.53 0.00
OT#s-FAT A 07.64 48.33 129.28 154.25 2868.74 69.16 15.36 2342.46 62.20 23.60 123.79 174.43 0.00
OT#s-FATB 47.36 44.63 11912 142.75 2386.62 63.34 15.10 2170.14 83.42 31.79 118.92 159.97 0.00
OT#9-FAT 4.08 18.79 74.98 171.48 2386.46 78.26 13,50 2557.68 60.83 49.93 174.60 184.91 0.00
OT710-FAT 17.91 28.00 66,72 247.26 3342.67 8814 7.32 3924.35 103.26 54,59 228.19 300.35 0.00
OT#11-FAT 15.56 51.78 152.06 132.57 2182.61 95.39 22.93 1E03.96 80.03 26.42 100.54 112.89 0.80
OT#12-FAT 30.83 13.98 64.48 80.89 874.81 39.33 6.81 67.985 28.89 21.41 77.75 67.60 0.00
OT#13-FAT 20.88 33.26 85.77 415.12 5440.34 84.48 9.12 8114.43 160.32 80.13 260.51 4J8,20 0.00
OT14-FAT 4.82 8.88 69.31 77.83 862.99 50,21 3.54 695.68 24A0 14.91 84.44 62.84 0.00
OT916-FAT A 57.71 51.07 90.49 324.82 3200.65 89.26 13.87 4104.24 120.97 86.25 277.73 331.80 0.00
OT#1S-FATB 61.07 51.8 95.17 337.40 3131.53 80.14 14.29 4281.91 116.86 50.16 284.07 347.73 0.00
OT#16-FAT 6.00 24.26 95.17 188.13 2638.04 93.04 17.27 2309.06 58.77 52.16 136.69 18S16 oo00
OT#17-FAT 12.30 18.77 60.64 143.07 2113.04 48.23 5.03 17685.35 48.30 33.29 93.52 131.689 .00
OT916-FAT 13.92 13.22 92.67 104.49 1119.03 60.53 6.08 , 505.06 37.61 23.54 104.29 99.68 0.00
OT#1s-FAT 22.75 47.51 262.01 386.38 4794.76 197.98 35.57 820848 157.38 58.48 185.38 287.93 0.00
OT920-FAT 19.95 13.78 43.81 60.03 971.52 30.47 3.42 785.82 24.45 15.91 50.81 58.00 0.00
OT#21-FAT 8.83 24.47 88.31 111.1B 2180.18 81.84 17.51 1800.67 41.28 31.45 115.52 139.19 0.00
OT#22-FAT 0.00 5.02 78.97 89.88 869.39 49.38 7.23 747.18 25.29 14.56 59.29 59.23 0.00
OT#23-FATA 9.93 8.13 25.00 46.10 984.40 18,81 1.20 716.21 17.87 9.92 37.49 00.22 0.00
OT#23-FATB 10.14 9.89 25.78 46.61 991.13 18,07 1.68 724.12 18.14 10.04 38.01 00.84 0.00
OT#24-FAT 6,93 27.19 127.05 102.67 1351.68 72.39 19.97 1164,11 31.10 36.11 111.88 108.03 0.00
OT#25-FAT 2.54 10.10 75.30 73.39 988.31 47.93 10A0 813.80 23.26 24,54 80.52 9231 0.00
OT-FATPOOL(#26,27,28.29,32.33) 27.88 19.38 25.40 16.19 221.87 11.71 5.19 190.86 0.00 8.76 14.22 11.90 0.00
MINK#S0 FAT 7.63 29.72 231.59 51.85 484.37 55.94 14.54 529.39 18.54 14.73 61.93 40.84 0.00
MINK#S1 FAT 8.65 34.16 199.43 37.08 414.73 48.18 16.54 424.20 17.18 7.74 46.64 36.22 0.00
OT#34-FAT 47.70 110.72 223.02 561.13 5071.00 173.05 62.78 5288.18 156.95 119.76 763.90 544.40 0.00
OT#35-FAT 36.94 89.60 154.80 489.86 5998.09 0.00 48.80 5221.60 134.88 143.27 889.87 891.93 0.00
OT#36-FAT 96.92 223.85 243.12 892.79 7220.52 195.10 123.23 7934.44 284.86 204.28 1949.91 1117.53 0.00

T037-FAT 106.90 578.51 484.68 2574.41 19830.83 218.49 193.52 27226.93 818.15 418.41 3399.35 2504.95 0.00
OT#38-FATA 308.15 421.24 199.73 1023.82 8724.11 0.00 279.61 8970.12 104.41 291.48 3775.8t 1812.52 24.04
OT38-FAPT 297.63 406.93 193.89 989.29 8297.00 9,00 272651 S525.93 105.10 280,35 36068.90 1749.74 23.16
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Appendix 5 (continued).

PCB Arodor AmcIcr
Sample Number PC3#174 PCB #171 PCB#200 PCB9172 PCB#1S0 X170t190 PCB0201 PCB#203 PCB #195 PCB#194 PCB#206 SPCBs 1254:1260 1260
OT#1-FAT 1.61 1635.69 56.24 30.07 2810.85 130813 140.96 114.09 67.66 386.79 143.58 14920.98 40731.41 24656.60
OT#2-FAT 1.69 31.61 31.89 -17.1S 1794.72 736.99 125.80 144.12 77.72 26.26 128.94 8901.59 27398.76 15742.19
OT#3-FAT 6.09 120.01 46.97 45.34 1776.31 759.78 211.64 109A4 79,39 311.24 127.05 9744.03 26445.62 15561.70
OT#4-FAT 0,00 45.19 25.56 14.41 1076.10 334.22 85.03 60A3 28.13 299.96 192.52 4442.01 7651.99 9439.45
OT#S-FAT 1.59 92.93 36.69 29.41 2569.37 962.94 157.32 96.08 68.64 270.62 97.57 10555.44 28776.14 22538.30
OT#6,FAT 0.00 7049 33.97 19.19 938.71 388.45 89.57 67.33 34.62 109.98 49.00 6251.79 20311.99 7357.07
OT#7-FAT 0.00 120.65 74,71 44.94 2748.11 1296.96 145.29 109.16 90,01 279.78 115.93 14505.09 56096.72 24106.20
OTl8-FATA 5.43 29.73 44.09 20.69 - 1884.51 810.57 104.22 113.56 66.55 279.70 148.46 10897.49 31664.96 19530.79
OT#9-FATB 4.91 29,17 41.30 18.98 1761.44 751.32 94.77 103.96 80.65 259.73 132.17 9974.04 29326.18 15323A9
OT#9-FAT 4.58 41.74 51.41 41.37 2587.34 1133.70 225.49 138.73 93.82 393.11 190.29 12367.89 34565.99 22S95,99
OT#10-FAT 2.53 66.24 73.24 44.44 3991.46 1551.19 182,97 . 184.16 124.12 427.92 179.07 16881.65 53031.51 35012,84
OT#11-FAT 11.59 99.24 47.90 27.08 1488.66 652.97 108.63 77.58 55.24 212.84 3g.63 8468.00 24377.78 13058.44
OT#12-FAT 0.00 47.56 18.51 14.61 523.61 241.24 58.42 33.76 21.90 72.32 32.79 3918.56 11729.06 4593.07
OT#13-FAT 0.0 193.55 101.63 78.76 5108.59 2344.08 329.09 287.36 193.92 662.42 255.06 25102.73 82827.39 44612.16
OT#14-FAT o.0o 48.76 15.30 10.69 59124 241.13 48.33 39.41 27.21 100.82 55.22 3516.50 9A41.14 5156.35
OT#15-FATA 3,50 146.39 65.05 46.91 2674.52 1260.22 179,93 177.01 106.17 261.68 90.05 15781.92 55462.70 23460.74
OT#lS-FAT B 3.73 169.70 74.07 51.40 2814.32 1336.24 162.76 185.36 111.58 272.74 93.29 16228.29 57863.70 24687.01
OT#16-FAT 6.55 108.44 42.04 39.32 2471.05 1038.45 293.49 155.90 107.96 436.23 207.61 12031.90 31203.57 21675.92
OT#l7-FAT 0.00 25.57 35.13 19.39 1596.16 704.44 104.55 69.71 55,25 173,83 61.91 8144.16 23856.03 14001.39
OT#18-FAT 0.00 60.13 22.12 13.93 927.19 326.04 67.37 58.92 36.12 125.23 62.72 5101.57 13500.80 8133.27
OT#19-FAT 3.19 250.82 136.06 54.68 3065.15 1557.80 264,15 157.29 115.56 411.34 158.78 21548.83 70344.46 33904.87
OT#20-FAT 0.00 36.16 18.16 7.85 623.04 269.46 48.88 36.70 21.71 86.82 36.92 3752.58 103'4.84 5465.25
OT#21-FAT 6.69 89.91 42.54 23.92 2324.51 974.67 120.91 87.53 85.50 379.48 161.27 8469.44 21930.64 20390.42
OT#22-FAT 0.00 52.60 2.45 10.39 601.61 262.S9 69.35 46.64 25.22 194.99 64.09 3646.24 10096.65 5277.29
OT#23-FATA 0.00 25.17 16.20 5.86 876.28 360.19 36.04 38.21 25.94 146.69 84.74 3913.71 9678.51 7659.64
OT#20-FATB 0.00 26.16 1691 5.71 1026.18 365.05 35.95 38.76 26.00 150.26 66.05 4097.67 9785.44 90016.8
OT#24-FAT 7.17 85.53 27.So 28.75 1399.07 506.19 222.55 196.46 6616 247.70 161.99 6886.26 15731.15 12272.52
OT#25-FAT 3.34 97.78 19.53 16.96 918.44 341.71 141.45 77.43 46.08 163.70 15S.64 4746.09 10998.62 8056.53
OT-FAT POOL(#26,27,28,29,32,33) o.00 7.69 6,20 2.39 126.01 44.02 7.91 6.54 3.02 26.18 17.70 979.85 2173.73 1105.36
MINK#30 FAT 7.29 46.54 21.07 10.70 705.11 340.36 35.74 25.83 36.69 183.89 89.40 3445.81 7153.90 6185.17
MINK131 FAT 7.93 42.22 12.±5 7.31 650665 156.37 20.17 30.42 24.93 89.08 51.91 2652.98 5732.48 4444.59
OT#34-FAT 26.51 266.85 101.81 134.07 4529.68 1957A1 557.91 419.96 232.27 614.83 248.80 24906.87 71461.93 39734.05
OT#35-FAT 24.39 225.26 60.22 165.18 7714.37 2881.34 607.60 473.71 289.20 1154.24 407.06 29854.86 70562.15 67669.89
OT#36-FAT 51.81 506.89 163.28 272.30 6983.95 3046.33 1202.60 941.76 447.57 1218.19 657.10 39840.92 107222.13 61262.70
OT#37-FAT 18.11 1521.57 575.78 695.32 18321.14 8946.50 2003.55 1636.08 764.49 2008.09 628,54 108817.43 387931.52 160711.74
OT#38-FAT A 135.25 652.30 168.67 368.55 11096.72 41956.79 1607.45 1600.78 669.05 1637.50 774.92 53545.23 134731.37 97339.63
OT#38-FAT B 133.22 660.26 158.77 55.21 10783.56 4C3.47 1538.25 1539.61 835.96 1966.69 737.11 51503.53 128728.84 94683.82
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Appendix 6. Ca-planar PCB, dioxin, and furan concentrations (ppt, ww) in livers of river otter and mink collected from the Lower Columbia River and
Reference Area, 1994-95. Detection limit = 0.1 plot (waw). ND = not detectable. AB = 2 replicates of the same sample.

Pca PCB PCB PCB 2378- TCDD 12378- PCDD 120478- 120678- 123789- H6CDD 1234e75- It7CDD 2378-
Sample Number 4 Lipid #77 #81 #126 #169 TCDD Total PCDD Total HSCDD HeCOD H6CDD Total H7CDD Total OCDD TCDF
011-LUVER 3.62 7-10 0.70 67.00 17.10 0.47 0.57 0.41 0.41 ND 11.98 0.48 12.42- 104.65 104.69 477.01 0.98
OT#2-LIVER 2.97 15.20 0.70 39.60 11.00 0.36 0.29 0.33 0.33 ND 7.40 0,6 8.77 29.6.0 33.45 21.57 0ceo
OT#3-LIVER 5.31 3.30 0.40 83.20 17.50 0.70 0.79 0.42 0.42 ND 6.11 0,52 8.63 49.41 92.09 177.16 0.18
0T64-LIVER 3.84 7.00 0.20 11.60 10.10 0.17 0.26 0.17 0.17 ND 1.11 0.11 1.22 3.48 3.49 13.17 0.14
OT#9-UVER 2,97 3.90 0.30 29.60 10.00 0.29 0.42 0.22 0.22 ND 4.55 0.45 6,33 44.34 96.30 246.79 0,14
0167-LIVER 4.48 1,70 ND 19.80 12.90 0.654 0.94 ND ND ND 14.62 1.2 16.068 69.99 108.44 413.86 0.24
0169-LIVER 2.87 1140 0.80 07.90 39.20 0.56 0.69 ND ND ND 2.79 ND 3.58 5.37 19.11 7.01 ND
0169-LIVER 2.80 1.23 ND 39.30 32.3.0 2,21 2.21 0.60 0.60 ND 15.22 0.71 15.62 51.76 51.78 84.93 ND
0T1o-LIVER 3.68 2.40 0.70 39.20 27.70 1.49 1.99 ND ND ND 1,89 0.89 19.03 34.19 63.24 94.89 1.76
0T#11-LIVERA 2.93 4.10 0.30 18.90 14.10 0.83 0.93 N D . N D ND 6.69 0.40 7.09 65.16 69.19 300.83 0.12
01611I-LIVER 0 2.93 1.70 0.10 14.60 13.70 0.73 0.73 N D -ND ND 6.92 ND 6.52 62.91 63.61 349.81 ND
01612-LIVER 3.03 4.60 0.40 22.60 6.30 0.36 0.39 0.263 0.36 ND 3.08 0.34 3412 49.33 49.33 331.75 0.25
0T#13-LIVER 4.94 4.10 0.30 44.90 30.30 0.43 0.47 0.25 0.25 ND 8,60 0.36 8.98 71.74 71.74 519.88 0.45
01614-LIVER 3.41 3.49 0.20 27.50 4.60 0.66 0.99 0.59 0.79 ND 10.10 0.91 11.63 126.06 106.23 220.94 0.34
0T#1 6-LIVER 3.27 3.40 0.20 39.60 17.90 0.90 0.90 0.93 0.93 ND 268.2 1.97 28.79 982.99 992.95 4517.97 0.22
0T6196-LIVER 2.76 2.29 ND 30.50 19.90 0.91 0.51 0.27 0.27 ND 2.28 0,20 2.99 7.71 7.91 28.69 0.17
0T617-LIVERA 3.97 3,30 0,90 44.40 13.10 0.69 0.75 0.66 0.66 ND 9.29 0.60 8.899 51.36 51,36 148.06 0.65
O0117-LIVER B 3.57 3.10 0.0 459.0 12.90 0.68 0.91 0.70 0.70 ND 6.71 0.69 9,39 53.01 57.11 145.34 0.85
0T169-LIVER 2.79 2.10 0.90 95.10 11.90 1.29 1.28 1.16 1.16 ND 30.34 2.33 32.68 409.51 409.51 1182.59 0.38
OT#19G-LILIER 3.81 7.70 3.30 100.40 28.30 1.22 1.22 0.91 0.91 ND 10.28 0.57 10.95 39.85 39.89 99.24 0.36
07620-LIVER 4.05 2.09 0.40 22.60 840 1.42 1.42 N D ND ND 3.70 0,39 4.09 20,74 24.04 49.50 0.38
07621-LIVER 3.49 3.20 1.40 99.90 21.10 1.90 1,90 0.93 0.90 ND 9.12 0.98 6.79 23.82 23.62 79.59 0,169
07622-LIVER 2.70 2.90 o.io 16.00 3.20 1.27 1.27 ND ND ND 5.95 ND 9.65 16868 28.52 26.49 0.18
07623-LIVER 5.26 1.90 ND 12.50 0.67 0.29 0.29 0.14 0.14 ND 1.90 0,10 2.09 7.45 7.45 36.65 0.15
01624-LIVER 3.71 1.50 ND 39.30 10.60 0,99 0.99 1.76 1.76 ND 85.15 2.21 97.36 268.12 268.12 276.07 ND
07625-LIVER A 3.92 1.50 0.90 24.60 8.30 1.16 1.16 9.70 7.25 32.97 159.00 9.09 225.91 360.30 2473.89 294.13 ND
07625-LIVER 6 2.92 1.30 0.90 23.10 7.60 1.13 1.13 6,90 0.90 00.33 148.33 8.13 190.22 327.96 1940.04 309.63 0.10
07#62-LIVER 3.24 0.90 ND 2.39 2.20 ND ND 0.44 0.44 0.46 4.94 0,35 9.65 14.11 14.11 19.95 ND
OT927-LIVER 3.24 2.90 0.30 16.10 3.60 ND 0.42 0.21 0.21 ND 3.00 0.20 4.0 12.93 12.15 20.44 9.10
CT629-LIVER 3.78 0.90 ND 5.90 4.70 0.13 0.40 0.22 0.22 0.14 2.11 ND 2.25 4.37 4.27 6.91 ND
0T#29-LIVER 2,49 3.20 ND 4.60 7.201 0.36 0.38 0.57 0.57 0.48 4.79 0.53 5.90 10.80 10,80 19.99 0.26
MK#31-LUVER 3.19 2.20 0.70 65.50 2.30 0.67 1.04 0.83 0.83 1.23 6.94 0,80 9.97 39.25 35,25 66.95 0,30
07632-LIVER 3.03 9.90 ND 18.80 3.60 0.19 0.19 .ND ND ND 2.75 ND 2.75 12,28 12.28 17.24 0.16
07633-LIVER A 3.08 ND ND 9.70 9.00 NO ND N D ND 0.23 1.90 0.31 2.44 4,13 4.13 4.92 ND
0`7630-LIVERSB 2.92 1.40 ND 9.40 4.20 ND ND 0.34 0.34 0.25 1.90 0,32 2.39 3.43 3.64 3.78 0.08
0T#34-LIVER 3.85 2.30 0.70 147.20 51.40 2.99 2.99 4.26 4.29 6.39 79.5 3.06 99.93 293.39 429.09 1255.39 0.37
0T#35-LIVER 2.43 1.90 ND 50.20 23.70 0.86 0,86 0.96 0.95 1.78 40.30 1.17 43.25 155.25 159,25 297.99 0.02
OT636-LIVER 2.69 2.39 ND 91,30 46,40 1,59 1.59 1.92 1.62 ND 58.82 2.29 72.05 239.29 361,29 479.08 ND
0T637-LIVER 2.65 1.20 0.90 62.60 124,90 1.17 1.17 0.97 0.57 0.99 19.97 0.90 20,43 93.93 69.40 179.74 ND
0TM3-LIVER A 4.90 3.10 1.20 099.40 194,90 2.28 2,29 5.94 9.94 ND 79.82 4.79 91.74 239.71 295.94 406.04 ND
0T638-LIVER 0 4.90 3,40 1.20 409.00 170,70 2.79 2.75 6.79 6.79 4.66 66.37 5.25 100.57 24840 264.56 443.93 ND
MK#39-LIVER 4.91 0.99 0.40 59.00 8.70 ND ND ND ND ND 2.77 ND 2.77 2.07 2.07 0.22 ND
MK#40-LIVER 4.36 0.90 ND 8.40 1.00 ND ND ND ND ND ND ND ND 3.11 3,11 13.37 ND
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Appendix 6 (continued).

TCDF 12378- 23478- PCDF 123478- 234678- 123678- 123789- HNCDF 1234678- H7CDF Dioxin Total
Sample Number Total PCDF PCDF Total H6CDF H6CDF HOODF H6CDF Total H7CDF Total OCDF TEQs TEQs
OT#I-LIVER 0.58 0.31 1.91 2.36 15.30 ND 1.55 ND 16.85 54.55 54.55 10.98 13.337 25.691
0T#2-LIVER 2.49 0.14 2.99 4.94 4.11 1.14 0.78 ND 6.69 3.29 3.52 0.30 8.062 15.793
OT3-LIVER 1.91 0.39 2.90 3.99 5.80 1.10 1.04 ND 9.25 25.84 26.85 6.72 12.097 27,125
OT#4-LIVER 0.22 ND 0.77 0.77 0.73 0,69 0.26 ND 1.68 0.97 0.97 0.29 2.757 5.825
OTS-LIVER 3.96 ND 3.44 6.29 9.38 1.02 0.81 ND 7.79 16.05 16.92 7.43 7.648 18.682
OT#7-LIVER 1.45 ND 3.50 9.53 13.98 ND 2.12 ND 16.64 60.85 60.95 10.27 10.251 22.543
OT#6-LIVER 12,41 ND 4.55 7.98 1.82 1,0S 0.69 ND 6.21 0.89 1,18 ND 11.194 23.040
OT#9-LIVER 0.36 ND 2.90 2.90 5.69 1.76 1.43 ND 8.87 8.45 6.92 1.05 7.128 17.152
OT#19-LIVER 1.76 3.56 4.29 19.18 5.74 0.90 0.99 0.25 10.99 12.89 12.89 1.58 11.927 26.984
OT#11-LIVERA 0.64 ND 2.42 2.42 14.00 ND 1.61 ND 15.61 53.33 53.33 3.37 8.273 15.221
OT#11-LIVER B ND ND 1.70 1,76 13.43 ND 1.61 ND 15.04 92.64 52.94 3.32 7.474 14.549
OT#12-LIVER 0.25 ND 2.24 2.35 2.69 0.97 0.73 ND 4.29 47.11 48.39 2&39 6.343 10.390
OT913-LlVER 0.45 0.11 1.79 1,90 11.04 1.06 1.27 ND 13.37 54.44 54.44 8.89 11.570 41.689
OT#14-LIVER 0.95 ND 2.82 4.12 6.78 1.39 1.23 ND 9.58 27.52 28.29 20.14 9.321 12.52s
OT#19-LIVER 0.33 ND 3.47 4,00 32.95 3.21 5.31 ND 41.56 683.79 706.72 920.09 35.543 44.308
OT#16-LIVER 0.17 ND 1.49 1.49 2.05 0.75 0.45 ND 3.29 2.59 2.58 0.74 4.967 14A90
OT017-LIVERA 0.65 ND 3.73 3.73 9.51 1.37 1.54 ND 11.42 39.41 39.41 5.33 11.158 19.354
OT#17-LIVER S 4.09 ND 4.96 7.S 6.8. 1.33 1A3 ND 11.94 40,08 40.09 6.06 12.034 21.510
OT#18-LIVER 0.38 ND 5.51 5.51 20.63 2.88 5.90 ND 29.69 109.38 110.85 21.42 26.379 32.987
OT#19-LIVER 0.36 ND 4.22 4.22 10.02 1.39 1.35 ND 12.76 12.07 13.07 1.47 18.294 33.938
OT#20-LIVER 5.40 ND 2.94 4.93 2.87 1.07 0.85 ND 4.77 4.25 4.56 1.61 6.664 10.904
OT#21-LIVER 0.41 ND 3.49 3.49 4.60 1.14 0.91 ND 6.55 4.05 4.95 2.28 12.292 24.648
OT#22-LIVER 0.34 ND 1.75 3.07 2.85 1.0$ 0,65 ND 4.76 3.60 3.79 0.91 5.241 7.941
OT#23-LIVER 0.24 ND 0.84 0.54 1.57 0)72 0.30 ND 2959 4.69 4.69 1.58 2.715 9.991
OT#24-LIVER ND ND 6.92 6.92 25.94 3.39 4.42 ND 33.75 18.97 19.38 1.42 24.564 30.772
OT#25-LIVERA ND 6.12 12.01 29.99 , 19.89 7.05 3.80 0.38 39.76 14.65 27.64 ND 41040 45.362
OT#20-LIVERB 0.10 1.09 11.55 13.77 18.89 7.00 3.87 ND 32.33 12.48 21.40 1.81 38.291 42.930
OT#26-LIVER ND ND 0.65 0.65 1.29 0.99 0.56 ND 3.56 2.75 2.79 0.42 1.931 2.263
OT#27-LIVER 0.10 ND 1.96 1.99 2.49 0.97 0.64 ND 4.00 2.52 2.52 0.63 3.823 5.100
OT#28-LIVER 6.91 0.11 127 1.82 0.74 0.74 0.40 ND 2.10 0.90 0.99 0.17 2.187 2977
OT#29-LIVER 0.26 0.19 0.83 1.02 1.99 1t21 0.94 0.31 4,45 3.37 3.82 3.14 3.133 3.478
MK#31-LIVER 0.30 ND 6.24 6.24 1.17 2.09 1.55 0.04 5.16 0.52 0.69 1.15 12.020 17.670'
OT#32-LIVER 3.40 ND 2,45 2.78 2.58 0.99 0.77 ND 4.31 3.07 3.07 0.60 4.233 5.110
OT#33-LIVERA ND ND 129 1.29 0.72 0.83 0.55 ND 2.10 ND ND ND 2.065 3.229
OT#33-LIVER B 3.12 ND 1.47 1.83 0.63 0.78 0.41 ND 238 0.52 0.52 ND 2.240 3.430
OT#34-LIVER 0.53 ND 22.60 25.08 68.79 6.03 7.17 ND 79.99 139.88 142.04 22.00 55741 82.716
OT35-LIVER 0.02 ND 6875 8.75 25.00 3.32 3.27 ND 32.29 52.48 53.48 10.10 20.882 38.714
OT#36-LIVER ND 0.58 10.91 16.39 28.33 4.00 5.09 ND 42.04 76.19 79.20 22.35 31.531 49.359
OT#37-LIVER 0.00 ND 0.35 11.29 39.80 2.26 4.03 ND 46.25 43.59 44.19 4.28 24.828 83.169
OT#38-LIVERA 2.70 1.03 16.39 30.02 20.62 3.64 5.64 ND 33.95 08.11 70.08 11.23 72,733 109,453
OT#37-LIVER B 2.57 ND 19.14 20.68 22.79 4.76 6.16 ND 34.43 74.16 74.16 11.80 81.744 121.022
MK#39-LIVER ND ND 2.86 2,86 0.23 0.90 0.39 ND 1.51 0.21 0.21 0.22 8.187 12.087
MKs40-LIVER ND ND ND ND ND 0.69 ND ND 0.96 1.08 1.19 ND 0.849 1,683

Note: Total TEis include TE~s from Appendix I (converted to ppt) PCBs and TEQs from co-planar PCBs, dioxins and furans from this Appendix.
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Appendix 7. Co-planar PCB, dioxin, and furan concentrations (ppt, wm) in mesentary fat of river otter and mink collected from the Lower Columbia River and
Reference Area, 1994-95. Detection Limit = 0.1 ppt (ww). ND not detectable. A,B = replicates of the same sample.

PCS PCs PCO PCO 2378- Total 12378- TOTAL 123478- 123678- 123769- Total 1234678- Total
Sample Number % Lipid #77 #81 #126 #169 TCDD TCDD PCDD PC0D HICDD H8CDD H6CDD H6CDD H7CDD H7CDD
OT#l-FAT 75.50 74.80 2.70 45.00 156.90 ND ND ND ND ND 10.08 ND 36.52 19.58 270.29
OT#2-FAT 62.23 43.30 0.70 43.70 126.30 ND ND ND ND ND 9.07 ND 9.07 7.62 7.82
OT#3-FAT 68.84 62.50 ND 88.80 165.30 4,58 7.07 ND 4.00 ND 13.08 ND 127.72 16.71 896.38
OT#4-FAT 7.21 13.00 1.20 13.50 29.80 ND ND ND ND ND 2.26 ND 2.26 2.85 25.35
OT#5-FAT 76.88 90.80 4.50 55.00 129.80 ND ND ND ND ND 7.06 0.62 7.68 12.81 12.81
OC#6-FATA 59.88 46.90 ND 49.10 57.80 ND ND ND ND ND ND NO ND 13.59 14.47
OT0-FATE 89.89 45.60 2.70 51.80 58.40 2.83 2.83 ND ND ND ND ND ND 7.51 7,51
01#7-FAT 38.35 67.10 ND 32,40 183.10 2.71 2.71 ND ND ND 15.66 ND 32.27 24.74 152.17
OT#8-FAT 45.82 61.08 ND 52.00 281.80 ND ND ND ND ND ND ND ND 5.30 9.93
OT#9-FAT 82.87 14.80 ND 27.80 150.00 6.64 6,64 ND ND ND 11.28 ND 11.28 10.33 10.33
07810-FAT 47.17 41.50 1.70 37.40 304.10 4.50 4.80 ND ND ND 9.96 ND 35.04 8.32 227.04
OT#11-FAT 35.19 68.60 ND 41.30 146AO ND ND ND ND ND 10.74 ND 30.21 23.25 182.53
OT#12-FAT 57.24 21.60 2.40 39,80 102,60 ND ND ND ND ND 5.37 ND 5.37 24.29 31.14
OT#13-FAT 31.29 17.70 ND 20.10 130.80 ND ND ND ND ND 5.00 ND 5.00 12.55 12.55
OT#14-FAT 42.39 21.60 ND 33.80 45.00 ND ND ND ND ND ND ND 2A4 14.92 89.13
OT#15-FAT 52.48 25.90 ND 81.90 206.00 2.47 2.47 ND ND ND ND ND 2.20 2.94 20.62
OT#16-FAT 00.48 78.40 6.80 73.80 387.20 ND ND ND ND ND 44.08 9.56 150.45 486.68 2917.34
OT#17-FAT 63.32 75.60 6,80 54.00 167,80 4.07 4.07 ND ND ND 7.82 ND 7.82 15.40 17.42
OT#18-FAT 51.72 45.90 7.10 82.80 94.80 ND ND ND ND ND 16.89 ND 17.74 68.98 75.67
OT#19-FATA 57.24 64.60 6.30 62,00 260.70 ND ND ND ND NO 9.31 ND 55.08 10.48 555.33
OT819-FAT B 57.24 63.70 5,90 81.00 269.60 ND ND ND ND ND 7.03 ND 22.08 6.32 28.88
OT20-FAT 45.82 24.10 2.40 35.40 101.30 6.37 6.95 ND ND ND 4.99 ND 8.11 ND ND
OT#21-FAT 69.60 36.30 ND 85.00 165.60 3.46 3.46 ND ND ND ND ND 67.33 3.39 334.51
OT822-FAT 51.84 31.00 ND 67.40 114.10 6.36 6.36 ND ND ND 11.80 ND 11.80 9.46 10.37
OT#23-FAT 82.01 27.20 ND 33.30 155.70 2.02 Z02 ND ND 1.36 4.46 2.20 8.02 8.16 8.18
OT#24-FAT 57.35 110.20 9.80 138.20 396.20 3.23 10.43 ND ND ND 35.18 ND 268.16 32.35 2100.44
OT#25-FAT 50.37 90.00 5.00 70.10 166.10 4.01 4.01 ND ND ND 98,67 ND 169.08 82.63 4040.95
MK#30FAT 52.44 139.30 ND 62.80 124.40 ND ND 9.01 9.01 13.43 85.98 ND 79.38 54.33 54.33
MK#31-FAT 67.63 79.70 7.70 209.80 40.90 3.60 3.60 ND ND NO 23.84 ND 54.68 25.53 458.35
OT#34-FAT 44.73 180.00 16.10 259.40 50.10 4.43 4.43 ND ND ND 16.14 0.91 19.05 23.33 23.33
OT#35-FATA 61.95 61.80 6.20 85.80 250.80 4.48 4.46 ND ND 2.52 19.60 ND 22.12 23,31 30.79
OT35-FATB 61.95 109.40 9.30 139.20 423.20 4.26 4.26 ND ND ND 29.00 0.77 29.77 34.52 34.52
OT#36-FAT 38.24 88.00 8.80 84.90 271.40 3.18 3.16 ND ND ND 14.01 ND 15.06 26.59 27.75
OT#37-FAT 47.45 27.80 ND 77.40 1053.50 ND ND ND ND ND 13.47 10.09 587.00 ND 3954.15
OT#38-FAT 83.51 32.40 ND 362.70 1198.80 0.69 6869 10.32 10,32 4.04 30.52 3,33 40.63 29.52 44.67
OT-FAT POOLA(#26,27,28,29,32,33) 85.17 27.50 ND 23.60 56,70 ND ND ND ND ND 3.76 ND 3.76 5.52 8.52
OT-FAT POOL 1(#26,27,28,29,32,33) 65.17 20.50 1.20 20.10 51.30 ND ND ND ND ND ND ND 4.73 4.70 25.04
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Appendix 7 (continued).

2378- Total 12378- 23478- Total 123478- 234678- 123678- 123788- Total 1234878- Total
Sample Number OCDD TCDF TCDF PCDF PCDF PCDF H6CDF H6COF H6CDF H6CDF H6CDF H7CDF H7CDF OCDF
OT#1-FAT 50.82 2.89 2.89 2.89 4.52 27.35 2.35 6.32 ND ND 18.11 4.61 10.68 2.16
OT#2-FAT 7.49 ND ND ND ND ND 0.88 5.63 ND ND 6.51 ND ND ND
OT#3-FAT 46.44 3.03 3.03 29.78 10.24 115.36 ND 8.80 ND 4.91 58,12 ND 7.92 ND
OT#4-FAT 9.40 ND 2.80 ND ND ND ND 8.76 ND ND 9.74 ND ND ND
OT#U-FAT 31.68 ND ND ND ND ND 1.21 5.73 ND ND 6.84 1.85 1.85 ND
OT#6-FATA 79823 3.66 4.37 ND ND ND 1.53 6.59 ND ND 8.12 6.22 6.22 3.32
OT#S-FATB 18.37 2.83 2.83 ND ND ND ND 8.27 0.45 ND 6.72 1.42 1.42 ND
OT#7-FAT 58.93 ND 1.27 ND ND ND ND 6.38 ND ND 6.38 7.15 7.15 2.11
OT#8-FAT 35.66 ND ND ND ND ND ND 6.99 ND ND 6.99 ND ND ND
OT#s-FAT 15.48 ND ND ND ND ND ND 6.69 ND ND 6.69 ND ND ND
OT#10-FAT 22.75 3.76 21.87 ND 17.03 17.03 ND 6.83 ND ND 13.07 ND 8.46 ND
OT#11-FAT 119.15 3.93 7.53 ND ND ND 2.97 7.56 ND ND 16.83 7.88 11.38 ND
OT#12-FAT 42.09 1.70 4.62 ND ND ND ND 6,70 ND ND 7.77 6.64 6.84 ND
OT#13-FAT 41.60 ND ND ND ND ND ND 6.86 ND ND 6.55 3.28 3.28 ND
OT#14-FAT 31.64 ND ND ND ND 13.01 1.87 8.30 ND ND 13.48 ND ND ND
OT#1S-FAT 12.25 ND 2.30 ND ND ND ND 5.27 1.00 ND 6.27 ND ND ND
OT#1G-FAT 1083.18 ND ND ND 5.89 80.43 8.04 8.34 ND 1.38 81.28 110.88 205.01 184.75
OT#17-FAT 28.81 ND ND ND ND 6.21 2.56 8.96 ND ND 17.01 4.26 4.26 ND
OT#18-FAr 129.01 ND ND ND ND ND 226 7.24 ND ND 10.97 7.63 9.12 3.08
OT#19-FATA 44.59 ND ND ND 5.84 64 ND 8.34 ND ND 22.15 263 24.44 6.60
OT#1S 9-FAT B 20.86 ND ND ND ND ND 0,74 6.96 ND ND 7.70 ND ND 210
OT#20-FAT .13.30 ND ND ND ND ND ND 6.32 ND ND 6.32 ND ND ND
OT#21-FAT 9,58 ND 0,82 ND ND 3.01 ND 5603 ND ND 24.38 ND 10.73 ND
0T#22-FAT 9.59 ND ND ND ND ND ND 6,25 ND ND 6.26 1.12 1.12 ND
OT#23-FAT 37.34 2.12 2,12 ND ND ND 1.99 7.77 2.41 1.83 14.00 8.81 11.87 25.98
OT#24-FAT 69.58 ND 2.42 ND ND 144.04 6.37 6.86 2.57 ND 88.14 ND 22.64 ND
OT#25-FAT 137.28 299 2.99 ND ND 40.30 6.91 7.45 1,33 ND 28.86 ND 63.91 ND
MKY30-FAT 49.02 3.46 3.46 ND ND ND 4.51 6.80 ND ND 11.41 ND ND ND
MKY31-FAT 70.73 3.80 3.80 ND ND ND 2.36 7.43 ND 1.17 10.96 ND 12.98 ND
OT#34-FAT 37.24 7.19 7.19 ND 5.88 5.68 3.84 8.35 ND ND 1218 1.86 1.95 ND
OT#35-FATA 63.38 1.04 1,54 ND 1.78 1.78 2.36 6.56 ND ND 9830 4.79 4.79 4.55
OT#35-FAT B 35.91 1.84 1.94 ND ND ND 3.46 6.96 ND ND 10.42 5.43 5.43 1.76
O0736-FAT 40.78 1.13 4.39 ND ND ND 2.50 6.55 ND ND 9.05 4.63 6,27 4.23
OT#37-FAT 37.92 ND ND 108.84 22.68 111233 11.56 7.95 2.07 5.13 240.77 ND 63.91 2.04
OT#368-FAT 32.43 ND 6.25 ND ND ND 3.38 10,06 ND ND 13.44 ND ND ND
OTFAT POOL A(#26,27,28,23,32,33) 9.15 ND ND ND ND ND ND 6.99 ND ND 6.99 0.82 0.82 ND
OT-FAT POOL B(#26,27,28,28,32,33) 13,46 ND 32.06 ND ND 8.24 ND 6.05 ND ND 11.25 ND ND ND
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Appendix 8. Heavy metal concentrationa (ppm, din) in livera and kidneys of river otter and mink cotlected from the Lower Columbia River and Reference Area, 1994-95.
ND = not detectable.

Detection Limit ao0 na0n 0.13 0.47 12.00 1.7 0.44 e.47 2.00 on2 0.10
Sample Number % Moisture Aluminum Cadmium Chromnium Capper Iron Manganese Nickiet Lead Zinc Mercury Vanadium
0T61-LIVER 70.95 0.91 0.29 0.99 45,70 737.40 7.58 ND ND 54.60 a.46 0.86
OT83-LIVER 71.65 ND Oil1 0.27 37.82 94.70 7.63 ND ND 64,70 4.10 0.75
0783-LIVER 71.29J ND 0.39 0.50 73.19 805.40 5.65 ND ND 72.00 8.14 0.97
0784-LIVER 71.61 ND 0.14 1.40 35.69 069.00 12.61 0.72 ND 112.50 5.12 0.85
OT85-LIVER 69.85 ND 0.13 0.38 42.31 7ti9.40 7.50 ND ND 63.10 1.51 0.66
OT88-LIVER 70.03 ND 0.09) 0.34 sees5 509.40 8.15 ND ND 67.50 3.11 0.59
0787-LIVER 73.06 ND 0,15 0.35 42.03 1004.40 5.60 ND ND 86.40 1.30 0.06
0T#8-LIVER 09.38 ND 0.19 0.39 36.03 1055.00 6.42 ND ND 695.70 5.1 1 0.84
DT#e-LIVER 71.19 ND 0.15 ND 27.62 1032.80 7.50 ND ND 64.20 4.77 0.55
07810-LIVER 69.40 ND 0,20 ND 10,16 981,50 6.17 NOl ND 60.50 4.17 0.61
07811-LIVER 70.53 1.21 0.10 0.93 41.01 969,10 8.83 ND ND 75.40 12.06 0.55
OTEIZ-LIVER 70.41 ND 0.04 2.05 50.53 467.40 5.96 0.52 ND 76.80 6.23 0.78
OT813.LIVER 70.07 ND 0.34 ND 33.75 702.50 10.17 ND ND 54.70 6.05 0.65
0T#j4.LIVER 70.72 ND 0A49 0.18 35.20 844.10 7.55 ND ND 62.00 1.72 0.61
07815-LIVER 70.87 ND 0.12 ND 17.20 1360.60 6.65 ND ND 65.30 1.26 0.65
07816-ILIVER 70.31 NO 0.13 ND 19.31 1071.40 6.1$ ND N D 70.10 4.74 0.57
07817-LIVER 59.91 ND 0.32 0.26 24.29 1520.10 5.41 ND ND 71.50 2.20 0.76
OT#18-LIVER 59.23 ND 0.19 ND 33.53 1030.30 6.91 ND ND 88.70 2.43 0,80
017819-LIVER 68.07 ND 0.17 ND 11.22 1325.70 4.75 ND N D 53.90 6.65 0.70
OTEZO-LIVER 71.48 ND ND ND 37.67 785,00 6.60 ND ND 70.50 5.15 0.93
07821-LIVER 72,07 ND 0,29) ND 16.64 1590.20 6.75 ND ND 79.30 5.32 0.64
07922-LIVER 70.20 ND ND ND 12,53 1119.50 4.30 ND ND 64.90 3.63 0.49
0T923.LIVER 70.10 ND 0.04 ND 13.94 1293.40 5.033 ND ND 54.60 1.93 0G.83
OT#24-LIVER 68,93 1177 0.07 3.43 18.30 969.00 6.00 1.22 ND 69.40 3.75 0.43
07925-LIVER 69.14 ND 0.03 ND 17.90 930.90 5.82 ND ND 69.20 3.35 0.59
07926-LIVER 69.06 ND 0.08 2.75 39.69 1267.00 6.13 1.00 ND 64,00 4,37 0.55
07837-LIVER 70.25 ND 0.10 ND 24.43 1095.20 6.48 ND ND 79.20 5.80 0.54
07828-LIVER 71.88 ND 0.03 ND 33.02 509.50 5.14 ND ND 104.80 5,00 0.85
07829-LIVER 70.10 ND 0.04 ND 46.14 1502.50 5.63 ND ND 77.20 3.63 0.3
MK#30-LIVER 71.~89 ND 0,08 0.35 12,63 903.50 4.29 ND N D 51.6D 1.95 0.47
MI(931-LIVLR 73.69 ND 0.05 ND0 25.53 1214.50 4.77 ND ND0 84.59) 2.21 0.76
0T#32.LIVEER 69.93 ND 0.15 NOD 15.70 831.10 6.95 NO N D 76.20) 11.28 0.55
O0T33.LIVER 69.47 ND 0.07 NOD 15.75 694.40 6.93 ND N D 64.20 4.85 0.88
OT#34.LIVER 68.29 ND 0.11 ND0 54,93 1359.50 5.79 ND N D 59.30 3.03 0.55
oT#35-LIVER 71.55 ND 0.13 N D 21.54 1176.90 6.80 ND N D 67.90 1.13 0.72
07936-LIVER 71.82 ND 0.03 0.17 32.40 551.20 7.47 ND NOD 75,110 1.95 0.74
OT837-LIVER 71.08 N D 0.09 NOD 32.26 1303.40 7.03 ND NO D 62.10 2.11 0.90
07938-LIVERt 68.44 N D 0.32 N D 16.10 1252.80 5.51 ND N D 63.40 2,77 0.69
MKC#39-LIVER 70.88 N D 0,04 ND0 15,32 991.90 6.49 ND N D 106.10 3.42 0.58
mK#94o-LIVER 70.86 ND 0.09 0.15 30.69 1368.20 8.73 ND N40 91.70 0.66 0.82
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Appendix 8 (continued).

0.90 002 0.13 0.47 12.50 1.07 0.44 3.47 2.50 0.10

Sample Number % Moisture Aluminum Cadmium Chromium Copper Iron Manganese Nickel Lead Zinc Vanadium

OT#1-KIDNEY 71.08 0.98 2,38 2.36 41.34 559.50 2.65 0.83 ND 51.10 0.5e

OT#2-KIDNEY 69.91 1.28 1.98 2.24 53.27 552.30 2.52 1.04 ND 55.40 0.48

OT#3-KIDNEY 71.93 ND 3.39 2.26 56.01 420.40 2.31 1.03 0.65 65.80 0.50

OT#4-KIDNEY 74.43 ND 1.66 2.33 50.94 921.90 3.84 1.11 ND 99.30 0.68

OT#S-KIDNEY 68e30 ND 1.42 2.07 43.82 439.60 2.04 0,96 ND 44.10 0.55

OT#6-KIDNEY 70.87 ND 0.87 3.21 49,64 513,10 2.34 1.46 ND 52.40 0.85

OT#7-KIDNEY 74.81 ND 1.57 3.13 63.74 639.40 3.71 1.42 ND 68.70 0.70
OT#6-KIDNEY 72.78 ND 3.04 2.19 58.34 578.60 2.94 1.10 ND 61,20 0.76

OT#9-KIDNEY 75,68 ND 3.45 2.03 43.85 631.40 2.80 1,18 0.52 66.50 0.73

OT#10-KIDNEY 72.21 ND 2.95 0.92 33.80 646.30 2.47 0.80 ND 56.10 0.70

OT#11-KIDNEY 73.21 ND 1.29 2.13 45.29 573.70 2.4a 1.04 ND 60.90 0.79

OT#12-KIDNEY 72.02 ND 0.38 0.92 29.77 366.50 2.91 ND 0.53 64.50 0.63
OT#13-KIDNEY 73.07 ND 4.49 2.22 49.58 521.40 3.24 1.17 ND 56.30 0.59

T014-KIDNEY 72.68 ND 7.03 0.08 32.25 537.20 2.84 0.49 0.57 59.70 0.63
OT#15-KIDNEY 73.20 ND 1.26 1.05 31.75 589.60 2.26 0.56 ND 55.70 0.67
OT#18-KIDNEY 74.79 0.94 2.26 2.61 46.41 621,90 2.30 1.11 ND 60.60 0.53

OT#17-KIDNEY 69.85 ND 2.33 1.37 32.54 513.70 3.35 0.50 ND 54.50 0.46

OT#18-KIDNEY 71.36 ND 2.49 0.74 25.05 607.40 2.48 3.25 0.81 59.80 0.78

OT#19-KIDNEY 67,21 ND 2.08 0.M6 27.87 461.00 1.80 0.44 ND 46.00 0.50

OT#20-KIDNEY 70.95 ND 0.10 0.92 26.07 513.50 2.90 ND ND 55.90 0.60

OTY21-KIDNEY 70.96 ND 1.62 0.B3 28.91 667.50 2.46 ND ND 55.00 0.75
OT#22-KIDNEY 71.8a ND 0.16 1,02 27.92 726.40 2.08 0.48 ND 51.90 0.60

OT#23-KIDNEY 67.64 ND 0.52 0.56 26.20 535,20 1.58 ND ND 41.40 0.54

OT#24-KIDNEY 73.70 ND 0.56 0.58 51.94 570.30 2.46 ND ND 55.10 0.67

OT25-KIDNEY 71.04 ND 0.25 6,08 46,83 809.60 2.76 1.85 ND 57.80 0.57
OT#20-KIDNEY 73.98 ND 0.38 15.53 64.39 806.70 3.60 3.69 ND 63.70 0.77

OT#27-KIDNEY 60.01 . ND 1.05 4.29 38.26 560.00 3.14 0,94 ND 59.60 0.51

OT#28-KIDNEY 75.74 ND 0.49 2.20 35.05 470.20 7.73 0.96 ND 71.30 0.94
OT29-KIDNEY 70.80 ND 0.12 2.11 33.03 1107.00 3.46 5.00 ND 65.20 0.79

MK#30-KIDNEY 71.25 ND 0.44 0,32 19.16 469.50 3.11 2.77 ND 60.70 0.98

MK#31-KIDNEY 60.05 1,55 0.34 0.24 24.93 854.20 3.39 4,82 ND 59.80 0.64
OT#32-KIDNEY 08.22 ND 2.16 1.91 33.09 498.00 2.54 3.25 ND 58.20 0.98
OT#33-KIDNEY 60.00 ND 1.63 1.47 32.45 425.20 1.04 1.73 ND 49.40 0,77

OT#34-KIDNEY 60.77 ND 1.40 1,25 31.77 639.30 2.89 2.62 ND 54.50 0.68

OT035-KIDNEY 71.67 ND 1.61 0,53 22.11 646,10 2.63 1.68 0.59 54.10 0.78
OT#3S-KIDNEY 73.58 ND 0.36 0.49 20.81 6583A0 2.03 1.68 1,63 55.50 0.76

OT#37-KIDNEY 72.15 ND 1.15 0.21 20.99 734,40 3.14 ND 0.69 63.40 1,00
OT#30-KIDNEY 71,93 1.83 5.83 0.62 24.75 920.50 2.62 0.80 0.48 60.90 0.07
MK#39-KIDNEY 72.70 ND 0.15 0,52 26.49 518.80 2.99 0.82 ND 64.70 1.14
MK#40-KIDNEY 57.51 ND 0.10 0.33 24.24 465.50 2.53 0.52 0.63 45.70 0.56
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Appendix 9. A summary of river otter and mink habitat characteristics for each 0.5 mile interval in the randomly chosen 9-mile strata (shoreline cover, canopy cover, and
general assessment), 1994. Percent canopy cover was measured in 25 m increments from the shoreline inland.

Percent Canopy Cover
0-25 m 20-50 m 51-75 m 76-100 m

River Mile % Shoreline Cove L Cow - ugh Low High Low hlgn Low HLgf General Assessment

Illwaco Strata
0.0 100 100 0 100 0 0 0 0 0 Oceanjetty-poorhabitat
0.5 100 100 0 100 0 100 10 100 10 Ocean/StatePark,heavyhumantraftic-poorhabitat
1.0 0 100 0 100 0 100 5 100 5 Ocean/StateParkheavyhumantraffic-poorhabitat
1.5 100 0 0 - 75m vertical cliff -no habitat
2.0 100 100 0 100 0 100 100 100 100 Tidewater marsh (76m clif) -good habitat
2.5 100 100 0 100 0 100 0 100 0 Large riprapjetty/brushyfield-good habitat
3.0 100 100 0 100 0 100 0 100 100 Salt marsh estuary/brushy hillside-good habitat
3.5 100 100 0 100 0 100 0 100 0 Salt marsh estuary/flooded at high tide -good habitat
4.0 100 100 0 100 0 100 0 100 0 Salt marsh estuary/flooded at high tide-good habitat
4.5 100 100 0 100 0 100 0 100 0 Salt marsh estuary/flooded at high tide -good habitat
5.0 100 100 0 100 0 100 0 100 0 Salt marsh estuary/flooded at high tide -good habitat
5.5 100 100 0 100 0 100 0 100 0 Salt marsh estuary/flooded at high tide -good habitat
6.0 100 100 0 100 0 100 0 100 0 Salt marsh estuary/near mouth of Chinook River-good habitat
6.5 100 100 0 100 0 100 0 100 0 Salt marsh estuary/flooded at high tide- good habitat
7.0 100 100 0 100 0 100 0 100 0 Salt marsh estuary/flooded at high tide -good habitat
7,5 100 100 0 100 0 100 0 100 0 Salt marsh estuary/riprap-residential -good habitat
8.0 100 100 0 100 0 100 0 100 0 Salt marsh estuary/riprap-residential, otter den in jetty -good habitat
8.5 0 0 0 100 5 - - - - Mud flats/riprap and tree cover/residential
9.0 0 0 0 0 0 100 50 50 50 Mud flats/riprap and tree coverlresidential -good habitat

Welsh Island Strata
27.0 160 100 100 100 100 100 100 100 100 Thick conifercover. undercut banks-good habitat
27.5 100 100 100 100 100 100 100 100 100 Thick conifercover. undercut banks, creeks, pilings/dolphins -good habitat
28.0 100 100 100 100 100 80 0 60 0 Undercut banks, grass/cottonwood, pasture-good habitat
28.5 100 100 0 100 0 100 100 60 0 Grass cover, mud banks/talltrees/pasture-good habitat
29.0 100 100 0 100 0 100 100 100 100 Mud banks with grass/dense willow, muskrat runs-good habitat
29.5 100 100 100 100 100 100 100 100 100 Dense alderstand with overhangs/dense alder-good habitat
30.0 100 100 0 60 0 60 0 60 0 Small riprap, blackberry I pasture, grass cover
30.5 100 100 50 100 0 100 0 100 0 Grass, cottonwoods, old dock/ meadow, pasture
31.0 100 80 80 100 100 100 100 100 100 Pilings, rocks/alder/forested hillside-good habitat
31.5 100 100 50 100 75 100 100 100 100 Undercut banks, grass/ grass, wllow -good habitat
32.0 100 100 50 100 50 100 80 100 100 Undercut banks, grass/willow, marsh, grass-good habitat
32.5 100 80 100 100 100 100 100 100 100 Marsh, alder, pilings/thickly forested hillside -good habitat
33.0 100 80 20 100 100 100 100 100 100 Shallow water marshgrass, logs/ steeply forested hillside-good habitat
33.5 100 75 30 100 100 100 100 100 100 Deep water, riprap, grass/railroad, thickly forested hillside -good habitat
34.0 100 100 15 100 50 1W0 100 100 100 Pilings, deep water, grass/alder, willow, cottonwood -good habitat
34.5 100 80 50 100 100 100 100 100 100 Pilings, riprapt alder, vines, residential housing -good habitat
35.0 100 80 50 100 100 100 100 100 100 Deep water, dolphins, riprap/ maple, vines, forest-good habitat
35.5 25 50 50 100 100 100 100 100 100 Cottonwood saplings, reeds/thick cottonwood grove -good habitat
36.0 100 80 50 100 100 100 100 100 100 Piling, riprap, railroad/ maple, dense understory -good habitat
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Appendix 9 (continued).

Percent Canopy Cover
0-25 m 26-50 m 5t-75 m 76-100 m

River Mile Shoreline Cover LOw 1-ugh LOw H-gh Low H-1h Low I-9h General Assessment
Gathiamct strata

45.U -0T 100 100 100 100 100 100 100 100 Rock, roots, brush, maple! fir salal, blackberry -good habitat
45.5 100 35 0 100 100 100 100 100 100 Large riprap, roadside, culvertslfir, madrone, brush
46.0 10W 30 0 100 100 100 100 100 100 Large riprap, roadside, culverts/fir, madrone, brush
46.5 100 30 0 100 100 100 100 100 100 Large riprap, roadside, culverts fir, madrone, brush
47.0 1W0 35 0 100 100 100 100 100 100 Large rprap, roadside, culverts fir, madrone, brush
47.5 0 0 0 0 0 50 50 50 50 Shallow water, sandy beach/ residential, human activity
48.0 0 0 0 0 0 100 100 100 100 Sandy beach/steep hillside, fir, maple, cliffs
48.5 100 50 0 0 0 0 0 100 100 Riprap, cliffst resident! dense forest
49.0 75 100 100 100 100 - 100 100 100 100 Sandy beach, rocks! steep hillside, fir, maple, madrone, cliffs
49.5 100 100 100 100 100 100 100 100 100 Deep water, rocks/alder.firmaplecoves-goodhabitat
50.0 100 100 100 100 100 100 100 100 100 Deep water, rocksl/alder.firmaplecoves-goodthabitat
50.5 100 100 100 100 100 100 100 100 100 Sandy beach, rocks/ steep hillside, fir, maple, madrone, cliffs
51.0 65 100 100 100 100 100 100 100 100 Sandy beach, pilings/ logs, alder, cottonwood, maple -good habitat
51.5 100 15 10 0 0 0 0 0 0 Riprap, small cottonwood/ parking lot, highway -poorhabitat
52.0 100 35 0 100 100 100 100 100 100 Riprap, small cottonwood! parking lot, highway! steeply forested cliffs -poor habi
52.5 100 30 0 100 100 100 100 100 100 Large riprap, roadside, culverts/ fir, madrone, brush
53.0 100 50 0 100 100 100 100 100 100 Large rnprap, roadside, culverts fir, madroneo brush/ sheer cliffs-poor habitat
53.5 100 20 0 100 100 100 100 100 100 Large riprap, roadside, culvertsa fir, madrone, brush! sheer clifis -poor habitat
54.0 100 5 0 50 0 25 25 25 25 Deep water, rock, roadway! cliff/clear cut -good habitat

RaInier Strata
63.0 100 100 100 100 100 100 100 100 100 Pilings, undercut bank, cottonwood/ marsh, grass -good habitat
63.5 100 100 100 100 100 100 100 100 100 Pilings, undercut bank, cottonwood! marsh, grass -good habitat
64.0 100 100 100 100 100 100 100 100 100 Pilings, undercut bank, cottonwood marsh, grass -good habitat.
64.5 100 100 100 100 100 100 100 100 100 Pilings, undercut bank, cottonwood marsh, grass -good habitat
65.0 0 0 0 0 0 50 100 50 100 Sandy beach/cottonwood, trampled cover via ATV activity- poor habitat
65.5 0 0 0 0 5 0 5 0 5 Sandy beach! small cottonwood trampled by ATV activity -poor habitat
66.0 5 25 10 25 10 100 50 0 0 Sandy beach! riprapi parking lot, human activity -poor habitat
66.5 5 75 0 0 0 0 0 0 0 Small riprap, scotch broom! lumber yard -poor habitat
67.0 50 100 0 0 0 0 0 0 0 Riprap, scotch broom! lumberyard -fair habitat on end
67.5 50 50 25 0 0 0 0 0 0 Sand bank, grass, blackbeny! Streets of the city Rainier
68.0 100 100 65 100 100 100 100 100 100 Log booms, pilings, grass, undercut bank, forest -good habdat
68.5 100 100 70 100 100 100 100 100 100 Large riprap, grass/ cottonwood, blackberry, fir- good habitat
59.0 100 100 10 100 100 100 100 100 100 Large riprap, grass! dense cottonwood, maple, understory -good habitat
69.5 90 80 5 100 100 100 100 100 100 Riprap, logs, railroad! logs, fir, maple forests -good habitat
70.0 50 50 10 100 100 100 100 100 100 Brush, cottonwood! dense maple, afew houses-good habitat
70.5 100 100 5 1C0 100 100 100 100 100 Largeriprap, railroad/ dense maple forest-good habitat
71.0 0 0 0 0 50 100 50 100 Sandybeachtrampled cover, parking lotcottonwood. humanactivity-poorhab
71.5 0 0 0 0 0 0 0 25 75 Sandy beach, trampled cover, parking lotU cottonwood, human activity -poor hab
72.0 50 5 50 50 5 0 0 75 50 Rocks, logsa lanscaped/ house! maple forest
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Appendix 9 (continued).

Percent Canopy Cover
0-25 m 26-S0 in 51-75 m 76-100 m

River Mile Shoreline Cover low - H19h LOW High LOW High LOW H1in- General Assessment
S ens ra
81.0 40 100 40 100 100 100 100 100 100 Logs, grass, scotch broom /dense cottonwood grove -good habitat
81.5 5 50 10 50 0 50 0 0 0 Trees, grassy meadow/slough -good habitat
82.0 5 40 5 40 15 40 25 40 50 Sandy shore, logs grass/a few trees, recreational activity
82.5 85 100 100 100 100 100 100 100 100 Beach, dense brusht cottonwood, scotch broom, willow-good habitat
83.0 5 50 0 0 0 0 0 0 0 Large riprap, logs, scotch broom/ lumberyard
83.5 100 100 100 100 100 0 0 0 0 Blackberry,maple,cottonwoodllumberyard 1st50m-goodhabitat
84.0 100 100 50 100 50 0 0 0 0 Pilings, riprap, grass, blackbeny/ residential -good habitat
84.5 100 100 100 100 100 100 100 100 100 Pilings,undercutbankgrass,cottonwood,shrubs-goodhabitat
85.0 100 100 100 100 100 0 0 0 0 Logs, saplings, cottonwood, grass/residential-good habitatfor 1st SOm
85.5 1W 100 100 0 0 0 0 0 0 Riprap, pilings, docks, grass -narrow bands of good habitat
86.0 90 95 0 0 0 0 0 0 0 Pilings, large riprap/ log storage -narrow bands of good habitat
86.5 2 0 0 0 0 0 0 0 0 Old log booms, rockst parking, mill, hunt area -narrow bands of good habitat

87.0 a 100 100 100 100 100 0 0 0 O Undercut bank, dense cottonwood. willow.blackberry -good habitat
87.0 b 0 20 10 100 100 100 100 100 100 Sandy beach, grass,recreational area/cottonwood, brush-good habitatfor>30
87.5 a 100 100 0 0 0 0 0 0 0 Grass, blackberry? chip mill -poor habitat
87.5 b 15 100 100 100 100 100 100 100 100 Logs, undercut bank, sapling/dense brush, forest-good habitat
88.0 a 100 100 50 0 0 0 0 0 0 Pilings, undercut bank, grass, blackberry/lumberyard -fair habitat
88.0 b 20 100 100 100 100 100 100 100 100 Logs, undercut bank, sapling) dense brush, forest-good habitat
88.5 50 100 50 100 100 78 65 78 65 Sandy beach, cliff) dense understoryl trees cattle pasture, human activity
89.0 0 15 0 90 100 90 100 90 100 Sandy beacht recreational use of area, understory tramped -poor habitat
89.5 0 0 0 50 50 90 90 90 90 Sandy beachtrecreational use of forest, trails, cattle -poor habitat
90.0 0 0 0 5 5 15 0 25 0 Sandy beachtrecreational use, parking, tramped -poor habitat

Vancouver Strata
99.0 0 10 25 100 100 100 100 100 100 Sandy beach? cottonwood, blackberry, willow, human traffic
99.5 0 5 0 0 0 0 5 0 0 Pilings, sandy beach, small logst tramped grass, cows

100.0 0 5 0 0 0 - - 0 0 Pilings, sandy beach, small logs? tramped grass, cows, barn
100.5 0 0 0 5 tO 5 50 5 50 Sandy beach/willow/browsed willows, cows
101.0 0 5 1 20 i5 50 40 50 40 Sandy beach/saplings/trees, meadow, blackberry, human activity
101.5 0 15 5 30 15 100 100 100 100 Sandybeach/grassvines/forestblackberry,humanactivity
102.0 5 75 50 100 100 100 100 100 100 Sandy beach, logs/dense brush/forest, blackberry-good habitat
102.5 100 100 45 0 0 0 0 0 0 Undercut bank, dense low vegetation, logs, cliff agriculture feld
103.0 5 5 0 0 0 0 0 0 0 Tight riprap) industrial, parking lot -poor habitat
103.5 10 15 0 0 0 0 0 0 0 Bricks, logs, very little vegetation/ developed area-poor habitat
104.0 0 25 5 0 0 0 0 0 0 Sandy beach tlogs, small low vegetation, few cottonwood/industrial -poor habit
104.5 100 100 50 0 0 0 0 0 0 Pilings, large riprap, blackberrylconcretewalt/industrial-fairhabitat
105.0 100 100 100 0 0 0 0 0 0 Dock, pier, riprap) industrial
105.5 100 100 50 0 0 0 0 0 0 Large riprap, blackberry) highway -good habitat 1st 25m
106.0 100 100 50 0 0 0 0 0 0 Large riprap, blackberryl industrial -poor habitat
106.5 0 0 0 0 0 0 0 0 0 Vertical concrete wallindustrial -poor habitat
107.0 100 100 30 0 0 0 0 0 0 Large riprap, cottonwood/road, human recreation -poor habitat
107.5 100 100 0 0 0 0 0 0 0 Piling, largedprap, lowgrass/construction-goodhabitat<25m
108.0 100 100 0 0 0 0 0 0 0 Piling largeriprap, lowgrass/construction-goodhabitat <25m
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Appendix 9 (continued).

Percent Canopy Cover
0-25 m 26-50 m 51-75 m 76-100 m

River Mile Shoreline Cover low _ 11g1 Low High low H-3n 5 Low tlgn General Assessment
rnams SoughSat

117.0 15 60 50 100 100 100 100 100 100 Logs, Blackberryidense cottonwood, cows, good habitat
117.0 c 15 25 0 100 100 100 100 100 100 Sandy beach, sparsevegetationtcottonwood. dense understory, good habitat
117.5 S0 50 0 30 0 30 0 30 0 Docks, rocks, blackbenylhouses, fair habitat
118.0 100 100 0 100 100 100 100 100 100 Rocks, shrubs, grass/ cottonwood forest, logs-good habitat
118.5 100 100 75 100 100 100 100 100 100 Reedsigrassfcottonwood,willow/beaverpondlogs-goodhabitat
119.0 100 100 100 100 100 100 100 100 100 Dense forest, blackberry, shrubs
119.5 100 100 100 100 100 100 100 100 100 Dense forest blackberry, shrubs
120.0 100 100 100 0 0 0 0 0 0 Cliff, blackberry, grass. shrub! mill yard, <25 rn good habitat
120.5 100 100 100 0 0 0 0 0 0 Cliff, blackberry, grass, shrub? mill yard, <25 m good habitat
121.0 100 100 0 100 0 0 0 0 0 Rock, grass, willow, blackberry/ cleared for development
121.5 100 100 0 100 100 100 100 0 0 Rock, grass, reeds! deciduous forest/ residential
122.0 100 100 50 100 100 100 100 100 100 Rock. grass, logs! cottonwood forest -good habitat
122.5 100 100 15 0 0 0 0 0 0 Rock, grass, willow/willowl residential
123.0 100 100 0 0 0 0 0 0 0 Large riprap, grass! road, development -good habitat
123.5 100 100 100 100 100 100 100 100 100 Undercutbank,log,grass,willow/beaverpond/treesgoodhabitat
124.0 10 40 20 10 100 100 100 50 0 Sandy beach, willow, undercut bank/ forest/meadow/recreational area-good ha
124.5 100 100 0 100 100 100 100 100 100 Reeds, grass, saplings. logs/ human activity, dogs
125.0 100 100 0 100 60 10 0 10 0 Riprap, reedsgrass,shrubs/ trees! agricultural field
125.5 100 100 100 100 100 100 100 100 100 Riprapreedsgrass,shrubsloldbeaverlodgelagriculturalfield
126.0 100 100 50 100 100 0 0 0 0 Deep water. undercut bank, grass, logs/ forest! road

Rooster Rock Strata
126.0 d 100 100 75 100 75 100 75 100 75 Logs, grass, willow, cottonwood -good habitat
125.5 30 50 30 0 0 0 0 0 0 Miltfoil, rocks, sparse vegetation & treet! freeway
127.0 50 50 50 0 0 0 0 0 0 Rocks, sparse vegetation & grass! freeway
127.5 50 100 20 0 0 0 0 0 0 Rocks, grass, shrubs, sparse cottonwood! freeway
128.0 100 100 15 0. 0 0 0 0 0 Rocks,grass,shrubs,sparsecottonwood/freeway
128.5 75 100 100 100 100 100 100 100 100 Rocks. veg./dense blackberry, grass, cottonwood, human activity -good habitat
129.0 100 100 0 0 50 0 50 0 50 Riprap, vegetation! parking lot, lawn,recreational area
129.5 0 0 0 0 0 100 0 30 50 Sandy beach! large riprap, grass/ parking lot, park
130.0 80 go 80 70 100 70 100 70 100 Reeds, grasstwillow, sparse understory, recreation
130.5 100 100 50 100 100 100 100 100 100 Reeds, rocks, grassf willow, heavy human use
131.0 90 go 0 100 100 50 0 50 50 Reeds, rocks! cottonwood, willow! meadow! sparse trees-poor habitat
131.5 50 75 0 100 100 0 0 100 100 Grass, vegetation/ cottonwood, logs, understory! highway! forest
132.0 100 100 0 100 0 100 75 100 100 Reeds/ grass, young cottonwoods, willow -good habitat
132.5 100 100 0 100 50 100 100 0 0 Grassawillow, cottonwood/ fir, shrubs! highway
133.0 75 50 0 100 75 100 100 100 100 Reeds, grass/willow, poplar/willow, cottonwood
133.5 100 100 0 100 100 100 100 100 100 Reeds! cottonwood, willows, blackberry
134.0 50 80 0 100 0 100 0 100 0 Rock! short willow, human activity
134.5 50 100 100 100 100 100 100 100 100 Mudflat/willow, cottonwood, vegetation
135.0 100 85 50 100 100 100 100 100 100 Mudflat, willow, cottonwood! willow, cottonwood, vegetation

a) Main land, not slan1
b) Sauvie Island, Columbia River side of the island
c) Sand Island
d) Rooster Rock
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Appendix 10. A summary of tissue residue guidelines for the protection of piscivorous wildlife.

Tissue Residue
Substance Guideline (ww) Rationale Jurisdiction Reference

Aldrin/Dieldrin 0.02 ppm Carcinogenic (1 in 100 cancer risk level) fish flesh criterion for New York Newell et al. 1987
piscivorous wildlife.

0.12 ppm Non-carcinogenic fish flesh criterion for piscivorous wildlife. New York Newell Sal. 1987

Benzo (a) Pyrene I ppm Maximum level in fish food organisms. British Columbia Pommen 1989

Chlordane 0.37 ppm Carcinogenic (1 in 100 cancer risk level) fish flesh criterion for New York Newell etal. 1987
piscivorous wildlife.

0.5 ppm Non-carcinogenic fish flesh criterion for piscivorous wildlife. New York Newell et al. 1987

DDT + DDE 0.27 ppm Carcinogenic (1 in 100 cancer risk level) fish flesh criterion for New York Newell t al. 1987
piscivorous wildlife.

0.2 ppm Non-carcinogenic fish flesh criterion for piscivorous wildlife. New York Newell et al. 1987

Dioxin-2,3,7,8-TCDD 2.3 ppt Carcinogenic (1 in 100 cancer risk level) fish flesh criterion for New York Newellet al. 1987
piscivorous wildlife.

3.0 ppt Non-carcinogenic fish flesh criterion for piscivorous wildlife. New York Newell t al. 1987

Endrin 0.025 ppm Non-cardnogenic fish flesh criterion for piscivorous wildlife. New York Newell St al. 1987

Heptachlor and 0.21 ppm Carcinogenic (1 in 100 cancer risk level) fish flesh criterion for New York Newell et al. 1987
Heptachlor Epoxide piscivorous wildlife.

0.2 ppm Non-carcinogenic fish flesh criterion for piscivorous wildlife. New York Newell et al. 1987

Hexachlorobenzene 0.2 ppm Carcinogenic (1 in 100 cancer risk level) fish flesh criterion for New York Newell at al. 1987
piscivorous wildlife.

0.33 ppm Non-carcinogenic fish flesh criterion for piscivorous wildlife. New York Newell et al 1987
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Appendix 10. (continued).

Tissue Residue
Substance Guideline (ww) Rationale Jurisdiction Reference

Hexachlorobutadiene 4.5 ppm Carcinogenic (1 in 100 cancer risk level) fish flesh criterion for New York Newell et at. 1987
piscivorous wildlife.

1.3 ppm Non-carcinogenic fish flesh criterion for piscivorous wildlife. New York Newell et al. 1987

Lindane (gamma HCH) 0.51 ppm Carcinogenic (1 in 100 cancer risk level) fish flesh criterion for New York Newell et al. 1987
piscivorous wildlife.

0.1 ppm Non-carcinogenic fish flesh criterion for piscivorous wildlife. New York Newell at al. 1987

Hexachloroethane 14.1 ppm Non-carcinogenic fish flesh criterion for piscivorous wildlife. New York Newell at al. 1987

Mirex 0.37 ppm Carcinogenic (1 in 100 cancer risk level) fish flesh criterion for New York Newell at al 1987
piscivorous wildlife.

0.33 ppm Non-carcinogenic fish flesh criterion for piscivorous wildlife. New York Newell et aW. 1987

Octachlorostyrene 0.02 ppm Non-carcinogenic fish flesh criterion for piscivorous wildlife. New York Newell et al. 1987

PCBs 0.1 ppm Maximum level in whole fish to protect wildlife. British Columbia Nagpal 1992

0.11 ppm Carcinogenic (1 in 100 cancer risk level) fish flesh criterion for New York Newell et al. 1987
piscivorous wildlife.

0.13 ppm Non-carcinogenic fish flesh criterion for piscivorous wildlife. New York Newell at al. 1987

Pentachlorophenol 2 ppm Non-carcinogenic fish flesh criterion for piscivorous wildlife. New York Newell at at. 1987

Tetrachlorophenol 0.67 ppm Non-carcinogenic fish flesh criterion for piscivorous wildlife. New York Newell at al. 1987

Trichlorobenzenes 1.3 ppm Non-carcinogenic fish flesh criterion for piscivorous wildlife. New York Newell at al. 1987
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LOWER COLUMBIA RIVER CONTAMINANT ECOLOGY -
COMBINED BI-STATE FISH AND WILDLIWE REPORT

SUMMARY AND INTEGRATION

The Bi-State Water Quality Program's goals include an assessment of the impacts of
contaminants on fish and wildlife in the Lower Columbia River (LCR). Our objective was to
compile and synthesize available published, unpublished reports, and observations of experts
on key fish and wildlife species, and selected trophic representatives. Potential impacts of
contaminants to fish and wildlife may include chemical effects, biological effects, and
habitat-related effects. This report attempts to analyze and synthesize these data, identify
weaknesses in the data base, and formulate recommendations for further activities.

Four target species were selected by the fish and wildlife working group of the Bi-State
Steering Committee: largescale sucker (Catostomus macrocheilus), bald eagle (Haliaeetus
leucocephalus), mink (Musteta vison), and northern river otter (Lutra canadensis). Mink,
river otter, and bald eagle are resident carnivores in the LCR from the top of the aquatic web
that feed mainly on fish. The largescale sucker was selected because it is a long-living
resident fish and is the prey of numerous bird and mammalian predators. Its feeds by
sieving through bottom sediments where many contaminants persist. In the LCR, all of these
target species are exposed to relatively high levels of pollutants and subject to the
biomagnification of several contaminants.

Studies on the target species funded by the Bi-State Program were conducted by the U.S.
Fish and Wildlife Service (USFWS 1996) on bald eagles and by the National Biological
Service on the mink and otter (Henny et at. 1996). The largescale sucker studies were not
exclusive to that species. The National Marine Fisheries Service (Collier et al. 1996)
assessed the exposure of largescale suckers to aromatic compounds. Tetra Tech (1996a)
assessed the health of fish species and communities in the LCR by three methods. LCR
habitat was addressed by the U.S. Army Corps of Engineers (1996) and the Columbia River
Estuary Task Force (Graves et al. 1995). Changes in the physical characteristics of the LCR
were evaluated using old surveys, maps, and aerial photographs.

In addition to the four target species a phytoplankton (Asterionella formosa), zooplankton
(Eurytemora affinis), benthic/epibenthic gammarid amphipod (Corophium salmonis), and
chinook salmon (Onchorynchus tshaIytscha) were selected to represent other significant
trophic levels in the LCR for the characterization and analysis because of their importance to
energy flows between populations in the LCR food web.

The literature for hundreds of reports on the eight species were reviewed, assessed, and
summarized (Columbia River Basin Fish and Wildlife Authority and WildSystems 1996).
However, the field studies are somewhat disparate, and correlations, consistencies, and links
between all of the species studied were not always easy to discern.

Exhibit 16



BIOCIIDE ISSUES AND ECOLOGY

Chemical pollutants can affect fish and wildlife in the water itself, sediment on the bottom,
or in the tissues of prey that have assimilated pollutants. Many contaminants tend to
concentrate in sediments and because of their chemical nature tend to concentrate in animal
tissues even more than sediments. Not only the health of individual fish and wildlife species
are of concern. The overall health, community structure, range, and breeding success of a
species may be at risk. The most serious impacts to fish and wildlife may be from habitat
loss or degradation. Several species that migrate through or inhabit the LCR are listed
pursuant to the Endangered Species Act of 1973, including Snake River sockeye salmon,
Snake River fall chinook salmon, Snake River spring/summer chinook salmon, and bald
eagle.

Dioxins, DDT and many other compounds do not readily breakdown into other less harmful
chemical compounds and can accumulate in the fatty tissues of animals when ingested.
Routes of contaminant uptake include direct uptake of dissolved constituents from the water
column, uptake of dissolved constituents via exposure to contaminated sediment, and uptake
via ingestion of contaminated food. When animals are eaten by others, the concentrations of
these compounds increase rapidly. Therefore, animals at the upper end of the food chain
tend to have much higher concentrations of contaminants in their tissues. This effect is
called biomagnification.

CONTAMINANT SOURCES: Contaminants enter the LCR through waste water, discharges
to the air from combustion sources, storm water runoff, or by seeping from landfills that
contain contaminated waste. Tetra Tech (1995) identified a total of 54 point sources
discharging directly into the LCR. There are also 102 point sources in the lower 16 miles of
the LCR tributaries (U.S. Geological Survey 1995). These contaminant sources include 19
municipal waste water treatment plants, 3 fish hatcheries, and 32 industrial sites, including 3
aluminum, 2 chemical, and 6 pulp and paper plants. The lower 25 miles of the Willamette
River has 38 combined sewage overflow outfalls.

LCR contaminant non-point sources include surface runoff, sewer overflows, atmospheric
inputs of polluted air, spills, agriculture, etc. A number of minor point and non-point
sources of waste water range from small factories to individual residences. Seventeen
hazardous waste and Superfund sites and eighteen landfills are potential sources of pollutants
within a mile of the lower river. Over half of the waste water discharged is from pulp and
paper mills, one-third is from municipal discharge, and eight percent is from major chemical
industries. The increase in trace metal concentrations in the environment is largely due to
coal burning, fungicides, chlorine production, and mining. Increases in the use of such
products as electrical equipment, agricultural fungicides, and chlorine has led to four-fold
increases in mercury in some river systems.

The Bi-State program has tested for nearly 80 chemical compounds and trace elements in the
LCR. Concentrations of pesticides in water are controlled by solubility, adsorption -

2
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desorption, partitioning, hydrodynamics and other factors. However, patterns of contaminant
distribution, dispersal, and fixing, which could concentrate contaminants, are not well
understood.

Concern about dioxins and furans in the LCR began when the U.S. Environmental Protection
Agency reported high concentrations in fish collected in 1978. Sources of dioxins in the
Columbia River include pulp and paper mill waste water treatment plants that use chlorine
compounds to bleach wood pulp; municipal waste water treatment plants; combustion
processes, such as cars, wood stoves, fireplaces, and incinerators; and wood treatment
facilities. PCBs and chlorinated hydrocarbons (DDT, endrin, chlordane) originate from
paint, tire wear, coolants and plastic production. Heavy metals originate from sewage, fuels,
and industrial processes, and pesticides (DDT, malathion) from agricultural applications.

EFFECTS: The primary insidious carcinogenic, behavioral, cirrhotic and other effects of
such organochlorine compounds are cumulative and long-term. For example, PCBs produce
numerous effects including weight loss, edema, hepatotoxicity, immunotoxicity, decreased
reproductive success, teratogenicity, promotion of cancer and enzyme induction (Sanderson et
al. 1994). This brief list of potential effects of contaminants on the LCR and its fish and
wildlife resources is by no means complete.

Mercury is concentrated between 10,000 and 80,000 times in fish and subsequently
consumed by wildlife such as eagles, mink, and river otter. LCR common carp (Cyprinus
carpio) were found to average 219 ug/kg (219 ppb, Tetra Tech 1995), about 100 times the
permissible level for aquatic organisms. Even at low concentrations, mercury and its organic
compounds present potential hazards on nervous system tissue due to enrichment in the food
chain.

The most potent form of dioxin is 2,3,7,8-TCDD. Several studies report that it and related
toxic halogenated aromatics elicit a number of toxic responses similar to PCBs, which
include weight loss, thymic atrophy, impairment of immune responses, hepatotoxicity and
porphyria, cloracne and related dermal lesions, tissue-specific hypo- and hyperplastic
responses, carcinogenesis, teratogenicity, and reproductive toxicity (Safe 1990).

Much of the gentle-sloping land in Columbia River Basin is devoted to agricultural
production. In addition to land disturbing activities, reduced fertility and associated soil
chemistry change associated with pesticides may accelerate erosion and sedimentation rates.
Ecosystem effects may also include reduced soil fertility through depressing microorganism
populations which generate the fertility. Nitrification is crucial for the content of inorganic
nitrogen in soil and hence is of considerable ecological importance. The first step in the
nitrification process in soil, the oxidation of ammonium to nitrate, is particularly sensitive to
chemicals. Dithiocarbamate fungicides have been found to have the most pronounced
inhibition of ammonium oxidation (Hansson et al. 1991).

3
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Pesticides which are applied to the soil become enmeshed in the transport and degradation
processes. The transport process includes the movement of dissolved or particulate-sorbed
pesticides in water by leaching, convection, and diffusion. Saiki et al. (1992) demonstrated
that survival and growth of juvenile chinook salmon and striped bass (Morone saxatilis) were
reduced when exposed to agricultural subsurface drainwater which contained elevated
concentrations of major ions and trace elements.

LOWER COLUMBIA RIVER AQUATIC HABITAT CHANGES

The LCR has experienced a variety of human impacts that have profoundly changed its
physical, chemical and biological characteristics. Since the beginning of this century, these
impacts include dredging for river transport, diking for land reclamation, dams for
hydropower, irrigation, forestry and grazing on erodible slopes and riparian areas. For the
past 25 years, between 5 and 10 million cubic meters of material have been dredged annually
(Sherwood 1990; Simenstad et alt 1984). 1

LCR flows are a function of the health and storage in the 30 subbasins that contribute to the
Columbia River. The upper basins contribute about 75 percent of the river's discharge.
About 25 percent of the total runoff enters the river below Bonneville Dam by tributaries
including the Sandy, Willamette, Lewis; Kalama, and Cowlitz rivers (Tetra Tech 1996b).
From 1900 to 1980, the area under irrigation in the Columbia River Basin has increased
from 2,000 to 32,000 km 2. The Yakima River, which is typical of many of the Columbia
River tributaries, goes from about 6,000 cfs in spring to 100 cfs during the fall peak of
irrigation withdrawals (USGS 1992), reducing both water quantity and quality. About half of
the water withdrawn for irrigation is returned to the Yakima River with a new burden of
agricultural chemicals.

The construction of over 200 dams on the Columbia River and tributaries has also had a
fundamental effect on the quality, quantity, flow, and timing of water along the river
(Figure 1). Additionally, upstream land uses such as forestry and the clearing of
willow/dogwood/cottonwood riparian meadows for hay production has a fundamental
influence on water temperature, pumping, storage and provision. Reducing flows to
estuaries, particularity during the spring when flows are greatest, also decreases their
productivity. Rozengurt and Haydock (1981) indicate that no more than 24-30 percent of
historical river flow to an estuary can be diverted without ecological consequences to the
receiving estuary. Daily flows at Bonneville Dam have decreased by about half since 1950,
when they averaged about 500,000 cfs. Water temperatures have also increased from 65 to
700F (Northwest Power Planning Council 1994).

CHANGES TO HISTORIC LCR FISH AND WILDLIFE HABITAT: The Columbia
River Estuary Task Force (Graves et at. 1995) and the Corps of Engineers (Corps - 1996)
compared historical and existing wetlands, riparian, vegetation, and important and critical
fish and wildlife habitat areas within two miles (3.2 km) of the mainstem LCR using 19th
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Figure I. Some of the major dam and reservoir projects in the Columbia River Basin.

century government surveys and 20th century aerial photographs. The results of the
interpretation were digitized into a geographic information system (GIS) and analyzed to
determine losses and gains of the interpreted habitat classes, between the 1880s and 1991 and
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from 1948 through 1991. Additionally, the Corps identified significant disturbed and
undisturbed habitats with the potential for rehabilitation or enhancement.

Approximately 267,000 acres of natural vegetation and water types of the LCR estuary have
been altered from the historic land type (Corps 1996). The amount of land in the LCR
corridor that is now utilized for agriculture has increased from zero to 58,000 acres. Over-
half of the LCR tidal swamp and marsh areas have been lost. Wetlands, grasslands, and
deciduous forest have decreased substantially, while barren, scrub, coniferous, and urban
land have increased substantially. Over 75 percent of the tidal marshlands in the Columbia
estuary have been lost over the last century. Since 1948, the most notable habitat changes
seem to have occurred from RM 46.5 to 146.8, with a rapid increase in urban/developed.

These changes represent such a large proportion of the LCR estuary that some functions of
wetlands may be affected, such as its ability to detoxify and cleanse water-borne
contaminants and provide nurseries, forage and cover for fish and wildlife. The role of
wetlands to detoxify contaminants has not well studied in the LCR. An assessment of the
effect of these habitat losses (modifications) and changes to flows and water quality on fish
and wildlife have also not been adequately evaluated. However, the relative abundance of
resident and introduced warm water species has increased at the expense of cold water
species such as salmon.

ECOLOGY AND CONTAMINATION OF REPRESENTATIVE SPECIES

PHYTOPLANKTON- Asterionella formosa

As primary producers, phytoplankton capture sunlight and convert it into a usable form
within the food chain. They are grazed on by water-column suspension feeders such as small
micro-crustaceans. Columbia River estuary phytoplankton are composed primarily of
freshwater diatoms and Asterionella formosa is the most abundant species (Frey et at. 1984).
Timing of the spring bloom may vary depending on factors such as freshwater flows,
residence time of dam trapped water, and day-length, turbidity, nutrient and temperature
differences (Amspoker and McIntire 1986).

In the LCR estuary, the annual water column primary production of phytoplankton is low
compared to other estuaries. Light appears to be the principal limiting factor on primary
production because of the frequent occurrence of turbidity and cloud cover. However, the
LCR estuary appears to have high rates of productivity. Phytoplankton biomass is supported
by import more than in-estuary production. The residence time of Columbia River waters
and phytoplankton is between two and five days, while in the Delaware or Narragansett Bay
resident time can be up to three months (Lara-Lara et al. 1990). Only one percent of the
phytoplankton biomass is consumed by zooplankton and most of the rest settles at the salt
wedge where salinity causes mortality (Frey et al. 1984). However, as detritus they are an
important diet item for primary consumers.

6
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Microflora can incorporate and accumulate metals, such, as mercury, and other toxins, such
as PCBs or DDT, into their cells from the aquatic environment. Asterionella formosa
effectively ab/adsorbs some pollutants. Depending on pH, up to 50 percent of the zinc in the
water is removed by this species (Reynolds and Hamilton-Taylor 1992).

ZOOPLANKTON - Eurytemora affinis

Although the Columbia River has substantial tidal influence, high river flow rates, and
therefore, high flushing rates, the epibenthic copepod Eurytemora affinis is present in the
LCR estuary mixing zone throughout the year in relatively high abundance. It is important
in the diets of many juvenile fish and larger invertebrates. Peak survivorship is between low
salinity and 20 parts per thousand. E. affinis abundance can be explained by a high
reproductive rate, refuge in bays and other inlets, vertical migration, or passive transport in
water moving upstream (Bottom and Jones 1984; Hough and Naylor 1991).

E. affinis appear to move up the estuary during low flows of late summer and are important
in the diet of many juvenile fish and large invertebrates (Simenstad et at. 1984). E. affinis
grazes on phytoplankton and other water born organic particles and can remove up to 1.2
percent of the total phytoplanktonic carbon available per day (Frey et al. 1984).

Dawson (1979) indicates that the degree of toxicity of heavy metals on E. affinis depends on
the form of the metal in the water, the presence of other metals acting synergistically,
environmental conditions, and life history stage of the organism. Effects can be lethal or
sublethal. Feeding rate and egg production appear to be the factors most sensitive to
sublethal quantities of heavy metals. The implications of sublethal effects in copepods can
include morphological change, inhibitory effects on growth and development, and behavioral
change.

Mercury has been identified as moving through the food chain from nearshore phytoplankton
to offshore consumers. There appears to be little difference in copepod sensitivity to
mercury nearshore or offshore. Copper and mercury can act synergistically to multiply the
effects of heavy metal concentrations in copepods (Dawson 1979).

PCBs do not appear to be concentrated from zooplankton to fish up the trophic structure.
DDT is concentrated through trophic levels from plankton to birds, although other evidence
suggests DDT concentration depends on species-specific trophic interactions (Dawson 1979).
E. affinis is also very sensitive to tibutyltin (TBT)(Buishong et at. 1988).

7
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CRUSTACEAN AMPHIPOD - Corophium salmonis

Epibenthic zooplankton are crucial components of the estuarine food web through their
transfer of water column borne particles to higher trophic levels. In the LCR, they produce
approximately 64.7 mt C yr-'. Thirty-nine percent of production occurs in tidal flats,- 36
percent in dermersal slope, and 25 percent in channel bottom. The high production of
epibenthic zooplankton in the mixing zone is an important food source for motile
macroinvertebrates and other secondary consumers (Simenstad et al. 1984).

The benthic/epibenthic amphipod crustacean, Corophium salmonis, is found in high densities
in fine sediments located in shallow bays and shoaling areas of the central and upper LCR
estuary. C. salmonis distribution may be highly dependent on sediment type and salinity. It
prefers salinity less than 10 parts per thousand and is more frequent in the central and upper
estuary in riverine areas than near the estuary mouth or bays near the river mouth (Williams
1983; Holton et al. 1983). Some areas of the LCR may produce two generations a year -
spring and fall. Reproduction appears to be stimulated at temperatures above 7°C (Holton et
at. 1984).

Corophium are deposit feeders that scavenge and consume diatoms and detritus (Holton et al.
1984). They are an important food item for many fishes, including juvenile chinook salmon,
and invertebrates, waterfowl, and other consumers (Holton et at. 1984; Vermeer et al.
1993). At two sample sites in the LCR, the huge majority of production (> 90 precent) was
contributed by C. salmonis (Holton et at. 1984). Male C. salmonis, which are significantly
shorter than the females, are sampled in higher densities in the water column. Because of
the behavior of leaving their tubes to look for mates, the males may also be eaten more by
predators than females (Williams 1983).

Some copepods have been found to metabolize DDT (Addison 1976), but no literature was
located that documented this in C. salmonis. Corophium appear to be very sensitive to
chlorinated hydrocarbons and heavy metals, especially DDT, PCBs, mercury and copper
(Reish 1993). However, it seemed to tolerate and concentrate dioxins near a VancouVer
Island pulp and paper mill, generating bioaccumulated levels in avian predators such as
mergansers and grebes (Vermeer et al. 1993). Vermeer et al. (1993) found the ratios and
concentrations of dioxin and furans similar in Corophium and the contaminated sediment
samples where they lived.

JUVENILE CHINOOK SALMON - Onchorynchus tshawytscha

The two forms of chinook salmon (Onchotynchus tshamytscha) have different life histories
and vulnerability to contaminants. Juvenile spring/summer chinook spend a year or more in
fresh water and then range far to sea until returning to natal streams to spawn and die
(Healey 1991). About 3 months after emergence, juvenile fall chinook migrate downstream.
Fall chinook salmon fry concentrate near shore in shallow water during the day and migrate
off shore at night. In most estuaries, juvenile fall chinook salmon rear for several months,
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gaining 3 to 10 percent of body weight per day, and adapt physiologically to ocean salinity
(Healey 1982). The main prey items for juvenile chinook and chum salmon (0. kera) in the
estuary are benthic and epibenthic insects, crustaceans and copepods (Simenstad et al. 1982).

The effects of contaminants reflect both pollution level and resident times of the fish - i.e.
fall chinook may be at higher risk in the estuary- whereas spring chinook depend upon the
quality of the upper watershed. Losses to other predators such as salmonids, birds, and seals
is proportional to habitat complexity and alterations. The importance of Northern squawfish
(Ptychocheilus oregonensis) as a salmon smolt predator reflects conditions such as transit
time and visibility, now increased by extensive (up to 76 miles long) reservoirs behind the
mainstem Columbia River dams. Likewise, the reservoir-favoring Cladoceran water flea,
Daphnia has replaced the amphipod Corophium in importance as a food item (Rondorf et a.
1990). They are found more at the surface resulting in higher predation of salmon.
Corophium are the major food item for juvenile salmon in the intertidal areas of many
estuaries throughout the northwest (McCabe et al. 1983, Reimers et al. 1978).

Heavy metals and pesticides are very toxic to young salmon and concentrations of PCBs and
aromatic hydrocarbons in amphipod prey are up to 4 and 650 times controls (McCain et at.
1990). More recently, the National Marine Fisheries Service has published a number of
papers on the potential for DNA damage, cytochrome P450 activity, and impaired
immunocompetence in juvenile salmon and other estuarine fish species urban estuaries as a
result of contaminant exposure.

LARGESCALE SUCKER

Largescale suckers are very mobile and distributed throughout the LCR down into brackish
water (Reimers et al. 1967). They live to about 20 years and can achieve a length of 61 cm
and a weight of 3.2 kg (McPhail and Lindsey 1970). Therefore, they can accumulate
contaminants over a long period. In the Hanford Reach largescale sucker are the dominant
resident fish species with densities up to almost 15,000/km. Largescale suckers are sexually
dimorphic (Dauble 1986). Salmon, bald eagles, river otter, and mink all prey on largescale
suckers.

LARGESCALE SUCKER HABITAT: Mass spawning occurs in May and June at water
temperatures of 12-150C in areas characterized by rapid flow over gravel where freshets are
common (Nelson 1968). The larval stage is pelagic and common in nearshore areas of low
velocity. Yearlings are found to be most abundant in backwater areas at depths less than one
meter or cobble bottoms of a main river (Dauble 1986).

LARGESCALE SUCKER DIET: Largescale suckers sieve bottom sediments for insect
larvae, salmon eggs, and benthic plankton. They are opportunistic and omnivorous, feeding
almost entirely on benthic organisms and organisms associated with bottom vegetation.
Juveniles eat plankton and aquatic insect larvae mixed with small quantities of bottom ooze
(Dauble 1986).
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CONTAMINATION LEVELS IN LARGESCALE SUCKER: Schmitt et al. (1985) and
Schmitt et at. (1990) measured levels of organochlorine residues in largescale sucker in 1980-
81 and 1984, respectively, that had dropped since the 1970s. At 22 of 32 stations sampled
for largescale sucker, Tetra Tech (1994b) detected PCBs above reference levels, indicating
the potential for adverse effects on fish-eating wildlife. However, levels of contaminants
measured in aquatic biota in the reconnaissance surveys are generally lower than
corresponding levels measured nationwide. Two organic compounds exceeded the highest
concentrations measured in any sample in the U.S. They detected arsenic, cadmium,
chromium, lead, mercury, and selenium in largescale suckers at various LCR backwater
sites. Relative proportions of DDT, DDE, and DDD measured in the reconnaissance surveys
were consistent with proportions in various other studies. Relatively high levels of dioxins
were also measured.

CURRENT HEALTH OF THE LCR FISH COMMUNITY: Tetra Tech (1996a) main
objectives were to characterize the health of LCR fish assemblages and resident indicator
species and to evaluate impacts of water quality and/or habitat loss on fish health in the
LCR. Fish health was characterized by evaluating fish from the community level by
applying the U.S. Environmental Protection Agency's Rapid Bioassessment Protocol V
(Plafkin et al. 1989), which is based on the Index of Biological Integrity (JBI - Karr et al.
1986). Additionally, Tetra Tech conducted autopsy-based fish health/condition evaluations of
largescale- sucker (Goede 1993) and summarized data as Health Assessment Indexes (HAI -

Adams et al. 1995) and assessed potential juvenile fish skeletal abnormalities.

In the fish community and health studies the LCR was divided into 4 segments:

1. Mouth to Tenasillahe Island (37 river miles).
2. Tenasillahe Island to the Cowlitz River (35 river miles).
3. Cowlitz River to the Willamette River (downstream of the Portland-Vancouver

area)(30 river miles).
4. Willamette River to Bonneville Dam (44 river miles).

LCR INDEX OF BIOLOGICAL INTEGRITY (1BI): The IBI is a broadly based
multiparameter tool for the assessment of biological integrity in running waters that has been
applied widely in North America to evaluate the overall health of fish communities (Karr
1991). It was conceived to provide a broadly based and ecologically sound tool to evaluate
biological conditions in streams. It incorporates many attributes of fish communities to
evaluate human effects on a stream and its watershed. Those attributes cover the range of
ecological levels from the individual through population, community, and ecosystem. IBI
employs 12 biological metrics, including number of fish species, presence of native vs exotic
species, percent anomalies, and species tolerance, to assess integrity based on the fish
community's taxonomic and trophic composition and the abundance and condition of fish.
Intended for streams and small rivers, Tetra Tech (1993a, 1994a) modified and successfully
used the IBI on the Willamette River.
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Because sampling in the LCR was conducted much later in the year than planned (December
1994) Tetra Tech (1996a) captured too few fish to calculate meaningful IBIs in some
habitats. Most of these studies have been conducted in late summer or early fall, when fish
are in shallower water and more active. There was no statistical effect of habitat type on IBI
scores. However, IBI scores from segment 3 were significantly lower, indicating poorer
community health, than in segments 2 and 4.

FISH HEALTH ASSESSMENT INDEXES (HAD: The Fish Heath/Conditions Assessment
Procedure (Goede 1993) is well suited to comparing the health of a single species across time
and location. Largescale suckers were chosen because they are distributed throughout the
entire length of the LCR in quantities suitable for use with this technique (Tetra Tech 1996a).
Field analysis of fish included sampling of blood, length and weight measurements, external
observations (eyes, gills pseudobranchs, thymus), and an internal examination (mesenteric
fat, spleen, kidney, liver).

An insufficient number of largescale suckers were captured in main channel habitat to test the
effects of habitat type in the fish autopsy assessment. All mean HAI scores were lower,
indicating better condition, than at sites known to be associated with chemical contamination.
The HAI scores for urbanlindustrial sites, which are generally located along the main LCR
channel, were significantly lower than the HAI scores for backwater stations.- The slower
flowing water at the backwater stations promote the deposition of fine sediments, which are
thought to be more frequently associated with contamination (Tetra Tech 1995).

Analysis of water, sediments, and tissue collected near fish health stations during the
reconnaissance surveys did not indicate a higher degree of contamination at either
urban/industrial or backwater habitats. In addition to the IBI work, the results of this study
were very preliminary. Health criteria for largescale suckers are not well known. Most
previous HAI studies have focused on other species from other regions. However, HAI
scores indicate that a healthier population of largescale suckers reside in the LCR than in the
Willamette River (Tetra Tech 1996a).

SKELETAL ABNORMALITIES: Juvenile largescale suckers were the primary target
species in looking for skeletal abnormalities because it is a primary prey item for bald eagles
and it was also used in the fish health assessment study. Secondary target species were
peamouth chub (Mylocheilus caurinus) and Northern squawfish. Only backwater habitat was
targeted for sampling where juveniles could be collected. Very few juvenile fish were
captured and the fish used to compare between segments were three-spine stickleback
(Gasterosteus aculeatus). Incidence of skeletal abnormalities could not be tested against river
segment because of the small number of fish captured in segments 3 and 4. However, the
incidence was very low (less than 2.3 percent) for all species and river segments. The
incidence on the LCR was within the range reported for unstressed natural fish populations
and laboratory stocks.
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Tetra Tech (1996a) believes that the lack of any meaningful relationships between river
segments and incidence may be due to: 1) the overall low incidence of skeletal abnormalities;
2) the timing of sampling (mid-November 1994 to March 1995); 3) the use of species whose
response to stressors is unknown; and 4) the larger size of the fish examined in the study
compared to the range for which this assessment technique has proven most useful. Three-
spine stickleback are relatively larger than fish that had been used previously for this
technique. Additionally, few three-spine stickleback reach a maximum size of about 10 cm
(Hart 1973). It is possible that many younger fish that were deformed could have already
died or become prey by the time of year that the study was conducted. For these reasons,
Tetra Tech (1996a) believes that conclusions about the health of fish populations on the LCR
are premature.

AROMATIC COMPOUNDS IN LCR LARGESCALE SUCKERS: There is considerable
evidence that aromatic compounds (ACs) and their derivatives are responsible for a variety of
serious biological effects in fish exposed to such compounds. Certain classes of ACs are
subject to extensive metabolism and depuration in fish. Using the same largescale suckers
collected for the autopsy-based fish health/condition assessment, Collier et al. (1996) used
biochemical means to determine exposure to ACs of LCR largescale sucker. Fluorescent
antibodies of PAHs (polynuclear aromatic hydrocarbons) are excreted via the hapatobiliary
system in fish. Two methods were used to assess exposure of largescale suckers to aromatic
compounds: levels of biliary fluorescent aromatic compounds (FACs), and hepatic AHH (aryl
hydrocarbon hydroxylase) activities (induction of P4501A enzymes).

Collier et al. (1996) found no differences in either of the two methods, and no significant
difference between industrial/urban and backwater sites. Their tests did not provide evidence
of marked exposure of LCR largescale suckers to ACs. However, the levels of biliary FACs
were comparable to levels previously measured in other fish species from moderately
contaminated areas. Induction of hepatic AHH activity has been shown to be one of the most
sensitive biomarkers of organic contaminant exposure in benthic fish species. Hepatic AHE
activities in largescale sucker were considerably lower than previously reported for other
benthic fish species from moderately and severely contaminated sites.

BALD EAGLE

Oregon has one the largest bald eagle populations in the United States. Of the three Oregon
subpopulations, the LCR birds are among the least productive (Anthony et at. 1993). They
mature at 5 years and can live 30 years, and mortality of young is about 90 percent (Green
1985). In the three Oregon populations, bald eagles begin nesting in March, hatch in May,
and fledge in August (Issacs et al. 1983).

BALD EAGLE HABITAT: Bald eagle habitat choices are limited by nesting site
requirements and by prey abundance. Frenzel (1983) estimated that breeding pairs of
Oregon bald eagles have an average home range of 660 hectares and an average distance
between nesting territories of 3.2 kin, with an average of 0.5 km of shoreline within each
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territory. In the LCR, most eagle nests are situated in conifer stands bordering the estuary
and on river islands. Tidal flats allow for scavenging and foraging of prey in shallow water,
which may be particularly important for subadults not yet adept at efficient foraging
strategies and hunting (Hansen 1987; Garrett et at. 1988). As documented by the Corps
these habitat features have been substantially altered in the LCR.

BALD EAGLE DIET: In the LCR, fish is the most common prey item, with freshwater
catostomids (largescale sucker), cyprinids (common carp, peamouth), clupeids (American
shad - Alosa sapidissima), and salmonids (salmon, steelhead) being the most frequent species
(Watson et al. 1991). Bald eagles also prey on waterfowl, seabirds, and medium-sized
mammals. In the LCR, Garret et at. (1988) noted a dietary shift in winter to waterfowl,
reflecting a seasonal change in prey availability. In the mid-Columbia River area, waterfowl
availability is dependent on the numbers of sick and injured birds not the healthy bird count
and can be enhanced by human hunting (Fitzner et at. 1981).

RECENT STAThS OF LCR BALD EAGLES: Bald eagles have declined nationwide either
through direct mortality or from reductions in productivity as a result of the organochlorine
pesticide DDT, dieldrin, and their metaobolites. In the LCR from 1985 to 1987, Anthony et
al. (1993) found elevated concentrations of DDE and PCBs in bald eagle eggs, in blood
obtained from eight- to ten-week-old nestlings and in eagle carcasses collected near the river.
Eggshell thinning, which is commonly observed with DDE, was also observed and prey
items, primarily fish, exhibited detectable levels of DDE, PCBs, and other organochlorines.
Although banned, large quantities of DDT were used in orchard crops prior to 1974 and it is
very persistent. PCBs were used in electrical transformers and as dust suppressants. It was
suspected that dredging activities to maintain a navigation channel in the Columbia River
could be resuspending these compounds and increasing their bioavailability.

Anthony et al. (1993) also detected elevated concentrations of 2,3,7,8-tetrachloridibenzo-p-
dioxin (TCDD) and 2,3,7,8-tetrachloribenzofuran (TCDF) in LCR bald eagles in 1987 and
1991. The TCDD levels were higher than that known to cause poor reproductive success.
Additionally, the U.S. Environmental Protection Agency (1986) detected TCDD levels in fish
that exceeded human health guidelines, which led to the establishment of a Total Maximum
Daily Load for TCDD.

CURRENT STATUS OF TUE LCR BALD EAGLE POPULATION: Bald eagle nesting
territories and productivity of eagles along the LCR have been monitored since the early
1970s. The USFWS (1996) found that LCR eagles occupied 40 nesting territories in 1994
and 41 in 1995, and produced 0.70 and 0.54 young per occupied territory, respectively.
Productivity of LCR eagles was considered very low in 1995. Annual productivity of nesting
LCR eagles was 23 to 28 percent and 37 to 44 percent lower than statewide values in 1994
and 1995, respectively.
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Figure 2. Five-year average productivity (young produced/occupied territory with known
outcome) for bald eagles nesting in Washington, Oregon, and the LCR. Statewide
values for Washington from 1993 to 1995 are estimates. Statewide data include
values from the Columbia River (USFWS 1996).

Although, since 1993 five-year averages have been higher than during any previous five-year
time period, productivity in Oregon and Washington statewide is much higher (Figure 2).
Productivity in other areas of Oregon and Washington is nearing some of the recovery
guidelines required to remove the species from the endangered species list. Eagle
productivity in the LCR is at 50 to 75 percent of the population recovery goal. Elsewhere,
productivity of bald eagles in Chesapeake Bay has been increasing about 13 percent per year
and is now over 90 percent (Buehler et al. 1991).

CURRENT HEALTH OF LCR BALD EAGLES: The USFWS (1996) compared
contaminant residues for bald eagle eggs collected in 1994 only. Analytical chemistry has
not been completed on the eggs collected in 1995. In one or more eagle eggs collected in
1994, they detected residues of 12 organochlorine compounds and mercury. Mercury was
detected in all of the bald eagle eggs tested. The compounds p,p'-DDE and total PCBs,
were above levels considered high enough to impair reproduction. Concentrations of DDE
and total PCBs were highest in one egg collected near the mouth of the river.

Eggshell thinning over a period of years is associated with poor reproductive success. All
but one of the eggshells collected by the USFWS (1996) in 1994 showed some degree of
eggshell thinning. Eggshells were up to 25 percent thinner than the mean of eggs collected
prior to the use of DDT. However, breeding success of LCR eagles was quite variable and
was not correlated with eggshell thickness. Some nesting pairs with a history of relatively
high breeding success also produced thin-shelled eggs.
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The USFWS (1996) detected dioxins and furan residues fairly consistently in the bald eagle
eggs sampled along the LCR. All eggs contained PCDD dioxin and PDDF furans. TCDD
and TCDF were the most elevated congeners in eggs. The potency of these planar
compound mixtures has been correlated to the hatching success in double-crested cormorants
(Phalacrocorax auritus) in the Great Lakes (Tillitt et al. 1992). Planar PCB residues were
elevated in all egg tissue from bald eagles.

The USFWS (1996) summarized the overall dioxin-like potency of polychlorinated
hydrocarbons (PCHs) in bald eagle egg tissues as TCDD toxic equivalents (TEQs). TEQs
are determined by normalizing concentrations of individual PCEls relative to the potency of
2,3,7,8-TCDD using toxic equivalency factors. For evaluation, TEQs reduce many
individual congener concentrations of dioxin-like compounds that act in a similar manner (but
with different potencies) to one value. The USFWS calculated both international TEFs (I-
TEFs) and chicken TEFs (C-TEFs), which are represented as I-TEQ for the mammalian
based TEFs and C-TEQ for the avian based TEF values, respectively. LCD bald eagle and
fish TCDD-EQ were comparable to less contaminated sites in the Great Lakes. However,
the USEWS cautions that the adverse effects these concentrations of TCDD-EQ may elicit on
bald eagle embryos is uncertain because the relative potency of planar halogenated
compounds to cause early life stage toxicity in bald eagles is currently unknown. They
intend to further evaluate TCDD-EQs in LCR eagle eggs collected in 1995.

The USFWS (1996) also tested two prey items (starry flounder and common carp) that were
collected at two bald eagle nest sites. Organochlorine pesticide, total PCB, and mercury
residues were near or below detectable limits. TCDD and TCDF, dioxin and furan
congeners, were detected in both prey items. The amount of theses residues in the carp was
about double that of the flounder.

TRENDS OF CONTAMINATION IN LCR BALD EAGLES: The USEWS (1996) found
that p,p'-DDD, pp'-DDE, total PCBs and hexachlorobenzene values were lower in 1994
eggs than in eggs collected from 1985 to 1987 in the LCR. However, total PCB
concentrations were higher in the 1985 eggs than estimated bald eagle threshold values and
no-adverse-effect- concentrations. The p,p'-DDE values in LCR eagle eggs also were nearly
double the value associated with reduced productivity from other areas (Wiemeyer et al.
1993). Thin bald eagle eggshells are closely related with high levels of DDE. In the LCR,
the current level of thin bald eagle eggshells are thought to be biologically significant and
may be causing the population decline, even though eggshell thinning was not found to be
correlated with breeding success. Mercury was also found in at about the same levels as in
1985 to 1987, and not exceeding concentrations associated with adverse effects. Lead and
cadmium levels also remain below levels thought to have deleterious effects on the bald eagle
population (USFWS 1996).

With the mean level of DDE found in the LCR eagle eggs (6.84 4ug/g), the USFWS (1996)
predicts that the five-year average productivity for eagles will be only 0.49 young/occupied
territory. This productivity level is similar to the historical five-year average for these birds.
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The increase in 19 bird territories since 1990 reflected the recently observed higher breeding
success. However, these newly established pairs (six in the past two years) may not yet have
accumulated DDE or other oganochlorines to the extent of older pairs along the river.

Mean TCDD concentrations in the 1984 eggs greatly exceeded established "lowest observable
adverse effect level" and "no observable adverse effect level" LOAEL/NOAELs, indicating
that dioxins are contributing to the reduced reproductive success of LCR bald eagles. TCDD
contribution of the TEQ values in LCR bald eagles (70%) were very similar to the TCDD
contribution (69%) of the average I-TEQs that found in wood ducks. (Aix sponsa) nesting
near a Superfund site highly contaminated with dioxins and furans. Comparisons of TEQ
concentrations and how they reflect toxicity in eagle embryos will be better discerned when
the 1995 eggs are analyzed.

Contaminants analyzed in the two prey items had values similar to 1986 fish samples in the
LCR (USFWS 1996, Anthony et al. 1993) and within the range of other LCR fish species
sampled by the USFWS. A biomagnification factor (BMP) -is a ratio that is calculated from
contaminant concentrations in prey items and in the predator. The current IJSFWS (1996)
bald eagle study found a BMF from prey found in the nest to eagle eggs of 54 (27/0.5) for
TCDD and 57 (6.8/0.12) for p,p'-DDE, values which are similar to that found elsewhere for
these compounds.

The USFWS (1996) indicate that analysis of additional data from the 1995 field season will
be useful in further elucidating relationships between toxics and reproductive effects in LCR
bald eagles.

RIVER OTTER

Northern river otter mature sexually and mate at two years and have long reproductive lives
(up to 16 years)(Tabor 1974). Age class 0 river otter are still in family groups with their
mothers. Age class 1 begins a period in their lives of dispersal and wandering. Age class
2+ represents a relatively sedentary population that lives within an established home range,
although the home range is relatively large for adult males (Melquist and Hornocker 1983).
Males commonly move 10 km/night, families less. Home ranges vary from about 7 km
(females) to 15 km (males), in diameter although they cover up to 100 km in a year (Liers
1951)

LCR RIVER OTTER HABITAT: River otter are generally most abundant along food rich
coastal areas, including the lower portions of streams, rivers and estuaries, and in areas with
extensive non-polluted waterways and minimal human impact. Otter are scarce in heavily
settled areas, in polluted waterways, and in food-poor mountain streams (Melquist and
Hornocker 1983; Toweill and Tabor 1982). Adaptation to freshwater habitats is determined
by barriers in dispersal including; arid areas, mountain ranges, glaciated areas, and salt water
straits. Otters make extensive use of estuarine areas (Toweill and Tabor 1982).
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Habitat preference is based on the availability of adequate escape cover, shelter and sufficient
food and minimal human activity (Meiquist and Hornocker (1983). In the LCR, critical
habitat for river otter are sloughs and tidal creeks associated with willow-dogwood and sitka
spruce habitats. Aquatic habitats associated with these vegetated habitats may be important
feeding sites as they contain substantial populations of crayfish (Pacifastacis leniusculus and
P. trowbridgit), sculpin, and carp. The concentration of otter sign in these habitats may
reflect their importance to otter feeding activity (Dunn et al. 1984).

Habitat destruction is the most serious cause of river otter mortality, including impacts of
waterway development, destruction of riparian habitat caused by home-sites or farmland, and
declines in water quality due to increased siltation or introduction of chemical residues
(Melquist and Hornocker 1983; Toweill and Tabor 1982). Mortality of the river otters
studied in west central Idaho (Melquist and Hornocker 1983) were strongly related to human
activities, accidents on roads and railroads were responsible for 6 of the 9 known otter
deaths.

LCR RIVER OTTER DIET: Northern river otters general primary prey consists of fish and
crustaceans, with amphibians, insects, birds (particularly carrion waterfowl), and mammals
(particularly muskrats - Ondatra zibethicus, or carrion) comprising otter diet in lesser
portions (Larsen 1984; Toweill 1974; Dunn et at. 1984; Melquist and Hornocker 1983;
Merker 1983; Stenson et al. 1984). Major foods of LCR river otter (in the summer) are
carp, crayfish, suckers (Catostomus spp.) and centrarchid fishes. Minor prey species
included Northern squawfish, salmon, birds, mammals, insects-, and mollusks (Tabor et al.
1980).

In important prey items of LCR river otters, contaminant reference levels were exceeded in
tissue samples from largescale sucker and crayfish in six sites along the lower Columbia
River. Dioxin and fliran reference levels were exceeded in largescale sucker at Youngs Bay
(RM 14), and in crayfish at Elochoman Slough (RM 36). Total PCB reference levels were
exceeded in largescale sucker at Youngs Bay, Cathlamet Bay (RM 21), Scappoose Bay (RM
88), Bachelor Island Slough (RM 90) and Camas Slough (RM 120)(Tetra Tech 1994b).

RECENT STATUS OF LCR RIVER OTTERS: Although not common, river otter are
stable or increasing in Oregon and Washington (Toweill and Tabor 1982). In 1978-1979,
Henny et al. (1981) detected PCBs in LCR river otter and mink more frequently than had
been detected in other sites in Oregon at the highest concentrations reported in North
America. River otter contained even higher concentrations of PCBs than the mink, but their
relative sensitivity to PCBs is not known. Mink are among the most sensitive species to the
toxic effects of TCDD and related compounds such as PCBs (Hochstein et at. 1988;
Plantonow and Karstad 1973). However, no laboratory studies have been conducted on the
relative biophysical sensitivity of the river otter to PCB concentrations. Additionally, the
diet of river otter is varied and localized. Therefore, different trophic levels are utilized to
an extent that prey from each of these levels would have to be analyzed in order to determine
a realistic dietary exposure to PCBs (Henny et at. 1981).
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RECENT STATUS OF THE LCR RIVER OTTER POPULATION: In the LCR, the
present distribution and abundance of river otter remains unknown. Likewise, the role of
habitat change and the role of pollutants on the present distribution (Henny et at. 1996).
Henny et al. (1996) determined that in late summer 1994 the average family (5.81) contained
2 adults, 2.28 young of year, and 1.53 1-year olds. From these counts, they estimated that
at the end of the fall-winter 1994-1995 trapping season, the LCR contained 244+47 river
otters and another 42 were harvested.

The river otter population appears to be well distributed throughout the LCR, has the highest
density reported in the literature, and is considered to be "abundant"1 . It is even well
distributed in the Portland-Vancouver (P-V) area which is the most polluted. However,
Henny et al. (1996) indicated that other populations in the literature were from rivers much
smaller than the Columbia River and they also believed that population estimates elsewhere
may be quite conservative.

CURRENT HEALTH OF LCR RIVER OTTERS: From licensed trappers, Henny et al.
(1996) obtained thirty otter within 400 m of the LCR and six from a reference area near the
headwaters of the Wilson and Trask rivers, Oregon. Fresh scats were also collected for
analysis of environmental contaminants.

Henny et al. (1996) reported that livers of LCR river otters showed a pattern of increased
concentrations with age for all organochlorine insecticides and metabolites, but the change
was only statistically significant for oxychlordane. At age 0, LCR river otters already had
higher levels of DDE, DDD, heptachlor epoxide, j-HCH, dieldrin, and mirex significantly
higher than in the reference area. Nearly every PCB congener was also higher in the 0-age
class. Additionally, concentrations of several co-planar PCBs, dioxins and furans were
significantly higher in all river otter age classes than the reference area. Higher dioxin and
faran concentrations were found in age class 0 than in older river otters. Six dioxins and
furans were significantly higher in age class 0 in the LCR than in the reference area. In the
LCR, TEQs were significantly higher in all river otter age classes than the reference area and
the TEQs did not show a significant increase with age.

Heavy metals were analyzed in river otter livers and kidneys. Cadmium significantly
increased with age but zinc did not. Chromium, copper, iron, manganese, mercury, and
vanadium levels were not significantly higher in the LCR than the reference area for all age
classes. Nickel was seldom detected in LCR river otters. Aluminum was detected in river
otters (3 liver and 4 kidneys), and was at the highest concentration in a 3 year old that was
captured downstream of an aluminum smelter. Lead was detected in 9 of 30 river otter
kidneys. Lead was detected in all four of the river otters in the P-V area. With respect to
river mile (RM) and dioxin and furan Henny et at. (1996) found few significant relationships
because of the potentially important point sources downstream from the P-V area. Of the
metals tested in river otter and compared to RM, only manganese (age class 2+) showed a
direct relationship and chromium (age class 1) showed a inverse relationship.
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River otter scat pools were collected at only five LCR sites, one above the P-V area and four
below. Higher organochlorine and PCB concentrations were found downstream of P-V than
above and the concentrations progressively decreased downstream. Reference area (central
Oregon and Clearwater River, Idaho) river otter scat had lower residue concentrations.

Henny et al. (1996) also looked for abnormalities in the river otters collected and compared
LCR river otter body and organ measurements to the reference areas. Gross abnormalities
were found in three of four of the in river otters captured in the P-V area. In the liver,
PCBs are known to cause hepatocellular damage, liver enlargement, and fat deposition.
Although not statistically significant, livers and spleens were generally larger in river otters
from the LCR than the reference area. Percent lipid in liver showed a general increase with
age and several contaminants were directly related. In general, dioxins and furans seemed to
primarily affect the spleen in river otters, while PCBs primarily affect liver.

The baculum length and weight of LCR age class 0 males were significantly different
(smaller or shorter). Mean testes weight was also lower in the LCR, but not significantly
different. The development of male genitalia is apparently completed later as age class 2+
LCR males seemed to have normal sized testes and baculums. However, Henny et al. (1996)
could not ascertain if they functioned normally.

Because many of the contaminants are highly correlated, it is difficult to evaluate
contaminants with respect to their potential for causing the observed effects. Henny et al.
(1996) used multiple regression techniques to better define sexual organ measurements and
collection dates. In all but one instance, when significant relationships were found between
specific organ contaminants and baculum length, baculum weight, and testes weight, the
relationship was inverse or negative (a decreased male reproductive organ with increased
contaminant concentrations in the liver). Chromium in the liver showed a significant inverse
relationship to baculum length, iron a significant direct relationship for length and weight,
and vanadium had a significant direct relationship with baculum weight. However, the iron
and vanadium relationships were not significant in the multiple regressions. Therefore, it
appeared that only chromium adversely impacted baculum length. With age class 0 there
was a significant relationship between TEQs and baculum weight, but not with testes weight
or baculum length.

Although Henny et al. (1996) found some LCR river otters with high enough doses of
contaminants to cause possible adverse effects, they note that the criteria were established for
mink and not for river otter. The relative sensitivity of the two species to the same
contaminants is unknown. However, PCB and DDE concentrations in river otter were much
higher in the LCR in 1978-79.

Henny et al. (1996) believe that the LCR river otter reproductive disorders seem similar to
abnormal morphology that has been reported in juvenile alligators. The researchers in
Florida (Guillette et al. 1994) hypothesized that xenobiotic compounds were modifying
reproductive development and function. The alligators exhibited abnormal gonadal
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morphology and plasma sex steroid concentrations. They suggested that changes in the
reproductive and endocrine systems are the result of modifications in gonadal steroidogenic
activity, hepatic degeneration of steroids, and synthesis of plasma sex steroid binding
proteins.

Henny et al.'s (1996) data provides evidence of contaminant exposure and accumulation in
the LCR.

* Organochlorine insecticides and PCBs increased with river otter age but
dioxins and furans did not have a similar pattern.

* Cadmium was the only metal increasing with age of river otter.

* Most contaminant concentrations were highest in the P-V area (RM 119.5),
except for dioxins and farans. Lead and aluminum were seldom found
elsewhere in the LCR. Gross abnormalities were also found in three of four
of the in river otters captured here.

* Several of the highest dioxin and furan concentrations in river otters were
downstream of known point sources.

* Concentrations of several contaminants had significant inverse relationships
with sexual organ size, metals with the exception of chromium did not.

* Condition of the livers and spleens of river otters was directly related to
contaminant concentration. Dioxins and furans affected the spleen and PCBs
affected liver.

* Under-development or delayed development of the male reproductive tract of
young river otter observed in this study has not been previously documented in
a free-living mammals, where significant dose-response relationships were
shown for many chlorinated hydrocarbon contaminants. (Many studies have
reported contaminants to cause reduced litter size and survival of young mink.)

MINK

Mink are generally solitary, unsociable animals except during the breeding season. Mink
reach sexual maturity in their first year and they only live about three years in the wild.
There can be up to 10 young in a litter (average = 4 to 5)(Linscombe et at. 1982).

Mink are territorial and in mink populations, the greatest movement is associated with
dispersal of juveniles during summer and fall. Male mink are mainly nocturnal during all
seasons, with the level of activity increasing with the length of the night and decreasing
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Habitat preference is based on the availability of adequate escape cover, shelter and sufficient
food and minimal human activity (Melquist and Hornocker (1983). In the LCR, critical
habitat for river otter are sloughs and tidal creeks associated with willow-dogwood and sitka
spruce habitats. Aquatic habitats associated with these vegetated habitats may be important
feeding sites as they contain substantial populations of crayfish (Pacifastacus leniusculus and
P. trowbridgii), sculpin, and carp. The concentration of otter sign in these habitats may
reflect their importance to otter feeding activity (Dunn et al. 1984).

Habitat destruction is the most serious cause of river otter mortality, including impacts of
waterway development, destruction of riparian habitat caused by home-sites or farmland, and
declines in water quality due to increased siltation or introduction of chemical residues
(Melquist and Hornocker 1983; Toweill and Tabor 1982). Mortality of the river otters
studied in west central Idaho (Melquist and Hornocker 1983) were strongly related to human
activities, accidents on roads and railroads were responsible for 6 of the 9 known otter
deaths.

LCR RIVER OTTER DIET: Northern river otters general primary prey consists of fish and
crustaceans, with amphibians, insects, birds (particularly carrion waterfowl), and mammals
(particularly muskrats - Ondatra zibethicus, or carrion) comprising otter diet in lesser
portions (Larsen 1984; Toweill 1974; Dunn et al. 1984; Melquist and Hornocker 1983;
Merker 1983; Stenson et al. 1984). Major foods of LCR river otter (in the summer) are
carp, crayfish, suckers (Catostomus spp.) and centrarchid fishes. Minor prey species
included Northern squawfish, salmon, birds, mammals, insects, and mollusks (Tabor et at.
1980).

In important prey items of LCR river otters, contaminant reference levels were exceeded in
tissue samples from largescale sucker and crayfish in six sites along the lower Columbia
River. Dioxin and furan reference levels were exceeded in largescale sucker at Youngs Bay
(RM 14), and in crayfish at Elochoman Slough (RM 36). Total PCB reference levels were
exceeded in largescale sucker at Youngs Bay, Cathlamet Bay (RM 21), Scappoose Bay (RM
88), Bachelor Island Slough (RM 90) and Camas Slough (RM 120)(Tetra Tech 1994b).

RECENT STATUS OF LCR RIVER OTTERS: Although not common, river otter are
stable or increasing in Oregon and Washington (Toweill and Tabor 1982). In 1978-1979,
Henny et al. (1981) detected PCBs in LCR river otter and mink more frequently than had
been detected in other sites in Oregon at the highest concentrations reported in North
America, River otter contained even higher concentrations of PCBs than the mink, but their
relative sensitivity to PCBs is not known. Mink are among the most sensitive species to the
toxic effects of TCDD and related compounds such as PCBs (Hochstein et al. 1988;
Plantonow and Karstad 1973). However, no laboratory studies.have been conducted on the
relative biophysical sensitivity of the river otter to PCB concentrations. Additionally, the
diet of river otter is varied and localized. Therefore, different trophic levels are utilized to
an extent that prey from each of these levels would have to be analyzed in order to determine
a realistic dietary exposure to PCBs (Henny et al. 1981).
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RECENT STATUS OF THE LCR RIVER OTTER POPULATION: In the LCR, the
present distribution and abundance of river otter remains unknown. Likewise, the role of
habitat change and the role of pollutants on the present distribution (Henny et al. 1996).
Henny et at. (1996) determined that in late summer 1994 the average family (5.81) contained
2 adults, 2.28 young of year, and 1.53 1-year olds. From these counts, they estimated that
at the end of the fall-winter 1994-1995 trapping season, the LCR contained 244+47 river
otters and another 42 were harvested.

The river otter population appears to be well distributed throughout the LCR, has the highest
density reported in the literature, and is considered to be "abundant". It is even, well
distributed in the Portland-Vancouver (P-V) area which is the most polluted. However,
Henny et al. (1996) indicated that other populations in the literature were from rivers much
smaller than the Columbia River and they also believed that population estimates elsewhere
may be quite conservative.

CURRENT HEALTH OF LCR RIVER OTTERS: From licensed trappers, Henny et al.
(1996) obtained thirty otter within 400 m of the LCR and six from a reference area near the
headwaters of the Wilson and Trask rivers, Oregon. Fresh scats were also collected for
analysis of environmental contaminants,

Henny et al. (1996) reported that livers of LCR river otters showed a pattern of increased
concentrations with age for all organochlorine insecticides and metabolites, but the change
was only statistically significant for oxychlordane. At age 0, LCR river otters already had
higher levels of DDE, DDD, heptachlor epoxide, j3-HCH, dieldrin, and mirex significantly
higher than in the reference area. Nearly every PCB congener was also higher in the 0-age
class. Additionally, concentrations of several co-planar PCBs, dioxins and furans were
significantly higher in all river otter age classes than the reference area. Higher dioxin and
furan concentrations were found in age class 0 than in older river otters. Six dioxins and
furans were significantly higher in age class 0 in the LCR than in the reference area. In the
LCR, TEQs were significantly higher in all river otter age classes than the reference area and
the TEQs did not show a significant increase with age.

Heavy metals were analyzed in river otter livers and kidneys. Cadmium significantly
increased with age but zinc did not. Chromium, copper, iron, manganese, mercury, and
vanadium levels were not significantly higher in the LCR than the reference area for all age
classes. Nickel was seldom detected in LCR river otters. Aluminum was detected in river
otters (3 liver and 4 kidneys), and was at the highest concentration in a 3 year old that was
captured downstream of an aluminum smelter. Lead was detected in 9 of 30 river otter
kidneys. Lead was detected in all four of the river otters in the P-V area. With respect to
river mile (RM) and dioxin and furan Henny et al. (1996) found few significant relationships
because of the potentially important point sources downstream from the P-V area. Of the
metals tested in river otter and compared to RM, only manganese (age class 2+) showed a
direct relationship and chromium (age class 1) showed a inverse relationship.
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River otter scat pools were collected at only five LCR sites, one above the P-V area and four
below. Higher organochlorine and PCB concentrations were found downstream of P-V than
above and the concentrations progressively decreased downstream. Reference area (central
Oregon and Clearwater River, Idaho) river otter scat had lower residue concentrations.

Henny et al (1996) also looked for abnormalities in the river otters collected and compared
LCR river otter body and organ measurements to the reference areas. Gross abnormalities
were found in three of four of the in river otters captured in the P-V area. In the liver,
PCBs are known to cause hepatocellular damage, liver enlargement, and fat deposition.
Although not statistically significant, livers and spleens were generally larger in river otters
from the LCR than the reference area. Percent lipid in liver showed a general increase with
age and several contaminants were directly related. In general, dioxins and furans seemed to
primarily affect the spleen in river otters, while PCBs primarily affect liver.

The baculum length and weight of LCR age class 0 males were significantly different
(smaller or shorter). Mean testes weight was also lower in the LCR, but not significantly
different. The development of male genitalia is apparently completed later as age class 2+
LCR males seemed to have normal sized testes and baculums. However, Henny et al. (1996)
could not ascertain if they functioned normally.

Because many of the contaminants are highly correlated, it is difficult to evaluate
contaminants with respect to their potential for causing the observed effects. Henny et al.
(1996) used multiple regression techniques to better define sexual organ measurements and
collection dates. In all but one instance, when significant relationships were found between
specific organ contaminants and baculum length, baculum weight, and testes weight, the
relationship was inverse or negative (a decreased male reproductive organ with increased
contaminant concentrations in the liver). Chromium in the liver showed a significant inverse
relationship to baculum length, iron a significant direct relationship for length and weight,
and vanadium had a significant direct relationship with baculum weight. However, the iron
and vanadium relationships were not significant in the multiple regressions. Therefore, it
appeared that only chromium adversely impacted baculum length. With age class 0 there
was a significant relationship between TEQs and baculum weight, but not with testes weight
or baculum length.

Although Henny et al. (1996) found some LCR river otters with high enough doses of
contaminants to cause possible- adverse effects, they note that the criteria were established for
mink and not for river otter. The relative sensitivity of the two species to the same
contaminants is unknown. However, PCB and DDE concentrations in river otter were much
higher in the LCR in 1978-79.

Henny et al. (1996) believe that the LCR river otter reproductive disorders seem similar to
abnormal morphology that has been reported in juvenile alligators. The researchers in
Florida (Guillette et al. 1994) hypothesized that xenobiotic compounds were modifying
reproductive development and function. The alligators exhibited abnormal gonadal
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morphology and plasma sex steroid concentrations. They suggested that changes in the
reproductive and endocrine systems are the result of modifications in gonadal steroidogenic
activity, hepatic degeneration of steroids, and synthesis of plasma sex steroid binding
proteins.

Henny et al.'s (1996) data provides evidence of contaminant exposure and accumulation in
the LCR.

* Organochlorine insecticides and PCBs increased with river otter age but
dioxins and furans did not have a similar pattern.

* Cadmium was the only metal increasing with age of river otter.

* Most contaminant concentrations were highest in the P-V area (RM 119.5),
except for dioxins and furans. Lead and aluminum were seldom found
elsewhere in the LCR. Gross abnormalities were also found in three of four
of the in river otters captured here.

* Several of the highest dioxin and furan concentrations in river otters were
downstream of known point sources.

* Concentrations of several contaminants had significant inverse relationships
with sexual organ size, metals with the exception of chromium did not.

* Condition of the livers and spleens of river otters was directly related to
contaminant concentration. Dioxins and furans affected the spleen and PCBs
affected liver.

* Under-development or delayed development of the male reproductive tract of
young river otter observed in this study has not been previously documented in
a free-living mammals, where significant dose-response relationships were
shown for many chlorinated hydrocarbon contaminants. (Many studies have
reported contaminants to cause reduced litter size and survival of young mink.)

MINK

Mink are generally solitary, unsociable animals except during the breeding season. Mink
reach sexual maturity in their first year and they only live about three years in the wild.
There can be up to 10 young in a litter (average = 4 to 5)(Linscombe et al. 1982).

Mink are territorial and in mink populations, the greatest movement is associated with
dispersal of juveniles during summer and fall. Male mink are mainly nocturnal during all
seasons, with the level of activity increasing with the length of the night and decreasing
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temperature. Female have very low activity rates during pregnancy, but activity increased
while caring for litters and is primarily diurnal. Home ranges of adult and juvenile males
are similar. Home ranges of female mink are smaller than that of males, but are used more
intensely (Linscombe et al. 1982). Most movements occur in, or along, linear habitat
features, such as lake shores, river banks, stream courses, or hedge-rows (Birks and Linn
1982).

Knowledge of the effects of environmental contaminants on mink is essential to the mink
farming industry. Therefore, mink are available for experimentation without interfering with
the wild mink population. However, data obtained from experiments with farmed mink
neglects the potential compounded effects of contaminants that mink may suffer in the wild.
Mink are able to store and concentrate DDT, DDD, and DDE, which indicates they may be
somewhat tolerant of these compounds (Aulerich and Ringer 1970). They are very sensitive
to the toxicological effects of PCBs and dioxins (Hochstein et al. 1988).

LCR MINK HABITAT: Mink inhabit many types of wetland areas, including banks of
rivers, streams, lakes, ditches, swamps, marshes, and backwater areas (Banfield 1974;
Mason and MacDonald 1983). They depend on aquatic prey for a large portion of the year
but transient use of upland cover may occur if terrestrial prey becomes more important.
Mink generally avoid exposed or open areas, hence habitats associated with small streams are
preferred to those associated with large, broad rivers (Allen 1986).

Mink dens (temporary or permanent) are usually located close to water, commonly within
cavities beneath tree roots at the water's edge, within cavities or piles of rock above the
water line, in areas with a large number of dead-falls and stumps, or in fallen branches,
brush, and other debris (Allen 1986).

LCR MINK DIET: Both river otter and mink are resident carnivores in the LCR watershed
that feed largely on fish and other aquatic invertebrates and vertebrates. Therefore, they can
be exposed to relatively high levels of pollutants. Prey include small mammals (e.g.
muskrat), fish (crayfish, sculpin, carp, and largescale sucker, and salmonids), and birds
(Tabor et al. 1980). Females are smaller than males and are able to subsist on smaller prey.
The larger male can easily prey on relatively larger small mammals. Mink are opportunistic
predators and their diet is highly variable by season (Allen 1986). Since the diet of wild
mink is varied and localized, different trophic levels are utilized to an extent that prey from
each of these levels would have to be analyzed in order to determine a realistic dietary
exposure to PCBs (Henny et al. 1981).

RECENT STATUS OF THE LCR MINK POPULATION: The percentage of Oregon's
mink harvest in the two counties bordering the Columbia River decreased from 15.4 percent
from 1949-1952 to 9.1 percent in 1973-1976 (Henny et al. 1981). In 1992, only 7 mink
were taken in the 2-county area of Oregon that includes the Columbia River, but most of
these counties are not associated with the Columbia River (Oregon Department of Fish and
Wildlife files).
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Of the mink and river otter tested for contaminant residues in Oregon in 1978-1979, PCBs
were most frequently encountered in the LCR animals and the levels were within the range
of concentration that kill or depress reproduction in experimental mink. PCB concentrations
in LCR mink and river otter were some of the highest found in North America.

In four days Henny et al. (1996) was able to count mink in the LCR on only one side of the
river. Therefore, their count is a minimum population number. Although the Habitat
Suitability Index for mink in many portions of the LCR was excellent (Allen 1986), few
mink were trapped. Mink sign was seldom located and only one mink family and four lone
animals were documented. Of 219 mink scent box nights distributed throughout the one side
of the river, only one mink was attracted to a box at RM 108. Another 57 mink trap nights
during the same period yielded no mink captures. No population estimates were attempted.

CURRENT HEALTH OF LCR MINK: In the LCR, the present distribution and abundance
of mink also remains unknown and likewise, the role of habitat change and the role of
pollutants on the present distribution (Henny et al. 1996). From licensed trappers, Henny et
at. (1996) obtained only two mink from the LCR and four from a reference area, which was
the Malheur National Wildlife Refuge in eastern Oregon. Fresh scats were also collected for
analysis of environmental contaminants.

With a sample size of only two mink, Henny et at.'s (1996) ability to discuss residue
accumulation and concentration was greatly limited. Agricultural pesticides were usually
found at higher levels in mink from the LCR than from the reference area. PCB congeners
were also almost always higher, usually 3 to 5-fold, or higher. Many more of co-planar
PCBs, dioxins, and furans were found in the one LCR mink liver that was tested. Nickel
was considerably higher in the kidney of a LCR mink.

PCB and DDE concentrations in river otter were much higher in the LCR in 1978-79 (Henny
et al. 1981; 1996). PCB and DDE concentrations were also probably higher in mink 15
years ago. Estimated effects on kit survival and productivity based on the residue criteria
available most likely underestimate effects in the past. PCB concentrations in some LCR
mink from the late 1970s were equivalent to mink that survived PCB tests, but failed to
produce any kits that survived. It seems conceivable that PCBs nearly extirpated the mink in
the LCR and that the few mink seen in 1994-95 may be animals pioneering back into the
watershed in an attempt to recolonize it.

Henny et al. (1996) also note that synergistic and antagonistic effects between PCB
congeners and dioxins and furans in combination with PCBs on reproduction and kit survival
of minks is poorly understood. Valuable information would be lost if only TEQs were
reported using an additive model.
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TYPES, PATTERNS, AND EFFECTS OF SELECTED CONTAMINANTS
IN THE LCR

Tables 1 through 3 summarize data from several of the studies selected because they
permitted an analysis of location (river mile) and contamination level. The primary sources
were the USGS (1995) Analysis of Current and Historical Water Quality Data, and reviews
and data in Henny et al. (1996). Several sources such as the Tetra Tech (1995) Human
Health study had very extensive data on fish tissue contamination, but from the presentation
it was not possible to identify where the contaminated individual specimens came from. It is
clear from the identification numbers that a review would render such an analysis possible.
This brief summary presents ambient and tissue data in a rough trophic hierarchy - water,
sediments, fish tissue, and predator.

The sampling sites which provided the information used in these tables are well distributed
along the LCR, However, different contaminants were inventoried in different sites, with
some omissions and consequent data gaps. For example, very little quantitative examination
of the estuary was done. The USGS inventory did not address many of the pesticides of
interest (such as DDE), PCBs or Dioxins. Tetra Tech did not identify the river miles for
their extensive Human Health Study samples which characterize many of the contaminants.
The excellent time series data of fish tissue from the National Contaminant Monitoring
Program does not capture any sites between RM 149 which is above Bonneville Dam, and
RM 18-22, making the identification of contaminant contributors and hot spots along the

Table 1. Water quality in the ambient aquatic environment of the Lower Columbia River'
(USGS 1995).

Contaminant -(Acceptable _ _ River Mile
Standard)I_

Standard) 53.8 82.4 86.3 102 141 101.5

Suspended Sediment (1.4) 21.0 15.0 25.0 15.0 12.0 146.0

Temperature (<200 C) >20 >20 = j>20 >201

Total dissolved gases (< 110 over 110-120 most of river
percent of saturation)

Atrazine (3.0 ppb) 0.03 0.02 0.16 .003 .006 0.17

Arsenic (190 ppb) 1.0 1.0 1.0 1.0

Iron (300 ppb) 20.0 18.0 46.3 10.5 9.0 103.5

Zinc (58.19 ppb) 3.0 2.5 1.5 < 1.0 2.0

in tgIL unless otherwise noted
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Table 2. Organochlorines in-prey (detritivore fish) tissues2 (Schmitt et at 1983, 1985, 1990;
and Anthony et al in Henny et at. 1996).
(Species by Year & River Mile DDE DDD Dieldrin HCBR PCBs

| TissStandard in ppm 0.27 w/DDE 0.02 0.2 0.1

1970 Largescale Sucker 220 120 10 nd 440
Northern squawfish 1170 425 10 nd 1745

1971 Largescale Sucke 395 295 10 nd 625
Northern squawfish -- 895 215 10 nd 905

1972 Largescale Sucker 470 380 nd nd 1400

1973 Largescale Sucker 250 140 nd nd 865
Northern squawfish 240 nd nd nd 500

1974 Largescale Sucker 1010 ad nd nd nd
Northern squawfish 1200 280 nd nd 2600

1976 Largescale Sucker 135 55 10= 10 1700
Northern squawfish 270 120 20 nd 2000

1978 Largescale Sucker 290 175 10 nd 320
Northern squawfish 360 30 nd nd 800

1981 Largescale Sucker 540 210 10 10 300
Northern squawfish 640 140 10 nd 500

1984 Largescale Sucker 730 230 10 10 500

1986 Largescale Sucker . 70 80 nd nd 850
Northern squawfish 200 210 nd nd 1700

~~s'e¾dg~p4 _'_ __ __
. . ... ...~~~~~~~~~~ ...~.Ax ;

1970 Largescale Sucker 605 745 nd 40 3490

1971 Largecale Sucker 250 335 15 nd 1510
Northern squawfish 350 325 10 nd 2425

1972 Largescale Sucker 450 225 20 nd 4100
Northern squawfish 570 130 20 nd 3000

1973 Largescale Sucker 260 130 nd . nd 2000
Norther squawfish 530 140 nd nd 2800

1974 Largescale Sucker 325 90 nd nd 2000
Northern squawfish 190 60 nd nd 2300

1978 Northern squawfish 420 nd ad nd 830

1981 Largescate Sucke 210 50 10. nd 1200
Northern squawfish 280 30 10. nd 800

1984 Northern squawfish 130 20 ad . nd 300

2 ppb, wet wt. with same species/same year averaged
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Table 3. Abridged tabulation of organochlorine contaminants in river otter from the lower
Columbia River' (Henny et al. 1996).

RIVER MIELE
Contaminant Standard Ref. site 2

{ _______ ______J27 _28-33 1 63-69 1 87-108 = 134

EPCBs-100 2966 3002 5776 14031 22545 9937

EArochlor-100 9408 8557 19200 45186 56495 32055

DDE (EDDE+DDD)-270 1371 1290 2457 6942 9230 6095

Dieldrin-20 69 106 253 321 561 132

(HCB)-200 53 131 222 281 209 273

LCR difficult to identify. We have combined the most extensive data from the above tables
to attempt an analysis of hot spots.

Summed and normalized values for tissue organochlorines and the number of major permitted
point sources were plotted against RM location (Figures 3 through 5). The largest data sets
which identify river miles are used (Henny et at. 1996; Schmitt et al. 1983, 1985, 1990 in
Henny et at. 1996). Although sample sizes are not given, they represent 30 river otter and
hundreds of largescale suckers.

ANALYSIS: An overview of the data clearly indicates excessive sediment, temperature, and
dissolved gases. Fish tissues are consistent over space and time in indicating concentrations
of a thousand times or more of standard for organochlorine and related PCB contaminants.
Henny et al. 's (1996) work indicate that LCR river otter have 2 to 8 times the levels of
reference animals, and 4 to 30 times the level of the standard (with the exception of HCB
which was in low levels in tissue). Although still far above healthy values, it appears that
contaminant concentrations declined over the past 25 years of data collection.

The low contaminant values found downstream around RM 20 do not capture the impacts of
the inputs to the estuary occurring below the sampling sites used to date. Clearly, pollution
and contamination is a problem in the Portland-Vancouver area (roughly RM 90-110), due
both to in situ products and those imported from the Willamette River basin. Although
relatively little agricultural activity occurs in the LCR, DDE values are low in the input to
the LCR near Bonneville Dam, peak near Portland, and decline to the mouth. The high
mainstem numbers around Portland can come from the Willamette River with its high
seasonal turbidity (5-10 times the Columbia near Portland), or from the dredging/port
activities around Portland (or both).

In ppb. Reference controls from relatively clean environments outside of area.
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Figure 3. Normalized values for tissue organochlorines by river mile segment.
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Figure 4. Sediment and tissue contaminants exceeding health standards (by riverm mile).
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Figure 5. River mile of point sources of contaminants.

Tetra Tech (1996a) believe that the lower IBI scores calculated for river segment 3
(downstream of the Willamette River) are a result of the higher proportion of exceedances of
contaminant reference levels measured in 1991 and 1993 (Tetra Tech 1993b; 1994b). For
six of the analytical group/river segment combinations, the number of exceedances was
highest in segment 3. The trend was most pronounced for sediment metals and
pesticides/PCBs, for which the number of exceedances per station in segment 3 was double
that in either segments 2 or 4.

In Figure 4, remarkable consistency can be seen in the repetition of the same locations for
PCBs - i.e. around RM 20, RM 55-60, PM 80-110, and RM 120-130. The earlier work
also found high levels around P.M 38-40, but the sample was larger and more distributed.
Over time and species this contaminant appears in unhealthy concentration in the same areas,
suggesting a consistent and productive source.

Pesticides present much the same pattern and consistency as PCBs. The reconnaissance
report notes the correlation of contaminants with sediment grain size and suggests the heavy
contaminant loads 20 to 30 miles downstream from the many sources in the Portland-
Vancouver area are a function of the transport and settling of the sediments and associated
contaminants. The backwater reconnaissance study basically corroborated these patterns and
concentrations of contaminants of the first survey. Furan congeners were higher in
largescale sucker and one very high value for PCBs was found at Scapoose Bay (RM 88)
within the cluster of PCB readings shown in Figure 4 for the 1991 study.

Although the data consistently show excessive contamination from the water to the top
predators, some questions arise. For example, it is difficult to reconcile the high tissue
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levels of contaminants in river otter with an apparently thriving population, while ascribing
the extirpation of mink to similar patterns of contamination.

The lack of agreement among the three techniques that were used to evaluate LCR fish health
did not yield consistent results. River segment appears to influence fish health for the fish
community technique, but not for the skeletal abnormality technique. Land use/habitat type
appears to influence fish health for the fish autopsy technique, but not for the fish community
assessment technique. This lack of agreement was also found on the Willamette River (Tetra
Tech 1993a). The lack of agreement among techniques highlights the fact that sublethal
effects of stressors on fish health can be manifested in many different ways, which a single
technique might be unable to detect (Tetra Tech 1996a). The sensitivity of the skeletal
abnormality technique for the LCR can not be fairly compared to its sensitivity on the
Willamette River until the same target species, Northern squawfish, can be evaluated on the
LCR.

CONCLUSIONS

Given the independent planning and conduct of the studies examined for this summary, the
consistency of results is striking. The wetland habitats lost are important to each of the
terrestrial species studied, bald eagle, mink, and river otter. The river contains each type of
contaminant which was studied - dioxin, chlorinated hydrocarbons, PCBs, trace metals, as
well as other classes such as aromatic hydrocarbons. Some species, such as the mink and
river otter, apparently tolerate certain contaminants like chlorinated hydrocarbons. However,
the same mink and otter are affected by the other contaminants such as dioxins and PCBs.
In every instance in which dioxins were studied, they were present in harmful levels. The
river otter, mink, eagle, and phytoplankton are all very sensitive to PCBs which are found in
excess of risk thresholds. The primary variable which determined the presence and
deleterious effects of the contaminants in question was simply whether it had been studied.
In many important species and trophic levels, such as phytoplankton and zooplankton,
relationships with contaminants are unknown in the LCR.

The results of the many studies reviewed do not indicate an incipient issue. They constitute
a corroborative body of evidence that declining fish and wildlife populations in the Columbia
are, in part related to contamination associated with human activities. Many of the studies
referenced here are considered preliminary. What has been measured is reflected in poorly
producing eagles, the near extirpation of mink, and impacted development of river otter male
genitalia. The isolation of the contribution of contaminants to failures of salmon recovery
have not really started. At this stage the threat, in outline and order-of-magnitude, appears
real. Next steps can take two basic themes: priority research and immediate remedial
actions.
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RECOMMENDATIONS FROM THE HSH AND WILDLIFE STUDIES REVIEWED

Collier et al. (1996) Aromatic Compounds in LCR Largescale Sucker

* Work on aromatic compounds by NMFS was not conclusive and suggested several
important improvements in the sampling regime such as earlier, increased sampling of
species with a greater likelihood of bioaccumulation;

* Chemically analyze fish stomach contents and furficial sediments to determine the
presences of aromatic contaminants in the fish's habitat

Corps (1996) - LCR Habitat Changes

* Complete the upper 40 miles of type, mapping.

* Add several more GIS layers (primarily physical such as dredge-related, soils,
topography) to their maps.

* Access newer false color infra-red imagery.

* Do more original image-processing.

* Enhance agency data swaps.

Henny et al. (1996) - Mink and River Otter

* Large differences may exist in sensitivity for PCBs between closely related species.
Continue research on the sensitivity and toxicokineties of PCBs for the river otter in
comparison to the mink.

* Clarify the reasons for the relative differences in population trends in mink and river
otter.

* Augment work on river otter in the nine mile segment of the P-V area which
produced the highest residue values.

* Live-capture river otters to conduct blood chemistry to characterize general animal
condition and immunological competence and to evaluate steroid concentrations.

* Conduct complete necropsies on live-captured river otters to obtain general
morphometric data, obtain histopathology of unaltered (non-frozen) organs and tissue,
and analyze enzyme activity and hormone receptors.

* Evaluate disease and parasite incidence from the tissues collected for histopathology to
potentially provide evidence of immunocompetence. Gonadal morphology of male
river otter will be characterized and correlated with sperm count and contaminant
concentrations,
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* Clarify the biochemical modes of contaminant effects in liver and kidney tissue by
fluometric assays and western blotting. Hormones will be estimated by competitive
binding assays.

* Analyze mink and river otter fat, kidney, and liver samples for organochlorine
insecticides, total PCBs and congeners, other coplanar polyhalogenated hydrocarbons,
pthalate esters, alkyphenols, and inorganics.

* Fecal samples taken from river otter during necropsy will be assessed for hormone
concentrations as a potential bio-marker that could be compared to hormone levels in
blood.

* LCR prey (fish) contamination data currently is too limited to determine diet-based
no-effect levels for mink or river otter. PCB residue levels in LCR fish, which have
usually been based on Aroclor 1254 or 1260, should be based on cumulative indices
(total PCBs, PCB 153, TEQs).

Tetra Tech (1994b) - Backwater Reconnaissance Survey

* Evaluate the potential for adverse effects to aquatic biota and wildlife using screening
level concentrations adopted for the measured levels of water sediment, and tissue
contaminants.

* Expand and elaborate on the analysis of relationships between sediment and biota
metal concentrations.

* Collect and analyze additional fish species with different life history patterns.

Tetra Tech (1996a) - Assessing Health of Fish Species and Communities

* Sampling problems plagued the Tetra-Tech fish health assessment, and suggestions
turned on fixing the sampling regime. They propose to rectify tardy issuance of
collection permits.

Tetra-Tech (1996b) - Integrated Technical Report. Summary and Synthesis

* Develop two types of physical models (sediment type, flow, salinity, etc.) for
mathematical simulation to assist in assessment of fish, algae/aquatic plants and the
benthos.

USFWS (1996) - Bald Eagles

* Complete analysis of the bald eagle eggs collected in 1995.
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USGS (1995) - Analysis of Current and Historical Water Quality Data

* Develop and validate conceptual water quality models and the interagency design and
conduct of a monitoring and evaluation program; and the summarization and
integration of all Bi-State water quality data.

This review suggests several necessary areas of research. Those with most immediate
application include:

* Identify the synergistic population and biochemical effects of the mix of contaminants
actually experienced by the organisms, as distinct from the isolation of single
contaminants and their effects. The effects of these contaminants on organisms are
not likely to be independent, linear, and orthogonal.

* Evaluate effects of contaminants on photosynthesis;

* Conduct simulation modeling of the biophysical system with prognostic evaluation of
the effects of habitat changes and river management on contaminant availability,
synergy, and uptake. This is a tractable way of addressing the components of a
watershed while coordinating the research in advance of deploying field workers..

* Evaluate use and resource partitioning in the estuary by lower organisms, fish and
wildlife; and

* Conduct field and simulation studies in the 30 sub-basins and the evaluate their
contaminant contributions to the lower river and estuary.

* Define and map habitat requirements and use by selected species.

ECOSYSTEM MODELS: One of the problems with the current Bi-State effort was the lack
of a clear organizing approach to facilitate the integration and interpretation of the data. A
number of the participants in the Bi-State process (e.g. Tetra Tech and USGS) have
advocated the development of conceptual and simulation models to clarify biophysical
relationships, investigate ecosystem process, and test relationships and policies. A greater
understanding of contaminant accumulation pathways would aid in developing relevant
models to predict future tissue contaminant levels based on projected changes in the amounts
of contaminants released to the environment and long-term degradation of previously released
persistent chemicals (Tetra Tech 1994b).

We believe that a conceptual and simulation model would be a beneficial activity in the LCR.
A conceptual model would ensure consistency in coordinating sampling sites, times, and units
of measurement. It would also foster results that could be related in ways fundamental to
understanding the ecosystem and effects of contamination. For example, the type of
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feedback loops, positive "boom/extinction" or negative "homeostatic/buffering, and their
strength or dominance, would indicate where remedial actions could likely give the best
results. This type of model would also indicate data gaps and specific links would help the
analyst. Furthermore, a common and graphical understanding of system elements such as
important state variables and rates would be explicit.

Traditionally, mathematical models have been employed by research teams, often
independently, to generate black box solutions. It is recommended that a participatory
modeling workshop be employed to graphically capture the goals, pattern, and process of the
Bi-State program effort. This technique would serve as a forum to capture the knowledge of
the many agencies and contributors.

The use of the GIS products should be clarified. The effort was titled habitat mapping -
however land, water, and vegetation types were mapped. These are important elements of
habitats and a clearly useful initial step in delineating habitats. However, habitat is specific
to the species and its requirements for food, space, cover, etc., and includes such variables
as vegetation and water body size, shape, and juxtaposition, human disturbance, and distance
from edges, among others. The USFWS's Habitat Evaluation Procedure (HEP) would be
useful because it attempts to identify the major elements of an animal's habitat in a model.

HEP habitat suitability index models exist for bald eagles (for two seasons) and mink. A
GIS analysis, including field checks of unmapped associations of the model, of habitat
suitability for eagle and mink should be a priority. However, using the indicator species
requirements to assess contaminant impacts and management responses may not elucidate
problems within the food web, which an ecosystem approach may reveal. To protect key
predator species, we believe that an ecosystem model would be a better approach to
determine if the habitat for a predator's prey base is being lost.

PROGRESS ON RECONNAISSANCE REPORT RECOMMENDATIONS: It is useful to
compare the work of the past three years with the recommendations in Tetra Tech's (1993b)
Reconnaissance Report. Of the 46 activities suggested, three have been partially addressed
by field studies reported herein (map habitats, document their loss, and evaluate sensitivity of
key fish and wildlife species to water quality). An additional four of the activities species
were partially reviewed in this document: the contaminant analysis of salmonids,
contamination of Corophium, contaminants in important aquatic ecological and food species
and high lipid accumulators, and contaminant loading from tributaries. Additionally, the
Columbia River Intertribal Fish Commission (1994) conducted a study of human fish
consumption patterns.

Two of the remaining 38 recommendations appear partially redundant (characterize and
compare contaminant sources with Canada's and develop a data base for their entry/develop a
data management system and develop effluent monitoring standards and protocols for all
parties who monitor/develop protocols for sampling, handling, and analysis). Although the
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remaining 36 seem to be reasonable and well conceived, based in part on the information in
this review, 11 of the 36 appear to deserve particular attention:

* Model the effects of tidal reversal and predictive water quality;
* Additional sampling to further define/confirm problem depositional sites;
* Sample in other seasons and flow regimes;
* Analyze sediment cores;
* Monitor clean mussels at reference points;
* Define the types and amounts of contaminants produced by each industry and

using chemical fingerprinting and source tracking methods;
* Identify contaminants from land uses;
* Characterize non-point pollution;
* Conduct habitat quality assessments;
* Clarify the biology/processes/pathways of bioaccumulation for selected species;

and
* Use endemic sediment-dwelling biota as bioassay species.

We began this paper with an explanation of the rationale for the initial surveys and the focus
on selected species. As the analysis and recommendations suggest, the work to date indicates
the incorporation of an additional and complementary approach at this stage would be
revealing: enough is probably known by now to develop a conceptual model to identify the
important variables, links, and types of feedback; and the use of ecological important species
as well as known accumulators. Although the recommendations for expansion and
monitoring of work which has been initiated in the first five years is well-taken, the
integrative approach will add much, permit some parsimony and economy of effort, pennit a
real integration of data, and, ultimately, policy testing through simulation.

Immediate action need not await further results from the suggested research. The
identification of significant point sources of specific contaminants in the river has already
occurred, a monitoring program for these sources, and a short term program of remediation,
realignment, or decommissioning, and enforcement can begin now.
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GLOSSARY

ACs - Aromatic Compounds

FACs - fluorescent aromatic compounds
PAHs - polynuclear aromatic hydrocarbons

AHH - aryl hydrocarbon hydroxylase

GIS - geographic information system

HAI - Health Assessment Indexes (Adams et at. 1993)

IBI - Index of Biological Integrity (Karr et al. 1986).

LOAEL - "lowest observable adverse effect level"

NOAEL - "no observable adverse effect level"

PAHs - polynuclear aromatic hydrocarbons

PCH - polychlorinated hydrocarbon

TEF - toxic equivalency factor

I-TEF - international toxic equivalency factor

C-TEF - chicken toxic equivalency factor

TEQ - toxic equivalent, estimated threshold dose

C-TEQ - chicken toxic equivalent

I-TEQ - international toxic equivalent
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RESPONSE TO PEER REVIEW COMMENTS

Since this report was turned in on November 17, 1995, it has been rewritten extensively,
twice. The first two drafts were completed by Stephen Berwick (WILDSystems),
Subsequently, most of the large volume of comments have been addressed in this third
version. Comments from other Washington Department of Ecology and Oregon Department
of Environmental Qualtiy staff not detailed hered are noted.

Comments from Charles Simenstad. University of Washington. School of Fisheries:

Comment 1. There is no explicit statement of goals and objectives.

Response 1. Goals and objectives of the program and objectives of the report are stated in
the first paragraph.

Comment 2. "The Introduction calls the report a literature review" and describes how the
report is inadequate and what a satisfactory report should contain.

Response 2. Comment noted.

Comment 3. "The writing is atrocious.

Response 3. We believe that this quality of the product has benefitted from a few extra
weeks to work on the report.

/
Comment 4. "The report should be completely reorganized."
Response 4. The has been extensively rewritten.

Comment 5. "The contents of the report appears to go far beyond the scope of the topic and
the data ...

Response 5. We believe that this version is more focused on the Bi-State fish and wildlife
studies.

Comment 6. Literature citations are old or missing.

Response 6. Comment noted.

Comment 7. Figure 1, Flow of Energy , has many problems
Response 7. Comment noted.

Comment 8. Information appears completely out of place or critical information is absent."
Response 8. Comment noted.
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Comment 9. There is no data describing how and to what degree Asterionella, Eurytemora
affinis, Coroplzium salmonis, and Oncorhynchus tshawytcha constitute major food web
pathways.

Response 9. To the extent possible it was described why these chosen species were chosen
and how they into the food web. Major diet items for each organism are provided. From the
literature available it was really only feasible to suggest bioaccumulation and pathways
between many of these organisms. The pathway and bioaccumulation is fairly obvious for
some organisms. For example largescale suckers are long-lived benthic feeders that
accumulate residues from the contaminated sediment. They are eaten by bald eagles, mink
and river otter.

Comment 10. "The information about the four "representative aquatic species" is often out of
date and sometimes erroneous."

Response 10. Comment noted. The draft Literature Review and Contamination Ecology
Report utilized the extent of available literature up to about October 1994. In this report we
were only able to summarize important information, which may be pertinent to our stated
objective, from those earlier works. The relationship between the four representative species
and the "target" species, or the ecology of the lower Columbia River, was not a clear as we
had hoped. We suggested areas where additional research may be useful.

Comment 11. "Many broad generalizations are unsubstantiated, inappropriate, un-
referenced or entirely wrong,

Response 11. Comment noted.

Comment 12. It is difficult to see how synthesis has occurred in the section on "Human
Health Risks from Contaminated Fish".

Response 12. The human health section was deleted because it is outside the scope of the
fish and wildlife project and will be addressed elsewhere in the Bi-State program.

Comment 13. The Synthesis and Conclusion section (VIII) is unconvincing and largely
unsubstantiated.

Response 13. Comment noted.
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Comments from Bruce McCain. National Marine Fisheries Service, Newport. Oregon:

Comment 1. The lower Columbia River and estuary are not as highly contaminated as the
Executive Summary states.

Response 1. Comment noted. No such strong statements are included in this report.

Comment 2. DDT and PCB levels have decreased in the U.S. and the lower Columbia
River.

Response 2. Comment noted.

Comment 3. Human Health study is a draft report and conclusions need to be toned down.

Response 3. Comment noted. See Response 12 above.

Comment 4. Section D.5. Contaminants, page 18, contains some inaccuracies and does not
include some very important references.

Response 4. This draft now has no reference on the effects of contaminants on adult salmon.
Unfortunately we were unable to review Arkoosh et al. (1991) etc. which are listed. We have
put greater emphasis on reporting the work on the target species.

Comment 5. Section G.2. Fish Health, page 22, is difficult and seems to be quite
speculative.

Response 5. Comment noted.

Comment 6. Data in table 13, page 43, needs to be verified.

Response 6. This table is not in the current report.

Comments from Avis Newell, Oregon Department of Environmental Quality:

Comment 1. "The references used to describe general toxicity and biogeochemical processes
and occurrence are outdated. "

Response 1. Comment noted.

Comment 2. "This report should be more specific, linking the contaminant levels found in
the LCR to known effects, clearly identifying problematic upstream sources that may
eventually cause problems downstream, but are as yet undocumented."

Response 2. Upstream reports of contaminants are not discussed in the current report.
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Comment 3. There is no linkage between known effects on these organisms and the
contaminant levels found in the LCR.

Response 3. Comment noted.

Comment 4. It is not clear why A. fornosa was chosen.

Response 4. We believe that the current report explains why A. formosa was chosen.

Comment 5. The skeletal deformities research is not well explained.

Response 5. Comment noted.

Comments from Lawrence Curtis. East Tennessee State University:

Comment 1. Some of the statements are unsupported, such as "the LCR is highly
contaminated" and "LCR contaminants present a dramatic threat to human health"..

Response 1. Comment noted.

Comment 2. In the introduction the literature cited is too old and there are many
inaccuracies or typographical errors..

Response 2. Comment noted.

Comment 3. A more complete review of recent literature is needed.

Response 3. Comment noted.

Comment 4. A comprehensive survey of the peer-reviewed literature to put LCR research
into a national and international perspective is not provided.

Response 4. The reports Lower Columbia River Basin Bi-State Water Quality Program Fish
and Wildlife Literature Review (July 29, 1994) and Contamination Ecology of Selected Fish
and Wildlife of the Lower Columbia River (draft - October 14, 1994) may serve a response
to this comment.

Comment 5. Minimum doses for DDT, DDE, dieldrin and aldrin which produce various
biological responses are available.

Response 5. We regret that we did not have time to look these up, but agree that they would
be useful information to include in the report.

Comment 6. Section III is generally adequate, but there are issues of concern.
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Response 6. The comment needs to be more specific for us to address.

Comment 7. The work on male river reproductive organs needs to be reported more
accurately.

Response 7. Comment noted

Comment 8. Tables are poorly produced.

Response 8. Comment noted. Table 13 is not used in this draft.

Comment 9. Conclusions are subjective.

Response 9. The final report has been considerably rewritten.

Comment 10. The characterization of life history and contaminant sensitivity for species
chosen for emphasis are well organized. With the exceptions noted above, information form
individual reports are adequately summarized.

Response 10. Comment noted. We hope the final is a better product.

Comments from Richard Olsen. Argonne National Laboratory:

Comment 1. It is not clear how this report fits into the overall program objectives and how
final conclusions and recommendations will be integrated and synthesized.

Response 1. We believe that this recent draft more clearly addresses your concern.

Comment 2. The combined report lacks effective integration among the various technical
presentations and perhaps more importantly with other components of the overall program.

Response 2. Same as response 1.

Comment 3. The current report draft is largely a conglomeration of a number of separate
interim reports which percent the perception of having been carried out independently.

Response 4. We believe that they were carried out independently. We have tried to
integrate the disparate results.

Comment 5. The report does not to any significant degree relate contaminant levels in biota
and the resulting ecological risk to the temporal and spatial data apparently compiled for
contaminants of concern.
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Response 5. Comment noted. We hope the final is a better product.

Comment 6. The spatial relationship of contaminants to biological effects is only weakly
developed.

Response 6. Comment noted.

Comment 7. The GIS work is not fuilly utilized. Perhaps the low level of integration is
largely a result of timing for completion of various program components.

Response 7. Timing for completion of products had a major negative impact on the quality
of the draft. In this product time did not allow us to produce a more integrated report.
There was inadequate time to confer with' other authors of Bi-State products after their drafts
were completed in late 1995. This product at least benefitted from having the final reports,
which were out in January 1996.

Comment 8. The report needs a conclusion section.

Response 8. Comment noted.

Comment 9. It would help to focus the analyses and minimize the perception in the current
presentation of a program consisting of a number of uncoordinated research products.

Response 9. Comment noted.

Comment 10. Why were the particular target species chosen.

Response 10. We believe that this was addressed in the current report.

Comment 11. "Indicator species" and "target species1 was used interchangeably.

Response 11. Comment noted.

Comment 12. Reviewer recommends that an EPA Ecological Risk Assessment be used in
the Bi-State program.

Response 12. This comment beyond the scope of this report.

All specific comments by this reviewer are noted.

Comments from Jean Cameron. USFWS:

All cominments noted above.
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Persistence Criteria To Top

Criteria used by the PBT Profiler

Introduction

The PBT Profiler is a screening-level tool that provides estimates of the persistence, bioaccumulation, and
chronic fish toxicity potential of chemical compounds. It is designed to be used when no data are available. In
order to help interested parties make informed decision on a chemical’s PBT characteristics, the PBT profiler
automatically identifies chemicals that may persist in the environment and bioaccumulate in the food chain.  
These chemicals are identified using thresholds published by the EPA. By comparing the estimated
persistence and bioaccumulation provided by the PBT Profiler, interested parties can rapidly obtain
information to make informed judgments on the PBT characteristics of the chemicals under consideration.
This screening assessment can be used early in the decision making process to help users better focus
resources and identify pollution prevention opportunities.

The thresholds the PBT profiler uses to highlight chemicals that may persist and/or bioaccumulate in the
environment are based on information published by the EPA in the Federal Register.   The first is a policy
statement on a new category for PBT substances for the review of Premanufacture Notices (PMNs) submitted
under section 5 of the Toxic Substances Control Act (TSCA).   The second is a final rule that added several
chemicals with PBT characteristics and lowered reporting thresholds for certain PBT chemicals that were
already listed on the Toxics Release Inventory (TRI), under section 313 of the Emergency Planning and
Community Right-to-Know Act (EPCRA). The criteria published in these two Federal Register notices are
comparable.

The PBT profiler uses a different set of criteria to highlight chemicals that may be toxic.   These criteria are
based on the scientific principles and quantitative structure activity relationships that have been used to
screen for toxicity in EPA’s New Chemical Program for over 20 years.

The following sections provide an overview of the persistence, bioaccumulation, and toxicity criteria the PBT
Profiler uses to highlight chemicals. Extensive discussions of the scientific basis for the persistence and
bioaccumulation criteria are provided in the EPA notices discussed herein.   Interested parties are invited to
read the full text of these notices, which are available on-line using the links provided. A discussion of how
the PBT Profiler estimates persistence, bioaccumulation, and toxicity is provided in the PBT Methodology
section.

 

To highlight a chemical that may persist in the environment, the PBT profiler uses criteria set forth by the
EPA in the Federal Register. An overview of these criteria as presented in a final rule and a policy statement
on a new PBT category for new chemicals is provided below. The user is encouraged to follow the links to
the Federal Register documents to gain insight on the scientific rationale for the persistence criteria, details
on the actions they describe, and other persistence criteria that have been brought forward by other domestic
and international organizations

The persistence criteria for EPA’s policy statement on a new PBT category for Premanufacture Notices are:
[Category for Persistent, Bioaccumulative, and Toxic New Chemical Substances, Federal Register:

http://pbtprofiler.net/Criteria.asp
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Bioaccumulation Criteria To Top

November 4, 1999 (Volume 64, Number 213), pages 60194-60204.]

TSCA Section 5 Action

5 (e) Order/Significant New Use Rule (SNUR) Ban Pending Testing

Half-life in water, soil, and sediment Half-life > 2 months
(> 60 days)

Half-life > 6 months
(> 180 days)

The persistence criteria for EPA’s final rule for TRI reporting are: [ Persistent Bioaccumulative Toxic (PBT)
Chemicals; Lowering of Reporting Thresholds for Certain PBT Chemicals; Addition of Certain PBT
Chemicals; Community Right-to-Know Toxic Chemical Reporting: Final rule, Federal Register: October 29,
1999 (Volume 64, Number 209), pages 58666-58753.]

Considered Persistent Considered Very Persistent

Half-life in water, soil, and sediment Half-life >= 2 months
(>= 60 days)

Half-life > 6 months
(> 180 days)

Half-life in Air Half-life > 2 days

The PBT Profiler combines the persistence criteria for water, soil, and sediment provided above and
highlights chemicals with an estimated half-life >= 2 months and < 6 months in orange text and those with an
estimated half-life > = 6 months in red. The half-life in air is not used in the PBT Profiler's Persistence
summary. The PBT Profiler uses 30 days in a month for its comparisons. 

 

To highlight a chemical that may bioaccumulate in the food chain, the PBT profiler uses criteria set forth by
the EPA in the Federal Register. These criteria use a bioconcentration factor (BCF) as the indicator of a
chemical’s potential to bioaccumulate. An overview of these criteria as presented in a final rule and a policy
statement is provided below. The user is encouraged to follow the links to the Federal Register documents to
gain insight on the scientific rationale for the bioaccumulation criteria, details on the actions they describe,
and other bioaccumulation criteria that have been brought forward by other domestic and international
organizations.

The bioaccumulation criteria for EPA’s policy statement on Premanufacture Notices are: [Category for
Persistent, Bioaccumulative, and Toxic New Chemical Substances, Federal Register: November 4, 1999
(Volume 64, Number 213), pages 60194-60204.]

TSCA Section 5 Action

5 (e) Order/Significant New Use Rule (SNUR) Ban Pending Testing

Bioconcentration factor (BCF) > = 1,000 > = 5,000

The bioaccumulation criteria for EPA’s rule for TRI reporting are: [ Persistent Bioaccumulative Toxic (PBT)
Chemicals; Lowering of Reporting Thresholds for Certain PBT Chemicals; Community Right-to-Know Toxic
Chemical Reporting: Final rule Federal Register: October 29, 1999 (Volume 64, Number 209), pages
58666-58753.]

http://pbtprofiler.net/Criteria.asp
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Toxicity To Top

Considered Bioaccumulative Considered Very Bioaccumulative

Bioconcentration factor (BCF) > = 1,000 > 5,000

The PBT Profiler combines the bioaccumulation criteria provided above and highlights chemicals with a BCF
>= 1,000 and < 5,000 in orange text and those with a BCF > = 5,000 in red. 

 

To highlight a chemical that may be chronically toxic to fish, the PBT profiler uses criteria developed in
EPA’s New Chemical Program [Clements, R. G.; Nabholz, J. V.; Johnson, D. E.; and Zeeman, M. G. The Use
of Quantitative Structure-Activity Relationships (QSARs) as Screening Tools in Environmental Assessment.
Environmental Toxicology and Risk Assessment, 2nd Vol., edited by J.W. Gorsuch, F. J. Dwyer, C. G.
Ingersoll, and T. W. LaPoint, pp 555-570. ASTM STP 1216. Philadelphia: American Society for Testing and
Materials, 1993]. The criteria used in the New Chemicals Program are:

Low Concern Moderate Concern High Concern

Fish ChV (mg/l) > 10 mg/l 0.1 - 10 mg/l < 0.1 mg/l

[Methodology]       [Criteria]       [Definitions]       [Chemicals that Should Not be Profiled]
[Home]       [Start a New Profile]       [Results]       [Terms of Use]       [Security]       [Interpreting Results]

Developed by the Environmental Health Analysis Center under contract to the Office of Chemical Safety and
Pollution Prevention , U.S. Environmental Protection Agency

Computer Resources Donated by SRC, Inc.          Ver 2.000     Last Updated September 4, 2012

http://pbtprofiler.net/Criteria.asp
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i

This document has been approved for publication by the U.S. Environmental Protection
Agency.  Mention of trade names or commercial products does not constitute endorsement or
recommendation for use.

This document describes existing knowledge on the use of bioaccumulation data as part of
sediment quality assessments. It is not intended to serve as guidance or regulation. This
document cannot impose legally binding requirements on EPA, States, Indian tribes, or the
regulated community.  
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EXECUTIVE SUMMARY

Persistent bioaccumulative chemicals are distributed in sediments throughout the United States, with
sediments serving as both a sink and a reservoir for these chemicals. As part of their sediment
management decisions, the U.S. Environmental Protection Agency (EPA) and other regulatory agencies
are frequently required to interpret the environmental significance from laboratory and field studies.
Decisions that require the interpretation of bioaccumulation data are complicated by numerous factors,
including variability in chemical bioavailability due to seasonal and physicochemical conditions. It is no
longer sufficient to know only whether chemicals accumulate because bioaccumulation itself is not an
effect but a process. Regulatory managers must know whether the accumulation of chemicals is
associated with or responsible for adverse effects on the aquatic ecosystem and human health. Another
complicating factor is that EPA programs have different mandates, often requiring different applications
and uses of bioaccumulation data. 

EPA prepared this document to serve as a status and needs summary of the use of bioaccumulation
data.  The document is the result of a collaborative effort among the members of the EPA
Bioaccumulation Analysis Workgroup. This document was also prepared to respond to increased
interest in the fate and effects of persistent, bioaccumulative, and toxic (PBT) pollutants, as evidenced
by the development of EPA’s multimedia PBT Strategy.

The purpose of this document is to describe existing knowledge on the use of bioaccumulation data as
part of sediment quality assessments. This document:
 

• Provides a comprehensive summary of existing knowledge on bioaccumulation.

• Provides a compilation of exposure and effects data for persistent, bioaccumulative
chemicals.

• Discusses factors that affect the bioavailability of sediment-associated contaminants.

• Identifies how various programs currently use bioaccumulation data for sediment
management decisions.

• Identifies issues and research needs for interpreting bioaccumulation data for the purpose of
assessing sediment quality.

Factors Affecting Bioavailability

A wide range of physical, chemical, and biological factors have the potential to influence the
bioavailability of sediment contaminants. The bioavailability of contaminants in sediment is a function of
the type of chemical and the chemical speciation, as well as the behavior and physiology of the
organism. The two basic routes of exposure for organisms are transport of dissolved contaminants in
pore water across biological membranes, and ingestion of contaminated food or sediment particles with
subsequent transport across the gut. For upper-trophic-level species, ingestion of contaminated prey is
the predominant route of exposure, especially to hydrophobic chemicals. Uptake through ingestion of or
direct exposure to water or sediment can also be important depending on the trophic level of the
organism and the physical-chemical characteristics of the contaminant.
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Physical Factors

Sediments are dynamic environments with a wide range of interacting processes with variable rates. The
rate of mixing in surficial sediment layers by physical processes such as turbulence and bioturbation
competes with the rate of sedimentation to determine the depth to which contaminated sediment will be
buried. Diffusion and resuspension can also have a large impact on the bioavailability of sediment-
associated contaminants either by re-exposing epibenthic filter feeders to contaminated particulates or by
increasing the aqueous concentration of a contaminant via desorption from the particulates within the
water column.

Chemical Factors

The characteristics of a chemical, such as its molecular size and polarity, determine to a large extent the
degree of association of the chemical with particles and thus have an effect on bioavailability. Large,
nonpolar chemicals, such as highly chlorinated polychlorinated biphenyls (PCBs), have low aqueous
solubilities and a strong tendency to be associated with dissolved and particulate organic matter;
therefore, they are less bioavailable, at least to non-sediment-ingestors. Small, ionic species such as
certain metals have high aqueous solubilities and tend to be more bioavailable. Even between these
extremes, chemical characteristics of contaminants have a large influence on bioavailability. 

The concentration of total metals in sediment is generally not predictive of the bioavailability of these
elements. Metals concentrations in interstitial water (i.e., pore water) have been correlated with biological
effects. For several divalent metals in sediments, acid-volatile sulfide (AVS) appears to have a strong
influence on cationic metal activity and toxicity. 

For nonionic organic chemicals, the most important factor determining bioavailability is sorption to
dissolved and particulate organic matter. Sediment-pore water partitioning of nonionic organic
compounds is influenced by the organic carbon content of the sediment. Hydrophobicity is the most
important chemical characteristic determining the bioaccumulation behavior of organic chemicals in
aquatic systems, although some have suggested that activity coefficients in water are a better estimator.
Octanol-water partitioning has become a common method for evaluating the potential of a contaminant
to bioaccumulate; however, a major disadvantage of octanol-water partitioning is that experimental
determination can be subject to very large measurement errors. It has been demonstrated that
bioaccumulation can be predicted from octanol-water partitioning when the partition coefficient (log Kow)
lies between 2 and 6. There is also a relationship between the Kow of a chemical and its potential for
biomagnification, with uptake efficiency increasing with increasing log Kow for values between 3 and 6.
For compounds with a log Kow greater than 6, uptake efficiency begins to decrease. The predictive
relationships between Kow and bioaccumulation or biomagnification potentials assume that the compound
is not metabolized. If metabolism occurs, these correlations are not applicable, making interpretation
more difficult.

Biological Factors

Bioaccumulation is a function of the bioavailability of contaminants in combination with species-specific
uptake and elimination processes. Toxicity is determined by the exposure of an animal to bioavailable
contaminants in concert with the animal’s sensitivity to the contaminant. These processes have been
shown to be a function of the organism's lipid content, size, growth rate, gender, diet, and ability to
metabolize or transform a given contaminant, as well as the chemical conditions of the surrounding
medium. Other biological factors that can affect contaminant bioavailability include the burrowing and
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feeding behavior of the individual organism or species. The depth to which an organism burrows, the
type of feeding mechanism it uses (e.g., filter feeding, particle ingestion), the size range of sediment
particles it consumes, and its diet all have a large influence on the concentration of contaminant to which
the organism will be exposed.

Methods for Assessing Bioaccumulation

Two basic approaches exist to assess bioaccumulation: the first consists of methods that directly
measure bioaccumulation, and the second consists of methods that model bioaccumulation. The
selection of the appropriate approach is dependent on what questions are being asked, the type of
environment, the species, and the contaminants of concern.

The following questions are useful in determining the most appropriate approach for evaluating
bioaccumulation:

• Is the goal to monitor existing bioaccumulation or to predict bioaccumulation under future
exposure conditions?

• Is the test or model being used as a screening tool or as an accurate predictor?

• Is the goal to qualitatively identify which sediment compounds will bioaccumulate or to
develop quantitative estimates of tissue concentrations for these compounds?

• Will conditions required to reach steady state be met?

• Are uptake routes in addition to sediment exposure likely to be important?

• Is a goal to determine or predict the time course of uptake and/or elimination?

• Is it required that local species be used in the assessment?

• Is more than one species to be tested?

• Will field or experimentally spiked sediments be used?

Direct measurement, the simplest approach to assessing bioaccumulation in aquatic organisms, can be
conducted using either laboratory-exposed or field-collected organisms. This approach minimizes or
eliminates many of the problems associated with modeling. Important issues associated with laboratory
measurements of bioaccumulation of chemicals from sediment include selection of an appropriate test
species, sediment sampling and handling methods, conditions during exposure to the sediment, exposure
duration, and statistical analyses. Measuring bioaccumulation at a particular site requires consideration of
which test species to use, whether to examine natural populations or use transplanted populations, and
how to compare bioaccumulation occurring under conditions at a potentially contaminated site with that
occurring at a reference site.

The two main approaches to bioaccumulation model development are (1) an empirical approach in which
laboratory or field data are interpreted to calculate parameters such as bioaccumulation factors (BAFs)
and biota-sediment accumulation factors (BSAFs) and (2) a deterministic modeling approach that
employs kinetic or equilibrium models in which the mechanistic aspects of bioaccumulation are
considered, usually referred to as food web models. Empirical models include bioconcentration factors,
BAFs, BSAFs, food chain multiplier, and theoretical bioaccumulation potential. Mathematical models or
food web models can be grouped into two categories - equilibrium-based and kinetic approaches.
Equilibrium models are usually referred to as “dynamic” because absolute thermodynamic equilibrium
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between contaminant concentrations in biota, water, and sediments is rarely reached in a natural setting.
Thus, the equilibrium-based models assume steady-state conditions between organisms and the
environment. In contrast to equilibrium-based models, kinetic models describe bioaccumulation as the
net effect of rate processes (uptake and loss of contaminant). General assumptions of kinetic models
include constant uptake rate(s), instantaneous mixing within the compartment(s), and a negative
exponential depuration process for all compartments. A newer bioaccumulation assessment tool
currently being evaluated for its utility is the critical body residue approach. The critical body residue
approach links body burdens in an individual organism to toxicological effects in that organism.
Considerable interest exists in using the above tools to identify sediment concentrations associated with
threshold tissue concentrations that are protective of aquatic organisms or their predators, including
humans.

Important Bioaccumulative Chemicals

The difficulty associated with interpreting bioaccumulation data is exacerbated by a need to address
chemical mixtures in sediments as they normally occur. Although progress is being made toward a
mixture approach, these types of analyses are in the early stages of development. Hence, the discussion
in this document is focused on individual bioaccumulative chemicals. The bioaccumulative chemicals of
potential concern listed in this document were selected based on input from the EPA Bioaccumulation
Analysis Workgroup and a review of various documents. These chemicals are known to be found in
sediment and in animal tissues at levels associated with toxic effects. The document contains information
in tabular format for 11 metals, 1 chlorinated phenol, 10 polycyclic aromatic hydrocarbons (PAHs), 13
pesticides, selected dioxins and furans, selected Aroclors and congeners of the PCB group, and total
PCBs. Criteria for selecting an initial set of chemicals to be researched and summarized in this document
included the following: (1) information was readily available; (2) the chemical was of immediate concern
and known to bioaccumulate; (3) the chemical was representative of a group or class of compounds;
and (4) the chemical was considered to be important in one or more EPA programs.

The chemical tables (Appendix) summarize information on chemical characteristics, including water
solubilities, half-lives, and partition coefficients (log Kow and log Koc); human health concerns; wildlife
and aquatic organism partitioning factors; and food chain multipliers. A brief profile of the chemical's
toxicity, mode of action, and potential for bioaccumulation is also included. Daily intake levels of
concern for the protection of human health were compiled, including estimated values for carcinogenic
endpoints (slope factors) and noncarcinogenic endpoints (reference doses) for the oral ingestion
exposure pathway, and EPA’s carcinogenic classifications are provided. Factors affecting partitioning of
the chemical in relation to wildlife and aquatic organisms, food chain multipliers (biomagnification
factors), toxic effects and mode of action, and other information were compiled from various sources. 

The data in the chemical summary tables will be useful in addressing the following issues pertaining to
bioaccumulation: 

• What species are potentially available for testing?

• How should we account for differential partitioning of bioaccumulative contaminants
among tissues?

• How can bioaccumulation methods be used to assess population-level effects?

• How can tissue-specific residue levels be coupled with chronic toxicity response data to
develop dose-response relationships for bioaccumulative contaminants?
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Agency Information on Bioaccumulation Data Collection and Interpretation

Bioaccumulation of toxic persistent organic contaminants by aquatic organisms is an ongoing concern
for EPA and other agencies.  This review identifies a variety of EPA programs that interpret
bioaccumulation data to help assess sediment quality. Specialized activities within each of these
programs represent a broad spectrum of approaches that address specific statutory mandates as well as
the goals of EPA’s Contaminated Sediment Management Strategy. Table 1 summarizes the uses of
bioaccumulation data by various EPA programs for the interpretation of sediment quality.

Several different activities are overseen by the various agencies, with each activity emphasizing a different
need or issue associated with collecting and using bioaccumulation data. Research on bioaccumulation
and the use of bioaccumulation to assess sediment contamination are ongoing activities in OPPT,
NHEERL, NERL, OERR, OSW, OST, OWOW, the Chesapeake Bay Program, and Regions 5 and 10.
OPPT, OSW, OST, and OERR have been working on identifying, based on various chemical
properties, chemical structure, and structure-activity relationships, which chemicals might bioaccumulate
and cause adverse environmental effects. Bioaccumulation of sediment contaminants in fish that might be
consumed by humans is a major concern in the development of water quality criteria for the protection
of human health, and research is under way on the most appropriate methods for predicting
bioaccumulation in fish and developing chemical-specific BSAFs for setting tissue residue-linked
sediment chemical levels for the protection of human health, particularly for mercury.

Assessment procedures that the EPA is focusing on are specific bioaccumulation issues related to
assessing contaminated sediments, which include

• The appropriateness of bioaccumulation evaluation methods and interpretation of test results
to determine the acceptability of proposed actions.

• Improving consistency in methods used to determine potential bioaccumulative chemicals,
effects concentrations for these chemicals, and use of background data to assess
bioaccumulation.

• Pesticide evaluation.

• Screening methods and modeling procedures.

• Evaluating human health risks.

OERR, OSW, GLNPO, and a number of international organizations are focusing on the use of
bioaccumulation information to identify and evaluate sediments for remediation efforts. Clean-up levels
for several Superfund sites have been based on the presence of bioaccumulative contaminants.
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Table 1.  Summary of Uses of Bioaccumulation Data by Various EPA Programs for the Interpretation of
Sediment Quality

Agency Program
Components of Contaminated 
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Office of Prevention, Pesticides, and Toxic Substances (OPPTS)

Office of Pesticide Programs (OPP) O

Office of Pollution Prevention and Toxics (OPPT) O O O O

Office of Research and Development (ORD)

National Health and Environmental Effects Research
Laboratory (NHEERL)

O O O

National Exposure Research Laboratory (NERL) O O

Office of Solid Waste and Emergency Response (OSWER)

Office of Emergency and Remedial Response (Superfund)
(OERR)

O O O

Office of Solid Waste (OSW) O O O O

Office of Water (OW)

Office of Science and Technology (OST) O O O O

Office of Wetlands, Oceans, and Watersheds (OWOW) O O O O O O

Office of Wastewater Management (OWM) O

Chesapeake Bay Program (CBP) O O O O O O

Great Lakes National Program Office (GLNPO) O O O

Office of Air and Radiation (OAR) O

The regions are using a number of approaches to target remediation of contaminated sediments; many
are evaluating the fish ingestion pathway. Bioaccumulation tests with other organisms (small mammals,
clams, amphibians) are also used during the evaluation of ecological risk.

Preventing the release of bioaccumulative contaminants is of concern to OPPTS, OSW, OST, OWM,
the Chesapeake Bay Program, OWOW, and numerous countries around the world. OPPT is using its
screening and prioritizing procedures to determine those chemicals which might accumulate in sediments
and pose risks so that dangerous levels of loadings can be targeted. Under the Waste Minimization
National Plan, OSW and OPPT are developing a tool that would prioritize chemicals in hazardous waste
based on persistence, bioaccumulation potential, toxicity, and quantity. OWOW and OST use
bioaccumulation data in the control of discharges of bioaccumulative chemicals under the CWA. Several
international conferences have been held to examine methods for reducing or eliminating persistent
organic and metal pollutants, some of which have resulted in agreements.
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The dissemination of information pertaining to the bioaccumulation of chemicals has been important for
OPPT, OST, OWOW, the Chesapeake Bay Program, NHEERL, and all EPA regions. OPPT recently
released a draft multimedia strategy to reduce risks from exposures to priority PBT pollutants through
increased coordination among EPA national and regional programs and various stakeholders. OST has
published a series of documents on the analysis of fish tissue concentrations of contaminants and the
use of such data to determine risks to humans from consumption of fish, as well as providing a database
listing all fish and wildlife consumption advisories currently operating in the states. OWOW’s outreach
efforts include educating the public about the ocean- and coast-related programs and making program
information readily available to the public. The toxics characterization of tidal tributaries of the
Chesapeake Bay being performed by the Chesapeake Bay Program will be used as an outreach tool to
put information in the hands of the public in order to target appropriate areas for additional monitoring
and management activities.

Issues and Research Needs for Interpreting Bioaccumulation Data for the Purpose of Sediment
Quality Assessment

The interpretation of bioaccumulation data will require an understanding of the relationship between
environmental media concentrations, tissue concentrations, and effects on specific organisms or
consumers of those organisms. Several issues and research needs have been identified by EPA’s
Bioaccumulation Analysis Workgroup and attendees of EPA’s National Sediment Bioaccumulation
Conference (September 11-13, 1996). These issues and needs have been grouped according to topic
and include the following:

• Methods—Laboratory and field methods for assessing bioaccumulation
Needs include standardization of methods and approaches, further identification of
appropriate species for pathways of concern, and field validation of laboratory methods.

• Chemical Identification—Identification of bioaccumulative chemicals
Needs include identifying a screening procedure for bioaccumulative contaminants,
developing additional BAF and BSAF values to assign to known persistent bioaccumulators,
or to identify potential ones, and better understanding the bioavailability processes of
chemicals in sediments.

• Species Considerations—Species selection for bioaccumulation testing
Needs include guidance on further identification or development of contaminant-specific
receptors of choice, tissue residue values for terrestrial and avian wildlife, and additional
information on amphibian and wetland species.

• Toxicology—Dose-response relationships for bioaccumulative contaminants
Needs include determining the applicability of the critical body residue (CBR) approach to
multiple classes of chemical mixtures, determining differential partitioning of bioaccumulative
contaminants among tissues, and conducting further research on how to resolve or
compensate for uncertainties related to the assessment of bioaccumulation of sediment-
associated contaminants.
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GLOSSARY

Note:  Numbers in brackets refer to the source of the definition.  The citations are provided in the list of
references immediately following the glossary.

Acid-volatile sulfides (AVS) — The sulfides removed from sediment by cold acid extraction,
consisting mainly of hydrogen sulfide (H2S) and iron sulfide (FeS). AVS is a possible predictive tool for
divalent metal sediment toxicity. [1]

Bioaccumulation — The accumulation of contaminants in the tissue of organisms through any route,
including respiration, ingestion, or direct contact with contaminated water, sediment, pore water, or
dredged material. [1]

Bioaccumulation factor (BAF) — The ratio of a substance’s concentration in tissue of an aquatic
organism to its concentration in the ambient water, in situations where both the organism and its food are
exposed and the ratio does not change substantially over time. [2]

Bioaccumulative chemicals of concern (BCC) — Chemicals identified as a concern for sediment
quality assessment because of their ability to accumulate in the tissue of organisms through any route,
including respiration, ingestion, or direct contact with contaminated water, sediment, pore water, or
dredged material. [1; modified]

Bioavailable — For chemicals, the state of being potentially available for biological uptake by an
aquatic organism when that organism is processing or encountering a given environmental medium (e.g.,
the chemicals that can be extracted by the gills from the water as it passes through the respiratory cavity
or the chemicals that are absorbed by internal membranes as the organism moves through or ingests
sediment). In water, a chemical can exist in three different basic forms that affect availability to
organisms: (1) dissolved, (2) sorbed to biotic or abiotic components and suspended in the water column
or deposited on the bottom, and (3) incorporated (accumulated) into organisms. [3; paraphrased]

Bioconcentration — A process by which there is a net accumulation of a chemical directly from water
into aquatic organisms resulting from simultaneous uptake (e.g., by gill or epithelial tissue) and
elimination. [4]

Bioconcentration factor (BCF) — The ratio of a substance’s concentration in tissue of an aquatic
organism to its concentration in the ambient water, in situations where the organism is exposed through
the water only and the ratio does not change substantially over time. [2]

Biomagnification — Result of the process of bioconcentration and bioaccumulation by which tissue
concentrations of bioaccumulated chemicals increase as the chemical passes up through two or more
trophic levels. The term implies an efficient transfer of chemical from food to consumer, so that residue
concentrations increase systematically from one trophic level to the next. [4]

Biota-sediment accumulation factor (BSAF) — Relative concentration of a substance in the tissues
of an organism compared to the concentration of the same substance in the sediment. [1]

Biotransformation — Enzyme-catalyzed conversion of one xenobiotic compound to another. [5]
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Bioturbation — The act of resuspending contaminated fluid or sediment particles into the water column
through turbulent activities of biota. [6]

Critical body residue (CBR) — The whole-body concentration of a chemical that is associated with a
given adverse biological response. This assumes organisms consist of a single compartment rather than
the multiple compartments of which they actually consist, but it has considerable utility as a first
approximation of dose. [3]

Desorption — A process that involves the removal of a chemical from a solid to which it is attached or
a liquid in which it is dissolved. [7]

Diffusion — (nonbiological) Nonadvective transport due to migration and mixing of dissolved
suspended solutes (including particulates) in natural waters in response to concentration gradients.
Diffusion can be at the molecular level, due to Brownian motion’s producing random movements of the
solute’s molecules (molecular diffusion), or it can be movements of solutes (including particles) due to
turbulent eddies, velocity shear, or bioturbation (turbulent diffusion). Both types of diffusion result in
mixing and dispersal of dissolved and bound chemicals. [3]

Dissolved organic carbon (DOC) — The fraction of the organic carbon pool that is dissolved in water
and that passes through a 0.45-µm glass fiber filter. DOC quantifies the chemically reactive organic
fraction and is an accurate measure of the simple and complex organic molecules that make up the
dissolved organic load. [3]

Eh — The measure of the electromotive force of a reaction. [8]

EROD — Ethoxyresorufin O-deethylase catalyzed by cytochrome P4501A (CYP1A proteins) and
found in the liver. [9]

Food chain model — A mathematical model that estimates the quantitative transfer of chemicals
through the different trophic levels of the food chain. These models vary in complexity, can contain
many state variables and parameters, and consider the movement of a chemical through a food chain
consisting of one or more trophic levels. These models are typically used with toxic, nonselective, and
bioaccumulative chemicals that can affect the entire structure of an ecosystem. [10]

Food chain multiplier — A multiplier that is intended to be applied to the bioconcentration factor of a
chemical to estimate the bioaccumulation factor, thereby taking into account accumulation of the
chemical up the food chain due to predation. [11]

Food web transfer — Transfer of a chemical from food to consumer, so that residue concentrations
increase systematically from one trophic level to the next. [11; paraphrased]

Half-life — Time required to reduce by one-half the concentration of a material in a medium (e.g., soil
water) or organism (e.g., fish) by transport, degradation, transformation, or depuration. [4]

Hydrophobic (lipophilic) chemical — A chemical of low water solubility and correspondingly high
solubility in lipids or nonpolar solvents. [12]

Hydrophobicity — Partitioning behavior between lipid and aqueous phases. [13]
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In situ — In the natural or original position; the use of the field and natural conditions rather than the
standardized conditions of laboratory experiments. [14]

Indicator species — A species that may be used as an indicator of changes in environmental quality or
conditions. Measured endpoints include the presence, absence, or relative abundance; changes in
growth; bioaccumulation of selected chemicals; and changes in reproductive status. [6; modified]

Interstitial water — Water occupying space between sediment or soil particles; also called pore water.
[15]

Kinetic models — Models describing chemical reactions and physicochemical processes. [8;
paraphrased] 

Lethal concentration of 10 out of 100 organisms (LC10) — The concentration of a substance that
kills 10 percent of the organisms tested in a laboratory toxicity test of specified duration. [1]

Lethal concentration of 50 out of 100 organisms (LC50) — The concentration of a substance that
kills 50 percent of the organisms tested in a laboratory toxicity test of specified duration. [1]

Lipid-water equilibrium partition coefficient (Kl) — The ratio of the concentrations of a given
chemical in lipid and in water. [16]

Molecular diffusion — A process of spontaneous intermixing of different substances attributable to
molecular motion and tending to produce uniformity of concentration. [15; paraphrased]

Nonionic sorption — A process by which a solute becomes physically or chemically associated with a
solid sorbent through nonionic mechanisms. [7; paraphrased]

Octanol-water partition coefficient (Kow) — The ratio of the concentration of a substance in an n-
octanol phase to its concentration in the aqueous phase in an equilibrated two-phase n-octanol-water
system. The log Kow of a substance represents its likelihood to complex or sorb to organic carbon. The
log Kow of a chemical is directly proportional to its n-octanol solubility. [2]

Particulate organic carbon coefficient (Poc) — The fraction of the organic carbon pool that is not
dissolved in water, but is retained on a 0.45-µm glass fiber filter. POC is identical to suspended organic
carbon (SOC) and is composed of plant and animal organic carbon and organic coating on silt and clay.
[3]

Partition coefficient — The ratio of chemical concentrations to two different compartments or phases
under steady state conditions. [7]

Reference dose — The estimated dose at which a chemical would be expected to show no effects in a
test organism. [11]

Pore water — Water occupying space between sediment or soil particles; also called interstitial water.
[15]

Redox potential — The potential of a reversible oxidation-reduction electrode measured with respect to
a reference electrode, corrected to the hydrogen electrode, in a given electrolyte. [15]
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Resident species — Native, indigenous organisms found at a particular site. [17; modified]

Reversible sediment/pore water partition coefficient (Kp) — Ratio of the concentration of sediment
to the concentration of pore water. [18]

Sediment organic carbon-water partition coefficient (Ksoc) — The ratio of the concentration of
chemical in the organic carbon phase to the concentration in water. [3]

Semipermeable membrane devices (SPMD) — A thin film or narrow column of lipid (usually triolein)
enclosed in lay-flat or capillary polymeric tubing. Only dissolved or bioavailable organic pollutants
diffuse through polymeric films used in SPMDs. [19]

Simultaneously extracted metals (SEM) — divalent metals—commonly cadmium, copper, lead,
mercury, nickel, and zinc—that form less soluble sulfides than does iron or manganese and are
solubilized during the acidification step (0.5 M HCl for 1 hour) used in the determination of acid-volatile
sulfides in sediments. [20]

Slope factors — The slope of the dose-response curve in the low-dose region. When low-dose linearity
cannot be assumed, the slope factor is the slope of the straight line from zero dose (and zero excess
risk) to the dose at 1 percent excess risk. An upper bound on this slope is usually used instead of the
slope itself. The units of the slope factor are usually expressed as 1/(mg/kg-day). [21]

Sorption — A process by which a solute becomes physically or chemically associated with a solid
sorbent regardless of the mechanism (e.g., chemisorption, adsorption, absorption). [7]

Steady state — The state in which fluxes of material moving bidirectionally across a membrane or
boundary between compartments or phases have reached a balance. An equilibrium between phases is
not necessarily achieved. [3]

Superhydrophobic chemicals — Chemicals that are not water-soluble; chemicals that have a strong
affinity for lipids (fats). These chemicals are characterized by a log Kow greater than 6. [3; paraphrased]

Theoretical bioaccumulation potential (TBP) — An approximation of the equilibrium concentration
in tissue if the material in question were the only source of contaminants to the organisms. [1]

Tortuosity — The quality of having repeated turns or bends; something twisted. [22]

Trophic level — The different feeding relationships in an ecosystem that determine the route of energy
flow and the pattern of chemical cycling. [11]

Trophic level transfer — Efficient transfer of chemical from food to consumer, so that residual
concentrations increase systematically. [11]

Trophic transfer coefficient — The ratio at which efficient transfer of chemical from food to
consumer occurs. [11]
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BIOACCUMULATION TESTING AND INTERPRETATION
FOR THE PURPOSE OF SEDIMENT QUALITY ASSESSMENT:

STATUS AND NEEDS

1.  INTRODUCTION

1.1 Problem Statement

Many federal agencies, including the U.S. Environmental Protection Agency (EPA), U.S. Army Corps of
Engineers (USACE), National Oceanic and Atmospheric Administration (NOAA), U.S. Fish and Wildlife
Service (FWS), and U.S. Geological Survey (USGS), are tasked with environmental monitoring and
assessment issues and are routinely making sediment management decisions using bioaccumulation data.
Toxic persistent organic contaminants are distributed in sediments throughout the United States
(USEPA, 1996), with sediments serving as both a sink and a reservoir for these chemicals. Decision-
making processes predicated on bioaccumulation are complicated by numerous factors, including site-
specific issues and the variability in chemical bioavailability due to seasonal, physicochemical conditions,
or anthropogenic changes to the environment. It is no longer sufficient to know only whether chemicals
accumulate because bioaccumulation itself is not an effect but a process. Regulatory managers must
know whether the accumulation of chemicals is associated with or responsible for adverse effects to
aquatic organisms and organisms that prey on them, including humans. Another complicating factor is
that EPA programs have different mandates, often requiring different applications and uses of
bioaccumulation data. This document represents a summary of existing knowledge on the use of
bioaccumulation data as part of sediment quality assessments.

1.2 Purpose

A number of sediment assessment methods have been developed to determine the bioaccumulation
potential of contaminants in sediments. EPA’s Office of Science and Technology and Office of Solid
Waste formed a “Bioaccumulation Analysis Workgroup” consisting of 40 headquarters and regional
participants. This workgroup has overseen the production of the present “status and needs document,”
the purpose of which is to provide background information and report on the status of bioaccumulation
testing and interpretation in various EPA programs.  This document:

• Provides a comprehensive summary of existing knowledge on bioaccumulation.

• Compiles exposure and effects data for persistent, bioaccumulative chemicals.

• Discusses factors that affect the bioavailability of sediment-associated contaminants.

• Identifies how various programs currently use bioaccumulation data for sediment
management decisions.

• Identifies issues and research needs for interpreting bioaccumulation data for the purpose of
assessing sediment quality.

This document is not intended to provide all that is known on bioaccumulation, but rather is a
comprehensive summary of current knowledge and limitations, issues, and needs. It is an attempt to
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identify, categorize, and enumerate effects resulting from the accumulation of chemicals. The document
is intended to be a synopsis of tools in the regulator’s toolbox.

1.3 Scope of the Document

This document is organized into two parts - the main text, which provides a summary of existing
knowledge, discusses bioaccumulation processes, and reviews EPA’s uses of bioaccumulation data and
issues associated in that process, and an appendix containing the exposure and effects data. The
following specific elements are contained within the respective chapters:

• Chapter 2 discusses factors that affect the bioavailability of sediment-associated
contaminants.

• Chapter 3 describes methods and techniques that have been developed for measuring and
modeling bioaccumulation.

• Chapter 4 identifies important bioaccumulative chemicals, presents an overview of the
information contained in the chemical-specific summary tables (Appendix), and describes
how the data were obtained.

• Chapter 5 presents brief synopses of current research on and uses of bioaccumulation data in
several EPA programs. 

• Chapter 6 summarizes further research needs for interpreting the bioaccumulation of
persistent organic pollutants to assist in protecting aquatic and terrestrial biota and humans
from toxic effects of bioaccumulative chemicals in sediments.

• The Appendix is a compilation of chemical-specific summary tables that represent
bioaccumulation research conducted during the past 12 years. The summary tables contain
information associating the presence and quantity of potentially bioaccumulative chemicals in
sediment with uptake in the tissues of aquatic and terrestrial organisms and with the effects of
those chemicals on the organisms.

1.4 Regulatory Uses

A brief synopsis of possible uses of bioaccumulation data in EPA programs under a variety of statutes is
presented below. More detailed information on how bioaccumulation data are used by various programs
is provided in Chapter 5. Typical applications of bioaccumulation guidance might be the characterization
of sediment contamination at Superfund sites, the verification of contaminants of concern in sediment for
purposes of NPDES permitting, and the selection of disposal options for dredged material.

The Office of Enforcement and Compliance Assurance (OECA) is responsible for developing and
implementing enforcement and compliance assurance strategies for the National Environmental Policy
Act (NEPA) and other federal regulations. Consequently, it may use bioaccumulation data under a broad
range of statutes to determine the environmental acceptability of proposed federal actions.

The Office of Prevention, Pesticides, and Toxic Substances (OPPTS) uses the results of
bioaccumulation tests to support review of new and existing chemicals under the Toxic Substances
Control Act (TSCA) and the registration/re-registration of chemicals under the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA). In addition bioaccumulation information may be used to
provide guidance on the design of new chemicals to reduce bioavailability and partitioning of toxic
chemicals to sediment.
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The Office of Solid Waste and Emergency Response (OSWER) is responsible for controlling hazardous
wastes and remediating hazardous waste sites under the Resource Conservation and Recovery Act
(RCRA) and the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA). Under CERCLA, the Office of Emergency and Remedial Response (OERR)—the
Superfund Program—uses sediment assessment methods, including bioaccumulation data, as a standard
part of initial sampling during the preliminary site assessment and the more in-depth Remedial
Investigation/Feasibility Study for Superfund sites where sediment contamination might be present.
Under RCRA, the Office of Solid Waste (OSW) has proposed the Hazardous Waste Identification Rule
(HWIR; USEPA, 1999).  The proposed rule addresses listed hazardous wastes, as well as mixtures of
and residues derived from managing the hazardous wastes, that pose low risks to human health and the
environment. The rule provides the framework for establishing 
chemical-specific concentrations in wastes that may not be exceeded to be eligible for a self-
implementing exemption from the hazardous waste management system requirements under Subtitle C of
RCRA. The framework includes a risk-based methodology that is being developed for use as the basis
for the exit concentrations. The methodology considers the bioaccumulative potential of relevant
chemicals in the evaluation of potential exposures from multiple pathways, in multiple media, and from a
variety of waste management units.

In response to the Hazardous and Solid Waste Amendments of 1984 (HSWA), which amended RCRA,
and the Pollution Prevention Act of 1990 (PPA), EPA released the Waste Minimization National Plan
(WMNP) in November 1994. The WMNP focuses on reducing the generation and subsequent release to
the environment of the most persistent, bioaccumulative, and toxic chemicals in hazardous wastes. One
of the objectives of the WMNP was to develop a flexible risk-based screening tool that would assist
stakeholders in identifying source reduction and recycling priorities. EPA committed to fulfill this
objective by developing a tool that would prioritize chemicals based on their persistence,
bioaccumulation potential, toxicity, and quantity. This screening tool, the Waste Minimization
Prioritization Tool (WMPT), has been developed by OSW and the Office of Pollution Prevention and
Toxics (within OPPTS).  EPA used WMPT scores for thousands of chemicals to develop a RCRA
PBT Chemical List, which includes chemicals of greatest concern to the RCRA program on a national
basis (USEPA, 1998).  EPA will use the RCRA PBT List to focus attention on actions that reduce the
generation of these chemicals in RCRA hazardous waste by fifty percent by 2005.  

The Office of Water (OW) is responsible for EPA’s water quality activities, which represent a
coordinated effort to restore the nation’s waters. The functions of this program include developing
national programs, technical policies, and regulations relating to drinking water, water and sediment
(including dredged material) quality, and ground water; establishing environmental and pollution source
standards; and providing for the protection of wetlands. In addition, this office furnishes technical
direction, support, and evaluation of regional water activities; enforces standards; and develops
programs for technical assistance and technology transfer. OW oversees the provision of training in the
fields of water quality, economic and long-term environmental analysis, and marine and estuarine
protection.

OW and the U.S. Army Corps of Engineers (USACE) developed joint technical guidance for evaluating
the potential for contaminant-related impacts associated with the discharge of dredged material in the
ocean under the Marine Protection, Research, and Sanctuaries Act (MPRSA) (USEPA and USACE,
1991). Similar updated guidance has been published for evaluating dredged material discharges in fresh,
estuarine, and saline (near-coastal) waters under section 404 of the Clean Water Act (CWA) (USEPA
and USACE, 1998). These documents employ a tiered testing protocol in which bioaccumulation data
figure prominently.
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Under sections 301, 304, 306, and 307 of the CWA, the Office of Science and Technology (OST)
within OW promulgates technology-based national effluent limitations guidelines that control the
discharge of toxic chemicals and other pollutants by categories of industrial dischargers.
Bioaccumulation data and modeling are used in support of this effort.

In response to the Water Resources Development Act (WRDA) of 1992 requirement that EPA conduct
a national survey of data regarding sediment quality in the United States, OST prepared The National
Sediment Quality Survey (NSQS) (USEPA, 1997). For calculations related to bioaccumulation, the
survey makes use of fish tissue residue data and models bioaccumulation from sediment using the
theoretical bioaccumulation potential approach. A national database containing information in the NSQS,
the National Sediment Inventory, will be maintained and updated on a regular basis so that it can be used
to assess trends in both sediment quality and the effectiveness of existing regulatory programs at the
federal, state, and local levels.

Section 403 of the CWA requires determination of the quantities of and potential for bioaccumulation of
released chemicals, the potential for pollutant transport, potential harm to biological communities, and
direct and indirect effects on humans. CWA Section 403: Procedural and Monitoring Guidance
(USEPA, 1994), developed by the Office of Wetlands, Oceans and Watersheds (OWOW) within OW
discusses the qualities of target species and methods for assessing bioaccumulation; monitoring program
design, including sampling of caged or indigenous indicator species; the type of tissue to be analyzed in
invertebrates and fishes; and techniques for extracting and analyzing chemical contaminants. USEPA
(1995a) provides additional information on some of these topics.

EPA’s National Estuary Program (NEP), authorized under CWA section 320, is a national demonstration
program that uses a comprehensive watershed management approach to address water quality and
habitat problems in designated estuaries on the Atlantic, Gulf, and Pacific coasts and in the Caribbean.
OWOW developed guidance for this program (USEPA, 1992b), which is similar to that for section 403
(above) and which includes the design and conduct of bioaccumulation monitoring studies to link
exposure and effects and to examine risks to target species and humans.

Section 402 of the CWA authorizes the National Pollutant Discharge Elimination System (NPDES)
permitting program, administered by the Office of Wastewater Management (OWM) within OW, to
regulate the discharge of pollutants from point sources into navigable waters. Bioaccumulation screening
methods can be used to identify chemicals of potential concern in the sediments, followed by chemical-
specific analysis for confirmatory purposes. Until the states adopt numeric criteria into their standards
for sediment contaminants based on bioaccumulation, the NPDES program does not require permitting
authorities to include, in their NPDES permits, sediment bioaccumulation-based numeric limits.
However, states have the discretion to include such limits in permits based on an interpretation of their
narrative standards for toxics. To establish such permit limits, it will be necessary for permitting
authorities to develop Waste Load Allocations (WLAs) for the relevant sediment contaminants.

Section 118(c)(2) of the CWA (Public Law 92-500 as amended by the Great Lakes Critical Programs
Act of 1990 [CPA], Public Law 101-596, November 16, 1990) required EPA to publish proposed and
final water quality guidance on minimum water quality standards, antidegradation policies, and
implementation procedures for the Great Lakes System. In response to these requirements, EPA
developed the Final Water Quality Guidance for the Great Lakes System (USEPA, 1995b). The
guidance incorporates bioaccumulation factors (BAFs) into the derivation of criteria and values to
protect human health and wildlife.
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Section 118(c)(3) established the Assessment and Remediation of Contaminated Sediments (ARCS)
Program to assess the extent of sediment contamination in the Great Lakes and to demonstrate bench-
and pilot-scale treatment technologies for contaminated sediment. Under the ARCS Program, the Great
Lakes National Program Office (GLNPO) used bioaccumulation data and models to estimate
comparative human health risks associated with direct and indirect exposures to contaminated sediments
in the lower Buffalo River under selected remedial alternatives. It was shown that risks could be reduced
under the different remedial alternatives compared to no action, particularly if dredging was the selected
option.

Sediment Management Standards (SMS) for the state of Washington were promulgated by the
Washington State Department of Ecology under Chapter 173-204 WAC in March 1991. The purpose of
these standards is to “reduce and ultimately eliminate adverse effects on biological resources and
significant human health threats” resulting from contaminated sediments. The state of Washington is
developing human health sediment quality criteria for bioaccumulative compounds in Puget Sound
sediments, which will be incorporated into the state’s existing SMS. These criteria are based on standard
risk assessment methodologies in conjunction with empirically derived biota-sediment accumulation
factors (BSAFs).

1.5 Definitions

The terms bioconcentration, bioaccumulation, and biomagnification are sometimes used
interchangeably in the literature, but they have distinct meanings in this document.  The following
definitions represent the most accepted usage of these terms. These definitions apply throughout this
document.

C Bioconcentration is defined as the process by which there is a net accumulation of a chemical
directly from water into aquatic organisms resulting from simultaneous uptake (e.g., by gill or
epithelial tissue) and elimination.

C Bioaccumulation is defined as the accumulation of chemicals in the tissue of organisms
through any route, including respiration, ingestion, or direct contact with contaminated water,
sediment, and pore water in the sediment.  

C Biomagnification is the result of the process of bioconcentration and bioaccumulation by
which tissue concentrations of bioaccumulated chemicals increase as the chemical passes up
through two or more trophic levels. The term implies an efficient transfer of chemical from
food to consumer, so that residue concentrations increase systematically from one trophic
level to the next.

Another important concept is trophic transfer. Trophic transfer is simply the movement of contaminants
from one trophic level, i.e., prey, to another trophic level, i.e., predators (Schwarz and Lee, 1980).
Trophic transfer can result in either bioaccumulation or biomagnification. A chemical’s capacity for
trophic transfer can be measured in terms of the trophic transfer coefficient (TTC), which is determined
by dividing the concentration of a contaminant in a predator’s tissue by the concentration of that
contaminant in its prey (Suedal et al., 1994). Trophic transfer has been noted as a significant source of
chemicals to predator species such as fish, and fish tissue levels are dependent primarily on the ability of
the organism to excrete or store the contaminant (Bryan, 1979). Biomagnification is said to occur when a
TTC is greater than one. TTCs below one indicate contaminants that do not biomagnify, although
bioaccumulation is still possible for these substances.
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Biomagnification is of concern to those tasked with assessing sediment quality because of the potential
for apparently low, no-effects concentrations of chemicals in abiotic media to elicit adverse effects in
higher-trophic-level species. The fact that some higher-trophic-level species can biomagnify certain
chemicals makes it crucial that the pathways and mechanisms of transfer be understood. A great deal of
information and numerous measurements are involved in determining biomagnification, including
information regarding an organism’s position in a complex food web, predator-prey relationships,
feeding habits, age and sex of the sampled organisms, tissue chemistry data, lipid composition, and gut
content analyses. In many cases, studies attempting to assess biomagnification have been plagued by
poor experimental design, resulting in a high degree of variability (Suedel et al., 1994). These results have
limited the ability to determine whether trophic transfer and biomagnification were occurring. 

Bioconcentration, biomagnification (Connell, 1989), and bioaccumulation operate with most aquatic
organisms, with bioaccumulation and biomagnification the most likely processes by which air-breathing
aquatic animals (e.g., seals, whales, and dolphins) and semiaquatic species (e.g., aquatic birds) acquire
chemicals. These higher-trophic-level species lack an organism-to-water exchange interface, making it
difficult for the bioconcentration mechanism to operate (Connell, 1989). Bioconcentration may be the
sole process for organisms that draw their food and oxygen requirements from dissolved components in
the water mass (i.e., phytoplankton and some bacteria) (Connell, 1989). For many bioaccumulative
compounds, the principal route of movement into and through aquatic food webs appears to be dietary
ingestion rather than bioconcentration from water because these compounds generally exhibit low water
solubility and tend to concentrate in the lipid fractions of biological tissues (Suedel et al., 1994).
Therefore, the principal pool of these compounds available to upper-trophic-level consumers is from
dietary items rather than from abiotic media (Suedel et al., 1994). Biomagnification is most likely to occur
with persistent compounds having log Kows greater than 5, and with organisms that have long lives and
probably are among the top predators (Connell, 1989; Suedel et al., 1994). Organisms that cannot
excrete or otherwise regulate contaminants can readily biomagnify these materials with age (Bryan, 1979).

Many metals show a potential for trophic transfer via uptake from food, but not in sufficient quantities to
result in biomagnification. Those metals which show a propensity to biomagnify include arsenic,
methylmercury, and perhaps inorganic mercury (Suedel et al., 1994). Biomagnification of methylmercury,
relative to inorganic mercury, has been attributed to higher lipid solubility and an ability to transfer across
membranes, long biological half-life, and long life span of top predators, such as aquatic birds (Bryan
and Langston, 1992; Huckabee et al., 1979). For organic compounds, PCBs, DDT, DDE, and
toxaphene have shown the greatest potential to biomagnify in aquatic ecosystems (Suedel et al., 1994).

Exhibit 18



7

1.6 References

Bryan, G.W. 1979.  Bioaccumulation of marine pollutants.  Phil. Trans. R. Soc. Lond. B.  286:483-505.

Bryan, G.W., and W.J. Langston.  1992.  Bioavailability, accumulation and effects of heavy metals in
sediments with special reference to United Kingdom estuaries: A review.  Environ. Pollut. 76:89-131.

Connell, D.W.  1989.  Bioaccumulation of xenobiotic compounds.  CRC Press, Boca Raton, FL.

Geesey, G.G., L. Borstad, and P.M. Chapman.  1984.  Influence of flow-related events on concentration
and phase distribution of metals in the lower Fraser River and a small tributary stream in British
Columbia, Canada.  Water Res. 18:233-238.

Huckabee, J.W., J.W. Elwood, and S.G. Hildebrand.  1979.  Accumulation of mercury in freshwater
biota.  In The biogeochemistry of mercury in the environment ed. J. O. Nriagu, pp. 277-302. 
Elsevier/North-Holland Biomedical Press, Amsterdam. 

Schwarz, R., and H. Lee.  1980.  Biological processes affecting the distribution of pollutants in marine
sediments.  Part I.  Accumulation, trophic transfer, biodegradation and migration.  In Contaminants and
sediments. Vol. 2, Analysis, chemistry, biology, ed. R.A. Baker, pp. 533-553.  Ann Arbor Science, Ann
Arbor, MI.

Suedel, B.C., J.A. Boraczek, R.K. Peddicord, P.A. Cliffort, and T.M. Dillon.  1994.  Trophic transfer
and biomagnification potential of contaminants in aquatic ecosystems.  Rev. Environ. Contam. Toxicol.
136:21-89.

USEPA.  1992b.  Monitoring guidance for the National Estuary Program.  EPA 842-B-92-004. U.S.
Environmental Protection Agency, Office of Water, Washington, DC.

USEPA.  1994.  CWA section 403: Procedural and monitoring guidance. EPA 842-B-94-003. U.S.
Environmental Protection Agency, Office of Water, Washington, DC.

USEPA.  1995a.  Guidance for assessing chemical contaminant data for use in fish advisories. Vol. 1,
Fish sampling and analysis.  2nd ed.  EPA 823-R-95-007.  U.S. Environmental Protection Agency,
Office of Water, Washington, DC.

USEPA.  1995b.  Final water quality guidance for the Great Lakes System. [FRL-5173-7]. U.S.
Environmental Protection Agency, Office of Water, Washington, DC. Fed. Reg., March 23, 1995,
60(56):15366-15425.

USEPA.  1997.  The incidence and severity of sediment contamination in surface waters of the United
States, Vol. 1: The National Sediment Quality Survey.  EPA 823-R-97-006.  U.S. Environmental
Protection Agency, Office of Science and Technology, Washington, DC.

USEPA.  1998.  The RCRA Waste Minimization PBT Chemical List.  U.S. Environmental Protection
Agency, Office of Solid Waste. <http://www.epa.gov/epaoswer/hazwaste/minimize/whatsnew.htm>.

Exhibit 18



8

USEPA. 1999.  Hazardous Waste Identification Rule (HWIR) - Proposed Rule. U.S. Environmental
Protection Agency, Office of Solid Waste. November 19, 1999.
<http://www.epa.gov/epaoswer/hazwaste/id/hwirwste.htm>.

USEPA and USACE.  1991.  Evaluation of dredged material proposed for ocean disposal - Testing
manual. EPA-503-8-91-001.  U.S. Environmental Protection Agency and U.S. Army Corps of
Engineers, Washington, DC.

USEPA and USACE.  1998.  Evaluation of dredged material proposed for discharge in waters of the
U.S. - Testing manual: Inland testing manual. EPA-823-B-98-004.  U.S. Environmental Protection
Agency and U.S. Army Corps of Engineers, Washington, DC.

Exhibit 18



9

2.  FACTORS AFFECTING BIOAVAILABILITY 

2.1 Overview

A wide range of physical, chemical, and biological factors have the potential to influence the
bioavailability of sediment contaminants. This chapter presents a brief summary of some of the more
important of those factors. The distinction between these categories is somewhat artificial. In reality,
complex interactions between physical, chemical, and biological factors result in changes in contaminant
bioavailability. A summary of important factors is given in Table 2.1. This discussion is not intended to
be a definitive review of all factors that potentially affect contaminant bioavailability. Several reviews have
outlined the major factors affecting the bioavailability of sediment contaminants, including Landrum and
Robbins (1990), Hamelink et al. (1992), and others.

2.2 Routes of Exposure

The observed bioavailability of sediment contaminants is the result of the chemical and environmental
speciation of the contaminant as well as the behavior and physiology of the organism. The two basic
routes of exposure for organisms are transport across biological membranes exposed to dissolved
contaminants in sediment pore water and the ingestion of contaminated sediment particles. Exposure to
dissolved contaminant concentrations in sediment pore water appears to be the predominant route of
exposure for most benthic organisms (Muir et al., 1985; Oliver, 1987; Shaw and Connell, 1987).
However, exposure due to sediment ingestion might be a significant route of exposure for some species
(Landrum, 1989; Harkey et al., 1994a; Meador et al., 1995; and others) and appears to be the
predominant pathway for some benthic species, such as the oligochaete Lumbriculus variegatus
(Leppanen and Kukkonen, 1998).

For upper-trophic-level species, ingestion is clearly the predominant route of exposure, especially to
hydrophobic chemicals, although uptake through water and sediment ingestion or exposure can also be
important depending on the trophic level of the organism and the physical-chemical characteristics of the
contaminant. 

2.3 Physical Factors

Sediments are dynamic environments characterized by a wide range of competing processes with
variable rates. The rate of mixing in surficial sediment layers by physical processes such as turbulence
and bioturbation competes with the rate of sedimentation to determine the depth to which contaminated
sediment will be buried. The net effect of these processes can be modeled in a variety of fate and
transport models, such as those developed by the USEPA-Athens laboratory, (e.g., WASP5). The
concentration profile within the sediment is very important to bioavailability and subsequent potential for
bioaccumulation because it determines the chemical environment of the contaminated sediment and the
physical availability of the contaminant to biological organisms (i.e., whether organisms will be in contact
with the contaminant). 

Diffusion processes also affect the mobility and bioavailability of sediment-associated contaminants.
Diffusion processes are driven by concentration gradients that can be established within sediment pore
waters as well as between sediment pore waters and the overlying water column. Diffusion in sediments
is limited by the twisted path among sediment particles (tortuosity), as well as molecular diffusion limits.
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Table 2-1.  Summary of Factors Influencing Bioavailability of Sediment-associated Chemicals

Physical Factors Chemical Factors Biological Factors

• Rate of mixing

• Rate of sedimentation

• Diffusion

• Resuspension

• AVS concentrations for Cu,
Cd, Pb, Ni, Zn

• Redox conditions

• pH

• Interstitial water hardness

• Sediment organic carbon
content

• Dissolved organic carbon
content

• Organic-water equilibration
constants for organic
compounds

• Organic matter
characteristics

• Equilibration time with
sediment

• Biotransformation

• Bioturbation

• Organism size/age

• Lipid content

• Gender

• Organism behavior

• Diet, including sediment
ingestion, feeding
mechanism

• Organism response to
physicochemical conditions

Resuspension can also have a large impact on the bioavailability of sediment-associated contaminants by
either reexposing epibenthic filter feeders to contaminated particulates or increasing the aqueous
concentration of a contaminant through desorption from the particulates within the water column
(Landrum et al.,1994).

2.4 Chemical Factors

Chemical conditions determine to a large extent the degree of association with particles (e.g., sorption,
desorption, precipitation, dissolution). This association is important because the potential bioavailability
of sediment-associated chemicals such as divalent metals and nonionic organic compounds is primarily
related to the amount of chemical freely available in the interstitial (pore) water of the sediment.

In general, chemical characteristics, such as molecular size and polarity, have a large influence on
bioavailability. Large, nonpolar chemicals such as highly chlorinated PCBs have low aqueous solubilities
and a strong tendency to be associated with dissolved and particulate organic matter and thus are less
bioavailable (at least to non-sediment ingestors). In contrast, small, ionic species such as certain metals,
especially alkali or alkaline earth metals like sodium (Na+) and calcium (Ca2+), have high aqueous
solubilities and therefore tend to be more bioavailable. Even between these extremes, chemical
characteristics of contaminants have a large influence on bioavailability. In the following subsections, the
specific chemical factors important in controlling the pore water concentrations of divalent metals and
nonionic organic compounds are discussed.
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2.4.1  Metals

Key factors that affect the partitioning and speciation, and thus the bioavailability, of sediment metals
include the redox conditions (i.e., whether the conditions are oxic or anoxic), pH, interstitial water
hardness, organic carbon content of the sediment, and pore water concentration of dissolved organic
carbon. The redox conditions and pH influence the oxidation state and the dissolved speciation of the
metal. Metals exhibit a range of reactivities with respect to complexation with both organic and inorganic
phases present in the sediment, resulting in varying concentrations of dissolved versus particulate metals. 

Total sediment metals concentrations are usually not predictive of the bioavailability of these trace
elements. However, metals concentrations in interstitial water (pore water) have been correlated with
biological effects (Swartz et al, 1985; Kemp and Swartz, 1988; and others). For several divalent metals, a
key partitioning phase controlling cationic metal activity and toxicity in sediments appears to be acid-
volatile sulfide (AVS), which is an operationally defined fraction of sulfide minerals of which iron sulfide
(FeS) predominates (Di Toro et al. 1990; Carlson et al. 1991; Di Toro et al. 1992; and others).
Simultaneously extracted metals (SEM) and AVS measurements can be made to assess the potential
bioavailability of SEM metals (Cd, Cu, Pb, Ni, and Zn). The SEM/AVS theory assumes that the
concentration of metals dissolved in pore water within the sediment (to which benthic species would be
exposed) is related to the abundance of a “controlling phase” in the sediment (i.e., AVS). SEM are
theoretically defined as metals that form more stable minerals with sulfide than does Fe (e.g., Cd, Cu, Ni,
Zn, Pb).

The SEM/AVS model states that if the AVS concentration is less than the concentration of SEM,
toxicity will be observed (Di Toro et al., 1990). In other words, if the SEM/AVS ratio is greater than 1,
sufficient AVS is not available to bind all the SEM and benthic organisms might be exposed to toxic
concentrations of metals. In contrast, if the ratio is less than 1, sufficient AVS exists to bind all SEM and
adverse effects in benthic species are not expected. Another way of expressing this relationship is
through a difference (i.e., SEM – AVS). This approach gives a quantitative measure of the metal
available, in excess of AVS, instead of just a ratio that can be high even in lightly contaminated sediment
if the AVS levels are low (Hansen et al. 1996; Ankley et al. 1996).

While SEM/AVS theory has successfully predicted the toxicity of sediment contaminated with Cd and
Ni (Ankley et al., 1991; Carlson et al., 1991) and zinc and lead (Casas and Crecelius, 1994), success
predicting the toxicity of Cu-contaminated sediments has been mixed (Ankley et al., 1993).

There are at least two possible explanations for the mixed results of the AVS theory: (1) other solid
phases (e.g., iron and manganese oxides) and complexing ligands (e.g., natural organic matter) might
successfully compete for dissolved metals in sediments or (2) organisms might alter the condition of
their immediate environment, thereby exposing themselves to conditions different from those measured
in the bulk sediment (e.g., different AVS concentrations or pH).

The bioavailability of mercury, although theoretically mercury is a SEM metal, appears to be controlled
more by methylation than by AVS concentrations. Mercury commonly occurs in three chemical forms in
the environment—elemental mercury (Hg0), inorganic mercury (Hg+1, Hg+2), and organic mercury (e.g.,
methylmercury, phenylmercury). Methylmercury compounds are extremely toxic and are efficiently
bioaccumulated through aquatic food chains. Methylmercury is formed in aquatic sediments due to
microbial methylation of inorganic mercury. Sulfate-reducing bacteria appear to be particularly efficient
methylators in sediment systems. The relationship between total mercury and methylmercury
concentrations in water appears to be quite variable. In a recent study of aqueous samples collected
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from several streams, an experimentally flooded wetland, and peat pore water, no obvious relationships
between total mercury and methylmercury concentrations were observed. Methylmercury as a percent of
the total mercury concentration ranged from less than 1 percent to over 90 percent (Kelly et al., 1995).
Therefore, direct measurement of methylmercury concentrations might be necessary to determine the
bioavailability of mercury.

2.4.2 Nonionic organic compounds

The most important factor determining the bioavailability of nonionic organic chemicals is sorption to
dissolved and particulate organic matter. Sediment-pore water partitioning of nonionic organic
compounds is influenced by the organic carbon content of the sediment; thus, Kp = Koc x foc, where Kp

represents the reversible sediment/pore water partition coefficient, Koc is the particle organic carbon
coefficient, and foc is the fraction of organic carbon in the sediment (kg organic carbon/kg dry weight of
the sediment).

Octanol-water partitioning has become a common method for evaluating the potential of a contaminant
to bioaccumulate (Donkin, 1994). Hydrophobicity is the most important chemical characteristic
determining the bioaccumulation behavior of organic chemicals in aquatic systems, although some have
suggested that activity coefficients in water are a better estimator (Nagel, 1991). Octanol is not a perfect
model for biological lipids. A major disadvantage of octanol-water partitioning is that experimental
determination can be subject to very large measurement errors. The octanol-water partition coefficient
(Kow) is the ratio of a chemical's solubility in n-octanol and water at equilibrium. A key parameter in
determining Kow values, water solubility, is subject to large experimental errors, particularly for the very
hydrophobic molecules of greatest environmental interest (Donkin, 1994). An EPA workgroup is
developing standardized log Kow values for selected chemicals based on a review of available laboratory
measurement and modeling data.

Connell (1991) has shown that bioaccumulation can be predicted from octanol-water partitioning when
the log Kow lies between 2 and 6. Chemicals with a log Kow less than 2 usually bioconcentrate more than
would be expected from their Kow values; chemicals with a log Kow greater than 6 tend to bioconcentrate
less than expected (Connell, 1991).

Thomann (1989) extensively evaluated the relationship between the Kow of a chemical and its potential for
biomagnification. Uptake efficiency increases with increasing log Kow, reaching a maximum when log Kow

is between 3 and 6 (depending on an organism’s size). For compounds with a log Kow greater than 6,
uptake efficiency begins to decrease. Thomann also concluded that biomagnification through the food
chain is unlikely to occur for chemicals with a log Kow less than 5, but is likely for chemicals with log Kow

between 5 and 6.5. Biomagnification remains important for chemicals with log Kow values up to 8,
although other factors, such as top predator growth rates and bioconcentration by phytoplankton, take
on greater significance (Thomann, 1989). It is important to note that the predictive relationships between
Kow and bioaccumulation or biomagnification potentials assume that the compound is not metabolized. If
metabolism occurs, these correlations are not applicable.

The nature of the sediment organic matter also appears to affect the observed sediment-pore water
partitioning of nonpolar organic contaminants. Enhanced partitioning has been observed in heavily
contaminated sediments relative to uncontaminated sediments (Boyd and Sun, 1990; Chin and
Gschwend, 1992). The high anthropogenic organic content of these sediments appeared to provide a
more effective sorbent for nonpolar organic compounds than did natural sediment organic matter.
Studies of differences in partition coefficients between soil and sediment organic matter suggest that
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higher partition coefficients measured for sediment organic matter relative to soil organic matter were due
to the relative polarity of soil organic matter relative to the sediment organic matter (Grathwohl, 1990;
Kile et al. 1995). 

Finally, the results of several laboratory studies suggest that increased equilibration time between
contaminants and sediments results in decreased bioavailability of organic contaminants to benthic
organisms (McElroy and Means, 1988; Landrum, 1989). Several mechanisms have been proposed to
explain the observed decreases in bioavailability including contaminant diffusion into less bioavailable
sediment compartments and removal of ingestible particles through packaging into fecal pellets
(Landrum, 1989).

2.5 Biological Factors

The degree of bioavailability of the contaminant under various exposure scenarios determines the
potential for bioaccumulation and toxicity. Toxicity ultimately is determined by the exposure of an
animal to bioavailable contaminants in concert with the animal's sensitivity to the contaminant.
Bioaccumulation is a function of the bioavailability of contaminants in combination with species-specific
uptake and elimination processes. These processes have been shown to be a function of the organism’s
lipid content (Landrum, 1988), size (Landrum et al., 1992), growth rate, gender, diet, and ability to
metabolize or transform a given contaminant, as well as the chemical conditions of the surrounding
medium. For example, conditions such as temperature and dissolved oxygen concentrations can affect
the observed contaminant uptake rate by influencing an organism's metabolic rate and thus the respiration
and ventilation rate. Spigarelli et al. (1983) found that ambient temperature affected PCB bioaccumulation
in brown trout by affecting food consumption, growth, and lipid content. Connell and Miller (1984)
reported that low dissolved oxygen concentrations can increase the ventilation rate of aquatic organisms,
which may result in increased uptake rates.

Bioturbation of sediments by benthic organisms can alter the physical and chemical characteristics of the
sediment. A recent study of the effects of bioturbation on the bioavailability of cationic metals showed
that bioturbation can enhance the bioavailability of some cationic metals in surficial sediments. Burrowing
activity of the oligochaete Lumbriculus variegatus significantly reduced AVS concentrations in surficial
sediments and resulted in elevated interstitial water concentrations of cadmium (Peterson et al., 1996). 

The physical reworking of sediment in laboratory microcosms by oligochaetes has been shown to result
in enhanced contaminant concentrations (i.e., hexachlorobenzene, pentachlorobenzene, and trifluralin) in
the surface sediments (Karickhoff and Morris, 1985). This reverse “conveyor belt” type of bioturbation
occurs when fine sediments are ingested at depth and egested as fecal material in the sediment surface.
The rate of contaminant transport as a result of bioturbation is independent of the chemical
characteristics of the sorbed contaminants and is much more rapid than the chemical transport of these
compounds through diffusion and sorption processes. However, the release of the reworked
contaminants to the overlying water was less than that predicted due to slow contaminant desorption
from fecal pellets (Karickhoff and Morris, 1985).

The degree of biotransformation or biodegradation of a contaminant may be strongly influenced by the
degree to which the compound is associated with sediment particles. Shimp et al. (1990) stated that
modeling chemical residence time in sediments is more difficult than modeling biodegradation in other
media because of the influence of partitioning (which determines the proportion of a discharged mass
that reaches the sediments), the rate at which sediment particles settle to the bottom, the rate at which
particles can be buried, and the extent to which particles are resuspended and transported downstream.
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They also noted that biodegradation of a chemical mass adsorbed to sediment particles can change when
the particle is buried and the environment becomes anoxic or anaerobic. Boethling et al. (1995) found
that contaminant adsorption to sediment particles resulted in enhanced biodegradability.

Other biological factors that can affect contaminant bioavailability include the burrowing and feeding
behavior of the individual organism or species. The depth to which an organism burrows, the type of
feeding mechanism it uses (e.g., filter feeding, particle ingestion), the size range of the sediment particles
it consumes (Harkey et al., 1994b), and its diet all have a large influence on the concentration of
contaminant to which the organism will be exposed.
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3.  METHODS FOR ASSESSING BIOACCUMULATION

3.1 Introduction

The factors controlling the partitioning of a contaminant in the environment and its movement through the
food chain are as complex as the factors controlling its toxicity once it has been taken up by an
organism. This chapter describes a number of approaches that are potentially useful tools for assessing
bioaccumulation. It has been divided into two main sections, with the first describing methods to
measure bioaccumulation directly and the second describing methods to model bioaccumulation. The
selection of the appropriate approach is dependent on what questions are being asked, the type of
environment, the species, and the contaminants of concern.

Because of the uncertainties associated with the use of predictive bioaccumulation and biomagnification
models, EPA prefers that the bioaccumulation potential of a chemical be determined by direct field
measurements, although the Agency recognizes that in many cases direct measurements are not possible
(USEPA, 1996a). As part of the Great Lakes Water Quality Initiative (USEPA, 1993a; 1995a), EPA
listed three possible approaches for determining bioaccumulation factors (BAFs), in order of the
Agency’s preference:

1. A field-measured BAF, using animals living at or near the top of the food chain.

2. A laboratory-measured BCF, multiplied by an appropriate factor (food chain multiplier, or
FCM), reflecting the difference between the laboratory organisms and the field organisms.

3. A BCF modeled from a chemical’s octanol-water partitioning coefficient, multiplied by an
appropriate FCM.

The following questions, as presented in Boese and Lee (1992), are useful in determining the most
appropriate approach for evaluating bioaccumulation. Although this list of questions was developed for
bedded sediment tests, the questions are generally applicable to any type of direct measurement of
bioaccumulation.

• Is the goal to monitor existing bioaccumulation or to predict bioaccumulation under future
exposure conditions?

Direct measurement of bioaccumulation will give a snapshot of the tissue residues at the time and
location of sampling. Direct measurement can be accomplished either by measuring tissue concentrations
in field-collected organisms or by conducting laboratory bioaccumulation tests using field-collected
sediments. On the other hand, predictive modeling can also be used to estimate the extent and/or pattern
of bioaccumulation of specific substances under specified exposure conditions. Predictive models can
be used when it is not practical to directly measure tissue concentrations (i.e., to determine how tissue
concentrations will change over time following a change in exposure conditions). Predictive models can
also be used as a screening tool to determine whether it is appropriate to make direct measures of
bioaccumulation.

Exhibit 18



20

• Is the test or model being used as a screening tool or as an accurate predictor?

It is important to clearly identify the data quality objectives before a bioaccumulation study is conducted
because the types of questions answered will be dependent on the data collected or generated. Predictive
models can cost less and can be run without site-specific data, but the more generic the model, the more
the predictions will be subject to high uncertainty. On the other hand, site-specific measurements of
contaminant concentrations in sediment and tissue can be highly accurate and precise, but they generally
have more limited predictive capacity; i.e., they are not useful for prediction of the impacts of changing
environmental conditions or for cross-species extrapolation of results.

• Is the goal to qualitatively identify which sediment compounds will bioaccumulate or to
develop quantitative estimates of tissue concentrations for these compounds?

If the ultimate goal of an investigation is to determine whether chemicals that bioaccumulate are present in
a sediment sample, relatively simple and inexpensive short-term tests can be used. However, the duration
of such tests is generally insufficient to allow tissue concentrations in test organisms to reach steady state
with sediment or water concentrations. If quantitative estimates of tissue concentrations in exposed
organisms are required, longer-term tests, (i.e., a minimum of 28 days) are required. Boese and Lee
(1992) list a number of studies using different organisms and exposures, along with estimates of the
percentages of steady-state tissue concentrations reached after 10- and 28-day exposures.

• Will conditions required to reach steady state be met?

Bioaccumulation is typically measured at steady state (Spacie and Hamelink, 1984). Four factors might
prevent steady-state conditions from being achieved in an exposure study: (1) sediment contaminant
concentration or bioavailability changes during the course of the study, (2) the exposure period is
insufficient to reach steady state, (3) an animal’s ability to bioaccumulate the chemical is altered during
the course of the exposure period, and (4) additional uptake routes that have not been accounted for
exist.

• Are uptake routes in addition to sediment exposure likely to be important?

A number of potential exposure routes might be present, depending on the test species and chemical of
concern. It is important to identify each of these routes prior to test initiation to prevent substantial
underestimations of bioaccumulation.

• Is a goal to determine or predict the time course of uptake and/or elimination?

A kinetic model will be more useful than a partitioning model to predict how tissue concentrations will
change over time. Kinetic models are very useful for determining how long it will take for tissue
concentrations to reach a desired level, for example, how long it will take to decrease to a no-effect level
after cleanup has occurred.

• Is it required that local species be used in the assessment?

Either standard testing species or indigenous organisms can be used in a bioaccumulation study. The use
of indigenous species is desirable since the results of a study using such species would have greater
ecological significance as well as relevance to the site under investigation. Standard testing species have
the obvious advantage of being easier to maintain in the laboratory because the requirements for their
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survival in the laboratory have been well studied. Results of studies using standard test species are also
directly applicable to other studies using the same species. On the other hand, a number of problems are
associated with the use of standard, nonindigenous species, particularly the potential inability to
extrapolate results to indigenous species.

• Is more than one species to be tested?

A single species might be adequate for survey work and most research studies. For regulatory testing,
however, two species from different taxa are often required. Bivalve species have been identified as
good candidates for testing the bioaccumulation potential of PAHs (USEPA and USACE, 1991).

• Will field or experimentally spiked sediments be used?

Field sediments are used when a particular site is being evaluated or when dredged material is being
tested. Spiked sediments are typically used when a new compound is being evaluated. There are inherent
problems in both approaches. With field sediments, collection, handling, and transportation can result in
chemical alterations, and the presence of multiple contaminants can confound results. Although spiked
test sediments, using artificially prepared sediments or sediments taken from a “clean” reference area,
can avoid some of the problems associated with field-collected sediments, they may not be fully
representative of natural conditions found at the site of concern. 

3.2 Laboratory and Field Methods for Assessing Bioaccumulation

Direct or empirical determination is the simplest approach to measure bioaccumulation in aquatic
organisms. Direct determination can be conducted using either laboratory-exposed or field-collected
organisms, and generally this approach minimizes or eliminates many of the problems associated with
modeling (see below). However, the costs associated with empirical determinations of bioaccumulation
can be high, and the results of these determinations typically have only site-specific or study-specific
applicability.  It must also be recognized that bioaccumulation testing may only deal with the first step in
a bioaccumulation chain in which higher levels are typically of interest.

For compounds with a log Kow greater than 6.5, there is a loss of linearity between Kow and
bioaccumulation, resulting in considerable uncertainty in modeled predictions of biological uptake. Thus,
for these compounds, direct determination is generally the most reliable method for assessing
bioaccumulation.

3.2.1 Laboratory Determination of Bioaccumulation

Important issues in laboratory determinations of bioaccumulation of chemicals from sediments include
selection of an appropriate test species, sediment sampling and handling methods, conditions during
exposure to the sediment, exposure duration, and statistical analyses.

3.2.1.1 Test Species Selection

Ankley et al. (1992) list a number of key factors to consider when selecting appropriate test organisms
for standardized sediment bioaccumulation tests, including the following:

• The ability to reflect the ecological position of the species of concern in the field to ensure a
realistic exposure scenario.
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• A healthy condition and capability to remain healthy during the course of the laboratory
exposure.

• Availability throughout the year.

• A relatively well defined exposure history.

• The ability to be reared in a laboratory.

• Adequate biomass for chemical analyses.

• The ability to withstand the long-term exposure periods necessary to reach equilibrium.

For bioaccumulation tests with whole sediment, Boese and Lee (1992) have identified a number of
additional factors that are important to consider when selecting an invertebrate test species. Species that
provide the most meaningful results for sediment bioaccumulation tests are (1) those in which ingested
sediment is the major uptake route for higher-Kow compounds (Landrum, 1989), (2) those which are
sufficiently pollution-tolerant and can survive relatively long exposure times, (3) infaunal species tolerant
to a wide range of sediment and water quality characteristics, and (4) those which have a low potential
for metabolizing contaminants of concern.

Based on the factors listed above, Ankley et al. (1992) believe that the oligochaete Lumbriculus
variegatus is an appropriate freshwater test species for most situations. They prefer this species because
it is relatively easy to culture and handle; it is tolerant to a relatively wide range of sediment
characteristics, including particle size and organic carbon content; and it is adaptable to long-term test
exposures. Other freshwater oligochaete species that appear to satisfy the criteria are Stylodrilus
heringianus, Limnodrilus hoffmeisteri, Tubifex tubifex, and Pristina leidyi. Using essentially the same
criteria, Ingersoll et al. (1995) recommended the use of the amphipod Hyalella azteca and the midge
Chironomus tentans for testing freshwater sediments, although Ingersoll et al. (1998) noted that
amphipods may not be suitable test species because of their small tissue mass and sensitivity, while the
midge’s life cycle may be too short.

Lee et al. (1993) recommended five bioaccumulation test species for marine evaluations based on their
feeding type, biomass, salinity tolerance, pollution tolerance, culture potential, bioaccumulation toxicity
information, commercial availability, and historical use in a substantial number of experimental
bioaccumulation studies and regulatory monitoring programs. The five species are the polychaetes
Nereis diversicolor and Neanthes (Nereis) virens and the bivalves Macoma nasuta, Macoma balthica,
and Yoldia limatula. Lee et al. (1993) recommended that at least one of these species be used in all
testing situations, and USEPA and USACE (1991) recommend that bioaccumulation tests include a
deposit-feeding bivalve mollusk and a burrowing polychaete. Eight secondary taxa were also
recommended by Lee et al. (1993) if certain site-specific requirements are important such as large
organism size (arenicolid worms), additional phylogenetic groups (i.e., crustaceans), adaptability to
culturing (e.g., Neanthes arenaceodentata), and high pollution tolerance (Capitella spp.).

Mac and Schmitt (1992) argue that bioaccumulation testing with fish has a number of advantages over
testing with invertebrates. Certain fish species resuspend sediments, increasing contaminant
bioavailability. Fish can provide adequate tissue mass for chemical analysis, and because they have
higher lipid mass than invertebrates, tissue mass requirements for organic contaminant analyses are
further reduced. Fish can also receive sediment-associated contaminant exposure from several routes,
including direct ingestion and accumulation through gills and skin, and their gills may act as a substrate
for the dissociation of hydrophobic chemicals from sediment particles. Finally, fish can be used in
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laboratory exposure experiments, as well as in in situ studies with caged or free-ranging animals, and
they are often of more direct concern regarding biomagnification and human health. 

Although fish have the potential to be good laboratory models for bioaccumulation studies, to date only
one standardized testing protocol has been published (Mac et al., 1990). This test, using the fathead
minnow (Pimephales promelas), measures the bioavailability of contaminants in sediments from
freshwater systems. No similar test for marine species has achieved wide acceptance, although several
species have been used successfully in laboratory studies on bioaccumulation. These species include
spot (Leiostomus xanthurus), sheepshead minnow (Cyprinodon variegatus), and Atlantic silverside
(Menidia menidia) (Rubinstein et al., 1984a,b).

3.2.1.2 Sediment Sampling and Exposure Conditions

Laboratory testing can eliminate a number of the problems associated with field testing, particularly the
spatial and temporal variability associated with natural exposure. However, laboratory testing can create a
number of additional problems that are important to consider when designing a study. For example,
proper handling of sediment samples and test animals is critical, as is maintaining optimal conditions for
animal survival throughout the test period.

Either field-collected or experimentally manipulated (spiked) sediments can be used in laboratory tests.
In both cases, however, handling, transport, and manipulation of test sediments can result in the loss of
fine sediments, interstitial water, and water-soluble compounds. Cross contamination with metals and
organic compounds can occur, as can changes in grain size distribution, chemical concentrations, and
sorption equilibria. Details on methods for sediment collection, laboratory setup, and design and
conduct of tests can be found in Lee et al. (1993), ASTM (1988, 1992, 1996), and USEPA (In prep.).

3.2.1.3 Exposure Duration

Exposure duration is a critical aspect of experimental design in bioaccumulation testing. If the goal of a
test is simply to determine whether contaminants are bioavailable or the potential for bioaccumulation
exists, short-term (10- to 28-day) tests can be used, although USEPA and USACE (1998) recommend
28-day tests. However, even data from 28-day exposures should not be assumed to represent steady-
state conditions (Mac and Schmitt, 1992). Boese et al. (1997) conducted 28-day bioaccumulation tests
with Macoma nasuta and both PCB-spiked sediment and DDT-contaminated sediment. Compared to
steady-state BAFs measured under similar laboratory conditions, BAFs (Ct/Cs) measured after 28 days
ranged from 10 percent to 155 percent of steady-state BAFs, with only 5 of 22 PCB congeners or DDT
family compounds within 80 percent of steady state. Four of these five congeners were the most
hydrophobic congeners measured (i.e., PCB 170, 180, 194, and 209). This is particularly true of
chemicals with log Kow greater than 4, for which bioaccumulation through the food chain becomes more
important. 

Ankley et al. (1992) compared bioaccumulation of PCBs by laboratory-exposed L. variegatus and field-
collected oligochaetes. They found good agreement between both groups in terms of uptake of PCB
homologues with six or fewer chlorines, but field-collected oligochaetes tended to have higher
concentrations of the heptachloro through decachloro congeners. The authors concluded that the field-
collected oligochaetes were at equilibrium, suggesting that laboratory exposures of greater than 30 days
would be required to achieve steady state for compounds having log Kow values greater than 7.0 to 8.0.
Similar results were obtained by Rathbun et al. (1987, cited in Mac and Schmitt, 1992) when comparing
PCB uptake by caged and resident fish in a confined disposal facility. 
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As a general goal, ASTM (1996) recommends that bioaccumulation tests be of sufficient duration to
reach 80 percent of steady state. For a variety of reasons, this is not always possible. However, methods
have been developed to extrapolate results of 28-day bioaccumulation tests to derive steady-state tissue
concentration. For example, the log Kow of a neutral organic compound of concern can be compared
with the log Kow in Figure 3-1 to indicate the proportion of steady-state concentration (Css) expected in
28 days. This will allow estimation of the steady-state value from the 28-day laboratory exposure data
through the use of a steady-state correction factor. The correction factor is the reciprocal of the decimal
fraction indicating the proportion of Css expected in 28 days (USEPA and USACE 1998). For example,
if the 28-day uptake is one-third of steady state, the correction factor is 1/0.33 or 3. Correction factors
can be obtained from previous laboratory studies (e.g., Boese and Lee, 1992, cited in Lee et al., 1993).

3.2.2 Field Determination of Bioaccumulation

Measuring bioaccumulation at a particular site requires consideration of which test species to use,
whether to examine natural populations or use transplanted populations, and how to compare
bioaccumulation occurring under conditions at a potentially contaminated site with that occurring at a
reference site.

3.2.2.1 Caged vs. Natural Populations

For field determinations of bioaccumulation, test animals can be taken from resident populations at the
site of concern or can be transplanted from other locations and maintained at the site of concern in cages
or other holding systems. The advantages and disadvantages of each approach are discussed in this
subsection.

The use of transplanted test animals confined to cages can simplify field assessment of bioaccumulation
in a number of ways. Test animals can often be obtained from commercial vendors in large quantities or
from uncontaminated reference locations. Because of this, variability associated with exposure
conditions and times for individual test animals can be eliminated. All test organisms can begin the
exposure period with the same, or similar, background contaminant concentrations in their tissues, and
they will receive essentially the same exposure during the test period. Test animals can be selected based
on size and age, as well as sex. Studies can also be designed so that water column and sediment
exposures can be differentiated and uptake kinetics can be studied in situ. Finally, and perhaps most
importantly, exposure concentrations or conditions can be accurately determined because the animals
will be confined to a small, well-defined area. The exposure period is controlled by the investigator,
permitting time to steady state and other issues to be considered when designing a transplant study with
caged animals. Transplant studies provide a balance between experimental control and environmental
realism not usually attained with either standard laboratory bioassays or assessment of resident populations.
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Figure 3-1. Expected Proportion of Steady-state Concentration (Css) of Neutral Organic Compounds
Reached in 28-day Laboratory Exposures. The proportion is a function of the log Kow of the compound of
interest. Figure adapted from McFarland (1994).)

Transplant studies with caged animals are usually conducted with sedentary species (i.e., bivalves) or
mobile species with very limited home ranges, so that accurate exposures can be determined. For the
most part, this requirement limits test species to lower-trophic-level (i.e., prey) organisms. If larger, more
mobile species such as fish are used, exposure might not be realistic because these animals might have
difficulty feeding properly and food chain transfer might not be adequately assessed, thus introducing
large uncertainty into estimates of bioaccumulation. Furthermore, stresses associated with handling and
crowding could have important effects on the physiology of larger, mobile species. 

The greatest advantage to assessing native, free-ranging populations is the potential to evaluate
bioaccumulation from all routes of exposure in situ. Unfortunately, it is difficult to determine exposure
concentrations for all but the most sedentary wild animals. Free-ranging animals might experience a wide
range of exposures throughout their home ranges, and for predatory species these home ranges can be
quite large. Exposure concentrations can be averaged throughout an animal’s home range, although this
approach might underestimate the contribution of contaminant hot spots to the animal’s total loading,
resulting in an overestimation of bioaccumulation factors. Another common approach is to use an upper
confidence limit on the range of exposures. This latter approach provides a more conservative estimate
of the actual exposure concentration an animal receives, although it might result in an underestimation of

Exhibit 18



26

bioaccumulation factors.

In addition to problems associated with estimating exposure concentrations, it is also difficult to estimate
exposure duration in native, free-ranging populations. Animals might have been in the sampling area for a
considerable length of time or only briefly. Without some means of tracking a free-ranging animal’s
movements prior to capture, the duration of its exposure becomes an unknown variable. Also, collection
of adequate sample sizes can be difficult, particularly when data quality objectives require the use of
single species, sexes, and age classes. 

3.2.2.2 Species Selection

Selection of test species for field determinations of bioaccumulation is somewhat simplified compared to
species selection for laboratory testing. If resident species are used, the choice of species will obviously
be limited to whatever species are available at the site of concern. If one is attempting to accurately
determine the relationship between tissue concentrations in a species and sediment exposure point
concentrations, it is critical that test animals be closely matched according to age, sex, and size.
Otherwise, variability in a population of animals will be too great. Animals that are experiencing major
physiological changes, e.g., female fish producing vitellogenin prior to spawning, might not be at steady
state and, therefore would be inappropriate for bioaccumulation studies. Although it might be desirable
to evaluate bioaccumulation in higher-trophic-level organisms, such as predatory birds and fish, these
species typically have large home ranges, introducing considerable uncertainty into estimates of exposure
concentrations. Furthermore, these species integrate exposures over relatively long time frames, and their
tissue concentrations are generally not reflective of short-term changes in exposure concentrations. Thus,
if the goal of a study is to evaluate changes in bioaccumulation over short time frames (e.g., during the
course of a dredging or remediation project), sedentary or lower-trophic-level species can be used.

A variety of species can be used in transplant studies, with the preferred species for a particular site a
function of natural occurrence. In general, it is preferred to use species that already inhabit the area of
concern, but surrogate species can be used with permission from state regulatory officials. The use of
surrogate or closely related species is often a desired approach because it provides flexibility in the
number of species under consideration and available sources. The primary concerns with transplanted
species are introduction of unwanted or exotic species and introduction of disease or parasites. 

Another approach that might have some utility in field investigations involves the deployment of
semipermeable membrane devices (SPMDs), which use thin-walled, lay-flat polyethylene tubing filled
with a thin film of a large-molecular-mass, neutral lipid, such as triolein. Huckins et al. (1990, 1993, 1994)
have described the theory and use of SPMDs in detail. Although compounds associated with particles,
DOC, or colloids cannot pass through the membranes of SPMDs, and therefore are not accumulated by
them, SPMDs can be used to estimate the concentration of superhydrophobic compounds in the freely
dissolved state. Since bioaccumulation of compounds that are both freely dissolved and associated with
dissolved or particulate matter can occur, concentrations measured by SPMDs may likely underestimate
uptake by organisms.
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3.2.2.3 Reference Sediment Selection

When assessing bioaccumulation at a given site, it is often desirable to use an appropriate reference site
to obtain sediment for comparison. A reference sediment is collected near an area of concern and is
used to assess sediment conditions exclusive of material(s) of interest (ASTM, 1994). Because reference
sediment is not “control” sediment, the reference sediment may have some level of contamination. A
control sediment is a well-characterized sediment that provides a measure of test conditions and
acceptability by providing information on the health and relative quality of the test organisms. Control
sediment is not necessarily collected near the site of concern. Testing a reference sediment, therefore,
provides a site-specific basis for evaluating toxicity.  

Ideally, reference sites should reflect ambient conditions. Selection of a reference site should avoid areas
in the immediate vicinity of, including depositional zones of, spills, outfalls, or other significant sources
of contaminants, in addition to areas that are subject to sediment migration of previous dredge material
discharges (Federal Register, 1995). In addition to reference site selection based on contaminant
concentrations, it is also critical to select reference locations based on their similarity to the test site in
terms of habitat type, flow characteristics, physical characteristics of the sediment, and aquatic
communities present. 

3.2.3 Statistical Design Considerations

Although uncertainty and bias are to a certain degree unavoidable in field- or laboratory-based
bioaccumulation studies, it is critical that they be minimized as much as possible. It would be beyond the
scope of this document to provide detailed information on how to design statistically sound sampling or
testing programs; however, some key statistical design considerations are discussed below. More
detailed information on this subject has been summarized elsewhere (EVS, 1995; Baudo, 1990).

According to EVS (1995), bias and uncertainty can be reduced by carefully defining the population(s) of
interest. This can be accomplished in a number of ways, including the following:

• Dividing the population to be sampled into logical strata, e.g., substrate type for sediments;
sex, age, and weight for biota samples.

• Using adequate replication and sampling over spatial and temporal scales relevant to the
sample types; i.e., the size of an area to be characterized is based on the size of the test
species’ home range.

• Conducting synoptic sampling; i.e., sampling all media types over the same spatial and
temporal scales

• Ensuring that samples being collected are representative of the population being evaluated;
i.e., if the study is being conducted to evaluate bioaccumulation in an entire population of
organisms, sampling should not be biased to include only one segment of that population.

Compositing of samples can also be used to reduce costs and increase statistical power. The main
drawback of compositing sediment samples is that, unless taken into full consideration in the sampling
design, information regarding the concentrations of contaminants at hot spots can be lost by mixing
these sediments with other less contaminated sediment. On the other hand, if one is attempting to
establish the relationship between contaminant concentrations in sediment and contaminant
concentrations in the tissues of a fish species with a large home range, compositing sediment samples
might be appropriate since the composite concentration might provide a more accurate representation of
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the animal’s exposure. When dealing with sedentary organisms or organisms with limited home ranges, it
is more appropriate to relate tissue concentrations to single exposure point concentrations.

By using the widest range of exposure point concentrations, site-specific relationships can be developed
between contaminant exposures and biological uptake, particularly if existing information on contaminant
gradients at the site is available. A wide range of exposure point concentrations make it possible to
perform regression analyses. The collection of organisms from hot spots and the chemical analysis of
their tissues might not be representative of their population as a whole and might bias the site-specific
relationship. Similarly, it might be inappropriate to chemically analyze tissues of test animals from
laboratory bioassays characterized by significant mortality among test species (i.e., sediments from hot
spots) because of the strong potential for bias due to unrepresentative accumulation by the test
organisms.

While investigators frequently attempt to make predictions at one site based on relationships observed at
another, such predictions are valid only within the ranges of the variables measured. Attempts to
extrapolate outside these ranges will introduce unquantifiable uncertainty into the predictions. 

Detailed information on appropriate methods for stratified sampling can be found in Snedecor and
Cochran (1980) and Gilbert (1987). USEPA (1994a) provides a discussion on spatial averaging, and
Gilbert (1987) discusses factors to consider when deciding whether to composite samples. 

3.3 Approaches for Modeling Bioaccumulation

USEPA currently believes that both mechanistic and empirical modeling approaches are needed to
improve bioaccumulation predictions (USEPA, 1996a). Empirically derived bioaccumulation indicators
appear to be more accurate, but properly validated models can be used to predict biomagnification and
bioaccumulation in some cases (USEPA, 1996a).

3.3.1 Introduction

There are two main approaches to model development: (1) an empirical approach in which laboratory or
field data are interpreted to calculate parameters such as bioaccumulation factors (BAFs) and biota-
sediment accumulation factors (BSAFs) and (2) a mathematical approach that employs kinetic or
equilibrium models, generally referred to as food web models, in which the mechanistic aspects of
bioaccumulation are considered. These two approaches are not mutually exclusive since quality field
data are normally used to calibrate and confirm mathematical-approach models, and in turn these models
provide useful insight regarding field study design and key parameters to measure. The validity and utility
of any model is largely dependent on the quality of input parameters used and the level of uncertainty
acceptable in model outputs. The type of model chosen is dependent on the goals of the study,
exposure scenario, required accuracy and precision, availability of data, and available resources (Boese
and Lee, 1992), as discussed in Section 3.1.

The different approaches for modeling are described in this section to provide a basis for understanding
the link between concentrations of contaminants in sediment and bioaccumulation by aquatic and
terrestrial biota, including humans. 
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3.3.2 Empirical Models

Direct or empirical determination is the simplest approach to monitoring or assessing bioaccumulation in
aquatic organisms and is the recommended approach when the highest degree of accuracy is required
(e.g., in support of regulatory actions) (USEPA, 1996a). Methods for bioaccumulation testing are
discussed in Section 3.2. For field-measured bioaccumulation estimates to be reliable and useful, the
field study design and data interpretation components must be carefully considered and standardized.
Several studies have shown that field-measured BAFs and BSAFs can vary as a function of location and
time and among species, even at similar trophic levels (Connolly and Glaser, 1998; Hydroqual, Inc.,
1995). This section discusses the different quantitative measures of bioaccumulation processes currently
in use.

3.3.2.1  Bioconcentration Factors

Bioconcentration is the uptake of a contaminant from water by aquatic organisms where water is the only
pathway. Bioconcentration factors (BCFs, expressed as L/kg of tissue), as defined in Equation 1, are
based on laboratory studies of organisms exposed to water containing a chemical of concern, where Ct

is the concentration of a contaminant in the tissue of the organism (mg/kg, preferably dry weight, but
moisture content should also be reported) and Cw is the concentration in water (mg/L) defined in terms
of whether it is the total, dissolved, or truly dissolved (noncomplexed) concentration. (The last is
preferred.)

BCF = Ct/Cw (1)

BCFs are most useful for small, low-trophic-level organisms such as phytoplankton, which are in rapid
equilibrium with substances in water, for chemicals with log Kows up to 5 (Spacie et al., 1995). BCFs do
not account for biomagnification of chemicals in the food web (USEPA, 1996a). Hence, for larger,
higher-trophic-level organisms, BCFs have been shown to underestimate bioaccumulation potential for
hydrophobic compounds that have log Kow values greater than or equal to 4.5 and are resistant to
metabolism and degradation.

3.3.2.2 Bioaccumulation Factors

In USEPA (1995b), the bioaccumulation factor (BAF) is defined as “the ratio of a substance's
concentration in tissue of an aquatic organism to its concentration in the ambient water, in situations
where both the organism and its food are exposed and the ratio does not change substantially over time.”
BAFs have been used successfully to predict tissue residues of polar organic compounds, neutral
organic compounds, and metals.

Data from laboratory or field bioaccumulation studies can be used to generate BAFs, which are the
ratios between contaminant concentrations in organisms and environmental media. BAFs can be
calculated as the product of BCFs and food chain multipliers (FCMs) or they can be measured
empirically. EPA prefers the latter (USEPA, 1995b, 1996a). Empirical BAFs are most useful since they
integrate all environmental routes of exposure and take into account bioavailability considerations for the
system under study. Field-measured BAFs are especially important for compounds with log Kow values
greater than 6 since prediction of bioaccumulation of these compounds is overestimated if based on their
hydrophobicity alone (Spacie et al., 1995). Note that for compounds with very low solubility, which
makes their analytical detection in water challenging (e.g., certain PCB congeners, dibenzo-p-dioxins,
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dibenzofurans), BSAF-corrected BAFs are also recommended (USEPA, 1995b). See Cook et al. (1993)
and USEPA (1995b) for methods.

Two empirical BAFs have been reported in the literature, where they are defined as the concentration of
contaminant in tissue divided by either the concentration of contaminant measured in water (USEPA,
1995b) or the concentration of contaminant measured in sediment (Lee, 1992; Boese and Lee, 1992)
(Equations 2 and 3, respectively). Note that BAFs can be converted to less variable BSAFs if lipid and
total organic carbon (TOC) contents are known, as discussed in the next section. As with BCFs, the
type of water concentration (whether it be freely dissolved [uncomplexed], dissolved [filtered], and total
[unfiltered]) in the BAF expression must be clearly defined. Guidance is available to calculate the BAF in
terms of freely dissolved concentration in the water when data regarding total concentrations in the water,
particulate organic carbon (POC), and dissolved organic carbon (DOC) measurements are available
(USEPA, 1995b).

BAFw = Ct/Cw (2)

BAFS = Ct/Cs (3)

Where BAF is the BAF calculated using empirical data (L/kg of tissue, or kg of sediment/kg of tissue);
Ct is the concentration of a contaminant in the tissues of an organism (mg/kg, preferably dry weight, but
moisture content should also be reported); Cs is the concentration of contaminant in the sediment
(mg/kg, preferably dry weight); and Cw is the concentration of the contaminant in the water (mg/L).

Empirical BAFs are general and do not discriminate among exposure routes, rates of uptake or
elimination, or species’ physiology. However, the BAFs can be calculated correctly only if the field
design accounts for the exposure scenarios for the species of interest, including migration, spatial and
temporal patterns in contaminant concentrations, and life history considerations of the organism (age,
gender) (USEPA, 1994a; EVS, 1995). These factors are typically derived on a site- or study-specific
basis, and they can vary considerably with water body, sediment type, and species (Rubinstein et al.,
1983).

BAFs can also vary with time if the concentrations are changing as a function of time in water or
organisms. As environmental conditions change, the predictive capacity of BAF diminishes considerably
since the BAF is operationally defined for only those conditions during which the measurements were
made. For situations with varying contaminant exposure, kinetic models, described in Section 3.3.3.1,
are more appropriate.

3.3.2.3 Biota-Sediment Accumulation Factors

In USEPA (1995b), BSAFs are defined as

the ratio of a substance’s lipid-normalized concentration in tissue of an aquatic organism
to its organic carbon-normalized concentration in surface sediment, in situations where
the ratio does not change substantially over time, both the organism and its food are
exposed, and the surface sediment is representative of average surface sediment in the
vicinity of the organism.

Exhibit 18



31

Site-specific BSAFs (kg of organic carbon/kg of lipid) are calculated for nonpolar organic compounds
using the formula

BSAF = (Ct/f1) / (Cs/foc) (4)

where Ct is the contaminant concentration in the organism (both wet and dry weight are commonly used,
so moisture content should be provided whichever is used, as well as a clear delineation of which is
selected), f1 is the lipid fraction in tissue, Cs is the contaminant concentration in sediment (generally dry
weight), and foc is the organic carbon fraction in sediment. This lipid-normalized relationship was
developed for neutral (nonionic) organic compounds and is not appropriate for inorganic substances
(e.g., metals), although it has been applied to tributyltin (Eisler, 1989). This relationship is not applicable
to methylmercury because methylmercury binds tightly to tissue macromolecules (Spacie et al., 1995;
Bridges et al. 1996).

One of the basic premises of equilibrium-based modeling as related to sediments is the equilibrium
partitioning theory (Di Toro et al., 1991). This theory is being used to propose sediment quality
guidelines for two nonionic organic compounds (e.g., USEPA, 1994b), as well as for PAH mixtures and
metals mixtures. The essence of the theory is that concentrations of hydrophobic chemicals in sediments
are more predictive of biological effects when they are normalized to sedimentary organic carbon.
Through this normalization, the concentration of these compounds in the pore water can be predicted
based on Equation 5. Evidence to date indicates that chemicals that are freely dissolved in the pore water
are more bioavailable than chemicals sorbed to sediments. Thus the pore water concentration, as
measured or as predicted through equilibrium partitioning, is a better predictor of bioaccumulation than
concentrations of chemicals on a dry weight basis in the sediment (Di Toro et al., 1991).

Cw = Cs/focKoc (5)

where Cw is the freely dissolved concentration of nonionic chemical compound in pore water, Cs is the
concentration of the chemical in the sediment, foc is the fraction of sedimentary organic carbon, and Koc

is the organic carbon-water partition coefficient (which can be related to Kow). 

As with BAFs, BSAFs are typically derived on a site- and species-specific basis, using empirical data
(USEPA, 1992a). Therefore, they incorporate the effects of metabolism, biomagnification, growth, and
bioavailability. BSAFs can also be used to estimate BAFfd, as described in Cook et al. (1993) and
USEPA (1995b), where BAFfd is defined as follows, where Cfd is the freely dissolved concentration of a
contaminant in water:

BAFfd = Ct/Cfd (6)

Accurate information on organism lipid content and sediment TOC content is required to calculate a
BSAF. Lipid content can vary considerably within a single species, based on life stage, sex, and season,
so caution is necessary when attempting to use site- or species-specific BSAFs as predictors of tissue
burdens in different systems. As with BAFs, proper calculation requires a reasoned approach regarding
species exposure, including movement and life history as well as spatial and temporal trends. 

BSAFs are most directly applied to infaunal organisms with known home range. For example, Lake et al.
(1990) found that analysis of PCBs in mollusks and polychaetes at field sites representing a range of
TOC and contaminant concentrations showed that BSAF calculations (i.e., lipid- and TOC-normalized
concentrations) significantly reduced the variability in the raw tissue-sediment data relative to non-
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normalized data. Work by Hydroqual, Inc. (1995), however, has shown that lipid normalization does not
always decrease the variability in BAFs (or BSAFs) and that the decision to lipid normalize and the
method by which lipid normalization is achieved depend on species-specific factors as well as lipid
contents.

Since ecosystems are rarely in equilibrium, BSAFs include an inherent measure of disequilibrium of the
system, which can be quantified as described in USEPA (1995b). Disequilibrium is caused by kinetic
limitations for chemical transfer from sediment to water, sediment to biota, or water to the food chain, as
well as biological processes such as growth or biotransformation (USEPA, 1995b). Theoretically, at
equilibrium BSAFs range from 1 to 4 since the ratio of Kl to (Kl/Ksoc) is thought to range from 1 to 4,
where Kl is defined as the lipid-water equilibrium partition coefficient and Ksoc is defined as the sediment
organic carbon-water equilibrium partition coefficient (USEPA, 1995b). However, since most systems
are not at equilibrium, a wider range of BSAFs is reported. This wider range of BSAFs measured in the
field does not invalidate the concept. On the contrary, it underlines the need for a field-measured BSAF
that is able to incorporate disequilibrium processes (as well as exposure conditions). Several
compilations of BSAFs are available, including Lee (1992), Boese and Lee (1992), and Parkerton et al.
(1993), as well as a USACE Contaminants Database accessible via the Internet (McFarland and
Fergusen, 1994a). 

The use of site-specific BSAFs using techniques described in USEPA (1994a) is preferred. However, if
literature values are used, available options include selecting a given percentile of the BSAF distribution
(as in the TBP method, which uses the 94th percentile) (McFarland and Ferguson, 1994a) or using a
regression equation as in the proposed Washington State guidance for sediment quality criteria for
human health (PTI, 1995).

BSAFs are most useful for systems that are in steady state, which is technically defined as
concentrations in sediment, water, and organisms that do not change as a function of time even though
they may not reflect a thermodynamic equilibrium distribution between sediment, water, and organisms.
In a practical sense, systems are often considered steady state if the concentrations do not change within
the period of study. Therefore, the use of BSAFs to predict tissue concentrations might not be reliable in
situations in which the chemical of interest is rapidly degraded or inputs of the chemical to the system
vary. In these instances, kinetic models might be more appropriate (see Section 3.3.3.1).

Hydroqual, Inc. (1995) has developed a database of field-measured bioaccumulation factors for a variety
of superhydrophobic compounds. Part of this effort involved development of a procedure whereby
BAFs or BSAFs could be predicted for previously unstudied chemicals, species, or water bodies.
Hydroqual concluded that within a homogeneous group of compounds (e.g., PCB congeners) BAFs
and BSAFs can be predicted only within a factor of 10. The uncertainty arises from site- and species-
specific differences in food web structure, partitioning at the base of the food web, and the physiology
of the organisms, as well as measurement error (Hydroqual Inc., 1995). Predicting BAFs and BSAFs for
chemicals outside the “homogeneous group” results in even greater uncertainty. However, results of
chemical class-specific analyses in Tracey and Hansen (1996) revealed a similarity of BSAF values
among species and habitat types.

The biota-suspended solids accumulation factor (BSSAF) has also been proposed for some studies. It
is identical to the BSAF approach, with the exception that contaminant uptake by fish is from suspended
solids, rather than in-place sediments (USEPA, 1994a). Its use has been limited. 
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3.3.2.4 Food Chain Multiplier

As discussed in Section 3.3.2.2, a BAF can be estimated from a BCF if the BCF is multiplied by a
factor to account for food web transfer. This factor is referred to as a food chain multiplier (FCM)
(USEPA, 1993a, 1995b). 

BAF = (BCF)(FCM) (7)

The FCM is defined as the ratio of a BAF to an appropriate BCF (USEPA, 1995b). It has been
calculated in a variety of different ways, two of which are discussed briefly below. In both approaches,
FCMs are calculated assuming metabolism is negligible. 

USEPA (1993a) calculates FCMs using a model of the stepwise increase in the concentration of an
organic chemical from phytoplankton (trophic level 1) through the top predatory fish level of a food
chain (trophic level 4) (Thomann, 1989). Thomann's model was used to generate BCFs and BAFs for
trophic level 2 species (e.g., zooplankton) and BAFs for trophic level 3 and 4 species (small fish and top
predator fish, respectively) over a range of chemicals with log Kow values from 3.5 to 6.5. At each log
Kow value, FCMs were calculated as follows:

FCM2 = BAF2/BCF2 (8)

FCM3 = BAF3/BCF2 (9)

FCM4 = BAF4/BCF2 (10)

where FCM2, FCM3, and FCM4 are the food chain multipliers for trophic level 2, 3, and 4 species,
respectively; BCF2 is the BCF for trophic level 2 organisms; and BAF2, BAF3, and BAF4 are the BAFs
for trophic level 2, 3, and 4 species, respectively. Field-measured BAFs from the Great Lakes for
trophic level 4 were found to be within an order of magnitude of those predicted using this approach
(Thomann, 1989; USEPA, 1993a). At log Kow values of 6.5 and greater, the relationship was less certain.

The FCM is defined below as given in USEPA (1995b), where BAFfd is predicted using the Gobas
(1993) bioaccumulation model. In the Gobas (1993) model disequilibrium, as discussed relative to
BSAFs in the last section, is included in BAF predictions to some extent by inputting the measured
concentrations of the chemical in the sediment and in the water column into the model (USEPA, 1995b).
This disequilibrium is then propagated through the food web model. 

FCM = BAFfd/Kow (11)

The trophic level of an organism is needed when applying FCMs to determine BAFs. Trophic levels
have traditionally been described in discrete terms as primary producers, primary consumers, secondary
consumers, and top predators. Using this approach, trophic levels are symbolized by whole numbers.
However, organisms have clearly defined or uniform food sources only in very rare circumstances.
Typically, any organism higher in the food chain than primary consumers is likely at an intermediate
trophic level, feeding on multiple trophic levels. As a result, attempting to model trophic transfer using
linear food chain models introduces considerable variability into predictions of top predator tissue
burdens.
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Some methodologies have been developed to address trophic level issues. For example, Broman et al.
(1992) have described a method to quantitatively estimate in situ biomagnification of organic
contaminants that uses ratios of stable isotopes of nitrogen to classify trophic levels of organisms.
Carbon and nitrogen isotopes are useful in characterizing an organism’s trophic level because animals’
metabolic processes tend to enrich the heavy isotopes of these elements, 13C and 15N (Peterson and Fry,
1987). Using this approach, significant enrichment of 15N in tissue relative to 15N in unmetabolized
reference samples (i.e., in air) is indicative of increasing trophic levels.

Broman et al. (1992) have used the stable isotope approach to classify trophic levels in a littoral and a
pelagic food web in the Baltic, as part of an attempt to study trophic transfer of dioxins and furans in
that ecosystem. Based on their results, the authors have concluded that the isotopic method is a
powerful tool for quantitatively estimating trophic biomagnification of a contaminant from field data at
steady state. However, to evaluate non-steady-state conditions and the relative contributions of various
exposure pathways, a more mechanistic approach, such as that described by Thomann (1989), is
required. Stable isotope ratios can then be used in conjunction with a more mechanistic approach to
provide more refined information on trophic pathways and consumption patterns.

3.3.2.5 Theoretical Bioaccumulation Potential

The theoretical bioaccumulation potential (TBP) has been used to evaluate the environmental impacts of
bioaccumulative nonpolar organic compounds associated with dredged material (USEPA and USACE,
1991; 1998). It is defined in USEPA and USACE (1998) as “an approximation of the equilibrium
concentration in tissues if the dredged material in question were the only source of contaminant to the
organism.” It is a “coarse screen” and is applicable only to nonpolar organic compounds at present. 

The TBP can be calculated relative to the BSAF as follows (USEPA and USACE, 1998):

TBP = BSAF (Cs/foc) fl (12)

where TBP is expressed on a whole-body wet-weight basis in the same concentration units as Cs, Cs is
the concentration of the chemical in the dredged material or reference sediment, BSAF is set equal to 4,
foc is the total organic carbon content of the dredged material expressed as a decimal fraction, and fl is
the organism lipid content expressed as a decimal fraction of whole-body wet weight. Since the use of
the default value of 4 can lead to inaccurate estimates (McFarland and Ferguson, 1994a, 1994b), the
USACE Contaminants Database, as documented in Lutz and McFarland (1995), has been compiled to
provide empirically measured BSAFs for use in TBP calculations.

Although the TBP approach has been commonly applied as a screening tool in the evaluation of dredged
material, it has not been extensively used in risk assessments or in the development of sediment quality
thresholds. Using the TBP method with the default BSAF value of 4 (as well as the recommended use of
geometric means for all parameters) tended to overestimate the body burden of PCBs in carp and
walleye at the Manistique, Michigan, site by factors of 2.9 and 18, respectively (Pelka, 1998). This result
is consistent with the intended use of 4 as a default value, which is to be protective but not necessarily
predictive, since a BSAF of 4 is at the 94th percentile of the USACE Contaminants Database and is a
factor of 12 greater than the median BSAF in the database (McFarland, 1998).
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3.3.3 Mechanistic Models

In general, mechanistic models or food web models can be grouped into two categories—equilibrium-
based and kinetic approaches (Lee, 1992). Equilibrium and kinetic models have been successfully used
to describe bioaccumulation of nonpolar organic compounds (i.e., dioxins, furans, and PCBs). The
models have not been so successfully applied in describing bioaccumulation of metals or organic
compounds subject to metabolism or degradation, such as PAHs.

3.3.3.1 Modeling Within Aquatic Food Chains

Equilibrium Models. Equilibrium models can incorporate uptake of contaminants from the water
column, from contaminated sediments, and via the food chain (Lee, 1992). These models are usually
referred to as “dynamic” because absolute thermodynamic equilibrium between contaminant
concentrations in biota, water, and sediments is rarely reached in a natural setting. Thus, the equilibrium-
based models assume steady-state conditions between organisms and the environment. Even steady-
state conditions, where the concentrations do not change significantly as a function of time, are not
always satisfied in natural settings, which might indicate the need for kinetic modeling as discussed in the
Kinetic Models section below.

Equilibrium models also assume a closed system, reversibility of reactions, and sufficient time for the
substance to distribute throughout the system. This time requirement to reach full distribution is highly
variable. For example, the time required for equilibration of a substance between small organic particles
and water might be seconds, days, or years depending on the particle size and the Kow of the substance
(Spacie et al., 1995). Equilibrium through a food chain is likely to have an even higher time requirement
to reach steady state, depending on the complexity of the food chain and myriad other factors (Gobas
and Z'Graggen, 1994).

In general, equilibrium models are applicable to compounds with log Kow values of 3.5 to 6.0 that do not
degrade or transform at rapid rates. Field validation of these models has been limited primarily to large
lake systems. EPA is interested in including terms for degradation and transformation in the models,
expanding the validation efforts, and characterizing the uncertainty in food web models (USEPA, 1996a).

More complex models have been developed to predict the steady-state concentration of contaminants
throughout the food web. The Thomann et al. (1992) model (referred to as the Thomann model) and the
Gobas (1993) model have been used in recent regulatory efforts, so they are discussed in more detail
below as examples of complex equilibrium-based food web models that incorporate interactions with
sediment. 

The Thomann model,  an extension of a previous model (Thomann [1989] model), is a five-compartment
steady state model that includes four exposure routes in the description of accumulation by benthic
species. This model predicts the accumulation of hydrophobic chemicals in pelagic aquatic systems. In
the Thomann model, ingestion of particulate contaminants is considered associated with (1) sediment
organic carbon, (2) overlying phytoplankton and ventilation of free dissolved contaminant, (3) interstitial
water, and (4) overlying water. The five compartments in the model are phytoplankton/detritus,
zooplankton, forage fish, piscivorus fish, and benthic invertebrates. In Thomann et al. (1992), the benthic
model is applied to an amphipod-sculpin food web in Lake Ontario to assess the relative importance of
different exposure routes for each species.
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The equations in the Thomann model include rates for uptake, growth, and excretion, but since it is a
steady-state model, the change in concentration in tissues as a function of time is assumed to be zero.
Two broad classes of parameters are identified: (1) chemical-specific parameters, including uptake and
excretion rates and assimilation efficiency, and (2) organism physiology-specific parameters, including
growth and respiration rates and feeding preferences.

Thomann et al. (1992) conclude that with respect to the Lake Ontario food web, (1) the amphipod
accumulates most of its body burden from the sediment and not from phytoplankton that make up
approximately 80 percent of its diet, and (2) the sculpin accumulates virtually all of its body burden
through uptake via the food chain for chemicals with log Kow greater than 5.0.

The Gobas (1993) model is also a steady-state model that has been applied to a Lake Ontario food web.
This model provides estimates of site-specific concentrations of hydrophobic organic chemicals in
aquatic macrophytes, phytoplankton, zooplankton, benthic invertebrates, and fish from few measured
input data including chemical concentrations in water and sediments. Similar to the Thomann model, this
model combines the toxicokinetics of individual organisms (e.g., uptake, elimination) as well as the
trophodynamics of food webs.

No significant differences were observed between predicted or observed concentrations in the four fish
species and two benthic invertebrates modeled. However, the observed concentrations in phytoplankton
and zooplankton were higher than predicted, possibly due to small sample sizes and sampling difficulties
(Gobas, 1993). One of the key conclusions was that Lake Ontario fish are more sensitive to changes in
sediment concentration than to changes in water concentrations. This result and the conclusions of
Thomann et al. (1992) emphasize the importance of sediment interactions when modeling aquatic food
chains in equilibrium-based steady-state models.

Kinetic Models. In contrast to equilibrium-based models, kinetic models describe bioaccumulation as
the net effect of rate processes (uptake and loss of contaminant). Kinetic models have primarily focused
on bioconcentration of contaminants from the water column, although more recently they have been
applied to uptake from sediment as well (e.g, Boese et al. 1997). Incorporation of bioaccumulation
through the food chain in kinetic models requires substantial amounts of data on uptake and loss kinetics
in fish. Kinetic models have the benefit that they can be used to predict tissue concentrations with time
under non-steady-state conditions (Lee, 1992). General assumptions of kinetic models include constant
uptake rate(s), instantaneous mixing within the compartment(s), and a negative exponential depuration
process for all compartments (Spacie et al., 1995). Under field conditions, violations of these
assumptions are likely to occur. For example, the uptake rate of a substance can vary due to changes in
behavior, food type, food availability, and other environmental factors (Spacie et al., 1995).

In general, two types of kinetic models are used—simple first-order kinetic models and bioenergetics-
based bioaccumulation models. In the first-order model, all uptake routes are aggregated into a single
uptake and a single elimination rate constant as shown below (Spacie and Hamelink, 1982; Davies and
Dobbs, 1984). In this model, the organism is considered to be a single, homogeneous, membrane-bound
compartment placed in water containing an infinite supply of the substance at a given concentration
(Spacie et al., 1995). Slow desorption kinetics from sediment can violate this assumption in natural
systems.

dCt/dt = k1 * Cw - k2 * Ct (13)
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where dCt/dt is the rate of change of the chemical concentration in tissue over time (mg/kg/t), Cw is the
chemical concentration in the water (µg/L), k1 is the uptake rate constant (L water/kg tissue * t), k2 is the
elimination rate constant (1/t), and t is time. This equation can be modified for bioaccumulation from
sediments by substituting ks (sediment uptake rate coefficient) for k1, and Cs for Cw. Good estimates of
ks and k2 are required for this model to successfully predict the time to steady state and the steady state
body burden (Boese and Lee, 1992). In this model, the concentration in the tissue increases over time at
a rate that is highest initially. This rate then gradually decreases over time until some asymptotic
concentration is reached (Spacie et al., 1995; Boese et al., 1997). These models are most useful to model
nonequilibrium processes in open systems that approach or achieve a steady state.

Complex kinetic models, sometimes called bioenergetics-based toxicokinetic bioaccumulation models,
allow uptake to occur from multiple routes including overlying water, interstitial water, and ingested
sediment, as well as elimination via multiple routes. Uptake from each route is assumed to be
independent and additive. The uptake from each route is based on the flux from that medium (e.g.,
ingestion rate of sediment), its contaminant concentration, and the appropriate assimilation efficiency
associated with that route (gill or gut). Loss from the organism is due to elimination or metabolism.
Metabolism can be difficult to predict since it is poorly correlated with chemical hydrophobicity and
appears to vary widely across species (Hydroqual, 1995).

These complex kinetic models consider the chemical and biological processes that occur in the water
column and biota, and each step is modeled using first-order kinetics, second-order kinetics, or steady-
state kinetics. These models can be used for non-steady-state exposures, in separating the importance of
different uptake routes, and with organisms undergoing substantial growth (Boese and Lee, 1992).
However, extensive data are required to correctly apply the models, which makes them in general better
suited as a research tool. 

As an example of this approach, Landrum and Robbins (1990) and Landrum et al. (1992) extensively
modeled the kinetics of PAH uptake and elimination by the freshwater amphipod Diporea sp. to show
the relative importance of sediment, pore water, and overlying water sources. They found that ingestion
or desorption kinetics from sediments appear to control the bioavailability of PAHs to the organisms,
and that the rate of desorption was a function of the season as well as the aging of the sediments.
Landrum and Robbins (1990) concluded that instantaneous equilibrium (as is assumed in the equilibrium
models) is not appropriate for estimating the amount of contaminant that is bioavailable or for predicting
the amount of bioaccumulation directly from sediment.

As with equilibrium-based models, application of kinetic models to extremely hydrophobic chemicals
(log Kow greater than 6) can be problematic due to the very long uptake times required to reach steady
state with the water (one or more years) (Spacie et al., 1995). Since many organisms do not live this
long, steady state is never reached. In addition, uptake of these chemicals might be difficult to predict
due to the breakdown in relationships between various rates of uptake and depuration for these
chemicals (Hawker and Connell, 1988; Gobas et al., 1989, cited in Spacie et al., 1995) or due to growth
dilution effects (Niimi and Cho, 1981; Sijm et al., 1992, cited in Spacie et al., 1995).

3.3.3.2 Modeling from Aquatic to Terrestrial Systems

Aquatic organisms provide a direct link for exposure of contaminants to terrestrial species that have an
aquatic diet, such as kingfishers, herons, and muskrats, or have a large aquatic component in their diet,
such as bald eagles and mink. As discussed in the previous sections, numerous models exist to predict
the transfer of contaminants from sediment and surface water through the aquatic food chain. In the
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terrestrial environment, a food web modeling approach is used to predict the transfer of contaminants
from the aquatic to the terrestrial food chain. Food web modeling is used to calculate a total daily dose
of a chemical consumed by a terrestrial species. Therefore, all food web models include terrestrial
species, with the exposure parameters and assumptions compiled or derived, and bioavailability of the
contaminants determined. 

Terrestrial species that represent important components of the ecosystem and are exposed to chemical
contamination are used in the food web model. The receptors can be important or rare species or
surrogate species that represent major functional groups at the area of concern. The following factors are
considered when selecting ecological receptor species:

C Importance to the ecological community, including such factors as high abundance and
biomass and importance as a prey species.

C Sensitivity to the contaminants.

C Potential for exposure.

C Relevance to human beneficial uses (i.e., bird watching, hunting, fishing).

C Availability of information.

Once terrestrial species have been selected, exposure parameters and assumptions related to the
chemicals of concern are compiled for model development. Exposure parameters include total daily
ingestion of food and water, important aquatic dietary components (e.g, fish, crayfish, benthic
macroinvertebrates), and feeding territory. Depending on the terrestrial species, exposure parameters can
be compiled from the primary literature and USEPA (1993b, 1993c). However, in many cases ingestion
rates are not available and are thus calculated using allometric equations (Opresko et al., 1993).

Chemicals are rarely 100 percent bioavailable from the diet, especially when consumed from the field
diet. In many cases the chemicals administered to the test species are in a more bioavailable form
because they are generally dissolved in a carrier (e.g., acetone, corn oil) before being mixed with the test
diet. Therefore, it is important to determine what the relative bioavailability of the chemical is in the diet
and to select an appropriate bioavailability factor for each receptor group (e.g., bird or mammal) and
contaminant. Information on the bioavailability of chemicals from the diets of birds and mammals is
available from a number of sources such as texts by Hrudley et al. (1996) and Ammerman et al. (1995).

The structure of a generic food web model is

IRT = SUM [(C * I * BF)i * EF]/BW (14)

where IRT is the total rate of contaminant ingestion (mg/kg bw-day wet weight); Ci is the concentration
of the chemical in medium i (mg/kg wet weight); Ii is the rate of ingestion of medium i (mg/day wet
weight); BFi is the relative bioavailability factor of the chemical from media i (unitless); EF is the
proportion of study area relative to entire home range of terrestrial species (exposure fraction, unitless);
and BW is the body weight of terrestrial species (kg).

3.3.3.3 Modeling from Aquatic and Terrestrial Systems to Humans

Exposure to humans is modeled using an approach similar to that described above for terrestrial species.
The link between sediment contamination and human health is primarily assessed through the direct
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consumption of sediment-dwelling invertebrates (such as clams and crabs) or less frequently through
indirect consumption of fish that are contaminated through trophic transfer from a sediment source
(Boese and Lee, 1992). In theory, humans could also be exposed through consumption of terrestrial
species that ingest aquatic species, although this pathway is limited since the eating preferences of
humans do not typically include any terrestrial wildlife species with large aquatic diets.

Important considerations in modeling exposure to humans include the correct determination of fish or
shellfish consumption rates (which differ widely across the United States) and a proper definition of the
portion of the fish or shellfish actually consumed by humans in terms of both its chemical concentration
and its lipid content. As discussed in the previous sections, numerous models exist to link the
concentration in fish or shellfish to the concentration in sediment through the aquatic food chain.

As an example, exposure to humans through fish consumption was recently modeled as part of the Great
Lakes Water Quality Initiative (GLWQI) (USEPA, 1993a; 1995a). Humans typically eat fish fillets, which
usually have lower lipid content than the whole fish generally consumed by wildlife. Therefore, lower
standard lipid values have been developed for humans (5 percent) than for wildlife (7.9 percent)
(USEPA, 1993a). As part of the GLWQI process, percent lipid data for edible tissues (mostly skin-on
fillets) were gathered from the fish contaminant monitoring programs in Michigan, Wisconsin, Ohio,
Indiana, New York, and Minnesota. In the proposed guidance, when BAFs for human health are derived
from BCFs through the application of an FCM, the appropriate FCM based on the chemical's log Kow is
selected from the trophic level 4 (top carnivore) fish species (USEPA, 1993a). These BAFs are based on
the Gobas (1993) model, as described in Section 3.3.2.4. Additional guidance is available in USEPA
(1997) regarding human health risk assessment and seafood consumption limits.

3.4 Use of Critical Body Residue Approach

The previous sections have focused on the ability to predict or measure the body burden of a chemical
in biota. Although the bioaccumulation of a contaminant is an important consideration, bioaccumulation
in and of itself is not a hazard. The critical question becomes at what point does bioaccumulation result
in body burdens that result in adverse effects on individual organisms (prey and predator species) and
ultimately on populations or whole ecosystems, although extensions beyond the individual organism are
not well developed at this time.

One increasingly popular approach that links body burdens in an individual organism to toxicological
effects in that organism is the critical body residue (CBR) approach. This approach effectively shifts the
focus from measuring concentrations in water or sediment to predict toxicity to measuring
concentrations in tissues. The CBR approach has several advantages over more commonplace
approaches that measure concentrations in water and sediment, as discussed in McCarty and MacKay
(1993):

• Bioavailability and exposure from all routes is integrated by the organism.
• Assumptions regarding steady state, equilibrium or uptake kinetics are not required.
• Effects of metabolism are explicitly considered (though the approach is not readily amenable

to compounds that are rapidly metabolized).
• Mixture toxicity can be assessed.

The basis of CBR is the assumption that whole body residues are a useful surrogate measurement of the
amount of chemical at the site(s) of toxic action and that toxic responses can be predicted from these
whole body concentrations. Several researchers, including Ferguson (1939), McGowan (1952), and
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McCarty et al. (1992), have shown that for neutral organic compounds, the body residue level which
causes narcotic toxicity is relatively constant across a wide variety of organisms. 

There are several approaches for estimating screening level CBRs.  Many CBRs can be estimated from
acute and chronic studies from any exposure-based endpoint, whether it be an LC10 or an LC50, by
establishing relationships between exposure-based and residue-based dose estimates (McCarty and
MacKay, 1993). In particular, a great deal of work has been done with the fathead minnow (McCarty et
al., 1985, 1992; McCarty, 1986, 1990; Mayer et al., 1986, 1992), and this work has been used to form
the basis for guidance on the interpretation of bioaccumulation test results (Dillon et al., 1992). Ambient
water quality criteria and BCFs have been proposed to calculate body burdens associated with toxicity
(Cook et al., 1992; Shephard 1997). Bridges et al. (1996) note that potential body residues could be
calculated using chronic water concentrations associated with effects (e.g., Final Chronic Values for
Water Quality Criteria or Great Lakes water quality criteria from the GLWQI) and BCFs, for comparison
to bioaccumulation test data. Additionally, the range of sediment quality assessment values, including
proposed EPA equilibrium partitioning sediment guidelines, has been suggested as a possible basis to
extrapolate body residues from BAFs determined in the bioaccumulation test (Bridges et al., 1996),
although this approach has yet to be tested. Additivity of toxicants would have to be addressed.

Although the CBR approach has great potential, it is not readily amenable to many carcinogens or
mutagens with short half-lives, to chemicals that are rapidly metabolized, or to chemicals such as metals
that when present in aqueous media elicit organism responses such as excess mucus excretion that
results in suffocation of the organism (McCarty and MacKay, 1993). Therefore, knowledge of the mode
of toxic action is an important prerequisite to applying the CBR approach.

Several groups have developed databases to assess the link between body burden and toxic effects.
Among these is the group at EPA-Duluth (Jarvinen and Ankley, 1999). The U.S. Army Corps of
Engineers  and EPA have jointly developed the Environmental Residue-Effects Database (ERED), a
compilation of literature data where tissue contaminant concentrations and biological effects were
simultaneously measured in the same organism (USACE, 1997).  

3.5 Application of Approaches in Deriving Tissue Residue-linked Sediment Chemical Levels

Considerable interest exists today in using the approaches or tools discussed above to identify sediment
concentrations associated with threshold tissue concentrations that are protective of aquatic organisms
or their predators, including humans. Acute sediment toxicity is relatively easy to evaluate through the
use of standardized laboratory bioassays, but the effects of chronic, low-level exposure can be much
more difficult to assess or predict, particularly when these effects are the result of exposure to
bioaccumulative compounds. As noted in the next chapter, a key aspect of developing tissue residue-
linked sediment chemical levels for evaluating the potential for chronic toxicity is to understand the
relationships between concentrations of chemicals in sediment and corresponding concentrations of
these chemicals in the tissues of exposed organisms along with their associated effects.

The development of tissue residue-linked sediment chemical levels may focus on the protection of
benthic species or higher-trophic-level organisms. Several approaches to develop tissue residue-linked
sediment chemical levels for species other than benthic organisms were discussed in Cook et al. (1992).
These approaches were based on linking sediment concentrations to tissue residues associated with
toxicity to those organisms analyzed or projected toxicity to organisms up the food chain.
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The comparison of exposure and effects forms the basis of ecological and human health risk
assessment, for which guidance is available (USEPA, 1989, 1992b, 1996b). The development of tissue
residue-linked sediment chemical levels for the protection of human health requires consideration of
several important parameters. These include identification of the target human population to be
protected, the species and portions of the fish that are consumed, and the rate of fish consumption.
Guidance on the collection and evaluation of this information is provided in USEPA (1997). Many risk
assessments have been conducted to establish tissue residue-linked sediment chemical levels on a site-
specific basis. A few key examples include concentrations of tetrachlorodibenzo-p-dioxin (TCDD) in
sediment associated with impacts on fish and birds as well as ongoing development of sediment quality
criteria for human health by Washington State.

For TCDD, an interim risk assessment was conducted to relate concentrations of TCDD in water,
sediment, and fish tissue to a low or high likelihood of population failure in aquatic life and wildlife
(USEPA, 1993d). The report discussed the TCDD exposure, bioaccumulation, and toxic effects data
used to estimate sediment concentrations that may be of concern. BSAFs were among the techniques
used. Although the approach was qualified as a simple demonstration and not a definitive
characterization of TCDD risk, sediment concentrations were presented, on a pg/g dry weight basis, that
are believed to be associated with low and high risk to sensitive fish, mammalian wildlife, and avian
wildlife species.

In another example, the state of Washington is developing human health criteria for bioaccumulative
compounds in Puget Sound sediments. The criteria will be incorporated into the state’s existing
Sediment Management Standards (Chapter 173-204 WAC). Human health sediment quality criteria
(HHSQC) are based on standard risk assessment methodologies in conjunction with empirically derived
biota-sediment accumulation factors (BSAFs). The formulas used to calculate the criteria are outlined in
more detail below. 

For carcinogenic compounds:

HHSQC =       R * BW * AT * UCF      
CPF * ED * IR * BSAF * FL

For noncarcinogens:

HHSQC = RfD * BW * UCF
IR * BSAF * FL

where
R = risk level (unitless);
BW = average human adult body weight (kg);
AT = time period over which exposure is averaged (years);
UCF = unit conversion factor (mg/g);
CPF = chemical-specific cancer potency factor as defined by EPA (IRIS);
RfD = reference dose (mg chemical/kg body weight/day);
ED = exposure duration (years);
IR = fish ingestion rate (grams/day);
BSAF = chemical-specific biota-sediment accumulation factor (mg chemical/kg lipid per mg

chemical/kg organic carbon); and
FL = percent fish lipid (g lipid/g tissue).
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Washington State Department of Ecology’s (Ecology) proposed construct for human health criteria
relies on a tiered approach, with “Tier I” representing an initial evaluation to determine if sediment
chemical concentrations pose a significant human health risk. Additional, site-specific analysis would
then be available (“Tier II”) to verify the results of the Tier I analysis.

Ecology has focused its efforts on developing HHSQC for a short list of nonpolar organic compounds.
The focus is on chemicals for which confidence in the toxicity and bioaccumulation is the highest:

DDD benzo(a)pyrene
DDE benzo(a)anthracene
DDT benzo(b)fluoranthene
hexachlorobenzene benzo(k)fluoranthene
hexachlorobutadiene chrysene
PCBs dibenzo(a,h)anthracene
dioxins/furans indeno(1,2,3-cd)pyrene

A database of more than 1,200 chemical-specific BSAF values for finfish and shellfish was compiled by
Washington State Department of Health (WDOH) and used to develop recommended BSAFs for
HHSQC (WDOH, 1995). Analyses of these data showed highly significant regressions of BSAF on Kow

for PCBs and dioxins in finfish and for PAH and PCBs in shellfish (PTI, 1995).

For several chemicals (PAHs, PCBs, and dioxins/furans), sediment criteria are calculated based on a
summing of chemicals within each group. For PAHs and dioxins/furans, Ecology is proposing the use of
toxicity equivalence factors (TEFs), which allows scientific evidence about the cancer potency of
individual compounds to be taken into account in the calculation of human health risk. For PCBs, a
criterion is proposed for total PCBs (although congener-specific analysis might be considered for Tier II
analysis). Ecology is currently investigating the cost and liability implications of the HHSQC through
“case studies” (Weiss, 1998).

Other approaches that have been used include whole river sediment strategies, in which concentrations
of contaminants in fish, for example, are predicted as a function of different sediment remediation
scenarios. One example of this approach was applied in the Fox River (Paulson, 1998). In this example,
PCB transport models were used to predict PCB residues in fish in different stretches of the Fox River
over an extended period of time. Again, BSAFs were used in the modeling effort, so although the results
were presented as PCB concentrations in fish (as fish consumption advisories), PCB concentrations in
sediments associated with these tissue residues could also be calculated for different portions of the
river.

In summary, developing tissue residue-linked sediment chemical levels involves an explicit assessment of
both exposure and effects. The link between these two considerations is most clear for species in direct
contact with sediment, such as benthic invertebrates, but even that link can be obscured through multi
contaminant exposures. For higher trophic level organisms (e.g., fish, humans and avian species),
models have been developed to establish the link.
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4.  IMPORTANT BIOACCUMULATIVE CHEMICALS

4.1 Overview

Knowledge of the relationship between quantities of chemicals in sediments and the toxicological effects
of those chemicals in the tissues of organisms has gradually evolved, and the relationship is better
understood for some chemicals than for others. As noted by Adams et al. (1992), current efforts to
develop a tissue residue approach for evaluating sediment quality require linking toxic effects to
organism residues, as well as linking the chemical residues in those organisms to concentrations of
chemicals in the sediment. This approach could lead to the identification of sediment concentrations
associated with threshold tissue concentrations that are protective of aquatic organisms or their
predators, including humans. However, as was discussed in Chapter 2, a number of physical, chemical,
and biological variables can affect bioaccumulation and must be considered when establishing such
"tissue residue-linked sediment chemical levels". 

To assist in understanding both the importance of bioaccumulation in the interpretation of sediment
quality and the status of our knowledge of the bioaccumulation of potentially toxic chemical
contaminants, information associating the presence and quantity of potentially bioaccumulative chemicals
in sediment with uptake in the tissues of aquatic and terrestrial organisms and with the effects of those
chemicals on the organisms was collected and reviewed. An attempt was made to include only data from
literature published since 1986. In limited cases, however, it was necessary to use literature from 1985 or
earlier. Initially, only studies reporting exposure (including sediment or water/pore water concentrations),
tissue concentrations, and toxic effects were examined; later, data from studies linking exposure
concentrations with tissue concentrations or tissue concentrations with toxic effects were also included.

Toxicity and chemistry data for the chemicals reviewed in this document were obtained from various
sources, including local and EPA libraries. Keyword searches were conducted in WAT-TOX (University
of Waterloo) and other on-line databases such as DIALOG and the Chemical Information System (CIS),
retrieving chemical-specific citations from the Environmental Protection Agency’s AQUIRE (AQUatic
Toxicity Information REtrieval), ECOTOX, and ASTER databases (Office of Research and
Development, Duluth, Minnesota); “Screening Benchmarks for Ecological Risk Assessment” database,
Oak Ridge National Laboratory, Oak Ridge, Tennessee; Chemical Evaluation Search and Retrieval
System (CESAR, developed by the National Institutes of Health and EPA); ENVIROFATE
(Environmental Fate) database (sponsored by EPA’s Office of Toxic Substances); IRIS (Integrated
Risk Information System), HSDB (Hazardous Substances Data Bank), and HEAST (Health Effects
Assessment Summary Tables, National Institutes of Health and EPA); ERED (Environmental Residue-
Effects Database, U.S. Army Corps of Engineers and EPA); and other sources. Information was
compiled from peer-reviewed publications and reports, as well as federal and state agencies' documents
and reports (gray literature), including the Agency for Toxic Substances and Disease Registry (ATSDR)
toxicity profiles, a series of synoptic reviews of chemical hazards to biota (Fish and Wildlife Service),
Environmental Science and Technology, Environmental Chemistry and Toxicology, Water Research,
and Aquatic Toxicology. Searches were conducted at different times and by different people, depending
on the chemical; thus, although every effort was made to be as comprehensive as possible, variations in
search strategies and data interpretation might have affected the completeness of the data presented.
Tables summarizing these findings are presented in a separate appendix to this document (EPA-823-R-
00-002). Additional information on tissue residue and effects is also available in Linkage of Effects to
Tissue Residues: Development of a Comprehensive Database for Aquatic Organisms Exposed to
Inorganic and Organic Chemicals (Jarvinen and Ankley, 1999).
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4.2 Rationale for Choice of Chemicals

A list of bioaccumulative compounds of potential concern was identified based on input from the
Bioaccumulation Analysis Workgroup and a review of various agency documents. These chemicals are
known to be found in the sediment and in animal tissues at levels associated with toxic effects and are
referenced in one (usually more) of the literature items in Table 4-1. Seventeen pesticides on the list
(Table 4-2) were included based on having a half-life of greater than 30 days, BCF greater than 1000,
LC50 (acute fish) less than 1 ppm, and log Kow greater than 4.2. Chemicals with a log Kow greater than
3.5 are considered to be bioaccumulative, that is, they are likely to partition into organic materials,
including the lipids of organisms and predicted and measured BAFs are correlated within the range of
log Kow 3.5 to 6.5 (Thomann, 1989). Of the chemicals in Table 4-2, information is reviewed for 11
metals, 1 chlorinated phenol, 10 polycyclic aromatic hydrocarbons (PAHs), 13 pesticides, selected
dioxins and furans, selected Aroclors and congeners of the polychlorinated biphenyls (PCBs) group,
and total PCBs (Appendix). These chemicals are marked with an asterisk in Table 4-2.

Criteria for selecting the chemicals to be researched included the following: (1) information was readily
available; (2) the chemical was of immediate concern and known to bioaccumulate; (3) the chemical was
representative of a group or class of compounds; and (4) the chemical was considered to be important
in one or more EPA programs.

Table 4-1. Sources of Information for Selection of Important Bioaccumulative Compounds

1997 Listing of Fish and Wildlife Consumption Advisories (USEPA, 1997a).

Regional Ambient Fish Tissue Monitoring Program (RAFT) contaminants of concern (provided by
EPA Region 7).

Great Lakes Water Quality Initiative Bioaccumulative Chemicals of Concern (BCCs).

Persistent Organic Pollutants (POPs) listed in “Substantiation report of the Task Force on POP,” 4th
meeting, Den Haag (the Netherlands), February 21-25, 1994.

Table 9-5 in USEPA and USACE (1998) Inland Testing Manual (which is the same as Table 10 in
USEPA and USACE (1995), QA Guidance for Sampling and Analysis of Sediments, Water, and
Tissues for Dredged Material Evaluations. Chemical evaluations. EPA 823-B-95-001):
Octanol/water partition coefficients (Kow) for organic priority pollutants and 301(h) pesticides.

Recommended target analytes in USEPA (1995a), Guidance for Assessing Chemical Contaminant
Data for Use in Fish Advisories. Volume 1. Fish sampling and analysis. Second edition, EPA 823-
R-95-007.

List of target analytes in USEPA (1992), National Study of Chemical Residues in Fish. Volume 1.
EPA 823-R-92-008a.

USEPA National Sediment Quality Survey (USEPA, 1997b).
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Table 4-2. Important Bioaccumulative Compounds

Class Compound CASRN

Metals and Metallic
Compounds

arsenic*1

cadmium*
chromium VI*
copper*
lead*
methylmercury*
nickel*
selenium*
silver*
tributyltin (oxide)*
zinc*

7440-38-2
7440-43-9
7440-47-3
7440-50-8
7439-92-1

22967-92-6
7440-02-0
7782-49-2
7440-22-4

56-35-9
7440-66-6

Substituted Phenols pentachlorophenol*
pentachloroanisole

87-86-5
1825-21-4

Low-Molecular-
Weight Aromatics

acenapthylene
acenaphthene*
anthracene
fluorene
phenanthrene*

208-96-8
83-32-9

120-12-7
86-73-7
85-01-8

High-Molecular-
Weight PAHs

benzo(a)anthracene*
benzo(a)pyrene*
benzo(b)fluoranthene*
benzo(k)fluoranthene*
benzo(g,h,i)perylene*
chrysene*
dibenzo(a,h)anthracene
fluoranthene*
indeno(1,2,3-c,d)pyrene
pyrene*

56-55-3
50-32-8

205-99-2
207-08-9
191-24-2

 218-01-9
53-70-3

206-44-0
193-39-5
129-00-0

Chlorinated Aromatic
Hydrocarbons

1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
hexachlorobenzene (HCB)
hexachloroethane
hexachlorobutadiene
hexachlorocyclopentadiene
octachlorostyrene
pentachlorobenzene
1,2,4,5-tetrachlorobenzene
1,2,3,4-tetrachlorobenzene
tetrachloroethane
1,2,4-trichlorobenzene (TCB)

95-50-1
541-73-1
106-46-7
118-74-1
67-72-1
87-68-3
77-47-4

29082-74-4
608-93-5
95-94-3

634-66-2
25322-20-7

120-82-1

Halogenated Ethers 4-chlorophenyl phenyl ether
4-bromophenyl phenyl ether

7005-72-3
101-55-3
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Table 4-2. Continued

Class Compound CASRN

Pesticides aldrin*2

chlordane*2

chlorpyrifos*2

p,pN-DDD*
p,pN-DDE*
p,pN-DDT*2

diazinon*
dicofol*2

dieldrin*2

disulfoton*
alpha-endosulfan2

beta-endosulfan
endrin2

ethion2

ethalfluralin2

heptachlor*2 
heptachlor epoxide
alpha-hexachlorocyclohexane ("-BHC)
beta-hexachlorocyclohexane ($-BHC)
delta-hexachlorocyclohexane (*-BHC)
gamma-hexachlorocyclohexane ((-BHC, lindane)
methoxychlor2

mirex2

nitrofen (no longer in use)
oxyfluorfen*2

pentachloronitrobenzene (PCNB)
permethrin2

S-fenvalerate2

terbufos*
toxaphene*
trifluralin2

309-00-2
57-74-9

2921-88-2
72-54-8
72-55-9
50-29-3

333-41-5
115-32-2
60-57-1

298-04-4
959-98-8

33213-65-9
72-20-8

563-12-2
55283-68-6

76-44-8
1024-57-3
319-84-6
319-85-7
319-86-8
58-89-9
72-43-5

2385-85-5
1836-75-5

42874-03-3
82-68-8

52645-53-1
66230-04-4
13071-79-9
8001-35-2
1582-09-8

Dioxins/Furans 2,3,7,8-tetrachlorodibenzo-p-dioxin*
2,3,7,8-tetrachlorodibenzofuran*
1,2,3,7,8-pentachlorodibenzo-p-dioxin*
2,3,4,7,8-pentachlordibenzofuran*
1,2,3,7,8-pentachlorodibenzofuran*
1,2,3,4,7,8-hexachlorodibenzo-p-dioxin*
1,2,3,6,7,8-hexachlorodibenzo-p-dioxin*
1,2,3,4,7,8-hexachlorodibenzofuran*
1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin*

1746-01-6
51207-31-9
40321-76-4
57117-31-4
57117-41-6
39227-28-6
57653-85-7
70648-26-9
35822-46-9

PCBs (Aroclors) Aroclor 1016*
Aroclor 1221
Aroclor 1232
Aroclor 1242*
Aroclor 1248*
Aroclor 1254*
Aroclor 1260*
Aroclor 1268

12674-11-2
11104-28-2
11141-16-5
53469-21-9
12672-29-6
11097-69-1
11096-82-5
11100-14-4
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Table 4-2. Continued

Class Compound CASRN

PCBs (Congeners)3 PCB 8 2,4N-dichlorobiphenyl
PCB 18 2,2N,5-trichlorobiphenyl
PCB 28 2,4,4N-trichlorobiphenyl*
PCB 44 2,2N,3,5N-tetrachlorobiphenyl
PCB 52 2,2N,5,5N-tetrachlorobiphenyl
PCB 66 2,3N,4,4N-tetrachlorobiphenyl
PCB 77 3,3N4,4N-tetrachlorobiphenyl*
PCB 81 3,4,4N,5-tetrachlorobiphenyl*
PCB 101 2,2N,4,5,5N-pentachlorobiphenyl
PCB 105 2,3,3N,4,4N-pentachlorobiphenyl*
PCB 118 2,3N,4,4N,5,-pentachlorobiphenyl*
PCB 126 3,3N,4,4N,5-pentachlorobiphenyl*
PCB 128 2,2N,3,3N,4,4N-hexachlorobiphenyl
PCB 138 2,2N,3,4,4N,5N-hexachlorobiphenyl
PCB 153 2,2N,4,4N,5,5N-hexachlorobiphenyl
PCB 156 2,3,3N,4,4N,5-hexachlorobiphenyl*
PCB 169 3,3N4,4N,5,5N-hexachlorobiphenyl*
PCB 170 2,2N,3,3N,4,4N,5-heptachlorobiphenyl
PCB 180 2,2N,3,4,4N5,5N-heptachlorobiphenyl
PCB 187 2,2N,3,4N,5,5N,6-heptachlorobiphenyl
PCB 195 2,2N,3,3N,4,4N,5,6-octachlorobiphenyl
PCB 206 2,2N,3,3N,4,4N,5,5N,6-nonachlorobiphenyl
PCB 209 2,2N,3,3N,4,4N,5,5N,6,6N-decachlorobiphenyl

34883-43-7
37680-65-2
7012-37-5

41464-39-5
35693-99-3
32598-10-0
32598-13-3
70362-50-4
37680-73-2
32598-14-4
31508-00-6
57465-28-8
38380-07-7
35065-28-2
35065-27-1
38380-08-4
32774-16-6
35065-30-6
35065-29-3
52663-68-0
52663-78-2
40186-72-9
2051-24-3

      
1 Chemicals with asterisk have been researched for bioaccumulation information, which is contained in chemical-
specific information tables in the Appendix.
2 These pesticides were noted by EPA’s Office of Pesticide Programs to have BCF >1000, t1/2 (hydrolysis) > 30 days,
LC50 (acute fish) <1 ppm and log Kow >4.2.
3 PCB congeners marked with an asterisk were recommended by Philip Cook, USEPA, Office of Research and
Development, Duluth, Minnesota, and Richard Pruell, USEPA, Office of Research and Development, Narragansett,
Rhode Island. Unmarked congeners are additional congeners measured by NOAA's National Status and Trends
Program.

EPA and other agency programs have identified different bioaccumulative chemicals for different
purposes. For example, the Great Lakes Water Quality Initiative limited its list of bioaccumulative
chemicals of concern (BCCs) to any chemical “which, upon entering the surface waters, by itself or as
its toxic transformation product, bioaccumulates in aquatic organisms by a human health
bioaccumulation factor greater than 1,000, after considering metabolism and other physicochemical
properties that might enhance or inhibit bioaccumulation....” (Final Water Quality Guidance for the Great
Lakes System; Final Rule, 40 CFR Parts 9, 122 et al.; Federal Register, Thursday, March 23, 1995;
pages 15387-15388, and Table 6A, page 15393). The BAF of 1,000 (log BAF = 3.00) was used to
determine a limited number of chemicals for which regulatory criteria would be developed; if a lower
BAF had been used, more potentially bioaccumulative chemicals would have been included on the list.

Using different criteria, other programs have identified potentially bioaccumulative chemicals not
included in the Great Lakes Initiative list. EPA’s Office of Pollution Prevention and Toxics developed a
preliminary list of potentially persistent, bioaccumulative chemicals based on a half-life greater than 30
days, estimated BCF value exceeding 250 (log BCF = 2.40) (log Kow of 3.5), molecular weight greater
than 600, and production volume greater than 10,000 pounds per year (see Chapter 5 for additional
information). Canada’s government proposed using persistence criteria of half-life in air $ 2 days, water
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$ 6 months, soil $ 6 months, or sediment $ 1 year; and bioaccumulative criteria of BCF or BAF $ 5,000
(log BCF or BAF $ 3.70) applied to freshwater fish (data for nonfish species to be used with judgment)
or log Kow $ 5 to screen chemicals for possible “virtual elimination” under the Canadian Environmental
Policy Act Priority Substances List. (See Toxic Substances Management Policy: Persistence and
Bioaccumulation Criteria, Final Report of the ad hoc Science Group on Criteria, Government of
Canada, Environment Canada, June 1995.)

Thus, the same chemical might be of concern for one program, or within one region or state or site, and
not be of concern for another because of specific program mandate(s), levels present in sediment,
sources and loadings, or presence of sensitive organisms. Information was compiled on the selected
chemicals to help identify gaps in our understanding of the nature of bioaccumulation and toxicity of
these chemicals and to justify the inclusion of certain chemicals as bioaccumulative compounds.

4.3 Summary Data in Tables

The tables in the Appendix contain information and data on each persistent and potentially
bioaccumulative organic compound or metal, including (1) chemical characteristics, human health
concerns, wildlife and aquatic organism partitioning factors, and food chain multipliers, if known, and (2)
a profile of the chemical's toxicity, mode of action, and potential for bioaccumulation. Data and
references from laboratory and field studies on the toxicity and bioaccumulation of the chemical in
invertebrates, fishes, wildlife, and humans are also presented. References are numbered and cited in full
at the end of each table.

No attempt was made to screen reports to determine whether the methods used and the results obtained
met some preselected level of quality or whether particular quality assurance and quality control
procedures had been specified for the collection of particular types of data and for the accurate
measurement of chemical concentrations in sediment, pore water, or tissues. Some data are from field
studies that involved the assessment of multiple contaminants. No attempt was made to partition the
reported effects among the various chemicals evaluated in these field studies. Because a variety of
methods and techniques have been used to measure the bioaccumulation of different chemicals in the
tissues of organisms, it is the reader’s responsibility to evaluate each study carefully to determine its
quality, limitations, and uncertainties in relation to the purpose for which that study might be used in
interpreting sediment quality. 

The chemical characteristics in the summary tables indicate the hydrophobic nature and persistence of
each compound. Water solubilities were taken from the Hazardous Substances Data Bank (USEPA,
1995b). Half-lives for the chemicals were derived from data compiled in USEPA (1989; also published
as Howard et al., 1991). When possible, the half-life was determined by sediment grab sample or aerobic
soil die-away test data, but more often it was based on estimated unacclimated aqueous aerobic
biodegradation. The latter information provides only a relative assessment of the persistence of the
compound in the environment since degradation rates can be influenced by a variety of physical,
chemical, and biological factors (reviewed in Rand, 1995). Shimp et al. (1990) stated that adsorption to
sediment particles could rapidly remove most of a chemical from the water column compartment to the
sediment compartment, but modeling chemical residence time in sediments is more difficult than
modeling biodegradation in other media. Factors such as the partitioning coefficient of the chemical
(which determines the proportion of a discharged mass that reaches the sediments), the rate at which
sediment particles settle to the bottom, the rate at which particles can be buried, and the extent to which
particles are resuspended and transported downstream can have either positive or negative effects on a
chemical’s biodegradation rate. Shimp et al. also noted that biodegradation of a chemical mass adsorbed
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to sediment particles can change when the particle is buried and the environment becomes anoxic or
anaerobic. Boethling et al. (1995) examined data for many chemicals and found that in nearly all cases
incorporation into sediment enhanced biodegradability. 

The log Kow value provided for each nonionic organic chemical is the log of its octanol/water partition
coefficient, which represents the relative ability of the chemical to dissolve in water versus octanol, as
well as the likelihood of the chemical to complex or sorb to organic carbon. For most chemicals, this
value is the one recommended in a draft report (Karickhoff and Long, 1995) that was based on an
extensive literature review of measured and modeled data for pure compounds. The draft report is under
review by an interagency committee to standardize the log Kow values. Log Kows for some of the PCB
congeners and dioxins and furans were obtained from Mackay et al. (1992).

 Log Koc was calculated from the equation:

log Koc = 0.00028 + 0.983(log Kow).

This equation was derived by Di Toro (1985) by regressing Koc to Kow, which demonstrated that the
particle organic carbon coefficient was approximately equal to its octanol/water partition coefficient
(kg/L). The higher the log Kow and log Koc values, the more likely the chemical will bind to sediment,
especially sediment containing high concentrations of organic carbon, and to accumulate in the fatty
tissues of aquatic and terrestrial biota. The accumulated chemicals can also biomagnify through the
trophic levels of a food chain, as the contaminants in the consumed prey are concentrated in tissues of
the predator. Thomann (1989) developed a model for predicting BAFs by using food chain multipliers
generated on the basis of the log Kow. For log Kow values in the range of 3.5 to 6.5, model-predicted
BAFs compared favorably with measured ones. Uncertainty in predicting bioaccumulation for nonpolar
ionic chemicals with log Kows greater than 6.5 (e.g., superhydrophobic chemicals) increases, probably as
the result of rapid metabolism, reduced bioavailability, very low water solubilities, and inhibition of
transport due to the large size of the molecule (USEPA, 1991).

Daily intake levels of concern for the protection of human health were compiled from USEPA (1995c,
1995d), including estimated values for carcinogenic endpoints (slope factors) and noncarcinogenic
endpoints (reference doses) for the oral ingestion exposure pathway. The carcinogenic classifications of
these chemicals are the weight-of-evidence categories established by EPA’s Human Health Assessment
Group. The categories are defined as follows (USEPA, 1995c):

A = Human carcinogen
B1 = Probable human carcinogen; limited evidence in humans but sufficient evidence

of carcinogenicity in animals
B2 = Probable human carcinogen; inadequate or lack of evidence in humans but

sufficient evidence in animals
C = Possible human carcinogen; inadequate data for humans and limited evidence of

carcinogenicity in animals
D = Not classifiable as to human carcinogenicity because of inadequate or no

evidence
E = Not a human carcinogen, based on no evidence of carcinogenicity in adequate

studies
Factors affecting partitioning of the chemical in relation to wildlife and aquatic organisms, food chain
multipliers (biomagnification factors), toxic effects and mode of action, and other information were
compiled from various sources, as referenced in the bioaccumulation summary tables. 
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4.4 Insights from the Chemical Summary Tables

Examination of the data compiled for the bioaccumulative chemicals included in the Appendix provides
information that might be useful in addressing a number of issues pertaining to bioaccumulation. It is
important to note that it is not enough to simply understand bioaccumulation and the factors that control
it. Rather, one must understand that certain chemicals, when sufficiently bioavailable, can produce toxic
effects in aquatic organisms and terrestrial wildlife and can pose risks to higher trophic levels (including
humans) feeding on those organisms. Interpretation of the effect levels also requires consideration of the
lipid levels (percent lipid) measured in the organisms. Lipid measurements can vary depending on the
methodology used to extract and analyze the lipids. To facilitate comparison among results, it is
necessary to convert all the values to the same units. The data in the Appendix tables were usually not
converted in order to allow the end user to refer back to the original study, if necessary. However, molar
unit conversions were made for three chemicals that have a nonpolar narcotic mode of toxic
action—acenapthene, phenanthrene, and pyrene—because narcosis is believed to occur as the result of
the presence of toxicant molecules in the organism rather than because of the absolute character of the
molecules (reviewed in Rand, 1995). This conversion allows direct comparisons of the tissue residue
and effects data for these chemicals.

The compilation of data for the bioaccumulative chemicals revealed that most studies only compared
sediment or water concentrations to tissue levels and few studies have measured concentrations in
sediment or water and concentrations in tissue and effects on the organism. No data were found for
disulfoton, oxyfluorfen, and Aroclor 1248. Numerous studies did report tissue residue and effect
concentrations (see last paragraph in this section). BCFs were obtained for various species for 24
chemicals, BAFs for 25 chemicals, BMFs for wildlife for 11 chemicals, and BSAFs for 43 chemicals.
(The most BSAF values were reported for PCB congeners, chlordane, p,pN-DDE, p,pN-DDT, and
dieldrin.) For some chemicals appropriate data were sparse (Aroclor 1016, Aroclor 1242,
benzo(a)anthracene, benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, chromium,
chrysene, 1,2,3,7,8-pentachlorodibenzofuran, 2,3,4,7,8-pentachlorodibenzofuran, 1,2,3,4,7,8-
hexachlorodibenzofuran, 1,2,3,4,7,8-hexachlorodibenzo-p-dioxin, 1,2,3,6,7,8-hexachlorodibenzo-p-
dioxin,1,2,3,4,7,8-hexachlorodibenzofuran, 1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin, and dicofol).

Examination of the chemical summary tables might help to shed light on the following bioaccumulation
issues:

C What species are potentially available for use in testing?

A variety of organisms have been used to determine bioaccumulation in field and laboratory situations,
but not consistently among chemicals. Organisms for which data were found in the tables included those
species commonly used in bioaccumulation testing (e.g., Macoma balthica, Nereis diversicolor,
Neanthes arenaceodentata, Chironomus spp., Pimephales promelas) and others that had been
obtained in field studies (e.g., stoneflies, caddisflies, freshwater and marine mussels, tubificid worms,
carp, sole, sculpin, three-spined stickleback), including some endemic species. Further discussion of
issues related to bioaccumulation testing was presented in Chapter 3.

• How should we account for differential partitioning of bioaccumulative contaminants
among tissues?

Studies compiled in the Appendix reveal that different tissues can contain different amounts of
bioaccumulative contaminants. Tissue residue measurement methodology varied greatly with the study,
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from using the whole organism to obtain residues (usually invertebrates and small fishes) to examining
uptake in specific organs (hepatopancreas, liver, gill, gall bladder, kidney) or in muscle. Potentially the
best way to account for this partitioning is normalization to lipid, as was done in some studies.
Knowledge of the “site of action” is essential for some chemicals to interpret the data. For example,
nerve tissue needs to be examined in the case of some metals.

• How can bioaccumulation methods be used to assess population-level effects?

Evaluating endpoints that relate to the survival and success of populations in the wild could reduce
uncertainties about the impacts that might occur from exposure to bioaccumulative contaminants in
sediment. Percent survival or mortality was the most frequently reported effect. Other endpoints that
have been examined include changes in shell thickness and tissue weight or shell deformations (bivalves),
scope for growth or growth rates, impacts on reproduction (imposex, breeding impairment, deformed
larvae), behavioral changes (feeding rates), immune system dysfunction, metabolic changes or enzyme
induction, and histopathological changes. 

Extrapolation of subcellular (e.g., enzyme induction, immune system dysfunction) and individual (e.g.,
growth rates, tissue weight, behavioral changes) effects to population-level effects has proven difficult.
Population-level effects might be examined by analyzing the bioaccumulation of chemical contaminants
of several species at different trophic levels, as well as by assessing those species’ abundances,
reproduction success (gonad development, viability of eggs and larvae, recruitment), and age class
distributions over a period of time. Histopathological changes can be monitored to provide information
on why abundances, reproduction, and age class distribution might change in relation to contaminant
uptake. This information can also be incorporated into population modeling efforts to improve our ability
to predict population-level effects (discussed in Chapter 3). For example, one study on fathead minnows
exposed to sediment containing Aroclor 1254 reported that reproduction was inhibited and frequency
and fecundity were 5 to 30 percent of values observed in unexposed fish (Melancon et al., 1989).

• How can tissue-specific residue levels be coupled with chronic toxicity response data to
develop dose-response relationships for bioaccumulative contaminants?

The most striking lack of information concerned effects. Where sediment and/or water and tissue
concentrations were found, no associated effects data were reported for organisms exposed to
acenaphthene, phenanthrene, benzo(a)anthracene (invertebrates), benzo(b)fluoranthene,
benzo(g,h,i)perylene, benzo(k)fluoranthene, dicofol, 1,2,3,7,8-pentachlorodibenzo-p-dioxin, 1,2,3,6,7,8-
hexachlorodibenzo-p-dioxin, 2,3,7,8-tetrachlorodibenzofuran (invertebrates and fishes), silver,
toxaphene, PCB 28, PCB 105, PCB 126, and PCB 156 (invertebrates and fishes). However, many of the
studies found for dioxins and furans and PCB congeners reported tissue residues as the result of food
exposure in association with effects on wildlife (e.g., eagle, heron, falcon, duck, and mink). References
in which effects data were reported also contained tissue residue data, except for two studies in which
cladocerans and amphipods were exposed to arsenic (sediment and water and effects data only).
Sediment concentrations and tissue residues and effects data were reported for only nine cases. Of the
metals examined, tributyltin had the most references to studies that included tissue residue and effects
data from research on amphipods, polychaetes, mollusks, and fishes. More tissue residue and effects
data for more species were found for 2,3,7,8-TCDD, p,pN-DDE, p,pN-DDT, and total PCBs than the
other organic chemicals examined. Limited effects data (one to a few references) were found for arsenic,
cadmium, chromium, lead, methylmercury, nickel, selenium, zinc, pentachlorophenol, benzo(a)pyrene,
benzo(g,h,i,)perylene, fluoranthene, pyrene,  p,pN-DDD,  p,pN-DDE,  p,pN-DDT, diazinon, dieldrin,
heptachlor, congeners of dioxins and furans besides 2,3,7,8-TCDD, total PCBs, and Aroclors 1016,
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1242, 1254, and 1260. Tissue residue concentrations and effects data for 2,3,7,8-TCDD included several
fish species and birds, and for 2,3,7,8-TCDF included rainbow trout, birds, and mink.

The studies reporting sediment and tissue residue and effects data included Janssens De Bisthoven et al.
(1992), which linked deformed antennae in larvae of the midge Chironomus thummi to tissue and
sediment metal concentrations (copper, zinc, lead). Waite et al. (1991) found changes in shell thickness
and tissue weight in relation to sediment and water and tissue concentrations of tributyltin in the oyster
Crassostrea gigas. Sediment and tissue concentrations with survival data were collected for amphipods
exposed to fluoranthene and pyrene (Landrum et al., 1994; Harkey et al., 1997). Whole animal wet
weights were reduced in freshwater mussels exposed to a higher methylmercury sediment concentration
relative to those obtained from mussels exposed to a lower sediment concentration at the least
contaminated station (Salazar et al., 1995).

Tissue residues and effects were reported for 48 of the chemicals researched; however, for 12 of the
chemicals, tissue residue and effects data were observed only for wildlife species. Mortality was a
frequently reported effect for many aquatic invertebrates and fishes. Tissue concentrations of 300 µg/kg
ww in muscle or liver of rainbow trout were associated with elevated EROD activity after 70 days’
exposure to Aroclor 1254 (Toxscan, Inc., 1990), and eggshell thinning was associated with tissue
residues of DDD, DDE, and DDT in birds. The development of dose-response relationships for
bioaccumulative chemicals will require a better understanding of chronic toxicity responses and, in some
cases, the internal dose or tissue residue level at the site(s) of toxic action (see review in Rand, 1995).

It is important to note that, although some chemicals have records for many species—including
sediment/water and tissue, and tissue and effects—in most cases these data are for different species.
For example, for benzo(a)pyrene, of 23 invertebrate species, only 1 (Chironomus riparius) has both
types of data, and these were obtained from different studies. Though it may be possible to infer similar
partitioning relationships (e.g., BSAFs) between closely related species in similar environments, data
limitations clearly remain an obstacle for developing tissue residue-linked sediment chemical levels. One
case in which a single species contains numerous concentration values for both categories of data (but
no single study that reported sediment/water concentrations and tissue concentrations and effects data)
is tributyltin. The mussel Mytilus edulis has been used in several studies to examine sediment
contaminant bioaccumulation and effects of this metal. However, when trying to interpret these data, they
need to be scrutinized carefully to determine, at a minimum, whether the form of tributyltin reported is
consistent across the studies and whether procedures for estimating body burdens are comparable in the
field and laboratory studies.
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5.  SUMMARY OF AGENCY INFORMATION ON BIOACCUMULATION
DATA COLLECTION AND INTERPRETATION

Bioaccumulation of toxic persistent organic contaminants by aquatic organisms is an ongoing concern
for several federal agencies, including the U.S. Environmental Protection Agency (EPA), U.S. Army
Corps of Engineers (USACE), National Oceanic and Atmospheric Administration (NOAA), U.S. Fish
and Wildlife Service (FWS), and U.S. Geological Survey (USGS). These agencies have conducted
research related to the issues presented in Chapter 1 and are involved in the development of policies and
procedures pertaining to bioaccumulative chemicals. This chapter presents brief synopses of activities
related to bioaccumulation data collection and interpretation in various EPA programs and in other
federal agencies. Table 5-1 provides a summary of the information contained in this section.

5.1 EPA Headquarters Programs

USEPA has developed a comprehensive, multimedia Contaminated Sediment Management Strategy
(59(167) FR 44879-44882, August 30, 1994; USEPA, 1994a, 1998a) describing the implementation of
policies to consistently assess, prevent, and remediate contaminated sediment under existing statutory
and regulatory authority. Components of the strategy address assessment, prevention, remediation,
research, and outreach activities conducted to accomplish four strategic goals:

C Prevent further sediment contamination that may cause unacceptable ecological or
human health risks.

C When practical, clean up existing sediment contamination that adversely affects the
Nation’s water bodies or their uses, or that causes other significant effects on human
health or the environment.

C Ensure that sediment dredging and dredged material disposal continue to be managed in
an environmentally sound manner.

C Develop and consistently apply methodologies for analyzing contaminated sediments.

EPA is using information and data on bioaccumulation in support of this strategy in its various
programs. The ultimate goal of the Agency is to develop an approach to bioaccumulation assessment
that will allow consistent, uniform, and robust decision making among the various Agency programs. In
April 1994, the Agency participated in a consultation with the Science Advisory Board’s (SAB)
Bioaccumulation Subcommittee, consisting of representatives from the SAB’s Ecological Processes and
Effects Committee and Drinking Water Committee, to discuss approaches to estimating the
bioaccumulation potential of chemicals and various mass balance/food web models. The SAB provided
recommendations for modifying existing approaches for using mass balance/food web models and for
prioritizing research needs related to these tools, particularly the collection of field and laboratory data
that would help reduce uncertainties in these models (USEPA, 1995a). EPA has also formed a
Bioaccumulation Analysis Workgroup, consisting of representatives from program and regional offices,
to discuss cross-program issues in the interpretation of bioaccumulation information for the purpose of
sediment quality assessment. The following subsections describe activities undertaken within EPA’s
program offices and regions that are related 
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Table 5-1. Summary of EPA Uses of Bioaccumulation Data for the Interpretation of Sediment Quality

Agency Mission and Mandates Components of Contaminated Sediment Management

Program Relevant Statutes1 Research Assessment Remediation
Dredged Material

Management Prevention Outreach

Office of Prevention, Pesticides, and Toxic Substances

Office of Pesticide
Programs

FIFRA
O

Office of Pollution
Prevention
and Toxics

TSCA, PPA
O O O O

Office of Air and Radiation CAA O

Office of Research and Development

National Health and
Environmental Effects
Research Laboratory

O O O

National Exposure
Research Laboratory O O

Office of Solid Waste and Emergency Response

Office of Emergency and
Remedial Response
(Superfund)

CERCLA, SARA
O O O

Office of Solid Waste RCRA, HSWA,
PPA O O O O

Office of Water

Office of Science and
Technology

CWA, WRDA,
GLCPA O O O O

Office of Wetlands,
Oceans, and Watersheds

CWA, MPRSA,
WRDA O O O O O O
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Agency Mission and Mandates Components of Contaminated Sediment Management

Program Relevant Statutes1 Research Assessment Remediation
Dredged Material

Management Prevention Outreach

67

Office of Wastewater
Management

CWA
O

Table 5-1.   Continued

Agency Mission and Mandates Components of Contaminated Sediment Management

Program Relevant Statutes1 Research Assessment Remediation
Dredged Material

Management Prevention Outreach

Region 1 O O

Region 2 O O

Region 3/Chesapeake Bay
Program

CWA
O O O O O O

Region 4 O

Region 5 O O O O O

Great Lakes National Program
Office

CWA as amended
by GLCPA O O O

Region 6 O O

Region 7 O O

Region 8 O

Region 9 O O O

Region 10 O O O O

International Efforts O O
     
1Acronyms: CAA = Clean Air Act; CERCLA = Comprehensive Environmental Response Compensation and Liability Act; CWA = Clean Water Act; FIFRA = Federal
Insecticide, Fungicide, and Rodenticide Act; GLCPA = Great Lakes Critical Programs Act; HSWA = Hazardous and Solid Waste Amendments; MPRSA = Marine Protection,
Research, and Sanctuaries Act; PPA = Pollution Prevention Act; RCRA = Resource Conservation and Recovery Act; TSCA = Toxic Substances Control Act; WRDA = Water
Resources Development Act. Statutes are listed only for headquarters and program offices.
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to research on bioaccumulative chemicals, assessment of such chemicals in the environment and
potential risks from exposure, remediation and dredged material management of bioaccumulative
chemicals, prevention of the manufacture or release of persistent organic pollutants, and outreach to
inform and educate the public on the topic of bioaccumulative chemicals.

 5.1.1 Office of Prevention, Pesticides, and Toxic Substances (OPPTS)

OPPTS develops national strategies for toxic substance control. It is responsible for the promotion of
pollution prevention (P2) as the principle of first choice, as well as assessment of risk to human health
and the environment from exposure to pesticides (Office of Pesticide Programs) and industrial chemicals
(Office of Pollution Prevention and Toxics). Important activities of the office are to establish procedures
and criteria for assessing chemical substances and to develop guidelines for chemical testing. OPPTS
also develops rules and procedures for industry reporting, and develops and enforces regulations for
controlling industrial chemicals and pesticides deemed hazardous to humans or the environment. Interest
continues in the development of new sediment test methods for determining the environmental fate,
ecotoxicity, and bioaccumulation of pesticides and industrial chemicals in sediment.

An important role of bioaccumulation test data is to support review of new and existing chemicals under
the Toxic Substances Control Act (TSCA) and the registration/reregistration of pesticides under the
Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA). In addition, bioaccumulation information
may be used to provide guidance on the design of new chemicals to reduce bioavailability and
partitioning to sediment.

OPPTS is in the process of harmonizing its own (OPPT and OPP) test guidelines with those of the
OECD (Organization for Economic Cooperation and Development) to create a single set of guidelines
that minimizes variability and unnecessary testing. The office prepared “public draft” sediment toxicity
test guidelines employing chironomids (including tissue residue analysis) and amphipods (freshwater,
estuarine, and marine). These have been published in the OPPTS Test Guidelines, Series 850
Ecological Effects, Volume I (USEPA, 1996a). These 850 guidelines are in the process of being
finalized. OPPTS is also involved in developing new OECD sediment toxicity test guidelines for
chironomids. An environmental fate test guideline, “Sediment/Water Microcosm Biodegradation Test”
(OPPTS 835.3180), has gone final and is publicly available. Also, the office is near final approval of an
OECD guideline (“Aerobic and Anaerobic Transformation in Aquatic Sediment”) that has a similar
purpose. 

5.1.1.1 Office of Pesticide Programs (OPP)

The mission of OPP is to safeguard public health and the environment from unreasonable pesticide risks,
while ensuring that pesticides are regulated fairly and efficiently. In carrying out its responsibilities under
FIFRA, OPP must consider both the risks posed by pesticides and the benefits that pesticides offer to
society. State and tribal agencies and many other organizations, both public and private, are vital partners
in this effort.

Assessment

Bioconcentration studies are currently required by two divisions of OPP under FIFRA for the
registration of pesticides. The Environmental Fate and Effects Division requires bioconcentration testing
as prescribed in 40 CFR, Part 158 under guidelines 72-6 and 165-4, -5; the Health Effects Division
requires a bioconcentration test under test guideline 171-4. The purpose of these studies is to determine
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if pesticide residues accumulate in fish used as human food sources, to determine the edible portions of
such fish, and to characterize the fate of pesticides within the various tissue compartments of an
organism.

The Environmental Fate and Effects Division of OPP requires bioaccumulation tests to support the
registration of formulated end-use products intended for outdoor use (except domestic outdoor), or
aquatic impact uses resulting in direct discharge into aquatic environments. Bioaccumulation testing is
required when the active ingredient or its principal degradation products have a water solubility less than
0.5 mg/L, the octanol/water partition coefficient is greater than 1,000 (log Kow = 3), it is persistent in
water (e.g., half-life greater than 30 days), or it accumulates in organs and tissues of mammals or birds.

The studies are flow-through, preferably using radioisotopic analytical techniques, and the exposure
system must maintain constant concentrations of chemical in true aqueous solution not to exceed 1/10th
the 96-hour LC50 for the test species. The preferred test species is the channel catfish or the bluegill
sunfish. The studies require 28 days of exposure with a depuration of 14 days. Extractable residues of
0.05 mg/L or greater must be identified in two samples of edible tissue and two samples of viscera. If
pesticides are shown to bioaccumulate in fish tissue, the Environmental Fate and Effects Division may
require accumulation testing with nontarget organisms.

The accumulation study required by the Health Effects Division (171-4) is a metabolism study designed
to determine the magnitude of residues in fish following exposure to a pesticide. The studies are required
when fish may be exposed to the pesticide or its degradation products. The test uses carbon-14 and may
be static or flow-through depending on the aquatic system under consideration. Fish residue data are
required for bottom feeding species (e.g., catfish), predators (e.g., bass), and shellfish (both mollusks
[e.g., clams, oysters] and crustaceans [e.g., shrimp, crabs]). For pesticides used in estuarine areas, data
on whole fish protein concentrate and on smoked, canned, or other processed fish products are needed
to determine whether a Food Additive Regulation is necessary.

5.1.1.2 Office of Pollution Prevention and Toxics (OPPT)

The mission of OPPT is (1) to protect and improve human health and the environment, to achieve risk
reduction, sustainability, and environmental justice, and to enhance the quality of life; (2) to promote
safer designs and wiser use of materials, products, processes, practices, technologies, and disposal
methods, using pollution prevention as the principle of first choice; and (3) to provide information,
education, and technical assistance to empower the public to make informed decisions on the risks
associated with toxic substances.

Prevention/Assessment/Outreach

Draft Multimedia Strategy for PBT Pollutants

EPA recently released a draft strategy to further reduce risks to human health and the environment from
existing and future exposure to priority persistent, bioaccumulative, and toxic (PBT) pollutants. The
strategy, available on the Internet at www.epa.gov/pbt/strategy.htm, reinforces and builds on existing
EPA commitments related to priority PBTs, such as the 1997 Canada-U.S. Binational Toxics Strategy,
the North American Agreement on Environmental Cooperation, and the recently released Clean Water
Action Plan. EPA is forging a new approach to reduce risks from and exposures to priority PBT
pollutants through increased coordination among EPA national and regional programs. This approach
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also requires the significant involvement of stakeholders, including international, state, local, and tribal
organizations, the regulated community, environmental groups, and private citizens.

The four main elements of the PBT Strategy are

C Develop and implement national action plans for priority PBT pollutants
C Screen and select more priority PBT pollutants for action
C Prevent introduction of new PBT pollutants
C Measure progress

To date, EPA actions to reduce emissions of PBT pollutants have been largely separate regulatory
activities aimed at different environmental media. Such actions will now be better coordinated to ensure,
for example, that regulations removing the PBT from air do not inadvertently result in transferring the
pollution to the ecosystem. Developing an Agency-wide strategy enables EPA to harness all of its
tools—voluntary, regulatory, international, enforcement, compliance, and research—and direct them at a
set of priority pollutants of common concern to all EPA program offices. EPA’s first 12 priority PBT
pollutants, from the Canada-U.S. Binational Toxics Strategy, are aldrin/dieldrin, benzo(a)pyrene,
chlordane, DDT (+ DDD + DDE), hexachlorobenzene, alkyl-lead, mercury and compounds, mirex,
octachlorostyrene, PCBs, PCDD (dioxins) and PCDF (furans), and toxaphene.

The strategy outlines a number of actions that EPA will take to reduce exposures to and uses of PBT
chemicals. Some of the near-term actions include the following:

C Preventing the introduction of new PBT chemicals in commerce
C Encouraging voluntary reductions of priority PBT chemicals in hazardous waste
C Giving the public information on mercury emissions from utilities
C Increasing the public’s right to know about local sources of PBT pollutant emissions
C Evaluating fish in U.S. water bodies for PBT chemical contamination

Research/Prevention/Assessment

Screening the TSCA Inventory
In the early 1990s OPPT screened discrete organic chemicals on the TSCA Chemical Substances
Inventory to provide a preliminary list of potentially persistent and bioaccumulative chemicals for further
evaluation. This activity identified approximately 80 chemicals with estimated half-lives exceeding 30
days, estimated BCFs greater than 250, molecular weights greater than 600, and production volumes
greater than 10,000 pounds per year. Substances having such physical properties often partition
significantly to the sediment compartment in the aquatic environment. This list is being used by the
Canadian government (joint project of Health Canada/Environment Canada) in activities aimed at
prioritizing Canada’s Domestic Substances List (DSL), the Canadian equivalent of the TSCA inventory,
and identifying PBT chemicals.

Waste Minimization Prioritization Tool (WMPT)

The goal of the Waste Minimization National Plan (WMNP), developed by EPA’s Office of Solid Waste
(OSW) and mandated by the U.S. Congress, is to reduce the volume of the most persistent,
bioaccumulative, and toxic chemicals in the nation’s hazardous wastes at least 25 percent by the year
2000 (50 percent by 2005). In pursuing this goal, source reduction is preferred over recycling and a
central purpose is to avoid cross-media transfers of constituents. The Waste Minimization Prioritization
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Tool (WMPT) was developed jointly by OSW and OPPT to assist in the implementation of the WMNP.
The WMPT ranks chemicals based on persistence, bioaccumulation, and toxicity potential (“PBTness”).
To accomplish this, it classifies (bins) chemicals as high, medium, or low for persistence and
bioaccumulation potential. As noted above, substances having such properties often demonstrate a
marked tendency to accumulate in aquatic sediments, in addition to fatty tissue of exposed organisms.
The WMPT is flexible, Windows-based software designed for screening only. 

Toxics Release Inventory (TRI): PBT Rulemaking

OPPT maintains the Toxics Release Inventory (TRI) under the Emergency Planning and Community
Right-to-Know Act (EPCRA). Proposed rulemaking that specifically targets PBTs was published in the
Federal Register on January 5, 1999 (64 FR 687).  As noted above, substances having such properties
often demonstrate a marked tendency to accumulate in aquatic sediments, in addition to fatty tissue of
exposed organisms. The rulemaking proposes to:

C Set persistence and bioaccumulation criteria for reporting on chemicals under EPCRA
section 313.

C Add some chemicals that meet toxicity criteria for listing and are also persistent and
bioaccumulative.

C Lower reporting thresholds for PBTs that are already on the TRI.

In so doing the rule provides general technical guidance on the types of persistence and bioaccumulation
data needed to determine “PBTness.” It also sets half-life criteria of 2 months for water/sediment and
soil and 2 days for air, as well as a bioaccumulation factor/bioconcentration factor (BAF/BCF) of 1,000,
for purposes of defining which substances are and which are not persistent and bioaccumulative under
the rule. Further, although compartment-specific half-life criteria are the primary means of determining
persistence, the rule indicates that multimedia fate modeling will be used to confirm findings based on
compartment-specific half-lives, and it may override compartment-specific data if key model inputs are
judged reliable.

TSCA: Proposed PBT Policy for Premanufacture Review Chemicals

Under TSCA, a Premanufacture Notice (PMN) must be submitted 90 days prior to manufacture of any
new industrial chemical. For many years OPPT has used chemical “categories,” based on toxicity, to
streamline regulatory review, and until now categories (of which there are now more than 45) have been
defined by structure/activity relationships (SARs). Taking a new approach, OPPT recently developed
and proposed a category for persistent, bioaccumulative, and toxic (PBT) substances for purposes of
PMN review. As noted above, substances having such properties often demonstrate a marked tendency
to accumulate in aquatic sediments, in addition to fatty tissues of exposed organisms.

Proposed half-life criteria for persistence and bioaccumulation are tiered to reflect level of concern:
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Criterion 

Persistence: > 2 mo for water/sed or
soil; Bioaccumulation: fish BCF $ 1,000 

Persistence:  > 6 mo for water/sed or
soil; Bioaccumulation: fish BCF $ 5,000

Possible Actions

Exposure/release controls; triggered testing 

More stringent controls; ban pending testing

To determine potential risk, EPA may use multimedia models to account for all loadings, transformation
processes, and intermedia transfer in an integrated fashion. Implementation of the new PBT policy might
also lead to testing to fill critical data gaps if EPA is unable to adequately determine the potential for
persistence and bioaccumulation using existing information. The proposed testing strategy is tiered and
includes sediment/water persistence test guidelines of increasing complexity in tiers 2 and 3.
Analogously, laboratory testing for bioaccumulation potential would be conducted if tier 1 testing
(Ready Biodegradability testing and measured log Kow) confirms suspicion that a substance is potentially
persistent and bioaccumulative. Standard fish bioconcentration testing is conducted in tier 2, and,
potentially, bioaccumulation testing using sediment-dwelling aquatic organisms in tier 3.

Development of this TSCA new PBT chemicals policy has occurred in coordination with US national,
US/Canada binational, and international efforts to identify and control the environmental release of
persistent organic pollutants (POPs).  The PBT category description, in the form of an October 5, 1998
proposed Federal Register policy statement (63 FR 53417), was provided to
the United Nations Environment Program (UNEP) Governing Council’s Criteria Expert Group (CEG)
for POPs, established at the first session of the Intergovernmental Negotiating Committee (INC).  The
final policy statement on this PBT category responded to comments received on the proposed policy
and was published in the Federal Register on November 4, 1999 (64 FR 60194).  This final notice
represents the first formal statement of US national policy regarding new chemical POPs.  Under our
domestic TSCA program, the policy statement provides guidance criteria for persistence,
bioaccumulation and toxicity for new chemicals and advises the industry about our regulatory approach
for chemicals meeting the criteria.  Internationally, the October 5, 1998 proposed policy statement alerted
the parties involved in negotiation of the POPs Convention to
the need for inclusion of a new chemicals provision in the Convention.  The issuance of the final policy
statement reaffirms US leadership on this issue and serves as a model for other countries in taking steps
to discourage the introduction of POPs as new chemicals and pesticides. 

5.1.2 Office of Air and Radiation (OAR)

OAR incorporates information on bioaccumulation of air toxics in certain analyses when such
information is available. For example, in the Urban Air Toxics Strategy, finalized in July 1999, OAR
ranked air toxics to derive a list of the pollutants posing the greatest risk to public health in urban areas.
As one part of this analysis, OAR ranked air toxics by relative potential for oral toxicity and food-chain
bioaccumulation. Using estimated national emissions, in tons per year, OAR adjusted the emissions by
multiplying a bioconcentration factor (BCF) and dividing it by the oral risk-based dose (RBD) for
chronic effects. RBDs for chronic oral exposure were expressed as a milligram of an air toxic per
kilogram of body mass per day. Measured and estimated BCFs for air toxics were obtained from EPA’s
draft Waste Management Prioritization Tool (WMPT). The WMPT is intended to allow EPA to rank
relative hazards from the list of hazardous substances regulated under the Resource Conservation and
Recovery Act, and it has been judged to be a reasonably comprehensive resource for the purpose of
ranking air toxics. The BCF is an estimate of the proportion of a substance that will partition into aquatic
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organisms relative to ambient water, at equilibrium. Well-developed BCFs consider both relative
solubility in water and lipid and the ability of biological systems to metabolically alter the contaminant.

In addition, in March 1999 OAR released a Report to Congress presenting its methodology for
conducting “residual risk” assessments. After setting technology-based standards for major industrial
sources of air toxics, OAR must evaluate the remaining health and environmental risks (i.e., the residual
risks) and set more stringent regulations, if necessary. For each of these assessments, OAR will identify
the exposure pathways of concern, taking into consideration the environmental persistence and
bioaccumulation potential of certain air toxics. For a limited subset of air toxics, assessments may
include noninhalation exposure (e.g., food chain, other environmental media).

5.1.3. Office of Research and Development (ORD)

ORD provides scientific and technological expertise to remediate environmental and human health
problems. Its three headquarters’ offices, three national research laboratories, and two national centers
work with other EPA program and regional offices, the states, and tribes. ORD conducts basic,
peer-reviewed research and implements cost-effective, common-sense technology, including providing
extramural research grants and fellowships to develop the sound environmental research necessary to
ensure effective policy and regulatory decisions.

5.1.3.1 National Health and Environmental Effects Research Laboratory (NHEERL)

NHEERL in Research Triangle Park, North Carolina, is responsible for investigating the effects of
environmental pollutants and other anthropogenic stressors on human health and ecosystems, using
toxicological, clinical, epidemiological, ecological, and biogeographic research methods. Long-term
research at NHEERL is defining and characterizing toxicological hazards, quantifying dose-response and
other important cause-effect relationships, and assessing the integrity and sustainability of ecosystems.
The Atlantic Ecology Division (AED) in Narragansett, Rhode Island; Mid-Continent Ecology Division
(MCED) in Duluth, Minnesota; Gulf Ecology Division (GED) in Gulf Breeze, Florida; and Western
Ecology Division (WED) in Corvallis, Oregon, are charged with developing methods and techniques for
examining bioaccumulation of persistent organic chemicals and metals, evaluating bioaccumulation under
field and laboratory conditions, developing models and other analytical procedures for assessing risks to
biota from bioaccumulative chemicals, and assisting in the preparation of guidance for interpreting
bioaccumulation data.

Research/Assessment

NHEERL has conducted numerous studies of bioaccumulation in marine biota. Examples include
comparisons of field data to the 28-day bioaccumulation test for uptake of the pesticides DDT and
dieldrin in the clam Macoma nasuta (WED) and measurement of the accumulation of
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), 2,3,7,8-tetrachlorodibenzofuran (TCDF), and
polychlorinated biphenyls (PCBs) from Passaic River, New Jersey, sediment samples by sandworms,
clams, and grass shrimp (AED) (Pruell et al., 1993). Another project involves the bioaccumulation and
trophic transfer of polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans
(PCDFs), PCBs, and other compounds in a laboratory food chain consisting of sediments, polychaetes,
and lobster (AED). A second area of research involves the use of surrogate materials mixed into
sediment to determine the bioavailability of sediment-associated contaminants. The ability of
equilibrium-based and kinetic approach bioaccumulation models to predict tissue residues as a
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cost-effective alternative to direct measurement of tissue residues has also been evaluated (WED) (Lee,
1992).

MCED is conducting research on assessing bioaccumulative chemicals found in freshwater sediments,
as well as improving methods for evaluating the effects of such compounds on aquatic and terrestrial
biota and developing tissue residue criteria for a variety of contaminants. Because relationships between
complex mixtures of sediment contaminants and bioaccumulation and toxicity in benthic organisms are
often uncertain, the Division is conducting controlled toxicity and bioaccumulation tests. Current
research includes further investigation of the effects of pore water chemistry on bioavailability and
toxicity identification evaluation (TIE) methods development.

The Great Lakes Water Quality Initiative (GLWQI) required bioaccumulation factors (BAFs) for fish
that incorporated site-specific bioavailability, biomagnification/food chain effects, and metabolism.
Additional complications were the need for BAFs for chemicals such as TCDD, which currently do not
have measured concentrations in water, and a concern for variation over time and space, and in the
chemical properties of the sediment-water distribution coefficient. Most of the potential variability was
eliminated by basing BAFs on trophic level, lipid-normalized concentrations in tissues, and
concentrations of freely dissolved chemicals in water. Freely dissolved concentrations in water are based
on octanol-water partition coefficient (Kow)-correlated partitioning to particulate and colloidal organic
carbon in the water. The ability of biota-sediment accumulation factor (BSAF) ratios to measure
bioaccumulation and metabolism differences between chemicals was incorporated into a procedure for
estimating BAFs for chemicals below analytical detection limits. Food chain models that incorporate
benthic food chain linkages to pelagic fish were also evaluated and included in the GLWQI
bioaccumulation methods. These methods need to be evaluated further in other aquatic ecosystems.

At MCED, laboratory methods for toxicity and bioaccumulation tests for a variety of freshwater benthic
invertebrate species have been developed and validated. These include toxicity test methods for the
amphipod Hyalella azteca and the midge Chironomus tentans, and a 28-day bioaccumulation test
method for the oligochaete Lumbriculus variegatus (USEPA, 1994g). Field validations of
bioaccumulation predictions have been accomplished (e.g. Ankley et al., 1992). Nonchemical factors that
increase sediment contaminant toxicity, such as activation of PAHs in organisms by ultraviolet radiation,
have been documented and incorporated into toxicity predictions.

MCED is also working on sediment-based ecological risk assessment methods. Fish early life stage
toxicity from exposure to complex mixtures of PCDDs, PCDFs, PCBs, and other polyhalogenated
aromatic chemicals that share an aryl hydrocarbon receptor-mediated mode of action has been related to
sediment contamination in the Great Lakes through use of chemical-specific BSAFs, TCDD toxicity
equivalence factors (TEFs), and dose-response relationships based on concentrations of these chemicals
in fish eggs. Through retrospective analysis and correlation with epidemiological data, this work provides
an initial validation of the integrated application of sediment-based bioaccumulation models for pelagic
fish, chemical concentration in tissue-based dosimetry, and an additive toxicity equivalence model. The
same methods may be applied to wildlife. Staff scientists from MCED also prepared an “interim report
on data and methods for assessment of TCDD risks to aquatic life and associated wildlife” (USEPA,
1993). The report reviewed and evaluated data and models available for analyzing the effects of exposure
to and bioaccumulation of TCDD in aquatic life and wildlife, and it addressed areas of uncertainty that
limit how well risks can be characterized.

Scientists at MCED are participating in the Lake Michigan Bioaccumulation and Toxic Effects
Characterization Study (LMBTECS), the purpose of which is to incorporate all of the data, models, and
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methods of the Division's projects into the interpretation of a high-quality bioaccumulation data set
obtained in conjunction with the ongoing Lake Michigan Mass Balance Study for the chemicals PCBs,
trans-nonachlor, and atrazine. Besides the collection of sediment, plankton, benthos, fish, and water
samples to evaluate bioaccumulation and toxic effects models, LMBTECS is unique because of the
extensive list of analytes (approximately 1,000 chemicals) and the use of high-resolution gas
chromatography/high-resolution mass spectrometry with stable isotope standards and maximum
instrument sensitivity. This sensitivity, coupled with large-volume water samples (1,000 L) extracted by
three different techniques, will maximize detection of hydrophobic organic chemicals in water. Much of
the study involves interpretation of chemical concentrations in sediments and suspended solids. Core
analyses, BSAFs, tissue dosimetry-effects relationships, and toxicity equivalence models for complex
mixtures of chemicals with the same mode of action will provide a basis for retrospective analysis of
exposures and associated toxicity risks.

GED’s Estuarine Assessment program is working to develop, improve, and validate realistic diagnostic
procedures to determine the ecological condition of Gulf of Mexico estuaries. Research related to
bioconcentration/bioaccumulation is part of this program. Some biota are transplanted and exposed in
cages for periods of 21 to 42 days, after which tissues are analyzed for metals, pesticides, PAHs, and
PCBs. The exposures are conducted at many stations and seasonally to determine the spatial and
temporal variability in the bioresidues. In other cases, indigenous species are analyzed from the same
locations to determine the relative difference in tissue quality using the two assessment techniques. The
types of biota that have been analyzed include freshwater bivalves, oysters, blue crabs, fishes, sea
grasses, rooted vascular plants, algal mats, and periphyton. The study areas are those associated with
Superfund sites, wastewater, urban and storm water runoff, agricultural runoff, dredging activities, and
golf course runoff.

The residue concentrations have been compared to enzyme content, blood proteins, pigment content,
biomass, and community structure for several of the biota to determine the impact of the residues. The
chemical quality of the surface water and sediment has been determined during the analyses and
compared to the tissue burdens to determine the bioconcentration factors from these different media. In
addition, the effect of salinity on the magnitude of the residues has also been investigated. Currently,
several GED personnel are developing a data set describing the tissue quality in several biota inhabiting
reference coastal areas. The data from this study will be used to determine the relative impact of the
anthropogenic activities on tissue quality determined in previous studies.

Outreach/Technical Guidance

The Pacific Ecosystems Branch in Newport, Oregon, produced a guide to the methods used for
assessing pollutant bioaccumulation from bedded sediment in sediment-dwelling organisms (Boese and
Lee, 1992). The guide assists researchers in selecting the best laboratory or field assessment method or
bioaccumulation model based on the available data and the goals of the project.

AED developed a Standard Operating Procedure for the extraction of lipids from marine tissues (Pruell,
1995). Contaminant concentrations normalized to lipids measured using this SOP have been shown to
correlate well with toxicity and contaminant depuration rate. The technique is also relatively simple and
produces precise data.
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Outreach/Database Development

MCED has developed databases to assist in the interpretation of bioaccumulation data. ECOTOX
version 1.0 is now available for government users (Russom, 1996). Developed at MCED with support
by the Department of Defense’s Strategic Environmental Research and Development Program,
ECOTOX allows users to search across three existing EPA databases—AQUIRE, PHYTOTOX, and
TERRETOX—which contain ecotoxicological effects information for aquatic life, plants, and terrestrial
wildlife, respectively. Version 1.0 also provides access to the Office of Pesticide Programs’ Ecological
Effects Database of aquatic and terrestrial effects data reviewed and categorized as acceptable for
pesticide registration and reregistration guideline requirements explained under FIFRA Subdivision E,
Parts 158.145 and 158.150. ECOTOX user’s manuals can be obtained from the Scientific Outreach
Program by phone, (218) 720-5602; fax, (218) 720-5539; or e-mail, outreach@du4500.dul.epa.gov. Data
are grouped in the AQUIRE database according to chemical, aquatic organism, exposure conditions,
and effect endpoint, and include BCF test results. TERRETOX is a terrestrial wildlife toxicity database
that provides data linking quantified chemical exposures with observed toxic effects, providing data to
quantify the relationships between chemical concentrations in environmental media or wildlife foods and
residues in wildlife tissues. This database identifies sources of alternative data (domestic or laboratory
animal toxicity and bioaccumulation information) when there is a lack of information on wildlife species.

MCED is currently developing a database of toxic effects to aquatic life associated with concentrations
of bioaccumulative chemicals in tissues. To date, approximately 450 references from the scientific
literature have provided data on 180 chemicals for freshwater and saltwater invertebrates and vertebrates,
including amphibians. The data will allow prediction of toxicity risks or establishment of tissue residue-
linked sediment chemical levels for single chemicals when concentrations of sediment contaminants in
tissues of susceptible organisms can be determined through use of equilibrium partitioning, BSAFs,
site-specific exposure models, or direct measurement. Tissue chemical concentrations associated with
no observable effects, mortality, or reduction in growth or reproduction are most commonly noted.

5.1.3.2 National Exposure Research Laboratory (NERL)

NERL is responsible for characterizing the sources of environmental stressors and the compartments of
the environment in which they reside or move, studying the pathways through compartments that lead to
exposure of receptors to stressors, investigating intra- and intercompartmental stressor transfers and
their transformations, and studying and characterizing receptors to predict or measure stressor exposure.
The Ecological Exposure Research Division in Cincinnati, Ohio, and the Ecosystems Research Division,
in Athens, Georgia, have been involved in research to develop and implement models to provide risk
assessors with better and more refined estimates of exposure and dose.

Research/Assessment

Scientists at the Athens laboratory developed a model to analyze the bioaccumulation of PCBs in Lake
Ontario alewife (Alosa pseudoharengus), coho salmon (Oncorhynchus kisutch), rainbow trout
(Oncorhynchus mykiss), brown trout (Salmo trutta), and lake trout (Salvelinus namaycush) (USEPA,
1991a). The model addresses fish gill morphometry; feeding and growth rate; fractional aqueous, lipid,
and nonlipid organic composition; and chemical properties used to estimate aqueous diffusivity and
partitioning to fish lipid and nonlipid organic fractions such as molar volume and – octanol/water
partition coefficient (Kow).
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5.1.4 Office of Solid Waste and Emergency Response (OSWER)

OSWER is responsible for controlling hazardous wastes and remediating hazardous waste sites under
the Resource Conservation and Recovery Act (RCRA) and the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), including ash, mining wastes, medical wastes,
underground petroleum storage tanks, oil spills, municipal solid wastes, industrial solid wastes, and
household hazardous wastes.

5.1.4.1 Office of Emergency and Remedial Response (Superfund/Oil Programs) (OERR)

OERR manages the Superfund program, which was created to protect citizens from the dangers posed
by abandoned or uncontrolled hazardous waste sites. Congress established Superfund in 1980 by
passing CERCLA, which gives the federal government the authority to respond to hazardous substance
emergencies and to develop long-term solutions for the nation’s most serious hazardous waste
problems.

Research/Assessment

Under CERCLA, EPA has established a comprehensive program for identifying, investigating and
remediating sites contaminated with hazardous substances. The Hazard Ranking System (HRS) is a
scoring system used to assess the relative threat associated with actual or potential releases of hazardous
substances at sites. The HRS is the primary way of determining whether a site is to be included on the
National Priorities List (NPL), EPA’s list of sites that are priorities for long-term evaluation and remedial
response. The HRS score is the result of an evaluation of four pathways: (1) ground water migration, (2)
surface water migration, (3) soil exposure, and (4) air migration. Bioaccumulation is evaluated for two
threats in the surface water migration pathway, the human food chain and the environmental food chain.
The bioaccumulation potential of each hazardous substance is determined using a tiered system
employing (1) BCF data, (2) the logarithm of the n-octanol-water partition coefficient (log Kow) data, and
(3) water solubility data (55 FR 51532).

Risk assessments for Superfund sites involve a longer and more costly process than an HRS evaluation.
Under CERCLA, EPA carries out a detailed analysis of risks posed by contaminants at the site to human
health and the environment, and the feasibility of various response action alternatives to reduce risk.  The
Risk Assessment Guidance for Superfund (RAGS) (USEPA, 1989, 1991b, 1991c,1997c) provides a
framework for the assessment of human health and environmental impacts. Various EPA publications,
including guidance in RAGS, Ecological Updates, and fact sheets, are used to develop assessments that
are presented as a part of the Remedial Investigation/Feasibility Study (RI/FS) of a CERCLA site. The
process is not designed specifically for sediments, but rather for the purpose of assessing all exposure
routes from contamination at CERCLA sites. Nine criteria are used in the FS to evaluate options for
remedial actions at CERCLA sites: (1) overall protectiveness of human health and the environment; (2)
compliance with ARARs, i.e., national and state standards and criteria; (3) long-term effectiveness and
permanence; (4) reduction of toxicity, mobility, or volume through treatment; (5) short-term
effectiveness; (6) implementability; (7) cost; (8) state acceptance; and (9) community acceptance.

There is a widely recognized need for Agency-wide guidance for determining which chemicals have the
potential to bioaccumulate. There is regional variation in the log Kow cutoff for determining chemicals that
have the potential to bioaccumulate, with some using log Kow greater than 5 and others using log Kow

greater than 4. There is also no consensus on the degree of bioaccumulation of heavy metals and
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lipophilic organic halogens. Other issues concerning bioaccumulation data and their interpretation in the
Superfund Program are summarized below.

Estimates and Measurements of Bioaccumulation

Regions prefer to use site-specific information on bioaccumulation whenever possible, using models and
literature values for preliminary or screening assessments. Site-specific data are usually collected for
more complex sites or sites requiring further investigation. Types of empirical data used to evaluate
bioaccumulation include

C Fish and mammal tissue sampling and analysis
C Toxicity testing
C Field and in situ (caging) bioaccumulation studies
C Surface water and sediment chemical analyses
C Sediment leachability tests

In one region, the U.S. Fish and Wildlife Service is using an “artificial” fish with a lipid-filled membrane
bag to conduct bioaccumulation studies. Bioaccumulation models being used by the regions include a
Kow model and a fish-gill exchange transfer model (USEPA, 1991a). Literature values used by the regions
include chemical-specific bioaccumulation factors (BAFs).

Effects Concentrations for Chemicals

To identify effects concentrations, the regions are using values from peer-reviewed journal articles,
AQUIRE, USFWS Hazard Reviews, information from other sites, and the Oak Ridge National
Laboratory database. A number of regions mentioned using toxicity tests to measure effects
concentrations. Most Regions estimated effects concentrations using NOEL and LOEL values, the
hazard quotient method, and food web models. Partitioning coefficients (Kow and Koc) are obtained from
USEPA and USFWS documents, the Superfund Chemical Data Matrix, and the ASTER database (part
of AQUIRE). Approaches to identify effects concentrations and partitioning coefficients vary among the
regions.  

Use of Background Data to Assess Bioaccumulation

Most regions use background data as a reference for comparison to site conditions. One region uses
background data to evaluate non-site-related stressors such as widespread pesticide use, agricultural
input, and other nonpoint sources of pollution. Some regions screen out potential chemicals of concern
(COCs) based on their presence in background or reference samples, whereas others take background
information into account during the risk management, rather than the risk assessment phase. Background
data may be particularly relevant during remediation, when cleanup levels are determined. The regions
agree that background data should be collected and presented with site-specific data, but none suggest
that empirical data collected to assess the effects of bioaccumulation should be used on both
background and site-impacted samples.
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Remediation

Cleanup and Endpoints Based on Bioaccumulation

Several regions reported that cleanups at sites within their jurisdiction had been driven by risks
associated with bioaccumulation of chemicals. Generally, numerical cleanup for COCs was
back-calculated, using either site-specific BAFs or published values for representative species. In two
cases, sites were remediated to a predetermined numerical standard, and tissue sampling and analysis of
the local habitat followed cleanup. Overall, the examples mentioned by the regions involved cleanups of
soil, not sediment. The Regions agreed that endpoints for bioaccumulation effects should protect and
preserve local habitats, species, or populations. Target species for protection were generally fish-eating
mammals and birds such as minks, shrews, wrens, raptors (hawks, eagles), and raccoons. Reproduction
endpoints in these species were a major concern, followed by mortality and growth. One region
suggested specific endpoints for DDT (avian reproduction) and mercury (fish-eating mammals and
birds).

Assessment

Bioassay procedures can be valuable tools that provide efficiency and realism in assessing
contamination. This was demonstrated in Puget Sound, Washington, where caged mussels were used to
assess the bioavailability of sediment contaminants at the Harbor Island Superfund site and at a Carr Inlet
reference site (Salazar et al., 1995). The caged mussels were held one meter from the bottom for an
exposure period of 82 days. Accumulation of contaminants in adult mussel tissues was used to identify
the extent and magnitude of contamination in overlying water, while reduced growth in juveniles was used
to indicate adverse bioeffects. The analysis revealed a statistically significant inverse relationship between
growth rate, toxicity-normalized tissue accumulation, and toxicity-normalized sediment contamination.
Based on these results, the researchers recommended an integrated approach for evaluating
contaminated sediments that includes conducting in situ bioassays, estimating bioaccumulation in
addition to bioeffects, and evaluating water overlying sediments.

5.1.4.2 Office of Solid Waste (OSW)

OSW manages a complex regulatory program addressing solid waste disposal and hazardous waste
management under RCRA. RCRA regulates the identification, transportation, treatment, storage, and
disposal of solid and hazardous wastes. The act regulates such matters as hazardous waste generators
and transporters; land disposal restrictions (LDR); federal procurement of products that contain
recycled materials; municipal solid waste landfill criteria; solid and hazardous waste recycling; treatment,
storage, and disposal facilities; and waste minimization and hazardous waste combustion.

Assessment/Prevention

Currently, OSW is conducting several multimedia risk analyses to support regulatory development
efforts under the Resource Conservation and Recovery Act (RCRA). Examples of these include
determining chemical-specific waste stream concentrations that represent a threshold below which
Subtitle C disposal will not be required and thus the waste stream may exit the hazardous waste system;
determining whether specific industrial wastes should be listed as hazardous under Subtitle C; and
evaluating the risks of special types of wastes to determine the appropriate level of waste management
required. As part of these efforts, OSW is developing a risk assessment modeling tool in coordination
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with the Office of Research and Development. The tool will address multimedia exposures through
several pathways for multiple receptors, including various types of human and ecological receptors.

Major components of the risk assessment methodology are various food chain modules in both the
terrestrial and aquatic environments; within each environment several different types of habitats are being
investigated. The key function of the aquatic food chain module is to determine suitable BAFs for
chemical constituents and use these values to predict concentrations in the tissues of aquatic biota.
Mechanistic models, regression equations, EPA analyses, and empirical data are used in a weight-of-
evidence approach to determine the appropriate BAFs and, where possible, distributions of these
factors. The approach is organized around five types of constituents—hydrophobic organics,
hydrophilic organics, ionizable organics, PAHs, and metals (including mercury). The module involves a
weight-of-evidence approach that considers the appropriateness of simulation modeling and regression
equations to derive suitable BAFs, as well as measured BAFs from field studies. Although the Gobas
model (and other similar models) adapted for use in the tool have been validated (e.g., for Lake Ontario),
they have not been validated across all of the aquatic systems included in this analysis, particularly small
streams (i.e., stream order 2 and 3). In addition, estimates of fish tissue concentrations are limited by the
quality and quantity of data on bioaccumulation.

For farm food chain exposures, waste constituent concentrations are estimated in major plant and animal
categories. For most organic constituents, regression equations relate simulated air and soil
concentrations to plant tissue concentrations and, in turn, soil and plant concentrations to beef/milk
concentrations (as described in the IEM [1997]). Steady-state and equilibrium are assumed between soil
and roots, between soil and aerial parts, and between air and aerial parts. No flow between
compartments is considered. A simple partition coefficient between the plant and an environmental
medium (air or soil) is used to estimate the concentrations in vegetables and forage grasses. Each of the
mechanisms considered for plant uptake is represented by a biotransfer factor and includes the
following:

C Root uptake and translocation
C Air-to-plant transfer of vapor-phase contaminants
C Deposition of particle-bound contaminants on plant surfaces

Similarly, biotransfer factors are developed for each of the mechanisms considered for uptake into beef
and dairy cattle, including

C Uptake from ingestion of contaminated forage, silage, and grain
C Uptake from incidental ingestion of contaminated soil
C Uptake from ingestion of contaminated surface water (e.g., local pond)

For all organic constituents except dioxins (and congeners), selected PAHs, and several hydrophobic
constituents that are well studied, biotransfer factors are predicted using the empirical relationships
represented by the regression equations. For these organic constituents, values are selected that are
specific to both the chemical and, in some cases, the category of plant or cattle (i.e., beef or dairy). For
metals, including mercury, plant uptake factors are derived from field data, including but not limited to
values reported in EPA's sludge risk assessment work. 

Biotransfer factors are used to represent major categories of plants (and animal tissues) without regard to
site-based conditions such as soil type, plant species, application matrix, or environmental conditions
(e.g., temperature). As a result, predicted concentrations in plants and beef/dairy products may be
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associated with substantial uncertainty. For example, the biotransfer factors for metals may vary over
several orders of magnitude depending on the study conditions.

In the terrestrial environment, uptake and accumulation in food items (flora and fauna) are used to
estimate concentrations in higher trophic levels found in the terrestrial habitat. Four major categories are
evaluated: (1) plants, (2) earthworms, (3) soil invertebrates, and (4) vertebrates. Each major category is
divided into several subcategories that reflect significant differences in the dietary habits of receptors; for
example, forage grasses and forbs would not be treated the same as nuts and berries. Generally
speaking, mechanistic models and regression equations are lacking for terrestrial systems, particularly
models that address variability in the environmental setting (e.g., differences in soil characteristics).

The same limitations noted above for the aquatic and farm food chain estimates also apply to the
terrestrial environment with respect to predicting plant concentrations (e.g., an empirically based
approach). In addition, the lack of data on uptake and accumulation of constituents in other terrestrial
food items introduces significant uncertainty. In many cases, only a single point estimate may be
available to determine the bioaccumulation potential in a given category.

Remediation

Subtitle C of RCRA provides EPA with the authority to assess whether releases from a hazardous waste
treatment, storage, or disposal facility have contaminated sediments and to require corrective action,
including possible remediation, if contamination is discovered. RCRA corrective action authorities apply
to, among other things, all releases of hazardous waste or constituents from any solid waste management
unit at a treatment, storage, and disposal facility seeking a RCRA permit, regardless of when the waste
was placed in the unit. EPA assesses hazardous waste facilities that have RCRA permits. These
assessments are called RCRA Facility Assessments (RFAs). If an RFA suggests that a release has
occurred, hazardous waste permit writers can require facility operators or owners to conduct extensive
RCRA Facility Investigations (RFIs) to determine the extent of any contamination. In the corrective
action program, EPA sets priorities using the National Corrective Action Prioritization System (NCAPS).
NCAPS priorities are generally based on information gathered during the RFA. EPA’s policy is to focus
its corrective action resources first on facilities and areas at facilities that present the greatest relative risk
to human health and the environment. Accordingly, NCAPS considers the environmental setting of a
facility and potential receptors, actual and potential releases of hazardous wastes or constituents from the
facility, and the toxicity of constituents of concern to group facilities into high, medium, and low priority
groups. NCAPS rankings are based on risk, but NCAPS does not involve a traditional site-specific risk
assessment. NCAPS is a resource management tool that EPA and authorized states use to set relative
priorities among corrective action sites to focus limited agency resources (61 FR 19432).

Prevention/Research

In November 1994, EPA released the Waste Minimization National Plan (WMNP). The WMNP focuses
on reducing the generation and subsequent release to the environment of the most persistent,
bioaccumulative, and toxic chemicals in hazardous wastes. It establishes three goals:

C To reduce, as a nation, the presence of these chemicals in hazardous wastes by 25 percent
by the year 2000 and by 50 percent by the year 2005.

C To avoid transferring these chemicals across environmental media.
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C To ensure that these chemicals are reduced at their source whenever possible, or, when not
possible, that they are recycled in an environmentally sound manner.

The first goal has also been included as a Government Performance and Results Act (GPRA) objective
for the RCRA program.

Stakeholders involved in the development of the WMNP emphasized the need to prioritize source
reduction and recycling activities based on risk and requested a flexible screening tool that would assist
them in identifying priorities. EPA subsequently committed in the WMNP to develop a tool that would
prioritize chemicals based on persistence, bioaccumulation potential, toxicity, and quantity. EPA’s
Office of Solid Waste (OSW) and Office of Pollution Prevention and Toxics (OPPT) developed this
tool, the Waste Minimization Prioritization Tool (WMPT), and released a Windows-based beta-test
version for public review in June 1997 (EPA530-C-97-003). Based on the public comments received, a
number of improvements were made to the WMPT, and a modified spreadsheet version was released in
November 1998 in support of OSW’s draft RCRA PBT List (described below). 

Bioaccumulation scoring in the revised WMPT is based on measured bioaccumulation factors, measured
bioconcentration factors, predicted bioaccumulation factors, and predicted bioconcentration factors, in
order of preference. Chemicals with bioaccumulation or bioconcentration factors greater than or equal to
1,000 are classified as high concerns for bioaccumulation, chemicals with values below 250 are classified
as low concerns, and the rest are classified as medium concerns. Additional information on the revised
WMPT and its bioaccumulation scoring approach is provided in the Waste Minimization Prioritization
Tool Spreadsheet Document for the RCRA Waste Minimization PBT Chemical List Docket located in
RCRA docket F-98-MMLP-FFFFF and on EPA’s homepage at www.epa.gov/wastemin.

The revised WMPT was used as the starting point for selecting chemicals for the RCRA PBT List, a list
of chemicals that will serve as the focus of national hazardous waste minimization program activities.
Four equally weighted criteria were used to score and rank candidate chemicals for the draft list,
including the higher of human health and ecological concern scores from the revised WMPT, the
quantity and prevalence of chemicals in RCRA hazardous waste, the presence of chemicals in the
environment, and RCRA programmatic concerns associated with the chemicals. Additional information
on the list is provided in RCRA docket F-98-MMLP-FFFFF and on EPA’s homepage at
www.epa.gov/wastemin.

5.1.5 Office of Water (OW)

OW is responsible for EPA’s water quality activities, which represent a coordinated effort to restore the
nation’s waters. The functions of this program include developing national programs, technical policies,
and regulations relating to drinking water, water and sediment (including dredged material) quality, and
ground water; establishing environmental and pollution source standards; and providing for the
protection of wetlands. In addition, the Office furnishes technical direction, support, and evaluation of
regional water activities; enforces standards; and develops programs for technical assistance and
technology transfer. The Office oversees the provision of training in the fields of water quality, economic
and long-term environmental analysis, and marine and estuarine protection.

5.1.5.1 Office of Science and Technology (OST)

OST is responsible for developing sound, scientifically defensible standards, criteria, and advisories and
effluent guidelines, effluent limitations, and standards guidelines under the Clean Water Act and the Safe
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Drinking Water Act. OST is also responsible for developing risk assessment methodologies and for
providing risk assessment support for the Office of Water.

Research

In August 1998, OST proposed revisions to its human health methodology for deriving ambient water
quality criteria (see 63 FR 43755, EPA-822-Z-98-001 for Federal Register notice; see EPA-822-B-98-005
for Technical Support Document).  The existing methodology uses BCFs to predict exposure from the
consumption of contaminated aquatic species. The revisions to the methodology propose to use BAFs
instead of BCFs. BAFs are preferred over BCFs because BAFs are a better predictor of the
concentration of a chemical within aquatic organisms since they include consideration of the uptake of
contaminants from all routes of exposure, not just uptake from water. EPA’s human health methodology
includes a methodology for establishing BAFs. The BAF methodology consists of four different
approaches. Each approach is ranked (i.e., tiered) in order of preference. Using the proposed
methodology, OST is developing National Default BAFs for 28 chemicals to assist states and tribes in
updating their ambient water quality criteria. OST is also developing guidance on how to plan and collect
field data for deriving BAFs.

OST has developed a simulation tool called AQUATOX, for evaluating bioaccumulation risks.
AQUATOX is an ecosystem model that has the ability to model the combined environmental fate and
ecological effects of pollutants in aquatic ecosystems. It can simulate the fate of pollutants, including
bioaccumulative organic compounds, beginning with their input into the water body, partitioning to the
water, sediments, and biotic components, and transfer throughout the food web, and culminating in the
tissues of fish that might be consumed by humans or wildlife. Significant ecological processes are
simulated, including primary and secondary productivity, trophic structure and dynamics, predator/prey
interactions, toxicity, and nutrient dynamics. The model has undergone several validation studies
(including one on bioaccumulation of PCBs in Lake Ontario), and is expected to be released in early
2000.

Another EPA model, WASTOX (Water Quality Analysis Simulation for Toxics), is composed of
sequential models for calculating the fate and bioaccumulation of toxic chemicals in surface water
systems (rivers, lakes, estuaries). The fate model computes time-variable or steady-state concentrations
of toxic chemicals in the water column and sediments based on mass balance equations for advective-
dispersive transport, phase transfers, and chemical transformations within a multidimensional, segmented
water-sediment domain. The bioaccumulation model uses water column and sediment exposure
concentrations from the fate model to compute time-variable or steady-state transfers of toxic chemicals
through pelagic and/or benthic food webs. In this calculation, toxic chemical accumulations in various
compartments of the food web are determined from information on the bioenergetic structure of the
food web, gill transfer rates, chemical uptake through ingestion of contaminated prey, chemical
egestion/excretion rates, chemical metabolism, and fish migration behavior.

WASTOX was originally developed under cooperative agreements with EPA’s ORD laboratory in Gulf
Breeze, Florida, and the Large Lakes Research Station of EPA’s ORD laboratory in Duluth, Minnesota.
The model has been applied to toxic contamination problems at various sites including kepone in the
James River (through striped bass), PCBs in Lake Michigan and Green Bay (through lake trout), and
PCBs in the Hudson River (through striped bass). A Windows version of the WASTOX model is being
developed under a cooperative agreement with EPA’s Office of Water, Washington, DC.

Exhibit 18



84

EPA is developing a series of analytical tools to screen environmental samples (i.e., sediment, tissue,
effluent, ambient water) for chemicals that have the potential to bioaccumulate and move through the
food web. The screening methods and background information were first released as draft guidance in
1993. These methods isolate acid-stable, nonpolar organics that have log partition coefficients (log P)
values greater than 3.5. Detection levels associated with the different environmental media are 100 ng/L
for aqueous samples (e.g., effluent or ambient water) and 50 Fg/kg for sediment and tissue samples.

The screening methods have undergone field validation at two discharge sites. The results of the field
validation have been published in scientific journals and as an addendum to the draft guidance. In
addition, the analytical procedures have also been the focus of a round robin study to evaluate inter- and
intra-laboratory variability. Participants in the round robin study were from 16 national, industrial, and
academic laboratories. EPA is currently analyzing the data from the round robin study. As EPA
completes the data analysis for each medium, EPA will publish the results in scientific journals and revise
the screening methods to address any deficiencies identified in the round robin exercise.

These screening methods will provide an alternative to the “target list” approach for evaluating
environmental samples. Instead of looking for specific chemicals, the screening methods generate a list
of any compound present in the sample that has a potential to bioaccumulate and its approximate
concentration. This approach allows environmental managers to quickly identify chemicals of potential
concern and focus on them. EPA recommends that the screening protocol be followed up by chemical-
specific analysis to confirm the identification of a chemical and to more precisely determine its
concentration.

Assessment

National Study of Chemical Residues in Lake Fish Tissue

The Office of Water is conducting a National Survey of Chemical Residues in Lake Fish Tissue. This
study will meet objectives presented in the President’s Clean Water Action Plan (CWAP, February
1998) and provide information about persistent, bioaccumulative, and toxic chemicals for the Agency’s
PBT Initiative. 

C CWAP Key Action — EPA and NOAA will conduct a national survey of mercury and other
contaminant levels in fish and shellfish throughout the country and will coordinate the effort
with states and tribes to maximize geographic coverage. The shellfish survey will be based
on the data obtained by NOAA’s ongoing Mussel Watch Project.

C The PBT Initiative, begun by EPA’s Office of Prevention, Pesticides, and Toxic
Substances, seeks to identify areas of concern for human or ecological health. The lake fish
tissue study may reveal where PBTs not previously considered a problem are present at
levels of concern.

A workshop was held on October 27 and 28, 1998, in Crystal City, Virginia, to review the survey design.
More than 40 workshop attendees representing states, other federal agencies, and EPA headquarters,
regional offices, and labs reviewed, commented on, and added to the survey design components,
including the statistical design, target analytes, field sampling procedures, and data management. This
study expands the scope of the 1987 study (USEPA, 1992b) which focused on chemical residues in fish
tissue near point source discharges. This new study will
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C Provide information on the national distribution of selected persistent, bioaccumulative, and
toxic chemical residues (PBTs) in game fish and bottom-dwelling fish in lakes and reservoirs
of the continental United States (excluding the Great Lakes).

C Include lakes and reservoirs selected according to a probability design.

C Involve the collection of fish from those randomly selected lakes and reservoirs over a
3-year survey period.

C Include the analysis of fish tissue for PBT chemicals selected from the Agency’s multimedia
candidate PBT list of 451 chemicals and a list of 130 chemicals from several contemporary
fish and bioaccumulation studies.

The study will not be used to set fish consumption advisories. However, states and Native American
tribes may choose to initiate a detailed fish study in a particular lake based on the screening contaminant
concentrations provided by the national study.

Contaminants monitored in fish tissue will include mercury, PCBs, dioxin, and pesticides as well as other
PBT chemicals. The workshop participants form the initial study workgroup consisting of EPA program
offices, state and tribal agencies, and federal agencies. EPA will work closely with the state/tribal/federal
partners to carry out the study.

National Sediment Quality Survey

The National Sediment Quality Survey (USEPA, 1997d) was prepared in response to the requirement in
the Water Resources Development Act of 1992 that EPA conduct a comprehensive national survey of
data regarding sediment quality in the United States and report to Congress biennially on the assessment
results. For calculations related to bioaccumulation, the survey makes use of fish tissue residue data and
models bioaccumulation from sediment using the theoretical bioaccumulation potential approach. Data
were compiled from 11 regional and nationwide databases to identify locations throughout the United
States where accumulated persistent organic chemicals could pose a threat to aquatic and terrestrial biota
and humans. OST used screening-level assessment to identify watersheds for further assessment and
management actions to protect sediment quality. As part of the peer-reviewed evaluation methodology,
OST compiled benthic and pelagic BSAFs from information provided by NHEERL-Narragansett and
NHEERL-Duluth, worked with NERL-Athens to review chemical-specific Kows, compiled final chronic
values (FCVs) from various sources, and developed sediment quality advisory levels (SQALs) for
nonionic organics using an equilibrium partitioning methodology. By substituting a protective tissue
reside value (TRV) for human or wildlife consumers for a theoretical bioaccumulation potential (TBP;
see Section 4.3.2.5), sediment guidelines can be derived for more than 100 chemicals by using the TBP
model:

TBP-based sediment guideline (µg/goc) = TRV(µg/gtissue) / [flipid(glipid/gtissue) * BSAF(goc/glipid)]

Field-measured BSAFs vary depending on food chain biomagnification, metabolism, and many site-
specific environmental variables. In most cases, USEPA (1997d) used median values from frequency
distributions of field-measured BSAFs by chemical class reported by Tracey and Hansen (1996). Risk-
based TRVs for protection of human consumers are available in USEPA (1997a). Information needed to
calculate TBP-based sediment guidelines is available in the National Sediment Quality Survey appendices
online at www.epa.gov/ost/cs/report.html.
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Assessment of Mercury and PCB Contamination

To address a current public health concern, OST is collecting fish tissue data from state and federal
agencies to develop a more detailed national picture of the nature and extent of mercury contamination.
The project is ongoing, with the initial phase (data collection and compilation) completed in late FY
1997. A data summary report will be published in early 1999. Future directions of this project involve
statistical analysis of the spatial patterns of fish tissue residue levels and related factors such as
atmospheric deposition, local mercury sources, watershed size, pH, dissolved organic carbon, and acid-
neutralizing capacity using GIS. OST also sponsored a technical assistance conference that addressed
concerns about mercury in fish (September 1994) and another on PCBs in fish (May 1993).

Assessment/Prevention

OST’s Standards and Applied Science Division uses bioaccumulation data and modeling in support of
effluent guidelines for industries that discharge persistent organic pollutants in significant amounts, such
as the promulgation of effluent limitations guidelines for the pulp, paper, and paperboard industry. In-
stream pollutant concentrations are estimated for various treatment technologies based on estimated
pollutant loadings. Potential fish tissue concentrations are calculated by multiplying the pollutant-specific
BCF by the estimated in-stream concentrations of all pollutants evaluated, except dioxins and furans.
Fish tissue levels of 2,3,7,8-TCDD and 2,3,7,8-TCDF are estimated using EPA/ORD’s draft Dioxin
Reassessment Evaluation (DRE) model (USEPA, 1994f), which estimates fish tissue levels by including
the amount of dioxin adsorbed to the organic carbon fraction of sediments suspended in the water
column. Carcinogenic risks and noncancer hazards to recreational, subsistence, and Native American
anglers are estimated based on different rates of consumption of these potentially contaminated fish.

Dredged Material Management (with Office of Wetlands, Oceans, and Watersheds)

See “Dredged Material Management” under Office of Wetlands, Oceans, and Watersheds (Section
5.1.5.2). 

Outreach/Technical Guidance

Guidance for Conducting Fish and Wildlife Consumption Surveys (USEPA, 1998b) provides explicit
instructions for selecting a survey approach and designing a survey to obtain consumption rate
information. A statistician should also be consulted to provide advice on the specific sampling and
statistical analysis considerations for each fish consumption rate assessment project. The survey
methods presented in this document may be used by regional, state, tribal, or local agencies to obtain
information on the consumption of noncommercially obtained fish and wildlife. This information can
then be used to estimate risks to persons who could consume organisms that might contain
bioaccumulative and potentially dangerous levels of toxicants, and to develop consumption advisories
and point-source discharge loads to protect human health. Such surveys can also provide demographic
information about a population for which advisories are issued, which might assist in the communication
of risks and advisory recommendations.

OST developed a four-volume series of documents titled Guidance for Assessing Chemical
Contaminant Data for Use in Fish Advisories. Volume I: Fish Sampling and Analysis (second edition)
(USEPA, 1995d) provides information on sampling strategies for a contaminant monitoring program. In
addition, information is provided on selection of target species, selection of chemicals as target analytes,
development of human health screening values, sample collection and analysis procedures, and data

Exhibit 18



87

reporting and analysis. Volume II: Risk Assessment and Fish Consumption Limits (second edition)
(USEPA, 1997a) provides guidance on the development of risk-based meal consumption limits for the
high-priority chemical fish contaminants (target analytes). It also contains a discussion of risk assessment
methods used to derive the consumption limits, as well as a discussion of methods to modify the limits
to reflect local conditions. Volume III: Risk Management (USEPA, 1996b) provides guidance on risk
management procedures regarding the selection and implementation of various options for reducing
health risks associated with the consumption of chemically contaminated fish and shellfish. A tiered
approach to developing fish advisories is discussed. Templates are included to enable risk managers to
organize their information to evaluate needs and to identify the optimal group of options and
consumption limits. Volume IV: Risk Communication (USEPA, 1995e) provides guidance on risk
communication as a process for sharing information with the public on the health risks of consuming
chemically contaminated fish and shellfish.

Outreach/Database Management

The Listing of Fish and Wildlife Consumption Advisories (USEPA, 1997b) is a database of all fish and
wildlife consumption advisories issued by various state, federal, and local agencies. Included in the
database is information regarding types of advisories; species and chemical included in the advisory;
contaminant levels; segments of the population affected; percentage of water bodies under advisory by
state, region, or nationally; georeferenced locations of advisories; dates of issue; and agency contacts
with phone numbers. The database can also generate maps that illustrate any combination of these
parameters.  The database is updated annually and is available on the Internet at www.epa.gov/ost/fish.  

5.1.5.2 Office of Wetlands, Oceans, and Watersheds (OWOW)

OWOW was created to integrate the protection and management of our nation’s watersheds, coastal and
marine waters, and wetlands. OWOW is made up of three Divisions—the Oceans and Coastal
Protection division, the Wetlands Division, and the Assessment and Watershed Protection Division—all
three of which manage national programs that use bioaccumulation testing.

OWOW plays a significant role at regional, national, and international levels in efforts to manage dredged
material. The Oceans and Coastal Protection Division (OCPD) manages the disposal of dredged material
in the ocean under the Marine Protection, Research and Sanctuaries Act (MPRSA). Under MPRSA,
OCPD develops regulations that set forth the criteria for ocean dumping, which include criteria for
designating ocean dumping sites, issuing ocean dumping permits, and testing material proposed for
ocean dumping. The Wetlands Division (WD) manages the discharge of dredged material in waters of
the United States under section 404 of the Clean Water Act. WD develops regulations that set forth the
criteria for such discharge, which include criteria for choosing disposal sites, issuing permits, and testing
material proposed for disposal in inland waters. 

OWOW’s responsibilities include development of the environmental criteria used by the U.S. Army
Corps of Engineers (USACE, the permitting authority for dredged material) in evaluating dredged
material for proposed disposal. In addition, OWOW develops national guidance to the regions (jointly
with the USACE) regarding dredged material management, and it provides technical assistance to the
regions on site selection or designation, testing, and permitting issues. 

The Assessment and Watershed Protection Division (AWPD) serves as the national program manager
for EPA’s nonpoint source control efforts. AWPD assists states in implementing programs that target
watersheds for Total Maximum Daily Loads (TMDLs), thus helping to control potential sources of
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sediment contamination, including bioaccumulative material; develops nonpoint source management
practices; and assesses the conditions of our nation’s watersheds. 

Dredged Material Management

OWOW manages the national dredged material management program for EPA. OCPD and WD regulate
and manage dredged material disposed of in ocean and inland waters, respectively. OCPD manages
dredged material disposal in ocean waters under MPRSA and the Ocean Dumping Regulations. The
regulations describe the criteria that must be met for materials disposed of in the ocean (dredged material
or other materials). The national testing manual (the “Green Book”), developed jointly with the USACE,
describes the tests and procedures recommended for use in determining whether dredged materials meet
the regulatory requirements (USEPA and USACE, 1991). Bioaccumulation of contaminants is one of the
factors described in the regulatory criteria and is one of the factors for which test procedures and
evaluation guidance are contained in the Green Book. As provided in the Green Book, each EPA region
or USACE district involved in ocean dumping is to use the national guidance in developing local testing
and evaluation procedures based on the contaminants of concern and species existing in a given area,
and the levels of contaminants in the sediments already existing in the area of the disposal site (the
reference). Based on the regulatory requirements and the 1991 Green Book guidance, the regions follow
a tiered approach to testing that includes conducting 28-day bioaccumulation tests on the dredged
material with at least two species, and comparison of the resultant data with FDA action limits,
bioaccumulation levels observed in the same species exposed to reference sediments in 28-day
bioassays, and other factors listed in the Green Book such as magnitude of bioaccumulation above
reference and toxicological importance of the resultant bioaccumulation. Toxicological importance of the
28-day bioaccumulation results is evaluated by comparison to regionally appropriate values of specific
contaminants in tissue that have been shown to indicate tissue concentrations associated with significant
undesirable effects.

WD regulates dredged material disposed in inland waters under section 404 of the Clean Water Act
(CWA). These 404(b)(1) guidelines, regulations promulgated by EPA under the CWA, describe the
criteria that must be met for materials disposed of in inland waters. WD is also responsible for
implementing the testing procedures in the Inland Testing Manual (USEPA/USACE, 1998), jointly
developed by EPA and the USACE.  

Assessment/Prevention

Section 301(h) of the 1977 Clean Water Act allows EPA, with concurrence from states, to issue NPDES
permits to Publicly Owned Treatment Works (POTWs) for the discharge of less-than-secondary-treated
effluent. The marine discharge waiver program under section 301(h) provides an opportunity for waiver
of the secondary treatment requirements for sewage discharged by cities and towns to marine waters and
unstressed estuaries. Applicants must demonstrate that the discharge will not degrade water quality from
levels that ensure the protection of public water supplies, the protection and propagation of balanced,
indigenous populations of shellfish, fish and wildlife, and the protection of recreational activities on or in
the water. OCPD develops the criteria used to evaluate such waiver requests. The deadline for 301(h)
applications closed in 1982, and 45 applicants/permittees remain in the program. 

OCPD also developed a revised technical support document for modifications of secondary treatment
requirements for POTWs under the National Pollutant Discharge Elimination System (NPDES)
permitting program (USEPA, 1994a). The support document provides technical guidance for
implementing the 301(a) requirements and the accompanying regulations (40 CFR Part 125, Subpart G).
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Among other things, the support document explains the toxic control requirements of section 301(h),
which include consideration of bioaccumulation of sediment contaminants. POTWs are required to
provide a schedule for development and implementation of nonindustrial toxic control programs if their
discharges contain these contaminants. The law also requires POTWs to describe their public education
programs for minimizing entrance of nonindustrial toxic pollutants and pesticides into their treatment
systems and to describe industrial pretreatment requirements, if applicable.

Section 403(c) requires that discharges from point sources into ocean waters cause “no unreasonable
degradation” to the marine environment. OCPD develops the environmental criteria used under section
403 in evaluating requests for NPDES permits for discharges to ocean waters. Both the 403(c) and
301(h) programs evaluate the ecological impacts of direct discharges to the marine environment and
provide the Agency with a geographically targeted approach toward managing risk and protecting
sensitive habitats that need the greatest protection.

Under both the 301(h) and 403 programs, the Agency considers the quantities of and potential for
bioaccumulation of discharged pollutants, the potential for pollutant transport, potential harm to
biological communities, and direct and indirect effects on humans. The 301(h) program developed a
series of technical guidance documents to provide state-of-the-art methods of marine environmental
monitoring and assessment to 301(h) applicants/permittees to aid in preparing 301(h) waiver applications,
making waiver decisions, and designing and evaluating marine environmental monitoring programs.

OCPD has prepared a bibliography of documents that address methods for monitoring toxic substances
and investigating bioaccumulation of toxic substances by marine and estuarine organisms (USEPA,
1994c). Bioaccumulation monitoring guidance documents address the qualities of target species and
methods for assessing bioaccumulation; monitoring program design, including sampling of caged or
indigenous indicator species; the type of tissue to be analyzed in invertebrates and fishes; and techniques
for extracting and analyzing chemical contaminants. For example, the technical documents provide
guidance on selecting target species for bioaccumulation studies in coastal areas (USEPA, 1987a).
Tissue chemistry data for the target species recommended in the first volume were compiled in the
second volume (USEPA, 1987b).

The 301(h) technical guidance has generally been well received and adapted as a basis of marine
monitoring in other EPA marine-related programs, including programs related to section 403 ocean
discharges and other marine discharges and marine disposal activities. OCPD developed CWA Section
403: Procedural and Monitoring Guidance (USEPA, 1994d) and similar guidance for the National
Estuary Program, including the design and conduct of bioaccumulation monitoring studies to link
exposure and effects and to examine risks to target species and humans (USEPA, 1992a). States have
also adapted the 301(h) technical guidance for use in marine/ocean discharge programs.
OCPD also supports studies of environmental conditions at point sources and ocean dumping sites to
manage impacts and protect the marine environment. Field surveys are conducted to support the
designation of ocean disposal sites and to assess impacts of past and ongoing ocean disposal operations
and discharges. 

Remediation

The MPRSA and CWA regulate all discharge of material dredged from navigable waters and set forth
the environmental criteria to be used in making such permit decisions. For example, when existing
contaminated sediment in navigable waters requires in situ remediation using dredged material, the
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proposed remediation material is evaluated based on applicable environmental criteria set forth in the
MPRSA and CWA regulations. The criteria include bioaccumulation assessment when appropriate.

Research

There are ongoing research efforts in dredged material management and testing. For example, EPA,
jointly with the USACE, is continuing to develop the Environmental Residue Effects Database (ERED),
which contains bioaccumulation data from published research linked with concentration and its effects
(USACE, 1997). ERED has been developed to reduce the level of uncertainty associated with
interpreting bioaccumulation data for the purpose of making regulatory decisions regarding dredged
material.

Outreach

OWOW and the EPA regions are involved in many forms of outreach regarding dredging-related issues.
OCPD’s outreach efforts include educating the general public about the ocean and coastal programs and
making program information readily available to the public. Dredged material management-related testing
and evaluation manuals, which include Evaluating Environmental Effects on Dredged Material
Management Alternatives - a Technical Framework, Overview of Dredged Material Testing
Framework, Ocean Dumping Testing Requirements, and the Green Book are available on the OCPD
homepage (http://www.epa.gov/owow/oceans/).

The National Dredging Team (NDT) is an interagency group cochaired by EPA and the USACE. It
includes the U.S. Fish and Wildlife Service (USFWS), the Maritime Administration, the National Oceanic
and Atmospheric Administration’s Office of Ocean and Coastal Resource Management, and NOAA’s
National Marine Fisheries Service. It was established in 1995 to promote national and regional
consistency on dredged material management issues and to provide a forum for conflict resolution and
information exchange. NDT’s homepage is located at http://www.epa.gov/owow/oceans/ndt/.

OWOW and the USACE developed a guidance document, Identifying, Planning and Financing
Beneficial Use Projects Using Dredged Material. Beneficial use of dredged material is considered an
environmentally and economically sound way of disposing of dredged material. This document provides
information to the general public on how to seek opportunities for beneficial uses of dredged material.

Information (fact sheets) regarding other marine and coastal programs (e.g. “Clean Water Act Section
403 - a Framework for Ecological Risk Assessment”) are available on the OCPD homepage.

5.1.5.3 Office of Wastewater Management (OWM)

OWM oversees a range of programs contributing to the well-being of our nation’s waters and
watersheds. Through its programs and initiatives, OWM promotes compliance with the requirements of
the Federal Water Pollution Control Act (Clean Water Act).

Prevention

Section 402 of the CWA authorizes the National Pollutant Discharge Elimination System (NPDES)
permitting program, administered by the Office of Wastewater Management (OWM) within OW, to
regulate the discharge of pollutants from point sources into navigable waters. Bioaccumulation screening
methods can be used to identify chemicals of potential concern in the sediments, followed by chemical-

Exhibit 18



91

specific analysis for confirmatory purposes. Until the states adopt numeric criteria into their standards
for sediment contaminants based on bioaccumulation, the NPDES program will not require permitting
authorities to include, in their NPDES permits, sediment bioaccumulation-based numeric limits.
However, states have the discretion to include such limits in permits based on an interpretation of their
narrative standards for toxic substances. To establish such permit limits, it will be necessary for
permitting authorities to develop Waste Load Allocations (WLAs) for the relevant sediment
contaminants. After reviewing available fate, transport, and effect models, EPA’s Office of Science and
Technology (OST) has identified models that will allow development of WLAs. EPA’s Office of Water
will supply technical support for users of these models. Current resources for addressing the challenges
of sediment bioaccumulative contaminants are the Technical Support Document (TSD), the Great Lakes
Initiative (GLI), the draft User’s Guide for Multi-program Implementation of Sediment Quality Criteria in
Aquatic Ecosystems (under development by EPA OST), and the watershed permitting approach.

5.2 EPA Regions

Regional Administrators develop, propose, and implement regional programs for comprehensive and
integrated environmental protection activities. The regional offices support the Agency’s overall mission
by translating technical program direction and evaluation for various Assistant Administrators and heads
of headquarters staff offices into effective operating programs at the regional level. In addition, regional
offices ensure that such programs are executed efficiently, that approval authority for proposed state
standards and implementation plans is exercised appropriately, and that overall and specific evaluations
of regional programs are provided. All EPA regions implement the dredging programs under the CWA
and MPSRA as described in Section 5.1.5.2 of OWOW programs. 

5.2.1 Region 1

The Region 1 office oversees environmental protection issues in the states of Connecticut, Maine,
Massachusetts, New Hampshire, Rhode Island, and Vermont.

Remediation

In EPA New England (Region 1) various data have been collected to assess the potential for
bioaccumulation during the evaluation of ecological risks at several stages within the CERCLA process,
which include the Remedial Investigation, Feasibility Study, and long-term monitoring as part of the
Record of Decision (ROD) requirements. 

During screening-level ecological risk assessments, predictive food chain models have been calculated
using literature-derived BAFs. If the results of the literature-derived food chain models demonstrate an
unacceptable risk to the ecological receptors, a risk management decision is usually made to revise risk
analysis and decrease the uncertainties carried through risk characterization since contaminant-specific
BAFs are quite variable. At this point within the ecological risk assessment process, revisions to risk
analysis may include the collection of site-specific biota such as fish and invertebrates in order to
develop a site-specific BAF to integrate into an avian or mammalian food chain model to provide a more
realistic and confident assessment of exposure.

Over the last several years, through the efforts of the regional Biological Technical Advisory Group
(BTAG) and the assistance of USFWS, the majority of bioaccumulation studies have focused on the
collection and chemical analysis of various fish species as part of the baseline ecological risk assessment
within the Remedial Investigation phase. In general, fish species are collected with electrofishing methods
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to represent the three major feeding guilds—bottom feeders (i.e., brown bullheads), forage feeders (i.e.,
pumpkinseeds or bluegills), and predators (i.e., largemouth bass)—so as to be able to evaluate both
piscivorous avian (i.e., great blue heron) and mammalian (i.e., river otter) receptors of concern. Once the
fish species are collected, fish may be analyzed as whole bodies or separately as fillet and offal
(remainder of fish minus the fillet) portions and then fillet and offal information added together so that
both the human health and ecological risk assessments can benefit from this information. The greatest
confidence with these types of bioaccumulation field efforts is associated with the integration of site-
specific tissue residue concentration into the ecological risk assessment. In contrast, the greatest amount
of uncertainty is associated with the inability to evaluate the potential adverse effects on the fish
population itself from the exposure data. Therefore, tissue residue contaminant concentrations are
predominately used to indirectly evaluate the effects on secondary consumers. Unfortunately, there is a
paucity of effects data that can be correlated with exposure data to be able to determine the likelihood of
ecological risk, especially for contaminant concentrations for terrestrial vegetation, submerged aquatic
vegetation, and nonvascular plants such as seaweeds.

Following the collection and analysis of these data, along with other measures of exposure and effects
(which could include the laboratory results of a toxicity test or the analysis of the benthic community),
the weight of this evidence is discussed in the final phase of the ecological risk assessment, risk
characterization. As part of the Feasibility Study process in which the remedial alternatives are evaluated,
the results of the ecological risk assessment, which may be supported through the collection and
interpretation of bioaccumulation data, are used to select a potential remedial action.

For sites in which the major contaminants of concern have been compounds known to bioaccumulate,
such as DDT and its breakdown products DDD and DDE along with methylmercury, site-specific food
chain models have been generated. These models have been used to establish the preliminary remedial
goal (i.e., cleanup number) for contaminated sediments if both the sediment and biota were collected and
analyzed so as to be able to develop the site-specific BSAF.

The collection and use of bioaccumulation has also been used as a component of the long-term
monitoring at sites where actions have occurred at source areas and measures such as fish tissue residue
data are needed to ensure the effectiveness of the remedial action. In contrast, these activities may be
undertaken to monitor the consequences of a no-further-action risk management decision.

5.2.2 Region 2

EPA’s Region 2 includes the states of New Jersey and New York, as well as Puerto Rico and the U.S.
Virgin Islands.

Remediation

In Region 2, bioaccumulation testing is being used during the evaluation of ecological risks at the
Remedial Investigation stage of the CERCLA process. Such testing is also a condition of the Record of
Decision (ROD) to ensure that long-term monitoring is conducted when contaminants of concern are left
in place following the completion of a remedial action. Tissue data are used to determine whether there is
a risk to ecological receptors; they have not been used to calculate sediment clean-up numbers. Further,
tissue numbers in themselves are not used as clean-up numbers or preliminary remedial goals.
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Bioaccumulation Studies and the Remedial Investigation

During Step 4 of the ecological risk assessment process (Ecological Risk Assessment Guidance for
Superfund: Process for Designing and Conducting Ecological Risk Assessments, EPA 540-R-97-006),
it is recommended that tissue be collected to gain a better understanding of the bioavailability of
contaminants. These site-specific data are also employed in models to reduce the uncertainty associated
with calculating the dose to higher-trophic-level receptors. In situations where a water body might be
affected by site contaminants, the BTAG often recommends the collection of whole body fish. In some
instances, to take advantage of the human health data being collected, it is requested that fish fillets
collected for human health purposes be recombined (e.g., the carcass and the fillet are analyzed and
mathematically combined) to enable data to be used for ecological purposes. Fish recommended for
collection include bottom dwellers, those with a limited home range, and those most likely to be
consumed by piscivorous receptors of concern (such as blue heron or mink). In some studies EPA
recommends that caged bivalves (placed in contact with the sediment) be used to gain a better location-
specific understanding of the system. The study is designed so that sediment chemistry, benthic
community assessments, toxicity studies, and caged bivalves are collected from one location.

Although not frequently requested, benthic tissue data collection may also be used to gain a better
understanding of site-specific characteristics. These data also help to reduce uncertainty by allowing the
risk assessor to use a real bioaccumulation factor (between sediment and organism) in models.

Tissue studies of other organisms include small mammals such as shrews, voles, and mice. The data are
then used to calculate a dose to upper-trophic-level receptors such as fox, mink, weasel, woodcock,
owl, and hawk. The calculated dose is then compared to literature values and hazard quotients are
computed to determine whether there is a potential for risk. These types of studies have been conducted
at a number of Superfund sites.

Bioaccumulation Studies at the ROD Stage and Beyond

To determine the effectiveness of the remedy proposed at some CERCLA sites, long-term monitoring,
which may include tissue collection, is being recommended more frequently. This approach is
particularly useful at those sites where contaminants left in place have the potential to adversely affect the
environment. In some cases it has been determined that the value of the habitat outweighs the risk of
leaving contaminants in place. At two Superfund sites, PCBs are being left in place because of the value
of the wetland habitat. Baseline fish tissue will be collected, and fish tissue will be collected following
remedial action at one site and after a couple of years at the other.  In the event that fish body burden
levels do not drop after a period of time, further remedial action (i.e., sediment excavation) might be
warranted.

At one site, postremedial monitoring includes tissue residue analyses for PCBs in field-collected fiddler
crab and mummichog, as well as in clams exposed to site sediments in the laboratory. The goal is to
demonstrate a negative trend in biotic PCB concentrations by the 5-year ROD review.

At one site EPA is proposing that amphibians (frogs) be used to determine whether soil and sediment
removal for lead has successfully removed the contaminant from the ecosystem. In this situation, the
availability of an adequate database to which tissue values could be compared is not critical. The study
will examine lead body burdens and will look for a reduction over a period of time. At another site, the
need to remediate the Westerly Wetlands will depend on the detection of significant reduction in growth
or survival, or significant impact on higher-trophic-level receptors based on tissue residues (which are
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then compared to literature values). Some organisms that might be included for studies are shrews and
voles, which have been previously collected.

5.2.3 Region 3

Region 3 is composed of Delaware, the District of Columbia, Maryland, Pennsylvania, Virginia, and
West Virginia.

Assessment/Outreach

On December 10, 1992, the Chesapeake Bay Program’s (CBP) Toxics Subcommittee sponsored a
“Chesapeake Bay Contaminated Sediment Critical Issue Forum” as part of the ongoing reevaluation of
the Chesapeake Bay Basinwide Toxics Reduction Strategy. In 1993, the Chesapeake Executive Council
designated three areas as toxic “hot spots” or “Regions of Concern,” due in large part to sediment
contamination: Baltimore Harbor, Anacostia River, and Elizabeth River.

The CBP’s Toxics Subcommittee’s Regional Focus Workgroup is currently conducting a toxics
characterization outside these three Regions of Concern to identify any additional chemical
contamination problems in the tidal tributaries of the bay. This characterization is based on an analysis
and integration of water/sediment/fish tissue contaminant concentration data, water/sediment toxicity
data, benthic community structure data, and any other biological effects data available. Based on a
weight-of-evidence approach, the CBP will place segments of the bay’s tidal tributaries into one of four
categories, depending on the level of contamination: Regions of Concern (hot spots); Areas of Emphasis
(warm spots); Areas with Low Probability for Adverse Effects (no problem spots); and Areas with
Insufficient Data. The CBP has developed a set of “decision rules” for how to interpret the data.
Sediment contaminant concentration data are compared to a variety of sediment thresholds (e.g.,
equilibrium-partitioning sediment guidelines [ESGs], NOAA effects range-low [ER-L] and effects range-
median [ER-M] values; Environment Canada threshold effects level [TEL] and probable effects level
[PEL] values). Fish tissue contaminant concentrations are compared to FDA action levels, FDA levels of
concern, and EPA screening levels. Based on these comparisons and any associated water chemistry
data and effects data, the Regional Focus Workgroup uses best professional judgement to characterize
an area into one of the four categories. The workgroup is composed of scientists, regulators, industries,
and managers. This characterization will be used as an outreach tool to put information in the hands of
the public, scientists, and managers to target the appropriate areas for additional monitoring and
management activities. This characterization will be updated every 3 years.

Prevention

The Toxics Subcommittee has also developed a risk-based chemical ranking system to evaluate chemical
contaminant data in order to identify a short list of chemicals causing or having the potential to cause an
adverse impact on the Bay’s living resources. This chemical ranking system was used to revise the
Chesapeake Bay Toxics of Concern chemical list. This revised list is still under review. The list was
developed considering the source (loadings), fate (bioconcentration and environmental persistence), and
exposure/effects (water column, sediment, and fish tissue) of chemical contaminants measured in the
Chesapeake Bay.
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Research/Remediation

The NOAA Chesapeake Bay Office (NOAA CBO) has a committee called the Chesapeake Bay
Environmental Effects Committee, which sponsors research on environmental effects of toxicants, some
of which includes bioaccumulation and food web work. In 1996 the program funded sediment transport
research to provide managers with critical information to aid them in decisions regarding how to
effectively deal with contaminated sediment in the Regions of Concern. This work may help managers
make wise decisions regarding remediation, dredging, and capping projects. The CBP is working in
concert with the NOAA CBO to develop a 5-year plan for the research program that will be finalized in
late 1998.

5.2.4 Region 5

Region 5 consists of Illinois, Indiana, Michigan, Minnesota, Ohio, and Wisconsin.

Assessment/Remediation

Water Division and Superfund/RCRA-driven sediment remediations tend to use site-specific risk
assessment information in deriving sediment clean-up goals. For bioaccumulative contaminants such as
PCBs, the main exposure and risk pathways are ingestion of contaminated fish and incidental ingestion
of contaminated sediment. To assess the fish ingestion pathway, a model/algorithm (BSAF) is used to
derive acceptable levels in sediment that will allow for safe fish consumption, based on site-specific
exposure assumptions. In addition, best professional judgment and negotiations will shape data issues
(and resulting clean-up goals) such as defining area, averaging methods, conservatism of assumptions,
and use of background contaminant data. The most recent regional thinking on how to approach these
clean-up decisions is the subject of the draft S2F document (see Research below) and has been applied
at some sites. In some cases the incidental ingestion pathway-driven clean-up goal (vs. fish ingestion)
can result in lower clean-up goals. In another example, fish consumption, coupled with RCRA-benzene
determinations and nonbioaccumulative NOELs/LOELs, is being used to leverage more removal.

Situations without PCBs can also be problematic. Dioxin sediment contamination can also result in fish
contaminant concerns and thus lead to examination of sediment levels and effluent discharges. Control
of existing effluents has usually been determined to be the most appropriate remedy, with sediment
remediation not deemed necessary.

Research

The Region 5 Sediments to Fish (S2F) Workgroup, a joint project of the Region 5 In Place Pollutant
Task Force and Health Effects Forum, reviewed relevant material and deliberated on risk and sediment
issues. Because fish consumption might be a significant exposure pathway for humans and fish-eating
mammals and birds, the workgroup agreed that a sound methodological approach for sediment-to-biota
modeling was needed to provide support for both human health and ecological risk assessments. Results
of the workgroup’s study are compiled in a report entitled Predicting Bioaccumulation of Sediment
Contaminants to Fish (USEPA, 1994h).

Research/Outreach

The Great Lakes Water Quality Initiative Technical Support Document for the Procedure to
Determine Bioaccumulation Factors (USEPA, 1995c) provides technical information and a rationale in
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support of the methods to determine BAFs. BAFs, together with the quantity of aquatic organisms eaten
and the percent lipid, determine the extent to which wildlife and humans are exposed to chemicals
through the consumption of aquatic organisms. The more bioaccumulative a pollutant is, the more
important the consumption of aquatic organisms becomes as a potential source of contaminants to
humans and wildlife. BAFs are needed to determine both human health and wildlife Tier I water quality
criteria and human health Tier II values, as well as to define bioaccumulative chemicals of concern,
which were identified for the GLI to focus pollution prevention and remediation efforts.

Great Lakes National Program Office (GLNPO)

Assessment/Remediation

Thirty-one problem harbors and tributaries in the Great Lakes have been identified and labeled as Areas
of Concern (AOCs). Contaminated bottom sediments have been identified as a significant problem that
must be addressed to attain beneficial uses at all of these AOCs. The Assessment and Remediation of
Contaminated Sediments (ARCS) Program was a 5-year demonstration project to help address the
contaminated sediment problem at these locations. The goals of the ARCS Program were to develop an
integrated, comprehensive approach to assess the extent and severity of sediment contamination; to
assess the risks associated with that contamination; and to select appropriate remedial responses. This
information was developed to help support implementation of Remedial Action Plans at the AOCs.
Major findings of the ARCS Program are presented in a summary report (USEPA, 1994b).

As part of the ARCS Program, baseline human health risk assessments were conducted for five AOCs,
and baseline aquatic and wildlife risk assessments were performed for the Buffalo River, New York.
Comparative human health risks associated with direct and indirect exposures to contaminated sediments
in the lower Buffalo River under selected remedial alternatives were estimated for carcinogenic and
noncarcinogenic effects (Crane, 1995). Additionally, noncarcinogenic risks of ingestion of PCB-
contaminated carp were estimated for mink, as an indication of ecological risks to piscivores. It was
shown that risks could be reduced under the different remedial alternatives compared to no action,
particularly if dredging was the selected option.

Currently, as a follow-up to the ARCS Program, GLNPO is conducting sediment assessments in many
of the Great Lakes AOCs. As part of the assessment package, sediment bioaccumulation work is
conducted on a case-by-case basis using the Lumbriculus bioaccumulation test. To date, this test has
been conducted in Waukegan Harbor, Illinois; White Lake, Michigan; and Duluth Harbor, Minnesota.

In a number of locations around the Great Lakes, high contaminant concentrations in fish tissue have
been key factors in moving forward with remedial activities. In the Ottawa River in Toledo, Ohio, PCB
concentrations up to 510 ppm were found in carp. Fish consumption advisories are in effect for the
entire river. Due in large part to these extremely high fish contaminant concentrations, a sediment
remediation project was conducted in the spring of 1998. A total of 10,000 cubic yards of PCB-
contaminated sediment (including 56,000 pounds of PCBs) was removed from a tributary to the Ottawa
River. Fish will continue to be monitored to determine the success of the remedial project. High PCB
concentrations in fish are also driving a second sediment remedial project on the Hayton Mill Pond of the
Manitowoc River in Wisconsin. Fish tissue concentrations in the vicinity of the Hayton Mill Pond
average 16 ppm PCB and range up to 77 ppm. Fish advisories have been in effect on the river since
1991. These bioaccumulation findings are helping move the site forward toward remediation, which is
currently scheduled for the spring of 1999.
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5.2.5 Region 6

EPA’s Region 6 consists of the states Arkansas, Louisiana, New Mexico, Oklahoma, and Texas. 

Assessment

EPA Region 6 performs very few bioaccumulation tests other than those required for the ocean dumping
program. Typically, the region and states conduct chemical analysis of sediment and fish tissue to assess
the degree of bioaccumulation and whether the sediment could be a source. A number of years ago,
Region 6 required 28-day bioaccumulation tests performed with effluent, as well as collection of ambient
water and sediment data, to evaluate whether effluent limits for several facilities discharging PCBs were
appropriate and adequately protective. The EPA freshwater methodology (USEPA, 1994g) will aid in
future sediment bioaccumulation work. The most easily implemented approach to assess
bioaccumulation would be the development of chemical-specific guidelines for sediments that address
bioaccumulative effects. 

5.2.6 Region 7

Region 7 consists of the midwestern states Iowa, Kansas, Missouri, and Nebraska.

Assessment

Fish tissue analysis is the only bioaccumulation analysis being conducted in the Environmental Services
Division. Two programs are involved in the collection and analysis of fish tissue—the Regional Ambient
Fish Tissue Monitoring Program (RAFT) and the Regional Environmental Monitoring and Assessment
Program (R-EMAP).

5.2.7 Region 9

Region 9 consists of Arizona, California, Hawaii, Nevada, American Samoa, and Guam.

Monitoring

Bioaccumulation testing and data are important components in numerous state and federal programs
taking place within the region, such as the following: the San Francisco Bay Regional Monitoring
Program, the Southern California Bight Regional Monitoring Program, and the routine monitoring of
ocean disposal sites. In addition, several dischargers collect bioaccumulation data as part of their regular
permit monitoring under the NPDES program.

Assessment/Remediation

The Region 9 Superfund program and Federal Facilities Cleanup Office (FFCO) routinely collect and
use sediment bioaccumulation data. These programs use whole sediment, and occasionally chemical-
specific, bioaccumulation data in their project-specific risk assessments. For example, Superfund’s
United Heckathorn remediation and Palos Verdes Shelf EE/CA involve comprehensively evaluating both
human health and ecological risk endpoints, primarily for DDT compounds. The FFCO's numerous base
closure-related projects typically evaluate a variety of contaminant mixtures in whole sediments.
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5.2.8 Region 10

Alaska, Idaho, Oregon, and Washington are included in Region 10.

Assessment

The Columbia River Inter-Tribal Fish Commission (CRITFC) Exposure Study is a multiphase study
sponsored by EPA to assess the exposure of the Nez Perce, Warm Springs, Umatilla, and Yakama
Tribes to contaminants through fish consumption (USEPA, 1995b). The first phase of the study
determined fish consumption patterns of the tribes. A study design for the second phase has been
developed and includes collection and contaminant analysis of fish tissue at a number of sites. Tissue
will be collected from resident and anadromous fish species consumed by tribal members and caught
from tribal fisheries in the Columbia River Basin.

Remediation/Assessment

For bioaccumulative contaminants, sediment remediations tend to use site-specific field measurements as
well as laboratory test data as the basis for risk assessment/management evaluations in deriving sediment
clean-up goals. The main exposure and risk pathways are ingestion of contaminated fish or shellfish and
incidental ingestion of contaminated sediment, although dermal contact and respiratory contact have
been issues at some sites. PCBs, tributlytin (TBT), and mercury are the most frequent bioaccumulative
chemicals of concern encountered. The Superfund program and the state of Washington’s Toxic
Cleanup Program coordinate routinely with the technical staff of the interagency Cooperative Sediment
Management Program (CSMP) and frequently include them as part of the remediation study team as well
as on special studies. 

Region 10 Superfund published a final report on TBT, Recommendations for Screening Values for
Tributyltin in Sediments at Superfund Sites in Puget Sound, Washington (USEPA, 1996c). An
extensive literature search was conducted to develop screening values, including review of published
research, regulatory standards and criteria, calculations of apparent effects threshold (AET) values and
effects ranges, and examination of sediment-tissue and sediment-water partitioning. Bioaccumulation
testing is recommended, in conjunction with bioassays and use of a sublethal effects endpoint, to
confirm the ecological significance of interstitial water TBT concentrations. The approach will be used to
identify TBT-contaminated sediments that should be addressed in remedial actions.

Assessment/Research

Human Health Sediment Quality Criteria

Taking the lead for the CSMP, the Washington State Department of Ecology (“Ecology”) is developing
human health-based criteria for sediments in Puget Sound. Technical development efforts have resulted
in a number of technical reports, which are available from Ecology. (Many of the reports are available
through the Internet at http://www.wa.gov/ecology.) The most significant issues facing the agency are
determination of a fish consumption rate, development of chemical-specific BSAFs, and implementation
within the structure of the State Sediment Management Standards. See the discussion in Section 3.5 for
more information about Ecology’s approach.
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Quantifying Mercury Bioaccumulation

Mercury bioaccumulation presents a potential risk to human health at several sites in Puget Sound. Since
mercury is of human health concern, there is a need to quantify the relationship between tissue mercury
concentrations and sediment concentrations so that health-protective clean-up and source control
decisions can be made. However, surprisingly few data are available in the literature that describe this
relationship. As a result, Ecology has been evaluating a number of statistical approaches for determining
an acceptable mercury sediment concentration given available data sets in Puget Sound. The Puget
Sound Ambient Monitoring Program (PSAMP) has provided the most robust data set currently
available.

5.3 International Efforts

The United States is engaged in a number of international efforts to reduce human and environmental
exposure to persistent toxic compounds. Current efforts include a wide variety of activities, but the
greatest focus is on efforts aimed at the reduction of persistent organic pollutants such as PCBs and
selected heavy metals, most notably mercury and lead. Longstanding measures taken by the United
States, Canada, and other western nations to reduce the domestic use and emissions of many of the
most harmful of these substances have recently been recognized as insufficient to fully control the risks
posed by these substances. This is largely due to the proclivity of such substances to travel long
distances through environmental media and thereby pose risks of a transboundary or even global nature.
In response, the United States and other countries have promoted a growing number of international
efforts to assess and manage the transboundary risks.

Years of work in Scandinavia, Canada, and the United States has focused international attention on a
group of chemicals known as “persistent organic pollutants,” or POPs. The precise definition of these
pollutants is a matter of scientific and even political debate, but there is general agreement on four basic
characteristics—persistence, toxicity, bioaccumulation potential, and ability to be transported long
distances through the atmosphere or water. A more detailed discussion of the relevant characteristics is
presented under Section 4.4.1. International fora at both the regional and global level are faced with four
essential tasks: selecting an initial list of POPs for joint action; agreeing on needed control measures,
which could be of either a legally binding or voluntary nature; establishing a process for selecting
additional POPs for control; and determining the efficacy of joint action. The United Nations
Environment Programme’s (UNEP) list of 12 POPs is generally accepted as the principal focus of
international action in the near term. The list of 12 includes aldrin, chlordane, DDT, dieldrin, endrin,
heptachlor, hexachlorobenzene, mirex, toxaphene, PCBs, and dioxins and furans. Separate, but related
international efforts are also under way to address lead, mercury, and cadmium.

Each of the persistent organic pollutants identified above, as well as lead, mercury, and cadmium, is a
potential bioaccumulative chemical of concern in contaminated sediments. Consequently, actions taken
in the international context to reduce or eliminate emissions of these substances are critical to reducing
sediment loadings over the long term.

In light of the continued use and release of persistent toxic substances in many countries and the effect
on U.S. ecosystems and human health (including sediment bioaccumulation), the United States is
pursuing international action in many international fora. The principal fora are described in the
subsections that follow:
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5.3.1 U.S.-Canada Great Lakes Water Quality Agreement (GLWQA)

[EPA leads: Great Lakes National Program Office, OW] In keeping with the objective of the Revised
Great Lakes Water Quality Agreement of 1978, as amended by the Protocol signed November 18, 1987
(1987 GLWQA) to restore and protect the Great Lakes, Canada and the United States signed “The
Great Lakes Binational Toxics Strategy” on March 27, 1997. The Strategy sets forth a collaborative
process by which Environment Canada and the United States Environmental Protection Agency, in
consultation with other federal departments and agencies, Great Lakes states, the Province of Ontario,
tribes, and first nations, will work in cooperation with their public and private partners toward the goal of
virtual elimination of persistent toxic substances resulting from human activity, particularly those which
bioaccumulate, from the Great Lakes Basin, so as to protect and ensure the health and integrity of the
Great Lakes ecosystem. In cases where the strategy addresses a naturally occurring substance, it is the
anthropogenic sources of pollution that, when warranted, will be targeted for reduction through a life-
cycle management approach so as to achieve naturally occurring levels. An underlying tenet of this
strategy is that the governments cannot by their actions alone achieve the goal of virtual elimination.  The
strategy challenges all sectors of society to participate and cooperate to ensure success. The Binational
Toxics Strategy will protect human health and ecosystem health, as well as further the environmental
justice objectives of the Agency, through the targeting of PCBs and mercury, the contaminants primarily
responsible for fish consumption advisories. Successful implementation of the Binational Toxics
Strategy will assist in eliminating fish advisories in the Great Lakes. Recognizing the long-term nature of
virtual elimination, the strategy provides the framework for actions to achieve quantifiable goals in the
timeframe 1997 to 2006 for specific persistent, bioaccumulative toxic pollutants. Flexibility is provided in
the strategy to allow for the revision of targets, time frames, and the list of substances.

5.3.2 North American Commission for Environmental Cooperation (NACEC)

[EPA leads: OPPTS, ORD, OIA] The NACEC Council Resolution on the “Sound Management of
Chemicals,” adopted in October 1995, establishes a general framework for United States-Canada-
Mexico cooperation on chemicals, including a high-level working group to direct this cooperation. Under
the resolution, priority for work is to be given to persistent toxic substances. Substantive work began
with the development of regional action plans (NARAPs) for PCBs, DDT, chlordane, and mercury, as
well as the development of and agreement on a process for selecting additional substances for joint
action. At present, work is focused on implementation of the DDT and chlordane NARAPs and
screening of other persistent toxics for eventual submission to the formal substance selection process.

5.3.3 United Nations Economic Commission for Europe/Convention on Long-Range Transboundary
Air Pollution (LRTAP)

[EPA lead: OAR] Based on 5 years of technical substantiation work by the United States, Canada,
western Europe, and most of the former Soviet bloc states, the LRTAP Executive Body agreed in
November 1995 that its Working Group on Strategies should begin work on legally binding protocols on
POPs and heavy metals in early 1996. Both protocols were concluded in spring 1998 and signed by
most LRTAP parties in June 1998. The POPs protocol (Economic Commission for Europe, 1994)
addresses 16 substances (the UNEP short list, plus chlordecone, hexabromobiphenyl, HCH, and
PAHs), which have in large measure already been addressed by the United States, Canada, and Western
Europe. The protocol allows flexibility in dealing with specific POPs; for example, certain pesticides
such as DDT would be subjected to use restrictions and gradually phased out while others would be
banned outright and at a much earlier date. For stationary sources (e.g., sources of dioxin and furan
emissions), best available technology or best environmental practice requirements would be applied.
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Among other things, the protocol also provides differentiated control action timelines for western
countries and former Soviet bloc countries, establishes a variety of reporting and monitoring efforts, and
sets forth a mechanism for selecting other POPs for joint action. To promote widespread compliance
with this protocol, the United States has initiated, and won significant political and financial support from
the other arctic countries for, a PCB identification and phase-out project in the Russian Federation. The
heavy metals protocol focuses on lead, mercury, and cadmium and establishes a substance selection
mechanism, monitoring and reporting requirements, and a variety of legally binding and voluntary
provisions for reducing the release of and exposure to these heavy metals.

5.3.4 United Nations Environment Program (UNEP), and Intergovernmental Forum on Chemical
Safety (IFCS)

[EPA leads: OPPTS, OIA] The May 1995 UNEP Governing Council Decision on POPs (GC.18/32)
invited the Inter-Organizational Program for Sound Chemical Management working with the International
Program on Chemical Safety and the IFCS, to initiate a process to assess the chemistry, toxicology,
transport, and socioeconomic factors associated with the UNEP short list of POPs (PCBs, dioxins and
furans, aldrin, dieldrin, DDT, endrin, chlordane, hexachlorobenzene, mirex, toxaphene, and heptachlor).
Based on the results of this assessment, the decision invited the IFCS to develop recommendations for
international actions on POPs, including an appropriate international legal mechanism. This assessment
report was the basis for the decision of the 19th session of the UNEP Governing Council to mandate the
development of a legally binding global instrument aimed at the reduction and/or elimination of emission
and discharges and, where appropriate, the manufacture and use of these pollutants. The first negotiating
session was held in June-July 1998, the second session was held in late January 1999, and the
negotiations are to be concluded before the end of calendar year 2000. As with the LRTAP POPs
protocol, the UNEP convention will establish a process by which additional substances can be selected
for joint action. Compared to the LRTAP protocol, the UNEP convention will greatly emphasize the
capacity building needs of developing countries.

5.3.5 Arctic Council

[EPA lead: OIA] The Arctic Council is a ministerial-level body that brings together the eight countries
with arctic territory (United States, Canada, Denmark, Norway, Sweden, Finland, Russian Federation) to
cooperate voluntarily to protect human health and the environment in the Arctic. Although it was
established only in 1997-98, the Council subsumes and continues all of the work initiated in 1991 by
these same countries under the auspices of the Arctic Environmental Protection Strategy. Of particular
interest is the priority work of the Arctic Monitoring and Assessment Program (AMAP) on POPs and
heavy metals, which is not surprising given the proclivity for these substances to migrate to and settle
into the Arctic. The AMAP work offers the United States an additional opportunity to develop and
exchange information on the transport and fate of persistent toxics, especially with respect to sensitive
human subpopulations and ecological areas. The voluntary nature of the Council’s work dictates that
risk management measures on POPs and heavy metals must be undertaken voluntarily by the arctic
countries or prompted by legally binding international agreements to which the eight countries, and
others farther to the south, are already a party (e.g., the LRTAP POPs and heavy metals protocols).

At the North Sea Conferences, ministers representing countries bordering the North Sea agreed to the
reduction and elimination of hazardous chemical contaminants, as stated in the Esbjerg Declaration, June
1995. The Helsinki Convention on the Protection of the Marine Environment of the Baltic Sea Area
(HELCOM) is developing activities pertaining to concerns about DDT, PCBs, PCTs, mercury,
cadmium, organotin compounds, and pesticides. A ministerial meeting was held in 1998 to decide on the
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program of action. The Paris Commission-OSPAR (Oslo-Paris Convention for the Prevention of Marine
Pollution from Land-based Sources to the North-East Atlantic) (PARCOM 1974 and 1992) is working to
adopt the targets of the Esbjerg Declaration in 1997 and examining PAHs, chlorinated paraffins,
nonylphenols and related substances, suspected endocrine disruptors, and mercury, cadmium, and lead.
The European Union has issued several directives on the use, marketing, discharge, and management of
persistent organic pollutants, in particular, nonylphenol/ethoxylate, phthalates, organotin compounds,
polybrominated diphenylethers/biphenyls, and short-chain chlorinated paraffins. The United States and
the European Union will be working together to examine a number of complex scientific and political
issues related to their own and other international efforts to better assess and manage the known and
suspected risks associated with persistent toxic substances.

5.4  Summary of Regional and Headquarters Activities

This review has identified a variety of activities under way in EPA that are important for interpreting
bioaccumulation data in relation to sediment quality. Most of the programs represent individual and
different approaches that address specific statutory mandates as well as the goals of EPA’s
Contaminated Sediment Management Strategy. Following are the highlights of the bioaccumulation-
related activities that are ongoing in the EPA.

Research on bioaccumulation and the use of bioaccumulation to assess sediment contamination are
ongoing activities in OPPT, NHEERL, NERL, OERR, OSW, OST, OWOW, the Chesapeake Bay
Program, and all EPA regions. OPPT, OSW, OST, and OERR have been working on identifying, based
on various chemical properties, chemical structure, and structure-activity relationships, which chemicals
might bioaccumulate and cause adverse environmental effects. Intra-Agency agreement on which
chemicals should be considered to be bioaccumulative and how risks to humans and ecosystems should
be assessed is still developing, and consensus is building through various workgroups and activities.
NHEERL has conducted numerous studies of bioaccumulation in freshwater and marine biota,
examining conditions and factors affecting bioaccumulation, determination of BAFs and BSAFs in
numerous species, trophic transfer, and metabolism of bioaccumulative chemical contaminants, and
developing and validating toxicity and bioaccumulation test procedures and sediment-based ecological
risk assessment methods. NERL has used data obtained from the field and laboratory studies to model
bioaccumulation processes to examine risks to higher tropic levels. Bioaccumulation of sediment
contaminants in fish that might be consumed by humans is a major concern in the development of water
quality criteria for the protection of human health, and research is under way on the most appropriate
methods for predicting bioaccumulation in fish (Region 5) and developing chemical-specific BSAFs for
setting tissue residue-linked sediment chemical levels for the protection of human health, particularly for
mercury (Region 10). The Chesapeake Bay Program, in concert with NOAA, is developing a 5-year plan
for a toxics research program that will include work on bioaccumulation and food webs.

Assessment procedures are of concern to or used by OERR, OPP, OPPT, OAR, ORD, OST, OSW,
OWOW, GLNPO, the Chesapeake Bay Program, and all EPA regions. OERR is working on issues such
as improving consistency in methods used to determine potential bioaccumulative chemicals at
Superfund sites, effects concentrations for these chemicals, and use of background data to assess
bioaccumulation. OPP uses bioconcentration and bioaccumulation tests to evaluate whether and under
what conditions pesticides and other chemical products pose risks to aquatic and terrestrial biota, and
OPPT can require manufacturers to conduct such tests on compounds that might pose risks based on
chemical characteristics, suspected toxicities, and loadings information. OAR incorporates information
on bioaccumulation of air toxics in certain analyses (e.g., ranking chemicals for the draft Urban Air
Toxics Strategy). OST is developing methods for quickly screening effluent discharges for
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bioaccumulative contaminants. OST has used bioaccumulation modeling procedures to assess potential
risks to human health in support of industrial effluent discharge limitation guidelines and to help identify
sites around the nation having potentially bioaccumulative contaminants in sediments that might present
risks to aquatic and terrestrial biota and humans. The Office of Water is conducting a National Survey of
Chemical Residues in Lake Fish Tissue. This study will meet objectives presented in the President’s
Clean Water Action Plan and provide information about persistent, bioaccumulative, toxic chemicals
(PBTs) for EPA’s PBT Strategy. OPP uses a 28-day test of channel catfish or bluegill to assess
bioaccumulation, whereas ORD assesses sediment bioacccumulation with invertebrates (such as
Hyalella, Chironomus, and Lumbriculus) and freshwater and marine fish species. OSW is developing a
rule establishing chemical-specific waste stream concentrations that represent a threshold below which
Subtitle C disposal will not be required and thus the waste stream may exit the hazardous waste system.
Under development (with ORD) is a risk-based methodology that will be used as the basis for the waste
stream concentrations. OWOW developed guidance for conducting bioaccumulation tests required
under section 403 of the CWA. GLNPO and the regions are using bioaccumulation tests and fish tissue
concentrations of bioaccumulative contaminants to assess the extent and magnitude of sediment
contamination and evaluate ecological and human health risks. In addition, they are evaluating BAF and
BSAF models, the incorporation of site-specific data, and new techniques such as semipermeable
membrane devices. The Chesapeake Bay Program is conducting a toxics characterization to identify
chemical contamination problems in the tidal tributaries of the Chesapeake Bay. This characterization is
based, in part, on an analysis and integration of water, sediment, and fish tissue contaminant
concentration data. A variety of assessment procedures are thus being developed, applied at various
sites, and used under various statutes to reduce or eliminate exposures to bioaccumulative contaminants.

OERR, OSW, GLNPO, and a number of international organizations are focusing on the use of
bioaccumulation information to identify and evaluate sediments for remediation efforts. Clean-up levels at
several Superfund sites have been derived based on the presence of bioaccumulative contaminants.
Subtitle C of RCRA provides EPA (OSW) with the authority to assess whether releases from a
hazardous waste treatment, storage, or disposal facility have contaminated sediments and to require
corrective action, including possible remediation, if contamination is discovered. The regions are using
different approaches to target remediation of contaminated sediments; many are evaluating the fish
ingestion pathway and various factors influencing clean-up decisions. Region 2 employs
bioaccumulation tests with fishes and other organisms (small mammals, clams, amphibians) during the
evaluation of ecological risk. GLNPO operated the ARCS Program to identify AOCs and to help select
appropriate remedial actions in harbors and tributaries of the Great Lakes. Western Europe, Canada, and
the North Sea countries have begun talks and developed agreements that pertain to the remediation of
sediment-associated bioaccumulative contaminants.

Preventing the release of bioaccumulative contaminants is of concern to OPPTS, OSW, OST, OWM,
OWOW, the Chesapeake Bay Program, and numerous countries around the world. OPPT is using its
screening and prioritizing procedures to determine those chemicals that might accumulate in sediments
and pose risks so that dangerous levels of loadings can be targeted. Under the Waste Minimization
National Plan, OSW and OPPT are developing a tool that would prioritize chemicals in hazardous waste
based on persistence, biaoaccumulation potential, toxicity, and quantity. OWOW and OST use
bioaccumulation data in the control of discharges of bioaccumulative chemicals under the CWA Several
international conferences have been held to examine methods for reducing or eliminating persistent
organic and metal pollutants, and some have resulted in agreements.

The dissemination of information pertaining to the bioaccumulation of chemicals has been important for
OPPT, OST, OWOW, the Chesapeake Bay Program, NHEERL, and all EPA regions. OPPT recently
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released a draft multimedia strategy to reduce risks from exposures to priority persistent,
bioaccumulative, and toxic pollutants through increased coordination among EPA national and regional
programs. This approach also requires the significant involvement of stakeholders, including
international, state, local, and tribal organizations, the regulated community, environmental groups, and
private citizens. OST has published a series of documents on the analysis of fish tissue concentrations
of contaminants and the use of such data to determine risks to humans from consumption of fish, as well
as providing a database listing all fish and wildlife consumption advisories currently operating in the
states. OWOW’s outreach efforts include educating the public about the ocean and coastal programs
and making program information readily available to the public. The toxics characterization of tidal
tributaries of the Chesapeake Bay being performed by the Chesapeake Bay Program will be used as an
outreach tool to put information in the hands of the public, scientists, and managers to target appropriate
areas for additional monitoring and management activities. NHEERL has prepared guidance documents
pertaining to bioaccumulation methods and has developed several databases to assist in the interpretation
of bioaccumulation data. Region 5 developed guidance for determining BAFs that are used in the
evaluation of risks to wildlife and humans from bioaccumulative chemicals under the Great Lakes Water
Quality Initiative.
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6. ISSUES AND RESEARCH NEEDS FOR INTERPRETING BIOACCUMULATION 
DATA FOR THE PURPOSE OF SEDIMENT QUALITY ASSESSMENT

This chapter contains issues touched on previously, as well as research needs, for interpreting
bioaccumulation data for the purpose of assessing sediment quality. The interpretation of
bioaccumulation data will require an understanding of the relationship between environmental media
concentrations, tissue concentrations, and effects on specific organisms or consumers of those
organisms. The role of physical, chemical, and biological variables in mediating toxic effects should also
be considered. “Research needs” were taken from the proceedings of EPA’s National Sediment
Bioaccumulation Conference, held September 11-13, 1996 (USEPA, 1998), and input from EPA’s
Bioaccumulation Analysis Workgroup.

It is anticipated that the research needs presented below will be used as a starting point to identify future
work. Cost and feasibility considerations were not factored into the development of these research
needs. Due to differences in mandates among EPA offices, the issues and needs presented here might
not be applicable to all EPA programs.

Results of multivoting on the research needs indicate that 11 are of high priority (denoted by H), 12 are
of intermediate priority (denoted by I), and 7 are of low priority (denoted by L).

Methods

Issue: Laboratory and field methods for assessing bioaccumulation (Sections 3.1, 3.2)

Needs:

H 1. Conduct round-robin tests to determine the precision and variability of new and existing
methods and how well laboratories are conducting bioaccumulation tests

H 2. Identify additional species for sediment bioaccumulation test methods, and develop the
methods

H 3. Conduct research to provide better understanding of how reference sites can be selected.

I 4. Standardize the use of microlipid analytical methods

I 5. Continue to field-validate laboratory bioaccumulation methods, particularly for PAHs and
metals

L 6. Conduct further research on the development and use of formulated sediments and sediment
spiking techniques

L 7. Standardize the sampling and handling procedures for assessing bioaccumulation (field-
collected samples)

L 8. Determine most appropriate means of storing sediment samples
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Chemical Identification

Issue: Identification of bioaccumulative chemicals (Chapter 4)

Needs:

H 9. Determine additional BAF and BSAF values for known persistent bioaccumulators or identify
potential persistent bioaccumulators

H 10. Reach a better understanding of bioavailability processes of chemicals occurring in sediments

I 11. Develop a forensic chemical approach to assist in identification of bioaccumulative
compounds

Species Considerations

Issue: Species selection for bioaccumulation testing (Sections 3.2.1.1, 3.2.2.2, 4.4)

Needs:

H 12. Determine tissue residue values for terrestrial and avian wildlife

I 13. Provide guidance on further identification or development of contaminant-specific receptors of
choice, where relevant, so that appropriate target species can be selected

Toxicology

Issue: Dose-response relationships for bioaccumulative contaminants (Section 4.4, Chapter 3)

Needs:

H 14. Determine the relationship of tissue residue concentrations and adverse effects

H 15. Determine the applicability of the critical body residue (CBR) approach to multiple classes of
chemical mixtures

I 16. Determine the additivity of chemicals for specific modes of action

I 17. Determine differential partitioning of bioaccumulative contaminants among tissues

I 18. Develop the appropriate guidance for selecting species/effects endpoints that should be used

I 19. Confirm exposure route independence (e.g. dietary, sediment)

L 20. Provide procedures to evaluate experimental data that are suitable for use in generating CBRs
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Further research is needed on how to resolve or compensate for uncertainties related to the
assessment of bioaccumulation of sediment-associated contaminants. Specific areas of research
required to address uncertainty in bioacccumulation testing include the following:

I 21. Environmental factors that affect toxic responses

I 22. Rates at which contaminants are metabolized or eliminated

L 23. The modes and time course of toxic action

L 24. The toxicities of intermediate metabolites relative to parent compounds

L 25. Dose-related induction of enzymatic systems

Models

Issue: Development, selection, application, and interpretation of models (Sections 2.4.2, 3.2.1.3, 3.3,
4.4)

Needs:

H 26. Continue work on developing food chain multipliers and trophic models. Further refine the
relationship of BAFs to BCFs (Predicted BAF may be derived by multiplying the laboratory
BCF by a food chain multiplier)

H 27. Develop extrapolation models that will take us from single-species endpoints to more
ecologically relevant endpoints that involve community and population-level impacts

H 28. Determine how the toxicity risks of complex mixtures of PBTs, bioaccumulated by organisms
with no direct exposure to sediments, can be related to sediment contamination levels

I 29. Develop a better understanding of physiologically based models or kinetic models. When are
time-dependent exposure models preferable to steady-state BSAFs?

I 30. Determine whether the BAF methodology applied to the Great Lakes region can be applied to
Toxic Release Inventory (TRI) PBT chemicals that may be manufactured and released at sites
in several states, in one or more regions, or even throughout the United States.

Reference

USEPA. 1998.  National Sediment Bioaccumulation Conference proceedings.  U.S. Environmental
Protection Agency, Office of Water, Washington, DC.
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Technical Factsheet on: CHROMIUM 

List of Contaminants 

As part of the Drinking Water and Health pages, this fact sheet is part of a larger publication: 
National Primary Drinking Water Regulations 

Drinking Water Standards 

MCLG: 0.1 mg/l 
MCL: 0.1 mg/l 
HAL(child): 1- to 10-day: 1 mg/L; Longer-term: 0.2 mg/L 
Note: These standards are based on the total concentration of the trivalent and hexavalent forms of 
dissolved chromium (Cr3+ and Cr 6+). 

Health Effects Summary 

Acute: EPA has found chromium to potentially cause the following health effects from acute exposures at 
levels above the MCL: skin irritation or ulceration. 

Drinking water levels which are considered "safe" for short-term exposures: For a 10-kg (22 lb.) child 
consuming 1 liter of water per day, a one- to ten-day exposure to 1 mg/L; a longer-term (7 years) 
exposure to 0.2 mg/L. 

Chronic: Chromium has the potential to cause the following health effects from long-term exposures at 
levels above the MCL: damage to liver, kidney circulatory and nerve tissues; dermatitis. 

Cancer: There is no evidence that chromium in drinking water has the potential to cause cancer from 
lifetime exposures in drinking water. 

Usage Patterns 

Chromium and its compounds are used in metal alloys such as stainless steel; protective coatings on 
metal; magnetic tapes; and pigments for paints, cement, paper, rubber, composition floor covering and 
other materials. Other uses include: chemical intermediate for wood preservatives, organic chemical 
synthesis, photochemical processing and industrial water treatment. In medicine, chromium compounds 
are used in astringents and antiseptics. They also are used in cooling waters, and in the leather tanning 
industry, in catalytic manufacture, and in fungicides; as an algaecide against slime forming bacteria and 
yeasts in brewery processing water and brewery warmer water. 

Chromic acid consumption patterns in 1988: wood preserving, 63%; metal finishing, 22%; other, including 
water treatment, magnetic particles and catalysts, 7%; exports, 8%. Demand: 1987: 57,500 tons; 1988: 
62,500 tons; 1992 (projected): 78,800 tons. 

Sodium Bichromate consumption patterns in 1988: chromic acid, 54%; leather tanning, 9%; chromium 
oxide, 9%; pigments, 8%; wood preservation, 5%; other, including drilling muds, catalysts, water 
treatment, metal finishing, 5%; exports, 10%. Demand: 1987: 150,000 tons; 1988: 164,000 tons; 1992 
(projected): 180,000 tons 

Release Patterns 
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Chromium occurs in nature mostly as chrome iron ore, or chromite. Though widely distributed in soils and 
plants, it is rare in natural waters. The two largest sources of chromium emission in the atmosphere are 
from the chemical manufacturing industry and combustion of natural gas, oil, and coal. 

Other sources include wind transport from road dust, cement producing plants because cement contains 
chromium, the wearing down of asbestos brake linings from automobiles or similar sources of wind 
carried asbestos since asbestos contains chromium, incineration of municipal refuse and sewage sludge, 
exhaust emission from automotive catalytic converters, emissions from cooling towers that use chromium 
compounds as rust inhibitors, waste waters from electroplating, leather tanning, and textile industries 
when discharged into surface waters, and solid wastes from chemical manufacture. 

From 1987 to 1993, according to the Toxics Release Inventory, chromium compound releases to land 
and water totalled nearly 200 million pounds, of which about 99 percent was to land. These releases were 
primarily from industrial organic chemical industries which use chromium as an intermediate. The largest 
releases occurred in Texas and North Carolina. The largest direct releases to water occurred in Georgia 
and Pennsylvania. 

Background levels in water average 1 ug/L while municipal drinking water contain 0.1-35 ug/L. The higher 
values of chromium can be related to sources of anthropogenic pollution. In ocean water, the mean 
chromium concentration is lower than in river water, and its value is 0.3 ug/l, with a range of 0.2 to 50 ug/l. 

A survey of 3834 tap waters reported the concentrations of chromium to range from 0.4 to 8.0 ug/l. The 
reported chromium concentrations in this study may be a little higher than the actual values due to 
inadequate flushing of tap water before collection of samples. This indicates that the concentration of 
chromium in household tap water may increase due to plumbing materials. 

Environmental Fate 

Chromium is not likely to migrate to ground water. A field trial on the application of wastewater treatment 
sludge to soils found movement of heavy metals, including chromium, from the soil surface to a depth of 
10 cm, but most of the metal (mean 87%) remained in the upper 5 cm of soil. Uptake by plants is 
generally low; it was found to be greater from ultrabasic soils by a factor of 5-40 than on calcareous or 
silica-based soils. 

Chromium compounds are very persistent in water. Most of the chromium in surface waters may be 
present in particulate form as sediment. Some of the particulate chromium would remain as suspended 
matter and ultimately be deposited in sediments. 

The exact chemical forms of chromium in surface waters are not well defined. Although most of the 
soluble chromium in surface waters may be present as Cr(VI), a small amount may be present as Cr(III) 
organic complexes. Hexavalent chromium is the major stable form of chromium in seawater; however, 
Cr(VI) may be reduced to Cr(III) by organic matter present in water, and may eventually deposit in 
sediments. 

Though little data is available, there is a high potential for bioconcentration of chromium in aquatic 
organisms. Snails showed an accumulation factor of 1x10+6. 

Chemical/Physical Properties 

CAS Number: 7440-47-3 

Color/ Form/Odor: Chromium is metal found in nature only in the combined state. 
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Soil sorption coefficient: N/A; Low mobility 

Bioconcentration Factor: BCF in plants, 1000; in snails, 1,000,000; expected to accumulate in aquatic 
organisms. 

Common Ores: oxide- Iron chromite 

Solubilities: 

chloride- soluble in cold water 
chromate- 0.2 mg/L (lead salt) 
chromate- 873 g/L at 30 deg C (sodium salt) 
chromate oxide- insoluble 
dichromate- 2380 g/L at 0 deg C (sodium salt) 
dioxide- insoluble 
oxide- insoluble 
sulfate- insoluble 
trioxide- 617 g/L at 0 deg C 

Other Regulatory Information 

Monitoring: 

-- For Ground Water Sources: 

Initial Frequency-1 sample once every 3 years

Repeat Frequency-If no detections for 3 rounds, once every 9 years

-- For Surface Water Sources: 

Initial Frequency-1 sample annually

Repeat Frequency-If no detections for 3 rounds, once every 9 years

-- Triggers - If detect at > 0.1 mg/L, sample quarterly. 

Analysis 

Reference Source Method Number 
EPA 600/4-79-020 218.2 
NTIS PB 91-231498 200.7 
Standard Methods 3113B; 3120 

Treatment/Best Available Technologies: Coagulation/Filtration; Ion Exchange, Reverse Osmosis, Lime 
Softening (for CrIII only) 

Toxic Release Inventory - Releases to Water and Land, 1987 to 1993 (in pounds): 

Water Land 
TOTALS 2,876,055 196,880,624 
Top Ten States * 
TX 102,079 64,301,920 
NC 43,522 55,217,044 
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IN 85,570 15,955,895 
OH 51,830 8,319,600 
UT 1,750 5,817,015 
AR 2,300 3,532,000 
KY 255 2,491,519 
PA 110,149 2,337,905 
GA 679,721 1,404,698 
ID 91,750 1,404,870 
Major Industries* 
Indust. organics 3,272 120,707,814 
Steelworks, Blast furn. 609,174 16,638,880 
Electrometallurgy 33,269 10,796,928 
Copper smelting, refining 1,750 5,817,015 
Nonferrous smelting 2,300 3,532,000 
Inorganic pigments 88,721 1,375,700 
Pulp mills 985,800 224,198 

* State/Industry totals only include facilities with releases greater than a certain amount - usually 1000 to 
10,000 lbs. 

For Additional Information: 

EPA can provide further regulatory and other general information: 
EPA Safe Drinking Water Hotline - 800/426-4791 

Other sources of toxicological and environmental fate data include: 
Toxic Substance Control Act Information Line - 202/554-1404 
Toxics Release Inventory, National Library of Medicine - 301/496-6531 
Agency for Toxic Substances and Disease Registry - 404/639-6000 
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Fact Sheet NPDES Permit #ID0022853 
Page 1 

1200 6th Avenue 
Suite 900 M/S OWW-130 
Seattle, WA 98101 

Revised Fact Sheet
 
Public Comment Start Date: July 18, 2013 
Public Comment Expiration Date: September 3, 2013 

Technical Contact:	 Brian Nickel 
206-553-6251 
800-424-4372, ext. 6251 (within Alaska, Idaho, Oregon and Washington) 
Nickel.Brian@epa.gov 

Proposed Reissuance of a National Pollutant Discharge Elimination System (NPDES) 
Permit to Discharge Pollutants Pursuant to the Provisions of the Clean Water Act (CWA) 

City of Coeur d’Alene
 
Wastewater Treatment Plant
 

EPA Proposes To Reissue NPDES Permit 
The EPA proposes to reissue an NPDES permit to the facility referenced above.  The draft 
permit places conditions on the discharge of pollutants from the wastewater treatment plant to 
waters of the United States.  In order to ensure protection of water quality and human health, the 
permit places limits on the types and amounts of pollutants that can be discharged from the 
facility. 

This Fact Sheet includes: 
 information on public comment, public hearing, and appeal procedures 
 a listing of proposed effluent limitations and other conditions for the facility 
 a map and description of the discharge location 
 technical material supporting the conditions in the permit 

401 Certification 
The EPA is requesting that the Idaho Department of Environmental Quality certify the NPDES 
permit for this facility, under section 401 of the Clean Water Act.  Comments regarding the 
certification should be directed to: 

Regional Administrator
 
Idaho Department of Environmental Quality
 
2110 Ironwood Pkwy
 
Coeur d'Alene, ID 83814
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Fact Sheet NPDES Permit #ID0022853 
Page 2 

Public Comment 
Pursuant to 40 CFR 124.14(c), at this time, the EPA is only accepting comments on aspects of 
the draft permit that are different from those in the draft permit that was issued for public 
comment on February 16, 2007.  These are as follows: 

•	 The final effluent limitations for total phosphorus, five day carbonaceous biochemical 
oxygen demand (CBOD5), total suspended solids (TSS), ammonia, silver, and zinc have 
been revised (see the revised draft permit at Table 1, Part I.B). 

•	 The draft permit now includes effluent limits for cadmium and lead. 
•	 The schedules of compliance for new water quality-based effluent limits for phosphorus 

and CBOD5, including the interim milestones and the effluent limitations (which apply 
during the term of the compliance schedule) have been revised (see the revised draft 
permit at Parts I.C and I.D). 

•	 Surface water monitoring requirements have been changed (see the revised draft permit at 
Part I.F). 

•	 The compliance evaluation level for total residual chlorine effluent limits has been 
changed from 100 µg/L to 50 µg/L. 

•	 The draft permit now requires more frequent effluent monitoring for whole effluent 
toxicity and total residual chlorine relative to the 2007 draft permit (see the revised draft 
permit at Parts I.B and I.E). 

•	 In addition to more frequent monitoring, the draft permit includes additional requirements 
for whole effluent toxicity testing (e.g. accelerated testing, toxicity reduction evaluation) 
to ensure consistency with EPA guidance (see the revised draft permit at Part I.E). 

•	 The permit now includes influent and effluent monitoring requirements for 2,3,7,8 
tetrachlorodibenzo-p-dioxin (2,3,7,8 TCDD) (see the revised draft permit at Parts I.B and 
II.I). 

•	 The phosphorus management plan requirements have been changed (see the revised draft 
permit at Part II.B). 

•	 The permit now includes best management practices requirements intended to reduce the 
discharge of polychlorinated biphenyls (PCBs) and 2,3,7,8 TCDD (see the revised draft 
permit at Part II.I). 

•	 The permit now requires the permittee to participate in the Spokane River Regional 
Toxics Task Force (see the revised draft permit at Part II.H). 

Persons wishing to comment on the tentative determinations contained in the draft permit may do 
so in writing to the above address or by e-mail to “Nickel.Brian@epa.gov” within 45 days of the 
date of this public notice.  Comments must be received within the 45 day period to be considered 
in the formulation of final determinations regarding the applications.  All comments should 
include the name, address and telephone number of the commenter and a concise statement of 
the exact basis of any comment and the relevant facts upon which it is based.  All written 
comments and requests should be submitted to the EPA at the above address to the attention of 
the Director, Office of Water and Watersheds. 

Workshop and Public Hearing 
A workshop and public hearing will be held. 
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Date: August 28, 2013 
Time:  Workshop from 2:00 PM to 4:00 PM 

Public hearing from 5:00 PM to 7:30 PM 
Place: Coeur d’Alene Public Library 

Lower Level, Community Room 
702 East Front Avenue 
Coeur d’Alene, ID 83814 

Comments made on the draft permits at the public hearing will become part of the administrative 
record for the permits, along with any written comments received. 

After the Public Notice expires, and all comments have been considered, the EPA’s regional 
Director for the Office of Water will make a final decision regarding permit issuance. If no 
substantive comments are received, the proposed conditions in the draft permit will become 
final, and the permit will become effective upon issuance.  If comments are received, the EPA 
will address the comments and issue the permit.  The permit will become effective 30 days after 
the issuance date, unless an appeal is submitted to the Environmental Appeals Board within 30 
days of the service of notice of the final permit decision. 

Documents are Available for Review 
The draft NPDES permit and related documents can be reviewed or obtained by visiting or 
contacting the EPA’s Regional Office in Seattle between 8:30 a.m. and 4:00 p.m., Monday 
through Friday at the address below.  The draft permits, fact sheet, and other information can 
also be found by visiting the Region 10 NPDES website at 
“http://epa.gov/r10earth/waterpermits.htm.” 

United States Environmental Protection Agency 
Region 10 
1200 Sixth Avenue 
Suite 900 M/S OWW-130 
Seattle, Washington 98101 
(206) 553-6251 or
 
Toll Free 1-800-424-4372 (within Alaska, Idaho, Oregon and Washington)
 

The fact sheet and draft permits are also available at: 

U.S. Environmental Protection Agency 
Coeur d’Alene Field Office 
1910 Northwest Blvd., Suite 208 
Coeur d’Alene, ID 83814 
208-665-0458 

Idaho Department of Environmental Quality 
Coeur d’Alene Regional Office 
2110 Ironwood Parkway 
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Fact Sheet 

Coeur d'Alene, ID 83814 
(208) 769-1422 
(877) 370-0017 

Post Falls Public Library 
821 North Spokane Street 
Post Falls, ID 83854 
(208) 773-1506 

Rathdrum Public Library 
16780 West Hwy 41 
Rathdrum, ID 83858 
(208) 687-1029 

Hayden Public Library 
8385 North Government Way 
Hayden, ID 83835 
(208) 772-5612 

Washington State Department of Ecology 
Eastern Regional Office 
4601 North Monroe Street, Suite 202 
Spokane, WA 99205-1295 
509-329-3400 

and 

EPA Idaho Operations Office 
950 West Bannock Street 
Boise, Idaho 83702 
208-378-5746 
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Acronyms 

1Q10 1 day, 10 year low flow 

7Q10 7 day, 10 year low flow 

30B3 Biologically-based design flow intended to ensure an excursion frequency of less 
than once every three years, for a 30-day average flow. 

AML	 Average Monthly Limit 

BOD5	 Biochemical oxygen demand, five-day 

°C	 Degrees Celsius 

CFR	 Code of Federal Regulations 

Coefficient of Variation 

CWA	 Clean Water Act 

DMR	 Discharge Monitoring Report 

DO	 Dissolved oxygen 

EFH	 Essential Fish Habitat 

EPA	 U.S. Environmental Protection Agency 

ESA	 Endangered Species Act 

FR	 Federal Register 

IDEQ	 Idaho Department of Environmental Quality 

lbs/day	 Pounds per day 

LTA	 Long Term Average 

mg/L	 Milligrams per liter 

ml	 milliliters 

ML	 Minimum Level 

µg/L	 Micrograms per liter 

mgd	 Million gallons per day 

MDL	 Maximum Daily Limit 

N	 Nitrogen 

NOAA	 National Oceanic and Atmospheric Administration 

NPDES	 National Pollutant Discharge Elimination System 

OW	 Office of Water 

O&M	 Operations and maintenance 

POTW	 Publicly owned treatment works 
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QAP Quality assurance plan 

RP Reasonable Potential 

RPM Reasonable Potential Multiplier 

RWC Receiving Water Concentration 

SRRTTF Spokane River Regional Toxics Task Force 

s.u. Standard Units 

TMDL Total Maximum Daily Load 

TSD Technical Support Document for Water Quality-based Toxics Control 

(EPA/505/2-90-001) 

TSS Total suspended solids 

USFWS U.S. Fish and Wildlife Service 

USGS United States Geological Survey 

WLA Wasteload allocation 

WQBEL Water quality-based effluent limit 

WWTP Wastewater treatment plant 
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I. Applicant 
This fact sheet provides information on the draft NPDES permit for the following entity: 

City of Coeur d’Alene
 
NPDES Permit # ID0022853
 

Mailing Address:
 
710 East Mullan Avenue
 
Coeur d’Alene, ID  83814
 

Physical Address:
 
915 Hubbard Avenue
 
Coeur d’Alene, ID  83814
 

Contact:
 
Sid Fredrickson, Superintendent
 

II. Scope of Reopened Public Comment Period 
Federal regulations state that comments filed during a reopened comment period shall be limited 
to the substantial new questions that caused its reopening, and that the public notice under 40 
CFR 124.10 shall define the scope of the reopening (40 CFR 124.14).  As stated in the public 
notice, the EPA is only accepting comments on permit conditions that are different from those 
proposed in the draft permit that was issued for public review and comment on February 16, 
2007. 

The EPA is making significant changes to the draft permit as it was proposed in February 2007.  
These changes result from comments made during the initial public comment period, the 
availability of the final Spokane River and Lake Spokane Dissolved Oxygen Total Maximum 
Daily Load: Water Quality Improvement Report, hereinafter referred to as the “Spokane DO 
TMDL” (Ecology 2010), more recent effluent and receiving water quality and quantity data, 
updated computer modeling of the impact of the discharge, a revised draft Clean Water Act 
(CWA) Section 401 certification prepared by the Idaho Department of Environmental Quality 
(IDEQ), and EPA guidance documents.  To allow the public an opportunity to comment on all of 
these changes, the EPA has decided to reopen the public comment period to accept comments on 
these specific changes. The changed conditions are as follows: 

•	 The final effluent limitations for total phosphorus (TP), five day carbonaceous biochemical 
oxygen demand (CBOD5), total suspended solids (TSS), ammonia, silver, and zinc have been 
revised (see the revised draft permit at Table 1, Part I.B). 

•	 The draft permit now includes effluent limits for cadmium and lead. 
•	 The schedules of compliance for new water quality-based effluent limits for phosphorus and 

CBOD5, including the interim milestones and the effluent limitations (which apply during 
the term of the compliance schedule) have been revised (see the revised draft permit at Parts 
I.C and I.D). 

•	 Surface water monitoring requirements have been changed (see the revised draft permit at 
Part I.F). 
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•	 The compliance evaluation level for total residual chlorine effluent limits has been changed 
from 100 µg/L to 50 µg/L. 

•	 The draft permit now requires more frequent effluent monitoring for whole effluent toxicity 
and total residual chlorine relative to the 2007 draft permit (see the revised draft permit at 
Parts I.B and I.E). 

•	 In addition to more frequent monitoring, the draft permit includes additional requirements for 
whole effluent toxicity testing (e.g. accelerated testing, toxicity reduction evaluation) to 
ensure consistency with EPA guidance (see the revised draft permit at Part I.E). 

•	 The permit now includes influent and effluent monitoring requirements for dioxin1 (see the 
revised draft permit at Parts I.B and II.I). 

•	 The phosphorus management plan requirements have been changed (see the revised draft 
permit at Part II.B). 

•	 The permit now includes best management practices requirements intended to reduce the 
discharge of polychlorinated biphenyls (PCBs) and dioxin (see the revised draft permit at 
Part II.I). 

•	 The permit now requires the permittee to participate in the Spokane River Regional Toxics 
Task Force (see the revised draft permit at Part II.H). 

III. Facility Information 
In general, facility information is provided in the fact sheet for the initial public comment period 
dated February 16, 2007. A map of the treatment plant and discharge location is provided in 
Appendix A. 

IV. Receiving Water 
This facility discharges to the Spokane River in Kootenai County, Idaho.  The outfall location is 
between the outlet of Lake Coeur d’Alene and the Post Falls Dam, about one-half mile upstream 
of the US Highway 95 bridge at river mile 110.2. 

A. Low Flow Conditions 
The Technical Support Document for Water Quality-Based Toxics Control (hereinafter referred 
to as the TSD) (EPA 1991) and the Idaho Water Quality Standards (WQS) recommend the flow 
conditions for use in calculating water quality-based effluent limits (WQBELs) using steady-
state modeling.  The TSD and the Idaho WQS state that WQBELs intended to protect aquatic life 
uses should be based on the lowest seven-day average flow rate expected to occur once every ten 
years (7Q10) for chronic criteria and the lowest one-day average flow rate expected to occur 
once every ten years (1Q10) for acute criteria.  However, because the chronic criterion for 
ammonia is a 30-day average concentration not to be exceeded more than once every three years, 
the EPA has used the 30Q10 for the chronic ammonia criterion instead of the 7Q10.  In the 2007 
draft permit, the 30B3 flow rate was generally paired with the chronic ammonia criterion.  
However, later versions of the software used to calculate low flow conditions do not allow the 
calculation of the 30B3 flow rate on a seasonal basis, so the 30Q10 flow rate has been used 
instead of the 30B3. The 30Q10 is as protective as the 30B3 and may be used instead of the 
30B3 (64 FR 71976). 

1 For the purposes of this fact sheet, “dioxin” refers to 2,3,7,8 tetrachlorodibenzo-p-dioxin (2,3,7,8 TCDD). 
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The EPA has re-calculated the low flow values, using more recent river flow data, since the close 
of the 2007 public comment period. The values in Table 1 were calculated using data from the 
Post Falls gauge (USGS station # 12419000), using a period of record of 1978-2008. 

The seasons used to calculate the critical low flows have also been changed relative to the 2007 
draft permit and fact sheet in order to match the seasonal calculations used to develop the 1999 
permit.  This allows a direct comparison to determine if the effluent limits in the 1999 permit 
remain adequate to protect water quality in the Spokane River. 

From July – September, the critical low flow rates based on historical data are less than the 
minimum flow rates specified in the Federal Energy Regulatory Commission (FERC) license for 
the Post Falls Dam.  The EPA has used the FERC minimum flows for effluent limit calculations, 
in lieu of the historical low flows. 

Table 1:  Seasonal Low Flows in the Spokane River 
Season 1Q10 (CFS) 7Q10 (CFS) 30Q10 (CFS) 
October – June 890 1030 1270 
July – Sep. (based on historical data) 248 292 363 
July – Sep. (FERC license) 500 

B. Water Quality Standards 
Section 301(b)(1)(C) of the Clean Water Act (Act) requires that NPDES permits contain effluent 
limits more stringent than technology-based limits when necessary to meet water quality 
standards.  A State’s water quality standards are composed of use classifications, numeric and/or 
narrative water quality criteria, and an anti-degradation policy.  The use classification system 
designates the beneficial uses (such as cold water aquatic life, contact recreation, etc.) that each 
water body is expected to achieve.  The numeric and/or narrative water quality criteria are the 
criteria deemed necessary by the State to support the beneficial use classification of each water 
body.  The anti-degradation policy represents a three-tiered approach to maintain and protect 
various levels of water quality and uses.  

Idaho Water Quality Standards 
At the point of discharge, the Spokane River is protected for the following designated uses 
(IDAPA 58.01.02.110.12): 

 cold water aquatic life habitat 
 salmonid spawning 
 primary contact recreation 
 domestic water supply 

In addition, the Idaho Water Quality Standards state that all waters of the State of Idaho are 
protected for industrial and agricultural water supply (Section 100.03.b and c.), wildlife habitats 
(100.04) and aesthetics (100.05).  

Primary contact recreation is defined by the Idaho Water Quality Standards as “water quality 
appropriate for prolonged and intimate contact by humans or for recreational activities when the 
ingestion of small quantities of water is likely to occur. Such activities include, but are not 
restricted to swimming, water skiing, or skin diving.” 
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The Spokane River also has site-specific criteria for ammonia (IDAPA 58.01.02.283).  The site-
specific ammonia criteria are identical to the statewide ammonia criteria for waters designated 
for cold water aquatic life when early life stages of fish are present (IDAPA 58.01.02.250.02.d.). 

Idaho’s Antidegradation Policy 
The EPA is required under Section 301(b)(1)(C) of the Clean Water Act (CWA) and 
implementing regulations (40 CFR 122.4(d) and 122.44(d)) to establish conditions in NPDES 
permits that ensure compliance with State water quality standards, including antidegradation 
requirements. The antidegradation analysis is conducted as part of the State’s CWA Section 401 
certification (see Appendix H). 

Washington Water Quality Standards 
The City of Coeur d’Alene wastewater treatment plant outfall is located approximately 14 river 
miles upstream from the Washington border.  Federal regulations require that NPDES permits 
include conditions necessary to ensure compliance with the water quality requirements of all 
affected States (40 CFR 122.4(d), 40 CFR 122.44(d)(4), see also CWA Section 401(a)(2)). 
Therefore it is necessary to determine if the discharge has the reasonable potential to cause or 
contribute to excursions above Washington’s water quality standards, in addition to Idaho’s 
water quality standards.  If the discharge has the reasonable potential to cause or contribute to 
excursions above Washington’s water quality standards, effluent limits must be established, 
which ensure compliance with Washington’s water quality standards, in addition to Idaho’s 
water quality standards. The EPA has determined that the discharge has the reasonable potential 
to cause or contribute to excursions above Washington’s water quality standards for dissolved 
oxygen, and has established effluent limits for total phosphorus (TP), total ammonia as nitrogen 
(N), and CBOD5 which ensure compliance with both Idaho’s and Washington’s water quality 
standards for nutrients and dissolved oxygen.  See Appendix B for a complete discussion of the 
effluent limits based upon Washington’s water quality standards. 

C. Water Quality Limited Segment 
A water quality limited segment is any waterbody, or definable portion of a waterbody, where it 
is known that water quality does not meet applicable water quality standards, and/or is not 
expected to meet applicable water quality standards. In accordance with section 303(d) of the 
Clean Water Act, States must identify waters not achieving water quality standards in spite of the 
application of technology-based controls in National Pollutant Discharge Elimination System 
(NPDES) permits for point sources.  Such waterbodies are known as water quality limited 
segments (WQLSs), and the list of such waterbodies is called the “303(d) list.”  Once a water 
body is identified as a WQLS, the States are required under the Clean Water Act to develop a 
total maximum daily load (TMDL).  A TMDL is a determination of the amount of a pollutant, or 
property of a pollutant, from point, nonpoint, and natural background sources (including a 
margin of safety) that may be discharged to a water body without causing the water body to 
exceed the water quality criterion for that pollutant.  The Spokane River flows through Idaho and 
Washington, and various segments of the river are water quality limited in both States. 
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Total Phosphorus (Idaho) 
The Spokane River is listed in Idaho’s 2010 303(d)/305(b) integrated report as not attaining or 
not being expected to attain water quality standards for total phosphorus.  As explained in 
Appendix B, the water quality-based effluent limits for total phosphorus in the draft permit will 
ensure compliance with Idaho’s narrative water quality criterion for nutrients (IDAPA 
58.01.02.200.06). 

Cadmium, Lead and Zinc (Idaho) 
The segment of the Spokane River to which the City of Coeur d’Alene discharges was listed in 
Idaho’s 1998 303(d) list as not attaining or not expected to meet State water quality standards for 
cadmium, lead, and zinc. In August of 2000, the EPA approved a TMDL submitted by the State 
of Idaho for metals in the Coeur d’Alene River Basin, which included this segment of the 
Spokane River.  However, in 2003, the Idaho Supreme Court determined that the TMDL was 
invalid.  Therefore, the Spokane River remains listed in the 2010 303(d)/305(b) integrated report 
as being impaired for cadmium, lead, and zinc. 

Even though the Idaho Supreme Court invalidated the Coeur d’Alene River Basin TMDL under 
State law, the EPA must nonetheless evaluate whether water quality-based effluent limits are 
necessary for cadmium, lead, and zinc under CWA regulations at 40 CFR 122.44(d)(1)(i – iii), 
and assure that any such effluent limits are derived from and comply with applicable water 
quality standards (40 CFR 122.44(d)(1)(vii)(A)). Furthermore, NPDES permits issued by the 
EPA must incorporate the requirements specified in a CWA Section 401 certification (40 CFR 
122.44(d)(3), 124.53(e), 124.55(a)(2)).  

The 1999 permit (as modified in 2004) included effluent limits for zinc.  The EPA has 
determined that the concentration effluent limits for zinc in the 1999 permit (as modified in 
2004) are not stringent enough to ensure compliance with Idaho’s water quality criteria.  
Therefore, the EPA has proposed more-stringent effluent limits for zinc. 

In its draft CWA Section 401 certification, the State of Idaho specified effluent limits for 
cadmium and lead.  The certification states that these limits are necessary to ensure compliance 
with IDAPA 58.01.02.055.04.  Because the State of Idaho’s 2010 integrated report lists the 
Spokane River as a high priority for TMDL development, IDAPA 58.01.02.055.04 requires that 
the loading of pollutants causing water quality impairments remains constant or decreases within 
the watershed.  The limits specified by the State of Idaho will ensure that the City of Coeur 
d’Alene’s loading of cadmium and lead remains constant or decreases.  NPDES permits issued 
by the EPA must incorporate the requirements specified in a CWA Section 401 certification (40 
CFR 122.44(d)(3), 124.53(e), 124.55(a)(2)).  Therefore, the draft permit includes the cadmium 
and lead limits specified in the draft CWA Section 401 certification. 

The EPA is specifically requesting comments on the effluent limits for cadmium, lead, and zinc. 
A more detailed discussion of the effluent limits for cadmium, lead, and zinc is provided in 
Appendix C.  

Temperature (Idaho) 
The fact sheet dated February 16, 2007 stated that the Spokane River was listed in Idaho’s 
2002/2004 303(d)/305(b) integrated report as being impaired for temperature.  The Spokane 
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River is not listed for temperature in Idaho’s 2010 integrated report.  The 1999 permit did not 
include effluent limits for temperature.  When developing the 2007 draft permit, the EPA 
determined that the discharge did not have the reasonable potential to cause or contribute to 
excursions above water quality standards for temperature, and no temperature effluent limits 
were proposed in the 2007 draft permit.  In developing the revised draft permit, the EPA re-
evaluated the need for effluent limits for temperature and has once again determined that the 
discharge does not have the reasonable potential to cause or contribute to excursions above water 
quality standards for temperature; therefore, no effluent limits are proposed for temperature in 
the revised draft permit. 

The finding that the discharge does not have the reasonable potential to cause or contribute to 
excursions above Idaho’s water quality standards for temperature has not changed since the 2007 
draft permit was issued for public review and is not one of the substantial new questions that 
caused the reopening of the comment period.  

Dissolved Oxygen (Washington) 
In the fact sheets dated February 16, 2007 for the Cities of Coeur d’Alene and Post Falls and the 
Hayden Area Regional Sewer Board (HARSB), the EPA made a finding that the discharges of 
oxygen-demanding pollution from those sources have the reasonable potential to cause or 
contribute to excursions below Washington’s water quality criterion for dissolved oxygen in 
Lake Spokane.  The draft permits issued for public review and comment in February 2007 
therefore included water quality-based effluent limits for phosphorus, CBOD5, and ammonia, 
which were intended to ensure compliance with Washington’s water quality criterion for 
dissolved oxygen in lakes and reservoirs, as required by federal regulations (40 CFR 122.4(d), 
122.44(d)(4), see also CWA Section 401(a)(2)). The “reasonable potential” finding (which 
determines whether or not water quality-based effluent limits based upon Washington water 
quality standards are necessary for oxygen-demanding pollutants, see 40 CFR 122.44(d)(1)(i – 
iii)) remains valid. 

However, comments received during the 2007 public comment period regarding the calculation 
of phosphorus, ammonia, and CBOD5 limits led the EPA to re-evaluate the effluent limits for 
these parameters. Commenters stated that the effluent limits should be calculated based on the 
cumulative dissolved oxygen impact of all human actions. Furthermore, in February 2008, after 
the close of the initial public comment period, the EPA approved revisions to Washington’s 
water quality standards, which made those revised standards effective for Clean Water Act 
purposes, including NPDES permits (40 CFR 131.21).  Among the changes to Washington’s 
water quality standards was a change to the water quality criterion for dissolved oxygen (DO) in 
lakes and reservoirs.  At the time of the initial public comment period in 2007, the water quality 
criterion for DO in lakes and reservoirs that was in effect for Clean Water Act purposes read “no 
measurable decrease from natural conditions” (WAC 173-201A-030(5)(c)(ii), 1997).  The 
revised standard reads “for lakes, human actions considered cumulatively may not decrease the 
dissolved oxygen concentration more than 0.2 mg/L below natural conditions” (WAC 173-201A-
200(1)(d)(ii), 2006). The significant differences between the old and current criteria are that the 
allowable amount of DO decrease relative to the natural condition is now numeric (0.2 mg/L) 
instead of a narrative statement (“no measurable decrease”), and the current criterion states that 
this allowable DO decrease is based on the cumulative impact of human actions.  
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In addition, the State of Washington has prepared and the EPA has approved the Spokane River 
and Lake Spokane Dissolved Oxygen Total Maximum Daily Load: Water Quality Improvement 
Report, dated February 2010 and hereinafter referred to as the Spokane DO TMDL.  In the 
Spokane DO TMDL, the State of Washington made specific assumptions about the amounts of 
oxygen-demanding pollution that will be discharged by sources in Idaho.  In 2011, the State of 
Washington issued NPDES permits to point sources discharging to the Spokane River in 
Washington, which include effluent limits for phosphorus, ammonia and CBOD5 that are 
consistent with the wasteload allocations in the Spokane DO TMDL. 

In light of the comments received during the initial comment period, the changes to the 
Washington water quality standards, and the availability of the Spokane DO TMDL, the EPA has 
determined that the effluent limits for phosphorus, ammonia and CBOD5 proposed in the 2007 
draft permit should be changed in order to ensure compliance with Washington’s dissolved 
oxygen criterion for lakes and reservoirs.  

Therefore, the EPA has proposed revised water quality-based effluent limitations for phosphorus, 
ammonia, and five-day carbonaceous biochemical oxygen demand in the City of Coeur d’Alene 
draft permit.  These effluent limits ensure that the level of water quality to be achieved by limits 
on point sources is derived from and complies with all applicable water quality standards (40 
CFR 122.44(d)(1)(vii)(A)).  The effluent limits are based on the cumulative impact of all human 
actions that affect dissolved oxygen concentrations in Lake Spokane.  See Appendix B for a 
complete explanation of the water quality-based phosphorus, ammonia, and CBOD5 effluent 
limits in the draft permit, that are based on Washington water quality standards for dissolved 
oxygen.  The EPA is specifically requesting public comments on the revised water quality-based 
effluent limits in the draft permit for total phosphorus, CBOD5 and ammonia, which are derived 
from Washington’s water quality standards. 

Metals (Washington) 
The segment of the Spokane River immediately downstream from the State line is listed in 
Washington’s 2008 303(d)/305(b) integrated report for cadmium, lead, and zinc.  The listing 
category for these metals is 4A, which means that a TMDL has been prepared for these 
pollutants.  The Spokane River Dissolved Metals Total Maximum Daily Load (Butkus and 
Merrill, 1999) was approved by the EPA on August 25, 1999.  

As stated in the fact sheet dated February 16, 2007, the EPA has determined that the City’s 
discharge does not have the reasonable potential to cause or contribute to excursions above 
Washington’s water quality standards for cadmium, lead or zinc. The finding that the discharge 
does not have the reasonable potential to cause or contribute to excursions above Washington’s 
water quality standards for cadmium, lead, or zinc has not changed since the 2007 draft permit 
was issued for public review and is not one of the substantial new questions that caused the 
reopening of the comment period.  

Temperature (Washington) 
The segment of the Spokane River immediately downstream from the State line is listed in 
Washington’s 2008 303(d)/305(b) integrated report as not attaining or not being expected to 
attain water quality standards for temperature. As explained in Appendix B, the EPA has 
determined that the discharges from Idaho point sources do not have the reasonable potential to 
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cause or contribute to excursions above Washington’s water quality standards for temperature in 
the Spokane River. 

The finding that the discharge does not have the reasonable potential to cause or contribute to 
excursions above Washington’s water quality standards for temperature has not changed since 
the 2007 draft permit was issued for public review and is not one of the substantial new 
questions that caused the reopening of the comment period.  

Total Polychlorinated Biphenyls and Dioxin (Washington) 
The Spokane River is listed in Washington’s 2008 303(d)/305(b) integrated report as not 
attaining or not being expected to attain water quality standards for total polychlorinated 
biphenyls (PCBs), due to elevated concentrations in fish tissue.  The Spokane Tribe of Indians 
has EPA-approved water quality standards for its waters, which are downstream of the Long 
Lake Dam, and data from lower Lake Spokane indicate that the Tribe’s water quality criterion 
for PCBs (in the water column) is not being attained (Serdar et al. 2011).  The Spokane River is 
also listed in Washington’s 2008 303(d)/305(b) integrated report as not attaining or not being 
expected to attain water quality standards for dioxin, due to elevated concentrations in fish tissue.  

Currently, there are insufficient data to determine if the discharges from point sources to the 
Spokane River in Idaho have the reasonable potential to cause or contribute to excursions above 
water quality standards for PCBs or dioxin in waters of the State of Washington or the Spokane 
Tribe of Indians.  Therefore, no numeric water quality-based effluent limits are proposed for 
PCBs or dioxin in the draft permit. 

The draft permits for the Cities of Post Falls and Coeur d’Alene and HARSB propose influent, 
effluent and surface water column monitoring for PCBs.  These data will be used to determine if 
the discharges have the reasonable potential to cause or contribute to excursions above water 
quality standards for PCBs in waters of the State of Idaho, the State of Washington or the 
Spokane Tribe of Indians.  Monitoring requirements for PCBs are discussed in more detail in 
Section VI.D below. 

The permits propose quarterly influent and effluent monitoring for dioxin.  The permits do not 
propose surface water monitoring for dioxin because the detection limit of EPA Method 1613B 
(4.4 picograms per liter) is much greater than the water quality criterion for dioxin that is 
currently in effect for Clean Water Act purposes in Idaho (0.013 picograms per liter) (EPA 
1994).  Thus, surface water monitoring for dioxin using Method 1613B would be unlikely to 
yield meaningful data. 

The NPDES permits for municipal separate storm sewer systems that discharge pollutants to the 
Spokane River in Idaho also include monitoring requirements for PCBs. 

The average total PCB concentration at the Washington – Idaho border is 106 picograms per liter 
(pg/L) (Serdar et al. 2011).  This concentration is 38% less than Washington’s and Idaho’s water 
quality criteria for total PCBs (170 pg/L) that are in effect under the CWA.2 The Spokane 
Tribe’s water quality criterion for PCBs is 3.37 pg/L.  Furthermore, in 1999, the USGS 
performed sampling of fish tissue in Idaho at station #12419000 (Spokane River near Post Falls, 
Idaho). The concentration of PCBs measured in fish collected from this station was 270 µg/kg 

2 Idaho’s PCB water quality criterion that is in effect under State law is 64 pg/L. However, the EPA has 
disapproved this criterion and therefore it is not in effect for Clean Water Act purposes. (See 40 CFR 131.21(c)(2)) 
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(USGS 2003).  The 170 pg/L Clean Water Act effective water column criterion for PCBs in 
Idaho and Washington corresponds to a fish tissue concentration of 5.3 µg/kg.3,4 Since the 
measured fish tissue concentration is greater than the fish tissue concentration that corresponds 
to the water column criterion, the measured fish tissue concentration indicates elevated levels of 
PCBs. 

PCBs have been detected in effluent from POTWs discharging to the Spokane River in the State 
of Washington (i.e., the City of Spokane and the Liberty Lake Sewer and Water District) as well 
as other POTWs in Washington State operated by the Cities of Medical Lake, Okanogan, 
College Place, Walla Walla, Pullman, Colfax, Albion, Bremerton, Tacoma, and Everett, and 
King and Pierce counties.  Effluent concentrations of total PCBs at these 14 facilities (a total of 
34 samples) ranged from 46.6 to 39,785 pg/L with a median concentration of 810 pg/L, and 82% 
of the results (28 out of 34) were greater than Idaho’s and Washington’s Clean Water Act 
effective water quality criterion of 170 pg/L (Coots and Deligeannis 2010; Ecology 2010; 
Johnson et al. 2004; Serdar 2003; Serdar et al. 2011; personal communication with Richard 
Koch, Ecology, September 8, 2011). Design flows of these POTWs range from 0.54 mgd 
(Okanogan) to 215 mgd (King County West Point).  PCBs were also detected in 96% of samples 
(69 out of 72) of effluents collected from 18 POTWs discharging to the Yakima River in central 
Washington State in 2007 and 2008.  The median effluent concentration of total PCBs at these 
18 POTWs was 370 pg/L and the maximum concentration was 7,400 pg/L; 82% of the samples 
(59 out of 72) exceeded Washington’s water quality criterion of 170 pg/L (Johnson et al. 2010).  

The fact that the average concentration of PCBs at the State line is more than half the value of 
the water quality criterion that is in effect under the Clean Water Act in Washington and Idaho 
and that high concentrations of PCBs have been measured in fish tissue in the Spokane River in 
Idaho, in addition to the frequent detection of PCBs at concentrations above water quality criteria 
in other POTWs as described above, suggests that pollution sources in Idaho may be contributing 
to exceedances of water quality criteria for PCBs. 

Moreover, dioxin has been detected in the effluent from the City of Medical Lake wastewater 
treatment plant (1.85 mgd design flow) in Washington State at a concentration of 0.56 pg/L, 
which is 43 times the criterion that is in effect for Clean Water Act purposes in both Idaho and 
Washington, which is 0.013 pg/L (Coots and Deligeannis 2010).5 According to data obtained 
from EPA’s Envirofacts database, dioxin has also been detected in the effluents from seven 
POTWs in Arizona, California and Florida.  The median concentration of dioxin among 36 
samples from those seven POTWs was 1.05 pg/L, which is 81 times the criterion (Nickel 2011).  
Design flows of the Arizona, California, and Florida POTWs with dioxin effluent data range 
from 2.2 to 37 mgd.  

3 The PCB water quality criterion that is in effect under State law in Idaho is equivalent to a fish tissue concentration
 
of 2.0 µg/kg.

4 The bioconcentration factor (BCF) is the ratio of a substance’s concentration in tissue versus its concentration in
 
water, in situations where the food chain is not exposed or contaminated. For non-metabolized substances, it 

represents equilibrium partitioning between water and organisms.  The BCF for PCBs is 31,200 L/kg (EPA 2002).
 
Multiplying the BCF by the water column criterion yields the equivalent fish tissue concentration.

5 Idaho’s 2,3,7,8 TCDD water quality criterion that is in effect under State law is 0.005 pg/L. However, the EPA has
 
disapproved this criterion and therefore it is not in effect for Clean Water Act purposes. (See 40 CFR 131.21(c)(2))
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Studies in the 1990s found mixtures of dioxins and furans in POTW effluents of 0.27 to 0.81 
toxicity equivalents (TEQ)6 (EPA 2006).  Potential sources of dioxins and furans in POTW 
discharges include laundry wastewater, particularly from clothing dyes and pigments containing 
dioxins and furans and from cotton treated with pentachlorophenol (which is used in some 
developing countries), runoff from streets with high traffic density, and industrial sources such as 
metal manufacturing (EPA 2006).  This information suggests that point sources in Idaho may 
also be contributing to excursions above water quality standards for dioxin in waters of the State 
of Washington.   

Therefore, although it is not known at this time which specific sources contribute PCBs or dioxin 
to the Spokane River in Idaho, the EPA believes that, similar to POTWs in the State of 
Washington and elsewhere, the Idaho POTWs may be discharging PCBs and dioxin, and that 
best management practices (BMP) requirements to control or abate the discharge of PCBs and 
dioxin are reasonably necessary to carry out the purposes and intent of the Clean Water Act. 
Due to the lack of data, it is infeasible to calculate numeric water quality-based effluent limits for 
PCBs and dioxin at this time.  Therefore, the draft permit includes BMP requirements for PCBs 
and dioxin, consistent with 40 CFR 122.44(k)(3) and (4).  The BMP requirements are in Part II.I 
of the draft permit. 

The draft permit also requires the permittee to participate in the Spokane River Regional Toxics 
Task Force (SRRTTF). See the draft permit at Part II.H. 

The EPA is specifically requesting comments on the monitoring and BMP requirements for 
PCBs and dioxin and the requirement to participate in the SRRTTF. 

V. Effluent Limitations 

A. Basis for Effluent Limitations 
In general, the Clean Water Act (Act) requires that the effluent limits for a particular pollutant be 
the more stringent of either technology-based limits or water quality-based limits.  Technology-
based limits are set according to the level of treatment that is achievable using available 
technology.  A water quality-based effluent limit is designed to ensure that the water quality 
standards of a waterbody are being met and may be more stringent than technology-based 
effluent limits. The bases for the proposed effluent limits in the draft permit are provided in 
Appendices B, C, D, E, F, and G. 

B. Proposed Effluent Limitations 
Below are the proposed effluent limits that are in the draft permit (see Part I.B). 

1.	 Removal Requirements for CBOD5 and TSS: The monthly average effluent 
concentration must not exceed 15 percent of the monthly average influent 
concentration.  Percent removal of CBOD5 and TSS must be reported on the 
Discharge Monitoring Reports (DMRs).  For each parameter, the monthly average 
percent removal must be calculated from the arithmetic mean of the influent values 

6 The TEQ procedure translates the complex mixture of dioxins and furans characteristic of environmental releases 
into an equivalent toxicity concentration of 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD), the most toxic 
member of this class of compounds. 
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and the arithmetic mean of the effluent values for that month.  Influent and effluent 
samples must be taken over approximately the same time period. 

2.	 The permittee must not discharge floating, suspended or submerged matter of any 
kind in concentrations causing nuisance or objectionable conditions or that may 
impair designated beneficial uses. 

Table 2 (below) presents the proposed final seasonal average, average monthly, average weekly, 
maximum daily, and instantaneous maximum effluent limits. Limits that are different from those 
in the 2007 draft permit are shown in italic type. The EPA is specifically requesting public 
comments on all of these revised effluent limits. 

C. Schedules of Compliance 
Schedules of compliance are authorized by federal NPDES regulations at 40 CFR 122.47 and by 
Section 400.03 of the Idaho Water Quality Standards.  The Idaho water quality standards allow 
for compliance schedules “when new limitations are in the permit for the first time.”  The federal 
regulation allows schedules of compliance “when appropriate,” and requires that such schedules 
require compliance as soon as possible.  When the compliance schedule is longer than 1 year, 
federal regulations require that the schedule shall set forth interim requirements and the dates for 
their achievement.  The time between the interim dates shall generally not exceed 1 year, and 
when the time necessary to complete any interim requirement is more than one year, the schedule 
shall require reports on progress toward completion of these interim requirements.  Federal 
regulations also generally require that interim effluent limits be at least as stringent as the final 
limits in the previous permit (40 CFR 122.44(l)(1)). 

Table 2:  Proposed Final Effluent Limits 

Parameter Units 

Effluent Limits 

Average 
Monthly 
Limit 

Average 
Weekly 
Limit 

Maximum 
Daily Limit 

Five-Day Carbonaceous Biochemical Oxygen Demand 
(CBOD5) 
November – January 

mg/L 25 40 — 
lb/day 1251 2002 — 

% removal 85% 
(minimum) — — 

CBOD5 
2 

February – March 

mg/L 25 40 — 
lb/day Seasonal Average Limit: 226 lb/day 

% removal 85% 
(minimum) — — 

CBOD5 
2 

April - October 

mg/L 25 40 — 
lb/day Seasonal Average Limit:  203 lb/day 

% removal 85% 
(minimum) — — 

Total Suspended Solids (TSS) 

mg/L 30 45 — 
lb/day 1501 2252 — 

% removal 85% 
(minimum) — — 

pH October – June s.u. 6.3 – 9.0 
pH July – September s.u. 6.5 – 9.0 
Total Phosphorus as P2 (Feb. – Oct.) lb/day Seasonal Average Limit:  3.17 lb/day 
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Table 2:  Proposed Final Effluent Limits 

Parameter Units 

Effluent Limits 

Average 
Monthly 
Limit 

Average 
Weekly 
Limit 

Maximum 
Daily Limit 

E. Coli Bacteria #/100 ml 
126 

(geometric 
mean) 

— 
406 (single 

sample 
maximum) 

Total Residual Chlorine 
July – September 

µg/L 39 — 102 
lb/day 2.0 — 5.1 

Total Residual Chlorine 
October – June 

µg/L 150 — 390 
lb/day 7.5 — 20 

Total Ammonia as N2 March – June lb/day 649 — 1547 
Total Ammonia as N2 

July – September 
mg/L 6.59 — 15.7 
lb/day 330 — 786 

Total Ammonia as N2 March – October lb/day 272 seasonal average 
Silver 
October – June, effluent flow > 4.2 mgd 

µg/L 8.01 — 22.5 
lb/day 0.401 — 1.13 

Cadmium (Based on the State of Idaho’s draft CWA 
Section 401 certification.) µg/L 0.149 0.187 — 

Lead (Based on the State of Idaho’s draft CWA Section 
401 certification.) µg/L 2.5 — 5.8 

Zinc 
µg/L 135 — 168 

lb/day 6.76 — 8.42 
Notes: 
1.  No single sample may exceed 406 organisms per 100 ml (instantaneous maximum limit). 
2. These effluent limits are subject to a compliance schedule.  Until the final effluent limits become effective, the 
permittee must comply with interim effluent limitations (see Table 3, below). 
3.  The monthly geometric mean concentration of E. coli must not exceed 126 organisms per 100 ml. 

EPA policy states that, in order to grant a compliance schedule, a permitting authority must make 
a reasonable finding that the permittee cannot comply with the effluent limit immediately upon 
the effective date of the final permit (see the US EPA NPDES Permit Writers’ Manual at Section 
9.1.3).  Some of the proposed effluent limits for phosphorus, CBOD5, ammonia, cadmium, lead, 
zinc, and silver are new limits that are in the permit for the first time.  However, the EPA has 
determined that the permittee can, in fact, comply with all of these effluent limits, except 
phosphorus, CBOD5, and ammonia, immediately upon the effective date of the final permit, as 
explained in Appendix G. 

Therefore, compliance schedules are proposed only for phosphorus, CBOD5 and ammonia.  The 
compliance schedules include interim effluent limitations, as shown in Table 3, below.  The 
interim phosphorus limits retain the average monthly 1 mg/L effluent limit from the 1999 permit, 
in order to ensure compliance with 40 CFR 122.44(l)(1). In order to ensure compliance with 40 
CFR 122.45(f), which requires that effluent limits are expressed in terms of mass, the EPA has 
calculated interim mass effluent limits for phosphorus, which apply in addition to the 
concentration limits.  The interim monthly average mass limit is equal to the mass loading of 
phosphorus that the permittee could have discharged, at the POTW’s design flow rate, while 
maintaining compliance with the concentration effluent limit in the 1999 permit. Federal 
regulations require that effluent limits for POTWs be calculated based on the design flow of the 
POTW (40 CFR 122.45(b)(1)).  In order to ensure compliance with 40 CFR 122.45(d), which 
requires that effluent limits for POTWs shall generally be expressed as average weekly and 
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average monthly discharge limitations, the EPA has included an interim average weekly mass 
limit for phosphorus, which is equal to the average monthly limit multiplied by 1.6, which is the 
same ratio as the technology-based effluent limits for CBOD5. This accounts for effluent 
variability within a month. 

The interim ammonia and CBOD5 limits are identical to the ammonia limits in the 1999 final 
permit, in compliance with 40 CFR 122.44(l)(1). 

The compliance schedules are based on the draft Clean Water Act Section 401 certification 
provided to the EPA by the Idaho Department of Environmental Quality.  The final permit will 
contain compliance schedules consistent with the State of Idaho’s final Clean Water Act Section 
401 certification, which may differ from the draft certification.  The EPA believes that the 
compliance schedule proposed for phosphorus complies with the regulatory requirement that 
compliance be achieved “as soon as possible” (40 CFR 122.47(a)(1)), as explained in Appendix 
G. 

Table 3: Interim Effluent Limits 

Parameter Units 

Effluent Limits 

Average 
Monthly 

Limit 

Average 
Weekly 
Limit 

Maximum 
Daily 
Limit 

CBOD5 

mg/L 25 40 — 
lb/day 1250 2000 — 

% 
removal 

85% 
(min.) — — 

Total Ammonia as N 
July – September 
Effluent flow ≤ 4.2 mgd 

mg/L 10 — 29 

lb/day 350 — 1000 

Total Ammonia as N 
July – September 
Effluent flow > 4.2 mgd 

mg/L 7.4 — 21 

lb/day 370 — 1100 

Total Phosphorus as P 
February – October 

mg/L 1.0 1.6 — 
lb/day 50 80 — 

Because the compliance schedules are authorized by the State of Idaho in the Section 401 
certification, comments on the compliance schedules should be directed to the Idaho Department 
of Environmental Quality at the address listed on the front page of this Fact Sheet and in the 
public notice of the availability of this draft permit, in addition to the EPA. 

D. Total Residual Chlorine Compliance Evaluation Level 
The 2007 draft permit contained a compliance evaluation level of 100 µg/L (0.1 mg/L) for total 
residual chlorine.  This compliance evaluation level was based on the minimum level (ML) of 
chlorine analytical methods that are no longer approved for use in NPDES permitting (see 40 
CFR 136).  

Currently approved methods can quantify chlorine at a concentration of 50 µg/L.  With the 
exception of the average monthly chlorine limit in effect from July – September, the proposed 
effluent limits for total residual chlorine are greater than the concentrations that can be quantified 
using approved analytical methods for chlorine.  Thus, the compliance evaluation level for the 
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July – September total residual chlorine average monthly limit has been changed to 50 µg/L from 
100 µg/L. 

The EPA is specifically requesting comments on the change to the total residual chlorine 
compliance evaluation level. 

E. Basis for Substitution of E. coli Limits for Fecal Coliform Limits 
The draft permit proposes effluent limits for E. coli in lieu of the 1999 permit’s fecal coliform 
limits.  The basis for this change is explained in the fact sheet dated February 16, 2007. The 
proposed substitution of E. coli for the 1999 permit’s fecal coliform limits is unchanged from the 
draft permit issued for public review in 2007 and is not one of the substantial new questions that 
caused the EPA to reopen the public comment period and is included here for the purpose of 
providing background context.  Therefore, the EPA is not requesting comments on the E. coli 
limits at this time. 

VI. Monitoring Requirements 

A. Basis for Effluent and Surface Water Monitoring 
Section 308 of the CWA and the federal regulation 40 CFR 122.44(i) require monitoring in 
permits to determine compliance with effluent limitations.  Monitoring may also be required to 
gather effluent and surface water data to determine if additional effluent limitations are required 
and/or to monitor effluent impacts on receiving water quality.  The permittee is responsible for 
conducting the monitoring and for reporting results on Discharge Monitoring Reports (DMRs) or 
on the application for renewal, as appropriate, to the EPA. 

B. Effluent Monitoring 
In general, the basis for the effluent monitoring requirements in the draft permit was explained in 
the fact sheet dated February 16, 2007.  Some changes to the effluent monitoring requirements 
are proposed, as explained below. The proposed effluent monitoring requirements are shown in 
Table 4, below. 

Whole Effluent Toxicity 
The whole effluent toxicity (WET) testing requirements have been expanded to include a 
requirement to prepare an initial investigation toxicity reduction evaluation (TRE) workplan, a 
requirement to conduct accelerated testing in the event of an excursion above a trigger value 
(which is based on the dilution of the effluent in the receiving water at the edge of the authorized 
mixing zone) and a requirement to conduct a TRE if an additional excursion above the trigger 
occurs during accelerated testing.  These requirements are consistent with the recommendations 
of the EPA Regions 9 and 10 Guidance for Implementing Whole Effluent Toxicity Testing 
Programs (EPA 1996b). These requirements were included in the 1999 permit, but were omitted 
from the 2007 draft permit. 

In addition, the revised draft permit proposes a semi-annual (twice per year) monitoring 
frequency for WET, which is the same as the 1999 permit.  The 2007 draft permit had proposed 
annual (once per year) monitoring for WET, however, there is no basis to reduce the WET 
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monitoring frequency relative to the 1999 permit. Finally, in the draft permit, the EPA is 
proposing to require the permittee to use three organisms for toxicity testing (a fish, an 
invertebrate, and a plant), consistent with the recommendations of the Regions 9 and 10 
Guidance for Implementing Whole Effluent Toxicity Testing Programs (Page 2-18) and the 
Technical Support Document for Water Quality-based Toxics Control (Section 3.3.3). The 2007 
draft permit only required testing of a fish and an invertebrate. 

The EPA is specifically requesting public comment on the revised WET testing requirements. 

Total Residual Chlorine 
In the 2007 draft permit, the EPA had proposed to reduce the monitoring frequency for total 
residual chlorine from three times per day in the 1999 permit to five times per week from July – 
October and once per week from October - June. However, the EPA has determined that 
reducing the total residual chlorine monitoring frequency to this extent would not be consistent 
with the EPA’s Interim Guidance for Performance - Based Reductions of NPDES Permit 
Monitoring Frequencies (EPA 1996a). 

The average effluent concentration of total residual chlorine is 28 µg/L, which is 18% of the 
proposed average monthly effluent limit for October – June and 69% of the average monthly 
effluent limit for July – September. The Interim Guidance for Performance - Based Reductions 
of NPDES Permit Monitoring Frequencies does not discuss monitoring reduction for a baseline 
frequency of three samples per day, so the EPA has applied the recommendations of the 
guidance for three times per week sampling to the three samples per day sampling frequency that 
was required in the 1999 permit.  This results in a reduction in sampling frequency for October – 
June to once per day, and no reduction in sampling frequency for July – September. 

Permit Application Monitoring 
The draft permit proposes to require all of the monitoring that would be necessary to produce a 
complete application for renewal of this permit. Effluent monitoring required by Part B.6 of 
application form 2A (which is required of all facilities with a design flow greater than or equal to 
0.1 mgd) is required at a frequency of quarterly for oil and grease and total dissolved solids, and 
monthly for dissolved oxygen and for forms of nitrogen and phosphorus that are not subject to 
effluent limits.  More frequent monitoring is required for nitrogen and phosphorus species 
because these are nutrients, and nutrients are known to contribute to water quality impairments in 
this watershed (i.e., for dissolved oxygen in the State of Washington and total phosphorus in the 
State of Idaho). 

Effluent monitoring required by Part D of application form 2A, which is not required by other 
provisions of this permit, is required at the minimum frequency required by the application (three 
samples over the term of the permit).  
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Table 4:  Effluent Monitoring Requirements 

Parameter Unit Sample Location 
Sample 

Frequency 
Sample Type 

Flow mgd Effluent Continuous Recording 

CBOD5 

November – January 

mg/L Influent and Effluent 1/week 24-hour composite 
lbs/day Influent and Effluent calculation1 

% Removal -- 1/month calculation2 

CBOD5 

February – October 

mg/L Influent and Effluent 3/week 24-hour composite 
lbs/day Influent and Effluent calculation1 

% Removal -- 1/month calculation2 

TSS 
mg/L Influent and Effluent 1/week 24-hour composite 
lbs/day Influent and Effluent calculation1 

% Removal -- 1/month calculation2 

pH standard units Effluent 5/week grab 
E. Coli Bacteria #/100 ml Effluent 5/month grab 
Total Residual Chlorine 
(July – September) 

µg/L Effluent 3/day grab 
lb/day calculation 

Total Residual Chlorine 
(October – June) 

µg/L Effluent 1/day grab 
lb/day calculation 

Total Ammonia as N (Mar. – Oct.) mg/L Effluent 3/week 24-hour composite 
lb/day calculation 

Total Ammonia as N (Nov. – Feb.) mg/L Effluent 1/month 24-hour composite 
Total Phosphorus 
February – October 

µg/L Effluent 3/week 24-hour composite 
lb/day calculation 

Total Phosphorus 
November – January µg/L Effluent 1/week 24-hour composite 

Cadmium 
µg/L Effluent 1/month 24-hour composite 
lb/day calculation 

Lead 
µg/L Effluent 1/month 24-hour composite 
lb/day calculation 

Zinc 
µg/L Effluent 1/month 24-hour composite 
lb/day calculation 

Temperature ºC Effluent 5/week grab 
Copper µg/L Effluent 1/month 24-hour composite 
Silver µg/L Effluent 1/month 24-hour composite 

Alkalinity 
mg/L as 
CaCO3 

Effluent 1/month 24-hour composite 

Hardness 
mg/L as 
CaCO3 

Effluent 1/month 24-hour composite 

Oil and Grease mg/L Effluent 1/quarter grab 
Total Dissolved Solids mg/L Effluent 1/quarter 24-hour composite 
Polychlorinated Biphenyl (PCB) 
Congeners 

pg/L Influent 1/2 months 24-hour composite 

PCB Congeners pg/L Effluent 1/quarter 24-hour composite 
2,3,7,8 Tetrachlorodibenzo-p
dioxin 

pg/L Influent and Effluent 1/quarter 24-hour composite 

Orthophosphate as P mg/L Effluent 1/month 24-hour composite 
Total Kjeldahl Nitrogen mg/L Effluent 1/month 24-hour composite 
Nitrate plus Nitrite Nitrogen mg/L Effluent 1/month 24-hour composite 
Dissolved Oxygen mg/L Effluent 1/month grab 
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Table 4:  Effluent Monitoring Requirements 

Parameter Unit Sample Location 
Sample 

Frequency 
Sample Type 

NPDES Application Form 2A 
Expanded Effluent Testing 

--- Effluent 3x/5years ---

Whole Effluent Toxicity TUc Effluent 2/year 24-hour composite 
Notes: 
1.  Maximum daily loading is calculated by multiplying the concentration in mg/L by the average daily flow in 

mgd and a conversion factor of 8.34. 
2.  Percent removal is calculated using the following equation: 

(average monthly influent - effluent) ÷ average monthly influent. 

C. Surface Water Monitoring 
The EPA received comments during the 2007 public comment period regarding the surface water 
monitoring requirements.  Commenters stated that the 2007 draft permit proposed to require 
surface water monitoring at locations that are outside the influence or control of the dischargers 
performing the sampling, and that sampling should instead be required exclusively upstream and 
downstream of each discharger’s outfall. 

The EPA agrees that surface water monitoring upstream and downstream of each discharger’s 
outfall would adequately characterize the dischargers’ effect on water quality in the Spokane 
River.  The EPA therefore proposes to change the surface water monitoring requirements such 
that the permit requires surface water monitoring upstream and downstream of each discharger’s 
outfall. 

Commenters also stated that the permit should not require surface water monitoring in Skalan 
Creek.  Commenters stated that access to the mouth of the creek (the proposed required sampling 
point in the 2007 draft permit) required access to private property that could not be assured, and 
that the creek does not flow for much of the year. Given the lack of reliable access to the mouth 
of Skalan Creek, the fact that the creek does not flow for much of the year, and the fact that the 
Spokane River discharges have no influence upon water quality in Skalan Creek, the EPA has 
deleted the surface water monitoring requirements for Skalan Creek from the draft permit.  The 
EPA is specifically requesting public comment on the revised surface water monitoring 
requirements in the draft permit. 

Table 5:  Surface Water Monitoring Requirements 
Parameter (units) Sample 

Locations 
Sample 

Frequency 
Sample 
Type 

Maximum 
ML 

CBOD5 
Upstream and 
Downstream 8/year1 Grab — 

Total Ammonia as N (mg/L) Upstream and 
Downstream 8/year1 Grab 0.05 mg/L 

pH (standard units) Upstream and 
Downstream 8/year1 Grab — 

Total Nitrogen (mg/L) Upstream and 
Downstream 8/year1 Grab 0.05 mg/L 

Total Phosphorus as P (µg/L) Upstream and 
Downstream 8/year1 Grab 5 µg/L 

Orthophosphate as P (µg/L) Upstream and 
Downstream 8/year1 Grab 5 µg/L 
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Table 5:  Surface Water Monitoring Requirements 
Parameter (units) Sample 

Locations 
Sample 

Frequency 
Sample 
Type 

Maximum 
ML 

Dissolved Oxygen (mg/L) Upstream and 
Downstream 8/year1 Grab — 

Chlorophyll a Upstream and 
Downstream 8/year1 Grab — 

PCB Congeners Upstream and 
Downstream 2/year2 Grab See Note 3. 

Notes: 
1. The permittee must sample the receiving water at least twice per month during the months 

of July, August, September, and October. 
2. The permittee must sample the receiving water at least once during the season of April 1 – 

June 30 and at least once during the season of July 1 – September 30. 
3. The permittee must use EPA Method 1668 for analysis of receiving water samples for 

PCBs, must target an MDL no greater than 10 pg/L per congener, and must analyze for 
each of the 209 individual congeners. 

D. Monitoring Requirements for PCBs 
The draft permits for the Cities of Post Falls and Coeur d’Alene and HARSB propose bi-monthly 
influent and quarterly effluent monitoring for PCB congeners.  These monitoring frequencies are 
the same as required in the State of Washington’s permit for the Liberty Lake Sewer and Water 
District. 

The draft permits also propose twice yearly surface water column monitoring upstream and 
downstream of the outfall for PCB congeners.  The surface water column monitoring is required 
because there are very little data available for PCB concentrations in the Spokane River in Idaho.  
To reduce duplication of effort, the permit allows surface water monitoring performed by or for 
the SRRTTF to be used to fulfill permit requirements, if such monitoring would otherwise meet 
the requirements of the permit. 

These data will be used to determine if the discharges have the reasonable potential to cause or 
contribute to excursions above water quality standards for PCBs in waters of the State of Idaho, 
the State of Washington or the Spokane Tribe of Indians and to evaluate the effectiveness of the 
toxics management plan. 

The permit specifies the analytical methods and maximum detection limits that must be used for 
analysis of PCB congeners and dioxin.  In general, the draft permit requires the use of EPA 
Method 1668 for PCB monitoring because it is the most sensitive method available, and it 
analyzes for all 209 of the individual PCB congeners.  However, EPA method 8082 may be used 
for influent and effluent monitoring (but not receiving water monitoring), if initial screening with 
method 1668 shows that influent and/or effluent PCB concentrations are high enough that 
method 8082 could accurately quantify the PCB concentrations at those location(s).  

Federal regulations require that, to assure compliance with permit limitations, permits must 
include requirements to monitor “according to procedures approved under 40 CFR Part 136,” 
unless another method is required by 40 CFR Parts 400 – 471, 501, or 503 (i.e. pretreatment 
requirements, effluent limit guidelines, or sewage sludge requirements).  See 40 CFR 
122.44(i)(1)(iv). 

Exhibit 20



  
  

      
    

   
  

   
   

   
  

  

   
 

  
  

  
  

 

   
   

  
  

 
   

  
  

  
  

 

 
  

    
 

  

  
     

   
 

   

Fact Sheet NPDES Permit #ID0022853 
Page 27 

EPA methods 1668 and 8082 are not approved methods under 40 CFR Part 136, thus, if effluent 
limits for total PCBs are established in the future, methods 1668 or 8082 could not be used to 
determine compliance with such effluent limits unless those methods are approved under 40 CFR 
136 for either nationwide or limited use at the time such limits are established.  The EPA 
proposed to approve Method 1668 Revision C on September 23, 2010 (75 FR 58027).  On May 
18, 2012, the EPA chose to defer approval of Method 1668C while it considers the large number 
of public comments received on the proposed approval. However, the EPA noted that “this 
decision does not negate the merits of this method for the determination of PCB congeners in 
regulatory programs or for other purposes when analyses are performed by an experienced 
laboratory” (77 FR 29763).  

The EPA may require the use of methods 1668 or 8082 in this case because the permit requires 
analysis of PCB congeners, and the methods approved under 40 CFR 136 are not capable of 
analysis for individual PCB congeners.  While method 8082 cannot measure for all 209 PCB 
congeners, it can measure for some individual congeners.  Congener analysis is appropriate in 
this case because it will aid in source identification, which is one of the goals of the toxics 
management plan requirements.  For pollutants for which there are no approved methods under 
40 CFR Part 136 (such as PCB congeners), monitoring must be conducted according to a test 
procedure specified in the permit (40 CFR 122.44(i)(1)(iv)).  Therefore, the EPA has specified 
the use of EPA method 1668, or, if it would be adequately sensitive, 8082.  Furthermore, the 
monitoring is being required for effluent and receiving water characterization as opposed to 
determining compliance with effluent limits. 

VII. Sludge (Biosolids) Requirements 
EPA Region 10 separates wastewater and sludge permitting. Under the CWA, the EPA has the 
authority to issue separate sludge-only permits for the purposes of regulating biosolids.  The 
EPA may issue a sludge-only permit to each facility at a later date, as appropriate. 

Until future issuance of a sludge-only permit, sludge management and disposal activities at each 
facility continue to be subject to the national sewage sludge standards at 40 CFR Part 503 and 
any requirements of the State's biosolids program. The Part 503 regulations are self-
implementing, which means that facilities must comply with them whether or not a permit has 
been issued. 

The absence of specific biosolids requirements in the draft permit is unchanged from the 2007 
draft permit.  This information is included here for the purpose of providing background context 
and is not one of the substantial new questions that caused the EPA to reopen the public 
comment period.  Therefore the EPA is not requesting comments on the absence of specific 
biosolids requirements in the draft permit at this time. 

VIII. Other Permit Conditions 

A. Quality Assurance Plan 
The quality assurance plan requirements (see the revised draft permit at Part II.C) are identical to 
those in the 2007 draft permit and are explained in the fact sheet dated February 16, 2007. The 
quality assurance plan requirements are not among the substantial new questions that caused the 
EPA to reopen the public comment period.  The requirements are discussed here for the purpose 
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of providing background context.  Therefore the EPA is not requesting comments on the quality 
assurance plan requirements at this time. 

B. Phosphorus Management Plan 
In general, the phosphorus management plan requirements (see the revised draft permit at Part 
II.B) are similar to those in the 2007 draft permit.  However, unlike the 2007 draft permit, the 
revised draft permit requires that the phosphorus management plan and implementation plan be 
submitted to the EPA and IDEQ, and requires annual reporting of reductions achieved through 
the phosphorus management plan. The phosphorus management plan requirements are effective 
year-round, including November – January when no numeric phosphorus limits are in place.  The 
EPA is specifically requesting public comments on the phosphorus management plan 
requirements. 

C. Pretreatment 
The proposed permit contains requirements that the City control industrial dischargers, pursuant 
to 40 CFR 403.  Indirect dischargers to the treatment plant must comply with the applicable 
requirements of 40 CFR 403, any categorical pretreatment standards promulgated by the EPA, 
and any additional or more stringent requirements imposed by the City of Coeur d’Alene as part 
of its approved pretreatment program or sewer use ordinance (e.g., local limits). 

The pretreatment requirements are not among the substantial new questions that caused the EPA 
to reopen the public comment period and are discussed here for the purpose of providing 
background context.  Therefore, the EPA is not requesting comments on the pretreatment 
requirements at this time. 

D. Sanitary Sewer Overflows and Proper Operation and Maintenance of the Collection 
System 

Untreated or partially treated discharges from separate sanitary sewer systems are referred to as 
sanitary sewer overflows (SSOs).  SSOs may present serious risks of human exposure when 
released to certain areas, such as streets, private property, basements, and receiving waters used 
for drinking water, fishing and shellfishing, or contact recreation.  Untreated sewage contains 
pathogens and other pollutants, which are toxic.  SSOs are not authorized under this permit. 
Pursuant to the NPDES regulations, discharges from separate sanitary sewer systems authorized 
by NPDES permits must meet effluent limitations that are based upon secondary treatment. 
Further, discharges must meet any more stringent effluent limitations that are established to meet 
State or Tribal water quality standards.  

The permit contains language to address SSO reporting and public notice and operation and 
maintenance of the collection system.  The permit requires that the permittee identify SSO 
occurrences and their causes.  In addition, the permit establishes reporting, record keeping and 
third party notification of SSOs.  Finally, the permit requires proper operation and maintenance 
of the collection system. The following specific permit conditions apply: 

Immediate Reporting – The permittee is required to notify the EPA of an SSO within 24 hours 
of the time the permittee becomes aware of the overflow.  (See 40 CFR 122.41(l)(6)). 
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Written Reports – The permittee is required to provide the EPA a written report within five 
days of the time it became aware of any overflow that is subject to the immediate reporting 
provision. (See 40 CFR 122.41(l)(6)(i)). 

Third Party Notice – The permit requires that the permittee establish a process to notify 
specified third parties of SSOs that may endanger health due to a likelihood of human exposure; 
or unanticipated bypass and upset that exceeds any effluent limitation in the permit or that may 
endanger health due to a likelihood of human exposure.  The permittee is required to develop, in 
consultation with appropriate authorities at the local, county, tribal and/or state level, a plan that 
describes how, under various overflow (and unanticipated bypass and upset) scenarios, the 
public, as well as other entities, would be notified of overflows that may endanger health.  The 
plan should identify all overflows that would be reported and to whom, and the specific 
information that would be reported.  The plan should include a description of lines of 
communication and the identities of responsible officials.  (See 40 CFR 122.41(l)(6)). 

Record Keeping – The permittee is required to keep records of SSOs.  The permittee must retain 
the reports submitted to the EPA and other appropriate reports that could include work orders 
associated with investigation of system problems related to a SSO, that describes the steps taken 
or planned to reduce, eliminate, and prevent reoccurrence of the SSO. (See 40 CFR 122.41(j)). 

Proper Operation and Maintenance – The permit requires proper operation and maintenance 
of the collection system. (See 40 CFR 122.41(d) and (e)).  SSOs may be indicative of improper 
operation and maintenance of the collection system.  The permittee may consider the 
development and implementation of a capacity, management, operation and maintenance 
(CMOM) program. 

The permittee may refer to the Guide for Evaluating Capacity, Management, Operation, and 
Maintenance (CMOM) Programs at Sanitary Sewer Collection Systems (EPA 305-B-05-002).  
This guide identifies some of the criteria used by EPA inspectors to evaluate a collection 
system’s management, operation and maintenance program activities.  Owners/operators can 
review their own systems against the checklist (Chapter 3) to reduce the occurrence of sewer 
overflows and improve or maintain compliance. 

E. Additional Permit Provisions 
Sections III, IV, and V of the draft permit contain standard regulatory language that must be 
included in all NPDES permits.  Because they are regulations, they cannot be challenged in the 
context of an NPDES permit action.  The standard regulatory language covers requirements such 
as monitoring, recording, and reporting requirements, compliance responsibilities, and other 
general requirements. 

IX. Other Legal Requirements 

A. Endangered Species Act and Essential Fish Habitat 
As explained in the fact sheet dated February 16, 2007, the EPA has determined that the 
discharge is not likely to adversely affect bull trout, and will have no effect on other threatened 
and endangered species (EPA 2007). In a letter dated April 5, 2007, USFWS concurred with 
EPA’s effects determination of “not likely to adversely to affect,” for bull trout. 
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In general, the effluent limitations in the revised draft permit are as stringent as or more stringent 
than those in the 2007 draft permit.  Furthermore, on August 9, 2007, the bald eagle was 
removed from the list of threatened and endangered species.  Therefore, further consultation 
under the Endangered Species Act is not necessary. 

Essential fish habitat (EFH) is the waters and substrate (sediments, etc.) necessary for fish to 
spawn, breed, feed, or grow to maturity.  The Magnuson-Stevens Fishery Conservation and 
Management Act (January 21, 1999) requires the EPA to consult with NOAA Fisheries when a 
proposed discharge has the potential to adversely affect EFH (i.e., reduce quality and/or quantity 
of EFH). 

The EFH regulations define an adverse effect as any impact which reduces quality and/or 
quantity of EFH and may include direct (e.g. contamination or physical disruption), indirect (e.g. 
loss of prey, reduction in species’ fecundity), site specific, or habitat-wide impacts, including 
individual, cumulative, or synergistic consequences of actions. 

The EPA has determined that issuance of this permit is not likely to adversely affect EFH in the 
vicinity of the discharge. The Spokane River is not designated as EFH. The EPA has provided 
NOAA Fisheries with copies of the draft permit and fact sheet during the public notice period.  
Any comments received from NOAA Fisheries regarding EFH will be considered prior to 
reissuance of this permit. 

B. State/Tribal Certification 
Section 401 of the CWA requires the EPA to seek State or Tribal certification before issuing a 
final permit.  As a result of the certification, the State may require more stringent permit 
conditions or additional monitoring requirements to ensure that the permit complies with water 
quality standards. 

C. Permit Expiration 
The permit will expire five years from the effective date. 
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Appendix A:  Facility Map 
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Appendix B: Water Quality-based Effluent Limits for Phosphorus,
 
Ammonia and Carbonaceous Biochemical Oxygen Demand
 

Necessary to Meet Water Quality Criteria for Dissolved Oxygen in 

Washington and Nutrients in Idaho
 

A. Overview 
Federal regulations require NPDES permits to be conditioned to ensure compliance with the 
water quality requirements of all affected States (40 CFR 122.4(d), 122.44(d)(4), see also Clean 
Water Act Section 401(a)(2)).  The EPA has determined that waters of the State of Washington 
are affected by discharges of nutrient and oxygen-demanding pollution, specifically total 
phosphorus (TP), five-day carbonaceous biochemical oxygen demand (CBOD5), and total 
ammonia as nitrogen (ammonia), from point sources in Idaho.  These three pollutants can 
decrease dissolved oxygen concentrations in the Spokane River and in Lake Spokane, in the 
State of Washington. Thus, the EPA must establish water quality-based effluent limits for these 
parameters, which ensure that the level of water quality to be achieved by limits on point sources 
is derived from and complies with all applicable water quality standards, including Washington 
water quality standards (40 CFR 122.44(d)(1)(vii)(A)).  Some of the applicable water quality 
standards for the State of Washington explicitly require that the cumulative impact of all human 
actions be considered.  Therefore, the effluent limits are set at a level that will assure that these 
discharges, considered cumulatively with all other human sources of pollution, including those in 
the State of Washington, will achieve the Washington DO standard in Lake Spokane. 

B. Requirement to Meet Washington’s Water Quality Standards 
The federal regulation 40 CFR 122.4(d) states that “no permit may be issued…when the 
imposition of conditions cannot ensure compliance with the applicable water quality 
requirements of all affected States.”  In the reasonable potential analysis described below, the 
EPA determined that discharges of TP, CBOD5, and ammonia from the City of Coeur d’Alene, 
the City of Post Falls and the Hayden Area Regional Sewer Board (HARSB) affect water quality 
in waters of the State of Washington, because they have the reasonable potential to cause or 
contribute to excursions below Washington’s water quality criteria for DO.  Therefore, the State 
of Washington is an “affected State” under 40 CFR 122.4(d).  

Furthermore, 40 CFR 122.44(d)(4) requires that NPDES permits must include any requirements 
necessary to “conform to applicable water quality requirements under section 401(a)(2) of CWA 
when the discharge affects a State other than the certifying State.”  Therefore, the EPA must 
establish conditions in the permits for these facilities, which ensure compliance with the 
applicable water quality requirements of the State of Washington. 

Reasonable Potential Analysis 
The federal regulation 40 CFR 122.44(d)(1)(i), which implements Section 301(b)(1)(C) of the 
Clean Water Act, requires that NPDES permits contain water quality-based effluent limitations 
for all pollutants or pollutant parameters that the EPA determines are or may be discharged at a 
level that will cause, have the reasonable potential to cause, or contribute to an excursion above 
any State water quality standard, including narrative criteria for water quality. 

Exhibit 20



  
  

  
  

 

 
     
    

    

    
  

 
  

  

 

  
 

  

   
   

  
 

 
 

   
    

   
   

    

    
  

    

                                                           
     

    
   

  
   

  
   
  

Fact Sheet NPDES Permit #ID0022853 
Page B-2 

In the fact sheets for the 2007 draft permits for the Cities of Coeur d’Alene and Post Falls and 
HARSB, the EPA found that the discharges of oxygen-demanding pollution from those sources 
have the reasonable potential to cause or contribute to excursions below Washington’s water 
quality criterion for dissolved oxygen in Lake Spokane.  Specifically, the modeling conducted in 
support of the 2007 draft Idaho permits showed that the levels of discharge allowed by the 1999 
permits, from the Idaho wastewater treatment plants alone, could decrease dissolved oxygen 
concentrations in Lake Spokane by 0.57 mg/L as an average over depth below 8 meters, at the 
time and location of maximum impact.1 Washington’s water quality standard only allows a DO 
decrease of 0.2 mg/L below the natural condition for all human sources considered cumulatively 
(see “Applicable Water Quality Standards and Status of Waters,” below).  Therefore, a decrease 
of 0.57 mg/L would cause an excursion above Washington’s water quality criterion for DO in 
lakes and reservoirs (because it is a greater decrease than allowed by the standards).  In addition, 
the modeling conducted in support of the 2007 draft Idaho permits showed that currently 
permitted levels of discharge could increase pH at the state line to more than 9.0 standard units, 
which is an excursion above both Idaho and Washington water quality standards (Cope 2006).  

Reasonable potential determinations must account for existing controls on point and nonpoint 
sources of pollution (40 CFR 122.44(d)(1)(ii)).  Additional anthropogenic nutrients and oxygen 
demand discharged by municipal separate storm sewer systems in Idaho further contribute to 
excursions below dissolved oxygen standards, which serves as additional evidence for the 
reasonable potential finding. 

Therefore, the discharges of TP, ammonia, and CBOD5 from the three WWTPs discharging to 
the Spokane River in Idaho affect water quality in waters of the State of Washington and have 
the reasonable potential to cause or contribute to excursions above water quality standards for 
dissolved oxygen and pH in waters of the State of Washington.  The EPA has therefore 
established water quality-based effluent limits for TP, ammonia and CBOD5 for the Idaho 
dischargers to the Spokane River that ensure a level of water quality that is derived from and 
complies with both Washington’s and Idaho’s water quality standards (40 CFR 
122.44(d)(1)(vii)(A)). 

C. Applicable Water Quality Standards and Status of Waters 
Lake Spokane (also called “Long Lake”), a reservoir located in the State of Washington, and the 
segments of the Spokane River between the Idaho-Washington border and Lake Spokane, are 
listed as impaired for DO in Washington’s 2008 303(d)/305(b) integrated report.  The Spokane 
River is also listed as a “water of concern” (category 2) for pH in Washington.  

The Spokane River is not impaired for dissolved oxygen or pH in the State of Idaho.  However, 
the entire length of the Spokane River that is in Idaho (i.e., both above and below the Post Falls 
Dam) is listed in Idaho’s 2010 303(d)/305(b) integrated report as being impaired for TP. See 

1 The fact sheets for the 2007 draft permits for the City of Coeur d’Alene, the City of Post Falls, and HARSB stated 
the maximum DO decrease in Lake Spokane resulting from currently permitted Idaho discharges as 1.1 mg/L.  This 
was the 95th percentile DO decrease, over the depth of the lake, at the time and location of maximum impact, 
predicted under the “Permit” modeling scenario (Cope 2006). The Spokane DO TMDL quantifies the DO decrease 
as the average DO decrease, over the depth of the lake, below 8 meters (see the Spokane DO TMDL at page 36). 
When this metric is applied to the “Permit” scenario described in the 2006 Cope report and the 2007 fact sheets, the 
Idaho wastewater treatment plants’ potential impact on DO, based on currently-permitted levels of discharge, is 0.57 
mg/L. 
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Table 1, below, for a summary of the applicable water quality criteria for DO, pH, and nutrients 
or aesthetics for the Spokane River and Lake Spokane in the States of Idaho and Washington. 

Table 1:  Dissolved Oxygen and pH Criteria for the Spokane River and Lake 
Spokane 

Spokane River 

Parameter Idaho Standards Washington Standards 

Dissolved 
Oxygen 

Numeric Criteria: 
Below Post Falls Dam, except during August and 
September: One (1) day minimum of not less 
than six point zero (6.0) mg/l or ninety percent 
(90%) of saturation, whichever is greater. 
Other times and locations: Dissolved Oxygen 
Concentrations exceeding six (6) mg/l at all 
times. 
(IDAPA 58.01.02, Sections 110.12 and 250) 
Natural condition provision: When natural 

Numeric Criteria: 
From Nine Mile Bridge (river mile 58.0) to the 
Idaho border (river mile 96.5): 1-day minimum of 
8.0 mg/L. 
From Long Lake Dam (river mile 33.9) to Nine 
Mile Bridge: 1-day minimum of 9.5 mg/L. 
(WAC 173-201A, Tables 200(1)(d) and 602) 
Natural condition provision: When a 
waterbody's D.O. is lower than the criteria in Table 

background conditions exceed any applicable 
water quality criteria set forth in Sections 210, 
250, 251, 252, or 253, the applicable water 
quality criteria shall not apply; instead, there shall 
be no lowering of water quality from natural 
background conditions. 
(IDAPA 58.01.02.200.09.) 

200 (1)(d) (or within 0.2 mg/L of the criteria) and 
that condition is due to natural conditions, then 
human actions considered cumulatively may not 
cause the D.O. of that water body to decrease more 
than 0.2 mg/L. 
(WAC 173-201A-200(1)(d)(i)) 

From Nine Mile Bridge (river mile 58.0) to the 
Idaho border (river mile 96.5): pH shall be within 
the range of 6.5 to 8.5 with a human-caused 

pH 
Within the range of six point five (6.5) to nine 
point zero (9.0). 
(IDAPA 58.01.02.250.01.a). 

variation within the above range of less than 0.5 
units. 
From Long Lake Dam (river mile 33.9) to Nine 
Mile Bridge: pH shall be within the range of 6.5 to 
8.5, with a human-caused variation within the 
above range of less than 0.2 units. 
(WAC 173-201A, Tables 200(1)(g) and 602) 

Natural 
Conditions 
Definition 

The physical, chemical, biological, or 
radiological conditions existing in a water body 
without human sources of pollution within the 
watershed. Natural disturbances including, but 
not limited to, wildfire, geologic disturbance, 
diseased vegetation, or flow extremes that affect 
the physical, chemical, and biological integrity of 
the water are part of natural background 

“Natural conditions” or “natural background 
levels” means surface water quality that was 
present before any human-caused pollution. When 
estimating natural conditions in the headwaters of 
a disturbed watershed it may be necessary to use 
the less disturbed conditions of a neighboring or 

conditions. Natural background conditions should 
be described and evaluated taking into account 
this inherent variability with time and place. 
(IDAPA 58.01.02.010.56) 

similar watershed as a reference condition. 
(WAC 173-201A-020) 

Nutrients / 
Aesthetics 

Surface waters of the state shall be free from 
excess nutrients that can cause visible slime 
growths or other nuisance aquatic growths 
impairing designated beneficial uses. 
(IDAPA 58.01.02.200.06) 

Aesthetic values must not be impaired by the 
presence of materials or their effects, excluding 
those of natural origin, which offend the senses of 
sight, smell, touch, or taste (see 
WAC 173-201A-230 for guidance on establishing 
lake nutrient standards to protect aesthetics). 
(WAC 173-201A-260(2)(b)) 

Lake Spokane (Washington Water Quality Standards) 
Dissolved 
Oxygen 

For lakes, human actions considered cumulatively may not decrease the dissolved oxygen 
concentration more than 0.2 mg/L below natural conditions. (WAC 173-201A-200(1)(d)(ii)) 
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Requirement for Cumulative Analysis of Human Actions 
Washington’s water quality criterion for dissolved oxygen in lakes and reservoirs requires that 
“human actions considered cumulatively may not decrease the dissolved oxygen concentration 
more than 0.2 mg/L below natural conditions” (emphasis added).  In order to assure that the 
Idaho sources meet Washington State standards, the dissolved oxygen impact of discharges from 
Idaho sources must be considered cumulatively with the impact of the Washington sources.  

D. Modeling Supporting the Permit Limits 
The Clean Water Act’s primary mechanism for addressing water quality impairments on a 
cumulative basis is the total maximum daily load (TMDL) process.  However, TMDLs are 
generally prepared by the States, and a TMDL prepared by a State cannot establish load and 
wasteload allocations for pollution sources located outside the boundaries of that State.  
However, when a State prepares a TMDL, the State may reasonably assume that NPDES permits 
for point sources in upstream States, which have an effect on water quality in the downstream 
State that is preparing the TMDL, will include effluent limits that ensure compliance with the 
downstream State’s water quality requirements, including water quality standards, because this is 
required by federal regulations (40 CFR 122.4(d), 40 CFR 122.44(d)(4)).  Furthermore, if the 
EPA is the NPDES permitting authority for the point source discharges in the upstream State (as 
it is in this case) the downstream State may object to the issuance of the permits in the upstream 
state if the federal permits in the upstream State will affect the quality of its waters so as to 
violate any water quality requirements in the downstream State (CWA Section 401(a)(2)). Thus, 
when the Washington State Department of Ecology (Ecology) prepared the Spokane River and 
Lake Spokane Dissolved Oxygen Total Maximum Daily Load (TMDL) Ecology assumed that the 
NPDES permits for point sources discharging to the Spokane River in Idaho would include limits 
that would ensure compliance with Washington’s water quality standards. 

The DO TMDL’s Modeling Assumptions for Idaho Point Sources 
To ensure that the TMDL’s load and wasteload allocations, Avista’s DO responsibility, and the 
loadings from Idaho would cumulatively meet DO WQS in Lake Spokane, when developing the 
TMDL, Ecology modeled the cumulative impact of both Idaho and Washington pollution 
sources upon the lake.  

The TMDL states: “The dissolved oxygen depletion predicted to result from these assumed 
Idaho pollutant loads is shown in Tables 14 and 15 of PSU (2010) (the Idaho only source 
assessment scenario results).  The EPA will incorporate permit limits into the NPDES permits 
for Idaho point source dischargers that ensure that the total dissolved oxygen depletion resulting 
from those dischargers is no greater than that shown in Tables 14 and 15 of (the Spokane River 
Modeling Final Scenarios Report 2010, the “2010 modeling report,” by Portland State 
University).” Id. at 35. 

Thus, when developing the TMDL, Ecology assumed certain loadings of oxygen-demanding 
pollution would be discharged in Idaho (shown in the 2010 modeling report at Table 2, the “prior 
modeling assumptions”), and the modeling supporting the TMDL thereby accounts for any 
dissolved oxygen decrease resulting from sources in Idaho.  However, the TMDL does not apply 
to the Idaho permits, and the prior modeling assumptions are not binding on the EPA when it 
drafts the Idaho permits.  The prior modeling assumptions are not wasteload allocations with 
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which the effluent limits in the Idaho permits must be consistent (40 CFR 122.44(d)(1)(vii)(B)).  
The EPA is free to establish any limits in the Idaho permits for CBOD5, ammonia and TP so 
long as those limits ensure compliance with both Idaho and Washington WQS, when considered 
cumulatively with other sources of pollution (40 CFR 122.4(d), 122.44(d)(4)).  

The language on Page 35 of the TMDL assumed that, in order to determine if the effluent limits 
in the Idaho permits would meet Washington’s DO criteria, the EPA would isolate the impact of 
the Idaho point sources and then evaluate those results against the DO impact of the Idaho 
sources as assumed in the TMDL modeling.  The limits would then be set to ensure that the DO 
depletion from Idaho sources, specifically, was no greater than assumed in the TMDL.  This 
approach would ensure compliance with Washington water quality standards for DO on a 
cumulative basis by ensuring that the DO impact from both Idaho and Washington sources (and 
therefore the cumulative DO impact from sources in both States) was the same or less than 
predicted by the TMDL modeling.  

However, the EPA believes it is more realistic to conduct the modeling supporting effluent limits 
for Idaho point sources to reflect the cumulative effect of all human actions that influence DO 
and to then evaluate the modeling results against Washington’s water quality standards.  This 
approach more directly ensures compliance with Washington’s water quality standards on a 
cumulative basis.  Thus, the effluent limits are based on modeling of all known human sources of 
nutrient and oxygen-demanding pollution (i.e. point and non-point sources in Washington and 
Idaho). 

Summary of Model Results 
The effluent limits in the draft permits are not the same as the loadings that were assumed in the 
modeling supporting the TMDL, for Idaho point sources.  However, as explained below, the 
effluent limits for Idaho point sources ensure compliance with Washington’s water quality 
standards for dissolved oxygen, when considered cumulatively with the Washington NPDES 
permits’ effluent limits, the TMDL’s load allocations for oxygen-demanding pollution from non-
point sources, and Avista’s dissolved oxygen responsibility (LimnoTech 2011, PSU 2011).  

The effluent limits meet Washington’s DO criteria (WAC 173‐201A‐200(1)(d)) when the 
precision of the water quality model is considered (as explained in detail below).  The effluent 
limits in the Washington and Idaho NPDES permits do not decrease the cumulative average 
dissolved oxygen in the shaded cells in Table 7 of the final TMDL (i.e., when and where Avista 
has a DO responsibility) relative to the prior modeling assumptions. In fact, the effluent limits 
improve the dissolved oxygen by 0.006 mg/l relative to the prior modeling assumptions and 
Washington wasteload allocations when averaged over all reservoir segments and all times of 
Avista responsibility. 

Model Precision 

With three exceptions, each individual model output result ensures compliance with 
Washington’s DO criteria (WAC 173‐201A‐200(1)(d)), when considered cumulatively with the 
load allocations in Table 6 of the TMDL and Avista’s DO responsibility as reported in Table 7 of 
the TMDL, after results are rounded to the nearest 0.1 mg/l.  Each of the three exceptions is 
characterized by a markedly low arithmetic tolerance for any decrease in DO relative to the 
TMDL modeling.  That is to say, in each of these instances, the DO sag resulting from point and 
non‐point controls under the TMDL scenario, after considering Avista’s responsibility, was just 
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slightly less than 0.25 mg/L. Thus, in those instances, a very small additional DO sag (e.g., 0.002 
mg/L) would cause the difference, rounded to the nearest 0.1 mg/L, to change from 0.2 mg/L to 
0.3 mg/L. The actual DO decreases in the three exceptions, relative to the TMDL, were 0.002 – 
0.003 mg/L (see Table 2, below). 

Table 2: Increases in Rounded DO Sag to 0.3 mg/L 
Segment Time Period Tolerance 

(mg/L) 
Modeled DO Change Relative 

to TMDL (mg/L) 
188 July 1-15 0.0008 -0.003 
188 September 1-15 0.0001 -0.002 
186 September 16-30 0.0014 -0.003 

The EPA believes these deviations are within the precision of the CE‐QUAL‐W2 model.  In a 
memo dated December 28, 2010, LimnoTech described some issues encountered when 
performing a sensitivity analysis for the Idaho point sources.  As stated on Page 2 of the memo, a 
reduction in Post Falls’ CBOD5 discharge (with all other model inputs held constant) actually 
effected a 0.002 mg/L decrease in the average DO in the reservoir, in times and locations where 
Avista has a DO responsibility.  Other inputs being equal, the DO should have increased in 
response to decreased CBOD discharges.  Even if the change in CBOD5 loading was too small to 
have any discernible impact, the DO should have, at a minimum, been unchanged.  Thus, it is 
reasonable to consider the difference between these two results (0.002 mg/L) to be within the 
precision of the model for the average DO in times and locations where Avista has a DO 
responsibility. 

Because this average DO is computed from 106 individual results, the model is less precise than 
0.002 mg/L for any individual result.  Therefore, the EPA believes that the 0.002 – 0.003 mg/L 
deviations from the TMDL scenario, which resulted in a 0.3 mg/L rounded DO sag in three 
instances, are within the precision of the CE‐QUAL‐W2 model.  Two results that vary by less 
than the precision of the model are functionally the same result. 

Improvements in DO Relative to the TMDL 

Under the proposed effluent limits for Idaho and Washington point sources, the cumulative DO 
sag, rounded to the nearest tenth of a milligram per liter, would actually decrease to 0.1 mg/L 
from 0.2 mg/L in five instances, as shown in Table 3, below. Also, as stated above, the 
alternative improves the dissolved oxygen by 0.006 mg/l (relative to the TMDL) when averaged 
over all segments and times of Avista responsibility. This means that any decreases in DO 
concentrations relative to the TDML scenario, at specific times and locations, are balanced by 
DO improvements at other times and in other locations. 
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Table 3: Decreases in Rounded DO Sag to 0.1 mg/L 
Segment Time Period Modeled Change Relative to 

TMDL (mg/L) 
172 August 1-15 +0.007 
177 September 1-15 +0.018 
185 September 1-15 +0.001 
175 September 16-30 +0.025 
180 September 16-30 +0.018 

The Exceptions are Very Infrequent 

The three instances where the cumulative DO sag increased to 0.3 mg/L, when rounded to the 
tenths place, comprise less than 3% of the times and locations where Avista has a DO 
responsibility (106 total), and 0.7% of all of the times and locations that were evaluated in Table 
7 of the TMDL (448 total).  Since Table 7 of the Spokane River DO TMDL only provides DO 
results for June 1st - December 31st, and modeling indicates no violations of DO WQS prior to 
June 1st, this percentage would be even smaller than 0.7% on a year-round basis.  

The TMDL’s Margin of Safety 

The TMDL has an implicit margin of safety comprised of several conservative assumptions (see 
the TMDL at Page 51).  Some of these will tend to exaggerate the impact of nutrients and 
oxygen demand discharged by point sources.  Specifically: 

•	 Low flows (year 2001) were used as the baseline hydrologic condition. 

•	 All TP is assumed to be bioavailable.2 

•	 The top eight meters of the reservoir are not included in the vertical averaging because of 
amplified algal activity which increases daytime dissolved oxygen levels. 

Therefore, the actual DO impact of the point source discharges may be somewhat less than that 
predicted by the model.  

Conclusion 

Because the effluent limits in the Idaho and Washington NPDES permits are equivalent to the 
scenario used to develop the Spokane River TMDL for the reasons described above, the EPA 
believes that these effluent limits will ensure compliance with Washington’s water quality 
standards for DO, when considered cumulatively with other actions taking place under the 
TMDL. 

Effluent Flow Rates used in the Model Inputs 
In 2009, the EPA asked the City of Coeur d’Alene, the City of Post Falls, and HARSB to provide 
effluent flow rate projections for the year 2027, for use in developing the Spokane River TMDL 
and those facilities’ NPDES permits.  The flow projections provided by the utilities at that time 
were between 6.4 and 7.9 mgd for the City of Coeur d’Alene, 5.0 mgd for the City of Post Falls, 
and 3.2 mgd for HARSB.  After further discussion between the EPA, the City of Coeur d’Alene 
and IDEQ, a flow projection of 7.6 mgd was established for the City of Coeur d’Alene. 

2 The model partitions point source phosphorus into two fractions:  One which is immediately bioavailable and 
another that is not immediately bioavailable but becomes bioavailable over time according to first-order kinetics. 
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These flows are similar to projections made in 2005 (for the year 2028) as part of the Spokane 
River TMDL collaboration process.  The 2005 flow projections were 7.0 mgd for the City of 
Coeur d’Alene, 5.7 mgd for the City of Post Falls, and 3.2 mgd for HARSB (Spokane River DO 
TMDL Collaboration Flows and Loadings Workgroup 2005).  For Idaho point sources, the 
modeling supporting the TMDL was based on the effluent flow rates projected in 2009 and 
effluent concentrations described in the 2010 modeling report at Table 2 (PSU 2010).  For the 
City of Coeur d’Alene and HARSB, these flow projections were also used to determine calculate 
the effluent limits in the draft permits, as described below. 

In March 2010, JUB Engineers completed a revised flow projection for the City of Post Falls, 
which was 7.65 mgd (JUB 2010).  The projection considered projected population growth within 
the service area, and a 25% addition for wastewater from non-municipal uses.  For the City of 
Post Falls, the increased pollutant loads resulting from this increased flow rate (relative to the 
2005 and 2009 projections) were represented in the model using proportionally increased 
effluent concentrations, instead of an increased effluent flow (see Table 4 below). 

Basis for Loads 
The model input effluent concentrations of TP, CBOD5, and ammonia for each of the Idaho 
point sources are summarized in Table 4, below.  The seasonal average loads of TP, ammonia, 
and CBOD5 that are necessary to meet Washington’s water quality criterion for DO in Lake 
Spokane, based on the modeling, are calculated by multiplying the projected flow rates for each 
facility, which were used in the modeling, by the modeled concentrations and the density of 
water (8.34 lb/gallon).  The resulting seasonal average loads are shown in Table 4, below. 

Table 4: Idaho Loads used in Modeling Supporting the Permit Limits 

Point Source 
Discharge 

Modeled 
Flow 
Rate 
(mgd) 

Seasonal Average Modeled 
Concentrations, February – October 
Unless Otherwise Noted (mg/L) 

Seasonal Average Modeled Loads, 
February – October Unless Otherwise 

Noted (lb/day) 
Ammonia TP CBOD5 Ammonia TP CBOD5 

City of Coeur 
d’Alene WWTP 7.6 4.29 

(Mar. – Oct.) 0.05 

3.56 
(Feb. – Mar.) 272 

(Mar. – Oct.) 
3.17 

226 
(Feb. – Mar.) 

3.2 
(Apr. – Oct.) 

203 
(Apr. – Oct.) 

HARSB WWTP 3.2 2.9 0.05 2.9 77.4 1.33 77.4 
City of Post Falls 
WRF1 5.0 6.1 0.0765 6.1 255 3.19 255 

Notes: 
1. Effluent loads for the City of Post Falls are equivalent to a discharge of 0.05 mg/L TP, 4.0 mg/L 

CBOD5, and 4.0 mg/L ammonia at a flow rate of 7.65 mgd. 

E. Translating the Modeled Loads to Effluent Limits 
The modeled loads in Table 4 are seasonal average values.  However, 40 CFR 122.45(d)(2) 
states that “(f)or continuous discharges all permit effluent limitations, standards, and 
prohibitions, including those necessary to achieve water quality standards, shall unless 
impracticable be stated as…(a)verage weekly and average monthly discharge limitations for 
POTWs.” 

In some cases, it is impracticable to express effluent limits as average monthly limits and average 
weekly limits.  In the draft permits for the City of Coeur d’Alene, City of Post Falls, and 
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HARSB, the effluent limits for E. coli, chlorine, metals, ammonia, TP, and, in some cases, 
CBOD are not expressed as average monthly limits and average weekly limits.  The basis for 
expressing effluent limits for E. coli, chlorine and metals using averaging periods other than 
monthly and weekly is explained in Appendices C and E. 

The EPA has determined that it is impracticable to express the water quality-based effluent limits 
for TP, ammonia, and CBOD that are necessary to meet Washington’s water quality criteria for 
dissolved oxygen as monthly average and weekly average limits, in this case, for the reasons 
discussed below.  The water quality-based effluent limits for TP, ammonia and CBOD are 
expressed as seasonal average loading limits that are identical to the loads of TP simulated in the 
modeling. 

Basis for Expressing Effluent Limits for TP, ammonia and CBOD as Seasonal Average Limits 
In a memorandum dated March 3, 2004 (the Chesapeake Bay Memo), James A. Hanlon, the 
director of the EPA’s Office of Wastewater Management, stated that, for the protection of 
Chesapeake Bay and its tidal tributaries from excess nutrient loading, it was impracticable to 
express permit effluent limitations for nutrients (total nitrogen and TP) as daily maximum, 
weekly average, or monthly average effluent limitations. 

The Chesapeake Bay Memo states that: 

“Establishing appropriate permit limits (for nitrogen and TP) for 
Chesapeake Bay and its tidal tributaries is different from setting 
limits for other parameters such as toxic pollutants because:  the 
exposure period of concern for nutrients loading to Chesapeake 
Bay and its tidal tributaries is very long; the area of concern is 
far-field (as opposed to the immediate vicinity of the discharge); 
and the average pollutant load rather than the maximum pollutant 
load is of concern” (Page 2). 

The Chesapeake Bay Memo further states that: 

“The nutrient dynamics of (Chesapeake) Bay may not be unique.  
The establishment of an annual limit with a similar finding of 
‘impracticability’ pursuant to 40 CFR 122.45(d) may be 
appropriate for the implementation of nutrient criteria in other 
watersheds when:  attainment of the criteria is dependent on long-
term average loadings rather than short-term maximum loadings; 
the circumstances match those outlined in this memo for 
Chesapeake Bay and its tidal tributaries; annual limits are 
technically supportable with robust data and modeling as they are 
in the Chesapeake Bay context; and appropriate safeguards to 
protect all other applicable water quality standards are employed” 
(Pages 2-3). 

Similar to Chesapeake Bay, the EPA believes that a finding of impracticability is appropriate in 
this case as well, under 40 CFR 122.45(d). 
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Modeling and Hydrology Supports the use of Seasonal Average Limits 

As stated in the TMDL (Page 33), the wasteload allocations for Washington point sources and 
the loading assumptions for the Idaho point sources are seasonal average values.  Thus, 
attainment of dissolved oxygen criteria in Lake Spokane is based on long-term average loadings 
rather than short-term maximum loadings. 

Modeling has shown that highly variable TP discharges from Spokane River point sources, 
which have an average of 50 µg/L TP, have a very similar impact upon DO in Lake Spokane 
relative to constant discharges from those sources of exactly 50 µg/L TP each day (HDR 2009).  
At times and in locations where Avista had a dissolved oxygen responsibility in the TMDL (see 
TMDL at Table 7, Pages 49-50), on average, the variable discharge scenario resulted in a 0.003 
mg/L improvement in DO relative to constant discharges.  The variable TP discharges increased 
DO by as much as 0.09 mg/L relative to constant discharges in some segments, and the 
maximum decrease in DO in any reservoir segment at any time was only 0.05 mg/L. Therefore, 
dissolved oxygen in Lake Spokane is insensitive to short-term increases in TP loading, as long as 
the seasonal average TP load remains unchanged. 

In addition, the retention time of Lake Spokane, in a low-flow year, ranges from about 20 days to 
more than 100 days during the critical summer period (Cusimano 2004).  The water quality in 
Lake Spokane during the critical summer period would therefore be affected by average 
pollutant loading from upstream sources as opposed to short-term maximum loading. 

Because of the long residence time of Lake Spokane, the EPA expects that dissolved oxygen in 
Lake Spokane would be insensitive to short-term increases in CBOD or ammonia loading, as 
long as the seasonal average load remains unchanged, similar to the effects of TP. 

The TP, Ammonia and CBOD Limits are intended to Control Far Field Effects 

Similar to Chesapeake Bay, the TP, ammonia and CBOD effluent limits are intended to control 
far-field effects. Lake Spokane is a 24-mile-long reservoir, the upstream end of which is 42.5 
miles downstream from the closest Idaho POTW (the City of Post Falls). 

The Permits Include Additional Requirements to Ensure Water Quality Standards are Met with 
the use of Seasonal Limits 

The draft permits include additional requirements to ensure that water quality standards are met. 
These requirements include required reporting of monthly average TP, ammonia, and CBOD 
loadings.  In addition, if, at the end of any month from February through September, the average 
TP, ammonia and CBOD discharge measured to date is greater than the seasonal average loading 
limit, the permittee must submit a report explaining how it will lower the loading of the relevant 
pollutant(s)in order to comply with the seasonal average effluent limitations. 

As explained below, the EPA has established average monthly and maximum daily limits for 
ammonia, whenever this was necessary to ensure compliance with Idaho’s water quality criteria 
for ammonia or with the anti-backsliding provisions of the Clean Water Act. 

The Future Effluent Variability is Unknown 

In order to calculate average monthly and average weekly limits that are consistent with a 
seasonal average load, the effluent variability must be known.  Effluent variability may be 
quantified by the coefficient of variation (CV), which is the ratio of the standard deviation to the 
mean of the effluent data (also called the relative standard deviation). 
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Because the TP effluent limits require levels of discharge much lower than current levels, the 
treatment systems must be upgraded in order to achieve compliance with the TP limits. In some 
cases, upgrades will be necessary to meet new water quality-based effluent limits for ammonia as 
well. The variability of the effluent CBOD loads for the upgraded facilities may also be different 
from the historical variability. 

While historical monitoring data are available, which could be used to quantify the variability of 
TP, ammonia and CBOD in the effluents of the existing treatment facilities, the variability of 
these parameters in the effluent, after these upgrades are completed, is unknown.  

On Page E-3, the TSD states that “typical values for the CV range from 0.2 to 1.2.”  Because the 
loading levels in the TMDL and modeling are long-term (e.g., February – October or March – 
October) average values, the value of the CV can have a significant impact on the value of the 
average monthly limit.  For example, according to Table 5-2 of the TSD, if a facility that 
sampled 10 times per month had a CV of 0.2 for a given pollutant, its 95th percentile probability 
basis average monthly limit should be set at 1.12 times the long-term average. If that facility’s 
CV were equal to 1.2, that facility’s average monthly limit should be set at 1.80 times the long-
term average. This means that the facility with a CV of 1.2 would have an average monthly limit 
60% greater than a facility with a CV of 0.2. If the limits are set at the 99th percentile 
probability basis, the difference between limits based on a CV of 1.2 as opposed to a CV of 0.2 
becomes even larger. 

In some cases, if the CV is not known, an estimate can be made. In fact, it is common practice in 
the calculation of effluent limits for toxic parameters to assume that the CV is equal to 0.6, if the 
actual CV is unknown (see the TSD at Pages 53 and E-3).  However, in the context of calculating 
average monthly and average weekly limits from a fixed long-term average, if the estimated CV 
is less than the actual CV, the effluent limits will be artificially stringent.  Conversely, if the 
estimated CV is greater than the actual CV, the permittee may be able to consistently discharge 
at levels greater than those modeled, yet maintain compliance with the average monthly effluent 
limits.  This possibility is recognized in the Chesapeake Bay Memo (see Page 4).  The 
Chesapeake Bay Memo also points out that “the effluent loading of nutrients is not constant due 
to seasonal temperature fluctuations in northern climates” because biological nutrient removal is 
less effective at lower temperatures (Page 5).  The TSD does not provide a means to account for 
this additional variability in the effectiveness of biological nutrient removal due to temperature. 

In contrast, as stated on Page E-3 of the TSD, when calculating effluent limits for toxic 
parameters, “in many cases, changes in the CV will have little impact on the final permit limit.” 
This is because the averaging periods for water quality criteria for toxic parameters are very 
short (generally 4 days for chronic aquatic life criteria and 1 hour for acute aquatic life criteria, 
see IDAPA 58.01.02.010).  Effluent limits for toxic parameters must therefore control short-term 
peak concentrations.  This constrains the effluent limit calculations, making the final effluent 
limits relatively insensitive to effluent variability. 

In addition to the CV, it is unknown whether individual measurements of TP, CBOD or 
ammonia will be independent, or whether they will be correlated to one another (i.e. 
autocorrelated).  Autocorrelation can be important in the derivation of average monthly permit 
limits (see TSD at Page E-15). 
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Seasonal Average Limit Summary 

In summary, modeling and the hydrology of Lake Spokane show that, similar to Chesapeake 
Bay, DO concentrations in Lake Spokane are related not to maximum TP, ammonia and CBOD 
loading but to the seasonal average loadings of these pollutants. That is to say, Lake Spokane is 
insensitive to short-term increases in loading of oxygen-demanding pollutants from Idaho point 
sources, as long as the seasonal average loadings are less than or equal to the modeled loads.  
The effluent limits for TP, ammonia and CBOD, in this case, are based on far-field, as opposed 
to near-field, water quality concerns. Because the future variability of TP, ammonia and CBOD 
concentrations and loadings in these effluents is unknown, the EPA cannot calculate appropriate 
monthly average and weekly average effluent limits for these pollutants with any degree of 
certainty. If the EPA were to assume a CV, this could result in effluent limits for TP, ammonia, 
and CBOD that are artificially stringent, or which could allow the loading of TP, ammonia 
and/or CBOD to exceed that simulated in the modeling supporting the permits and the TMDL.  

For these reasons, the EPA believes that it is impracticable to calculate appropriate average 
monthly and average weekly limits for TP, ammonia, and CBOD, in this case.  The effluent 
limits for TP, ammonia, and CBOD that are necessary to meet Washington’s water quality 
standards are therefore stated as seasonal average effluent limits.  The seasonal average TP, 
CBOD, and ammonia effluent limits are identical to the seasonal average loads simulated in the 
modeling supporting the permits and the TMDL (see Table 4, above).  

Reporting Requirements for Seasonal Average Limits 

The permits include additional reporting requirements to ensure that water quality standards are 
attained.  These include reporting the monthly average and maximum weekly or daily loads and 
concentrations on the monthly DMR, reporting the partial seasonal average loads through the last 
day of the monitoring month, and, if the partial seasonal average load of a given pollutant is 
greater than the seasonal average effluent limit, the permittee must submit a written report with 
the DMR, explaining the steps that the permittee will take to reduce its discharge of the relevant 
pollutant(s) in order to achieve compliance with the seasonal average effluent limit by the end of 
the season (October 31st in most cases). 

If the permittee ceases discharge to the river for at least three days during the season(s) during 
which seasonal average limits apply, the permittee may include zero pounds per day values in the 
calculation of the seasonal average loads (and the partial seasonal average loads) as specified in 
Attachment A of the draft permit. The purpose of Attachment A is to ensure that periods of zero 
discharge are given the same weight as the periods of time when the permittee is discharging, in 
the calculation of the seasonal average discharge.  The number of zeros allowed for averaging is 
equal to the required sampling frequency of three times per week (0.429 samples per day), 
multiplied by the number of days of zero discharge, and rounded down to the nearest whole 
number. 

Ammonia Toxicity 
In addition to exhibiting an oxygen demand, ammonia can be directly toxic to aquatic life at high 
concentrations.  In order to prevent acute toxicity to aquatic life, the Technical Support 
Document for Water Quality-Based Toxics Control (EPA/505/2-90-001) or TSD recommends 
that effluent limits for pollutants which may be toxic to aquatic life be expressed as average 
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monthly and maximum daily limits, because even an average weekly limit has an averaging 
period that is too long to ensure that acute toxicity is prevented (see TSD at section 5.2.3). 

Maximum daily limits are not necessary for HARSB because, as described in Appendix D, the 
EPA has determined, based on effluent data, that HARSB does not have the reasonable potential 
to cause or contribute to excursions above Idaho’s water quality criteria for ammonia, for 
toxicity (IDAPA 58.01.02.283). Therefore the new water quality-based effluent limits for 
ammonia, for HARSB, have been established exclusively for the purpose of ensuring compliance 
with Washington’s water quality criteria for DO, as opposed to preventing toxicity near the 
outfall, in waters of the State of Idaho.  Therefore, the effluent limits for ammonia, for HARSB 
are expressed exclusively as seasonal average limits. 

Effluent limits for ammonia, for the City of Coeur d’Alene and the City of Post Falls, are 
expressed as a combination of seasonal average, average monthly, and maximum daily effluent 
limits.  The seasonal average limit is based on meeting water quality standards for dissolved 
oxygen in the State of Washington, downstream from the point of discharge and is identical to 
the seasonal average modeled loading of ammonia in Table 4, above.  

For Coeur d’Alene, the average monthly and maximum daily limits are based on Idaho water 
quality standards that are intended to prevent acute and chronic toxicity from ammonia, near the 
point of discharge.  The use of average monthly limits in combination with maximum daily 
limits, when effluent limits are based on preventing toxicity to aquatic life, is consistent with the 
recommendations of the TSD (Section 5.2.3). It is impracticable to prevent acute toxicity using 
an average weekly limit.  Therefore, the structure of City of Coeur d’Alene’s effluent limits for 
ammonia is consistent with 40 CFR 122.45(d)(2) and with EPA guidance.  The calculation of the 
toxicity-based ammonia limits for the City of Coeur d’Alene is explained in the City of Coeur 
d’Alene’s fact sheet. 

For Post Falls, average monthly and maximum daily limits for ammonia are necessary for July -
September in order to ensure compliance with the anti-backsliding provisions of the Clean Water 
Act. These effluent limits will also ensure compliance with Idaho’s water quality criteria for 
ammonia. 

Basis for Mass Limits 
The federal regulation 40 CFR 122.45(f)(1) requires that effluent limits be expressed in terms of 
mass, except for pollutants that cannot be properly expressed as mass (e.g. pH and temperature).  
Effluent limits for TP, ammonia, and CBOD5 can be properly expressed as mass.  Therefore, 
effluent limits for these parameters are, at a minimum, expressed in terms of mass.  

Effluent limits for TP are expressed exclusively in terms of mass because there are no applicable 
technology-based standards or numeric in-stream water quality standards for TP, the effluent 
limitations for TP are intended to meet Washington water quality standards, which apply several 
miles downstream from the discharges after complete mixing has occurred, and phosphate 
phosphorus is neither directly toxic to aquatic life nor directly hazardous to human health.  
Therefore, there is no basis to express the water quality-based TP limits in units other than mass. 

As explained below, CBOD5 and, in some cases, ammonia, are additionally limited in terms of 
other units of measurement. 
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Basis for Concentration and Removal Rate Limits for CBOD5 and Ammonia 
Pollutants which are limited in terms of mass may be additionally limited in terms of other units 
of measurement, and the permit shall require the permittee to comply with both limitations (40 
CFR 122.45(f)(2)). 

Applicable technology-based standards for CBOD5 are expressed in terms of concentration and 
removal rate (40 CFR 133.102(a)(4)).  Therefore, in addition to the water quality-based mass 
limits described above, the permits include additional technology-based effluent limits for 
CBOD5, which are expressed in terms of concentration (25 mg/L monthly average and 40 mg/L 
weekly average, 40 CFR 133.102(a)(4)(i – ii)) and a minimum removal rate of 85% (40 CFR 
133.102(a)(4)(iii)).  

The proposed concentration and removal rate limits for CBOD5 are technology-based limits. 
The CBOD5 mass limits for November – January are also technology-based limits. The 
proposed final mass limits for CBOD5, for February – October, are water quality-based limits. 

For parameters which may be directly toxic to aquatic life, the TSD recommends that effluent 
limitations be expressed in terms of both concentration and mass for effluents discharging to 
waters with less than 100-fold dilution (see TSD at Section 5.7.1).  

The average monthly and maximum daily limits for ammonia, for the City of Coeur d’Alene, are 
based on Idaho’s water quality criteria, for toxicity. From July – September, the complete-mix 
dilution ratio, based on the FERC-mandated minimum river flow rate and the current treatment 
plant design flow rate, is less than 100:1.  Therefore, the average monthly and maximum daily 
limits for ammonia, for Coeur d’Alene, for July – September, are expressed in terms of both 
mass and concentration. 

In addition, for HARSB and Post Falls, concentration limits are included in the draft reissued 
permits from November – January, to ensure compliance with the anti-backsliding provisions of 
the Clean Water Act. For Post Falls, concentration limits are also necessary to ensure 
compliance with the anti-backsliding provisions of the Clean Water Act from July – September. 

Proposed Effluent Limits Summary 
The effluent limits for TP, CBOD5, and ammonia that are derived from and comply with the 
applicable water quality standards of Idaho and Washington are as follows: 
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Table 5:  Proposed Effluent Limits for TP, CBOD5 and ammonia 

Parameter Units 

Effluent Limits 

Average 
Monthly 
Limit 

Average 
Weekly 
Limit 

Maximum 
Daily Limit 

Proposed Effluent Limits for the City of Coeur d’Alene 
TP as P (Feb. – Oct.) lb/day 3.17 seasonal average 

TP as P (Nov. – Jan.) lb/day Phosphorus management plan.  See 
permit at Part II.C. 

CBOD5 (November – January) 
mg/L 25 40 — 
lb/day 1251 2002 — 

% removal 85% min. — — 

CBOD5 

(February – March) 

mg/L 25 40 — 
lb/day 226 seasonal average 

% removal 85% min. — — 

CBOD5 

(April  – October) 

mg/L 25 40 — 
lb/day 203 seasonal average 

% removal 85% min. — — 
Ammonia 
(March – June) lb/day 649 — 1547 

Ammonia 
(July – September) 

mg/L 6.59 — 15.7 
lb/day 330 — 786 

Ammonia 
(March - October) lb/day 272 seasonal average 

Ammonia 
(November – February) No limits.  Monitor and report only. 

Proposed Effluent Limits for the City of Post Falls 
TP as P (Feb – Oct.) lb/day 3.19 seasonal average 

TP as P (Nov. – Jan.) lb/day Phosphorus management plan.  See 
permit at Part II.C. 

CBOD5 

(November – January) 

mg/L 25 40 — 
lb/day 1043 1668 — 

% removal 85% min. — — 

CBOD5 

(February – October) 

mg/L 25 40 — 
lb/day 255 seasonal average 

% removal 85% min. — — 
Ammonia 
(February –October) lb/day 255 seasonal average 

Ammonia 
(July – September) 

mg/L 8.2 — 29.5 
lb/day 342 — 1230 

Ammonia 
(November – January) 

mg/L 25.4 — 91.7 
lb/day 1059 — 3824 

Proposed Effluent Limits for the HARSB 
TP as P (Feb. – Oct.) lb/day 1.33 seasonal average 

TP as P (Nov. – Jan.) lb/day Phosphorus management plan.  See 
permit at Part II.C. 

CBOD5 

(November – January) 

mg/L 25 40 — 
lb/day 500 801 — 

% removal 85% min. — — 
CBOD5 

(February – October) 
mg/L 25 40 — 
lb/day 77.4 seasonal average 
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Table 5:  Proposed Effluent Limits for TP, CBOD5 and ammonia 

Parameter Units 

Effluent Limits 

Average 
Monthly 
Limit 

Average 
Weekly 
Limit 

Maximum 
Daily Limit 

% removal 85% min. — — 
Ammonia 
(February – October) lb/day 77.4 seasonal average 

Ammonia 
(November – January) 

mg/L 78.7 — 250 
lb/day 1575 — 5004 

Comparison of Proposed Effluent Limits to the Corresponding Limits in the 2007 Draft 
Permits 
The following nine figures provide a comparison of the phosphorus, ammonia, and CBOD5 
limits in the current draft permits to the corresponding effluent limits in the 2007 draft permits. 
Note that the 2007 draft permits did not propose effluent limits for TP in February, whereas the 
current draft permits do propose such limits. 
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Figure 2 
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Figure 4 
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Figure 6 

HARSB CBOD Limit Comparison 2007 vs. 
Current 

400 

350 

300 

250 

200 

150 

100 

50 

0 

2007 Draft Monthly Avg. (lb/day) Current Draft Seasonal Avg. (lb/day) 

Figure 7 

Post Falls P Limit Comparison 2007 vs. 
30 

25 

20 

15 

10 

5 

0 

Current 

March April May June July August September October 
2007 Draft Monthly Avg. (lb/day) Current Draft Seasonal Avg. (lb/day) 

Exhibit 20



  
  

 

 
 

 

 

 

 

 

 

 

 

 

 

  
 

    

 

 

 

 

 

 

 

 

 

  
 

    

Fact Sheet NPDES Permit #ID0022853 
Page B-20 

Figure 8 
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F. Effect of the Proposed Effluent Limits 

Lake Spokane 
As explained above, modeling shows that the proposed effluent limits for TP, CBOD5 and 
ammonia, considered cumulatively with the effluent limits for Washington point sources in their 
NPDES permits and the load allocations for Washington non-point sources and the DO 
improvements required of Avista in the DO TMDL, will ensure compliance with Washington’s 
water quality criterion for DO in Lake Spokane. 

State Line 
The memoranda from Portland State University and LimnoTech do not specifically analyze the 
effect of the proposed effluent limits at the state line.  Therefore, as explained below, the EPA 
has analyzed the model output and determined that, in compliance with 40 CFR 122.4(d) and 40 
CFR 122.44(d)(4), the proposed effluent limits for the Idaho point sources will ensure that 
Washington’s and Idaho’s water quality standards are met at the state line. 

Dissolved Oxygen 

Even with zero discharge of human-caused pollution in Idaho, Washington’s numeric criterion 
for dissolved oxygen (8.0 mg/L) would only be attained at the state line about 96% of the time. 
That is to say, the remaining 4% of the time, the natural background DO concentration at the 
state line is less than 8.0 mg/L. However, this does not mean that Washington’s water quality 
standards would not be attained.  Washington’s water quality standards state that, “when a water 
body’s DO is lower than the (numeric) criteria…(or within 0.2 mg/L of the criteria) and that 
condition is due to natural conditions, then human actions considered cumulatively may not 
cause the DO of that water body to decrease more than 0.2 mg/L” (WAC 173-201A-
200(1)(d)(i)). 

At times when the model predicts that DO is less than 8.2 mg/L (i.e., within 0.2 mg/L of the 
numeric criterion), with zero discharge of human-caused pollution in Idaho, the maximum DO 
decrease attributable to the Idaho dischargers, including stormwater discharges, at the state line, 
is 0.13 mg/L below natural conditions, which is less than the decrease allowed by the standards 
(0.2 mg/L).  Therefore, the effluent limits will ensure compliance with Washington’s water 
quality standards for dissolved oxygen at the state line. 

In Idaho, in waters designated for salmonid spawning, the applicable numeric dissolved oxygen 
criterion is 6.0 mg/L or 90% of saturation, whichever is greater.  Modeling predicts that, under 
the proposed effluent limits, the DO concentration at the state line will be greater than 6.0 mg/L 
at all times (the minimum DO is 7.65 mg/L).  The dissolved oxygen concentration will be greater 
than 90% of saturation, 99.96% of the time, under both the no source (i.e., zero discharge) and 
effluent limit scenarios. Therefore, the effluent limits will ensure compliance with Idaho’s 
numeric DO criteria 99.96% of the time, and the very infrequent excursions below the numeric 
criteria (0.04% of the time) occur due to natural background conditions and do not violate 
Idaho’s water quality standards (see IDAPA 58.01.02.200.09). 

pH 

The Washington pH criterion for the Spokane River at the state line is “pH shall be within the 
range of 6.5 to 8.5 with a human-caused variation within the above range of less than 0.5 units” 
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(WAC 173-201A, Table 200(1)(g)).  Idaho’s water quality standard is “within the range of six 
point five (6.5) to nine point zero (9.0)” (IDAPA 58.01.02.250.01.a). 

Under the proposed effluent limits, the predicted minimum and maximum pH at the state line are 
7.12 and 7.96 standard units, respectively, which complies with the criteria for pH range for both 
Idaho and Washington.  The maximum human-caused pH changes are an increase of 0.21 
standard units, and a decrease of 0.26 standard units, which are less than the 0.5 unit human-
caused variation allowed by the Washington standards.  Therefore, the proposed effluent limits 
ensure compliance with both Washington’s and Idaho’s water quality standards for pH, at the 
state line. 

Phosphorus 

Neither Idaho nor Washington has statewide numeric water quality criteria for TP.  However, 
Idaho does have a narrative criterion for nutrients (IDAPA 58.01.02.200.06), and the Spokane 
River is 303(d) listed for TP in Idaho.  The EPA has a Clean Water Act Section 304(a) 
recommended water quality criterion for TP, for the western forested mountains ecoregion, 
which is 10 µg/L (EPA 822-B-00-015, Table 2).  The criteria document recommends that 
nutrient criteria be applied using a seasonal or annual averaging period (Page 6). 

The model predicts that, with the proposed effluent limits in place, the median TP concentration 
at the state line, from February through October, will be 9.1 µg/L.  This is less than the EPA-
recommended criterion for TP, for this ecoregion, which is 10.0 µg/L (EPA 2000).  The model 
predicts that the proposed effluent limits will result in only a 0.8 µg/L increase relative to the 
February – October median TP concentration predicted under the “no source” scenario (i.e., with 
no discharge from any Idaho point sources, including storm water).  The concentration of TP at 
the State line, from February through October, will be less than 10 µg/L 55% of the time, with 
the proposed effluent limits in place.  Therefore, the effluent limits proposed in the draft permits 
will ensure compliance with Idaho’s and Washington’s narrative criteria for nutrients and 
aesthetics (IDAPA 58.01.02.200.06, WAC 173-201A-260(2)(b)). 

Temperature 

The Washington water quality standard for temperature in the Spokane River at the state line is: 
“Temperature shall not exceed a 1-DMax of 20.0°C due to human activities. When natural 
conditions exceed a 1-DMax of 20.0°C no temperature increase will be allowed which will raise 
the receiving water temperature by greater than 0.3°C; nor shall such temperature increases, at 
any time exceed t=34/(T+9)” (WAC 173-201A-602). 

The capital “T” represents the background temperature as measured at a point or points 
unaffected by the discharge and representative of the highest ambient water temperature in the 
vicinity of the discharge (WAC 173-201A-200(1)(c)(ii)(A)).  Modeling predicts that the 
maximum temperature with no discharge from any Idaho point sources at the state line is 26.4 
ºC; the value of 34/(T + 9) therefore equals 0.96 ºC.  The maximum temperature increase 
attributable to the Idaho dischargers, at any time, is 0.27 °C, which is much less than the 
allowable increase (0.96 °C).  At times when the predicted temperature, with no discharge from 
Idaho point sources, is greater than or equal to 20 ºC, the maximum temperature increase 
attributable to the Idaho point sources is 0.13 ºC, less than half the increase allowed by the 
criterion (0.3 °C).  
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Therefore, the Idaho dischargers do not have the reasonable potential to cause or contribute to 
excursions above water quality standards for temperature in the State of Washington, and it is not 
necessary to include effluent limits for temperature in these permits, in order to ensure 
compliance with Washington’s water quality criteria for temperature. 

Furthermore, the EPA has determined that the Idaho dischargers do not have the reasonable 
potential to cause or contribute to excursions above water quality standards for temperature, in 
waters of the State of Idaho (Nickel 2007, 2012).  Therefore, the permits do not require water 
quality-based effluent limits for temperature. 

Ammonia 

The model predicts that, under the proposed ammonia effluent limits, the maximum 
instantaneous concentration of ammonia at the state line will be 0.42 mg/L, which is less than 
either State’s chronic numeric water quality criteria for ammonia, under critical conditions for 
temperature and pH.  Thus, the effluent limits in the draft permits will ensure compliance with 
both States’ numeric water quality criteria for ammonia, at the state line. 

The State of Washington’s Antidegradation Policy 
In addition to ensuring compliance with the State of Washington’s water quality criteria, the 
draft permits for the City of Coeur d’Alene, City of Post Falls, and HARSB ensure compliance 
with the State of Washington’s antidegradation requirements (WAC 173-201A-300 – 330). 

In the State of Washington, the Spokane River is currently 303(d) listed for dissolved oxygen, 
lead, temperature, total dissolved gas, dioxin, and PCBs.  The Spokane River is therefore not of 
higher quality than the applicable water quality criteria for these parameters.  Therefore, the 
affected waters of the State of Washington are not afforded “Tier II” antidegradation protection 
under WAC 173-201A-320, for these parameters. 

The Spokane River and Lake Spokane are 303(d)-listed for DO in the State of Washington.  
Washington’s antidegradation policy states that “for waters that do not meet assigned criteria, or 
protect existing or designated uses, the department will take appropriate and definitive steps to 
bring the water quality back into compliance with the water quality standards.”  As explained 
above, the effluent limits for TP, CBOD5, and ammonia ensure compliance with Washington’s 
water quality criteria for dissolved oxygen.  The permits contain effluent limits that ensure 
compliance with Idaho’s water quality criteria for lead (which are more stringent than 
Washington’s criteria) at the end-of-pipe.  Thus, the lead limits are also stringent enough to 
ensure compliance with Washington’s water quality criteria for lead.  Furthermore, as explained 
above, these discharges do not have the reasonable potential to cause or contribute to excursions 
above Washington’s water quality criteria for temperature.  Washington’s EPA-approved water 
quality criteria for these parameters ensure that existing and designated uses are maintained and 
protected, thereby ensuring compliance with Washington’s Tier I antidegradation requirements 
(WAC 173-201A-310). 

No antidegradation analysis is necessary for PCBs or dioxin because the Idaho permits do not 
contain effluent limits for these parameters and there is no information demonstrating that the 
Idaho permittees discharge these parameters.  Therefore the discharges do not allow lower water 
quality due to these pollutants.  The permits include monitoring requirements for PCBs and 
dioxin.  The monitoring data will be used to determine if the discharges have the reasonable 
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potential to cause or contribute to excursions above water quality standards for PCBs or dioxin.  
Available data indicate that the Spokane River does not exceed either State’s Clean Water Act 
effective PCB criterion at the State line (Serdar et al. 2011).3 

For other parameters, in general, the effluent limits in the draft permits are as stringent as or 
more stringent than the corresponding effluent limits in the previous permits.  In those cases, the 
permits are not new or expanded relative to the 1999 permits, thus they will not cause a lowering 
of water quality under Washington’s Tier II antidegradation provisions (WAC 173-201A-320).  

The Spokane River has not been designated an outstanding resource water.  Therefore, the Tier 
III antidegradation protections of WAC 173-201A-330 do not apply to the Spokane River. 

Summary 
The effluent limits that the EPA is proposing for TP, ammonia and CBOD5 ensure a level of 
water quality that is derived from and complies with the applicable water quality standards of the 
States of Idaho and Washington, for dissolved oxygen, pH, ammonia, and nutrients, based on the 
cumulative impact of all human actions. Therefore, the level of water quality to be achieved by 
these effluent limits is derived from and complies with the applicable water quality standards of 
the States of Washington and Idaho, in compliance with federal regulations (40 CFR 122.4(d), 
122.44(d)(1)(vii)(A), 122.44(d)(4)). 
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Appendix C:  General Basis for Effluent Limits 

The following discussion explains in more detail the statutory and regulatory bases for the 
technology and water quality-based effluent limits in the draft permit.  Part A discusses 
technology-based effluent limits, Part B discusses water quality-based effluent limits in general, 
and Part C discusses facility specific effluent limits. 

A. Technology-Based Effluent Limits 

Federal Secondary Treatment Effluent Limits 
In sections 301(b)(1)(B) and 304(d)(1), the CWA established a performance level, referred to as 
“secondary treatment,” which all POTWs are required to meet.  The EPA developed and 
promulgated “secondary treatment” regulations that are found in 40 CFR 133.102.  These 
technology-based limits identify the minimum level of effluent quality attainable by secondary 
treatment in terms of five-day biochemical oxygen demand (BOD5) or five-day carbonaceous 
biochemical oxygen demand (CBOD5), total suspended solids (TSS), and pH.  

The regulations allow effluent limits for oxygen demanding material to be expressed as either 
BOD5 or CBOD5, at the option of the permitting authority.  The EPA has chosen to express the 
effluent limits in terms of CBOD5 in this case.  The federally promulgated secondary treatment 
effluent limits are listed in Table C-1. 

Table C-1:  Secondary Treatment Effluent Limits 
(40 CFR 133.102) 

Parameter Average 
Monthly Limit 

Average 
Weekly Limit 

Range 

CBOD5 25 mg/L 40 mg/L — 
TSS 30 mg/L 45 mg/L — 
Removal Rates for 
CBOD5 and TSS 

85% 
(minimum) — — 

pH — — 6.0 – 9.0 s.u. 

The EPA has determined that the secondary treatment CBOD5 effluent limits are adequately 
stringent to protect water quality in the States of Idaho and Washington from November through 
January.  From February through October, more stringent water quality-based CBOD5 effluent 
limits apply (see Appendix B). 

The EPA has determined that the secondary treatment TSS limits are adequately stringent to 
protect water quality in the Spokane River at all times, therefore, the TSS limits in the draft 
permit are the secondary treatment limits. 

The EPA has determined that the secondary treatment pH effluent limits are not stringent enough 
to protect water quality in the Spokane River.  Therefore, more stringent water quality-based pH 
effluent limits apply. 

Chlorine 
Chlorine is often used to disinfect municipal wastewater prior to discharge.  The Coeur d’Alene 
facility uses chlorine disinfection.  
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A 0.5 mg/L average monthly limit for chlorine is derived from standard operating practices. The 
Water Pollution Control Federation’s Chlorination of Wastewater (1976) states that a properly 
designed and maintained wastewater treatment plant can achieve adequate disinfection if a 0.5 
mg/L chlorine residual is maintained after 15 minutes of contact time.  Therefore, a wastewater 
treatment plant that provides adequate chlorine contact time can meet a 0.5 mg/L total residual 
chlorine limit on a monthly average basis.  In addition to average monthly limits (AMLs), 
NPDES regulations require effluent limits for POTWs to be expressed as average weekly limits 
(AWLs) unless impracticable.  The AWL is calculated to be 1.5 times the AML, consistent with 
the “secondary treatment” limits for BOD5 and TSS.  This results in an AWL for chlorine of 
0.75 mg/L. 

The EPA has determined that the technology-based effluent limits for chlorine are not stringent 
enough to ensure compliance with water quality standards.  Therefore, the draft permit proposes 
more stringent water quality-based effluent limits for chlorine. 

Mass-Based Limits 
Effluent limits are generally calculated on a concentration basis.  The federal regulation at 40 
CFR 122.45(f) generally requires that effluent limits be expressed in terms of mass.  The 
regulation at 40 CFR 122.45(b)(1) requires that effluent limitations for POTWs be calculated 
based on the design flow of the facility.  The mass based limits are expressed in pounds per day 
and are generally calculated from the corresponding concentration limits as follows: 

Mass based limit (lb/day) = concentration limit (mg/L or ppm) × design flow (mgd) × 8.341 

For example, the technology-based mass limits for CBOD5 are as follows: 

Average Monthly Limit: 

25 mg/L × 6 mgd × 8.34 lb/gallon = 1251 lb/day 

Average Weekly limit: 

40 mg/L × 6 mgd × 8.34 lb/gallon = 2002 lb/day 

From February – October, the mass limits for CBOD are calculated independently of the 
concentration limits.  The concentration limits are technology-based at all times.  The mass limits 
are water quality-based from February – October and technology-based from November – 
January. 

B. Water Quality-based Effluent Limits 

Statutory and Regulatory Basis 
Section 301(b)(1)(C) of the CWA requires the development of limitations in permits necessary to 
meet water quality standards.  Discharges to State or Tribal waters must also comply with 
limitations imposed by the State or Tribe as part of its certification of NPDES permits under 
section 401 of the CWA.  The NPDES regulation 40 CFR 122.44(d)(1) implementing Section 
301(b)(1)(C) of the CWA requires that permits include limits for all pollutants or parameters 
which are or may be discharged at a level which will cause, have the reasonable potential to 

1 8.34 is the density of water, in units of pounds per gallon. 
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cause, or contribute to an excursion above any State or Tribal water quality standard, including 
narrative criteria for water quality.  Effluent limits must also meet the applicable water quality 
requirements of affected States other than the State in which the discharge originates, which may 
include downstream States (40 CFR 122.4(d), 122.44(d)(4), see also CWA Section 401(a)(2)). 

The regulations require the permitting authority to make this evaluation using procedures which 
account for existing controls on point and nonpoint sources of pollution, the variability of the 
pollutant in the effluent, species sensitivity (for toxicity), and where appropriate, dilution in the 
receiving water.  The limits must be stringent enough to ensure that water quality standards are 
met, and must be consistent with any available wasteload allocation for the discharge in an 
approved TMDL. There are no approved TMDLs that specify wasteload allocations for this 
discharge; all of the water quality-based effluent limits are calculated directly from the 
applicable water quality standards. 

Reasonable Potential Analysis 
When evaluating the effluent to determine if water quality-based effluent limits are needed based 
on numeric criteria, the EPA projects the receiving water concentration for each pollutant of 
concern. The EPA uses the concentration of the pollutant in the effluent and receiving water 
and, if appropriate, the dilution available from the receiving water, to project the receiving water 
concentration.  Dilution is considered in the reasonable potential analysis if and only if the State 
authorizes a mixing zone in its draft CWA Section 401 certification. If the projected 
concentration of the pollutant in the receiving water exceeds the numeric criterion for that 
specific chemical, then the discharge has the reasonable potential to cause or contribute to an 
excursion above the applicable water quality standard, and a water quality-based effluent limit is 
required. 

Mixing Zones 
Sometimes it is appropriate to allow a small area of the receiving water to provide dilution of the 
effluent.  These areas are called mixing zones.  Mixing zone allowances will increase the mass 
loadings of the pollutant to the water body, and decrease treatment requirements.  Mixing zones 
can be used only when there is adequate receiving water flow volume and the receiving water 
meets the criteria necessary to protect the designated uses of the water body. Mixing zones are 
authorized by the Idaho Department of Environmental Quality (IDEQ).  Based on IDEQ’s draft 
Clean Water Act Section 401 certification, some of the water quality-based effluent limits in this 
permit have been calculated using a mixing zone.  Effluent limit and reasonable potential 
calculations for cadmium, lead, and zinc did not use mixing zones because the receiving water 
does not meet water quality standards for those pollutants.  If IDEQ does not authorize mixing 
zones in the final Clean Water Act Section 401 certification for certain parameters, the water 
quality-based effluent limits for those parameters will be recalculated such that the criteria are 
met before the effluent is discharged to the receiving water. 

Procedure for Deriving Water Quality-based Effluent Limits 
The first step in developing a water quality-based effluent limit is to develop a wasteload 
allocation (WLA) for the pollutant.  A wasteload allocation is the concentration or loading of a 
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pollutant that the permittee may discharge without causing or contributing to an excursion above 
water quality standards in the receiving water. 

In cases where a mixing zone is not authorized (e.g., for zinc, in this case), either because the 
receiving water already exceeds the criterion, the receiving water flow is too low to provide 
dilution, or the State does not authorize one, the criterion becomes the WLA.  Establishing the 
criterion as the wasteload allocation ensures that the permittee will not cause or contribute to an 
excursion above the criterion. The following discussion details the specific water quality-based 
effluent limits in the draft permit. 

Once a WLA is developed, the EPA calculates effluent limits which are protective of the WLA 
using statistical procedures described in Appendix F. 

C. Facility-Specific Limits 

pH 
The most stringent water quality criteria for pH are for the protection of aquatic life uses.  The 
“aquatic life” pH criteria state that the pH must be no less than 6.5 and no greater than 9.0 
standard units. 

The permittee has collected pH and alkalinity data for the effluent.  The EPA obtained pH and 
alkalinity data for the receiving water from the USGS monitoring station at the outlet from Lake 
Coeur d’Alene into the Spokane River.  The EPA has used these data to determine the 
discharge’s effects on the pH of the receiving water.  The EPA believes that a mixing zone for 
pH is appropriate from October through June.  From July through September a pH mixing zone 
cannot be authorized because the Spokane River pH can be close to 6.5, and because there is 
relatively little dilution available.  

The proposed pH limits are 6.3 to 9.0 from October through June and 6.5 to 9.0 (criteria end-of-
pipe) from July through September. If IDEQ does not grant a mixing zone for pH in its final 
CWA Section 401 certification, the EPA will change the pH limits to a range of 6.5 to 9.0 
standard units year round, thus requiring that the pH criteria are met before the effluent is 
discharged to the receiving water.  See Appendix F for effluent limit calculations for pH. 

Total Phosphorus 
The EPA has determined that the phosphorus in the permitted discharge, together with the 
discharges of phosphorus from the HARSB and the City of Post Falls as well as municipal 
stormwater discharged to the Spokane River in Idaho, has the reasonable potential to cause or 
contribute to excursions above water quality criteria dissolved oxygen in the State of 
Washington, downstream of the discharge.  The EPA has calculated water quality-based effluent 
limits for total phosphorus which ensure a level of water quality that is derived from and 
complies with the applicable water quality requirements of both Washington and Idaho.  See 
Appendix B for a complete discussion of the calculation of water quality-based effluent limits for 
total phosphorus. 
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Ammonia 
As explained in Appendix B, the EPA has determined that, independent of any concerns about 
the Coeur d’Alene facility’s discharge of ammonia causing or contributing to excursions above 
water quality standards for ammonia in waters of the State of Idaho, the Coeur d’Alene facility’s 
discharge of ammonia, in combination with other sources of oxygen-demanding pollution, has 
the reasonable potential cause or contribute to nonattainment of Washington’s water quality 
standards for dissolved oxygen (DO), from March – October.  Therefore effluent limits are 
necessary for ammonia, from March – October, in order to ensure compliance with 
Washington’s water quality standards for DO.  

The ammonia effluent limit that is based on Washington’s water quality standards is a seasonal 
average limit of 272 lb/day, which is applicable from March – October. Because this seasonal 
average limit does not control the short-term (e.g., monthly or daily) maximum loads or 
concentrations of ammonia in the discharge, it may not, by itself, ensure compliance with 
Idaho’s numeric water quality criteria for ammonia, which are expressed as maximum allowable 
1-hour, 4-day, and 30-day averages (IDAPA 58.01.02.283).  

EPA has determined that the Coeur d’Alene facility has the reasonable potential to cause or 
contribute to excursions above Idaho’s water quality criteria for ammonia from March – 
September.  Therefore, in addition to the seasonal average mass limit for ammonia, the draft 
permit proposes average monthly and maximum daily effluent limits for ammonia, during March 
– September. 

During November – February, the EPA has determined that the City’s discharge of does not have 
the reasonable potential to cause or contribute to excursions above water quality standards in 
Idaho or Washington.  Therefore, no effluent limits are proposed for ammonia from November – 
February. 

Five-Day Carbonaceous Biochemical Oxygen Demand 
As stated above, the EPA has promulgated technology-based effluent limits for CBOD5. The 
technology-based limits apply from November through January. 

However, the EPA has determined that, from February through October, more stringent mass 
effluent limits are necessary for CBOD5, in order to ensure compliance with water quality 
criteria for dissolved oxygen in the State of Washington.  The concentration and removal rate 
limits remain technology-based, year-round.  See Appendix B for a complete discussion of the 
basis for the water quality-based mass effluent limits for CBOD5 for February – October. 

Metals 
In the 1999 permit, the EPA established “criteria end-of-pipe” water quality-based effluent limits 
for lead and zinc.  Since the Spokane River is 303(d) listed for cadmium, lead, and zinc, the river 
has no assimilative capacity to dilute these metals in an effluent. Therefore, no mixing zone may 
be authorized for cadmium, lead, or zinc. 

In 2004, the EPA modified the metals limits in the City of Coeur d’Alene’s permit.  The lead 
limits were deleted and the zinc limits were made less stringent than those in the unmodified 
1999 permit. 
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The numeric values of the acute and chronic water quality criteria for cadmium, lead, zinc, and 
certain other metals are dependent upon the hardness of the water.  For the criteria end-of-pipe 
reasonable potential and effluent limit calculations for cadmium, lead and zinc, the effluent 
hardness was used to calculate the water quality criteria.  As long as the concentrations of 
cadmium, lead, and zinc in the effluent are below the water quality criteria (calculated at the 
effluent hardness) the effluent will not cause or contribute to an in-stream excursion above water 
quality standards as it mixes with the receiving water.2 

Zinc 

The EPA has determined that the concentration (i.e., µg/L) effluent limits for zinc in the 1999 
permit, as modified in 2004, are not stringent enough to ensure compliance with water quality 
criteria, with no mixing zone.  Therefore, the EPA has recalculated the concentration effluent 
limits for zinc, and has proposed more-stringent concentration limits for zinc (see Appendix E). 

Cadmium and Lead 

A reasonable potential analysis, which did not consider the dilution of the effluent in the 
receiving water, showed that the discharge does not have the reasonable potential to cause or 
contribute to excursions above water quality criteria for cadmium or lead.  However, IDAPA 
58.01.02.055.04 requires that the total load of pollutants causing water quality limited listings 
must remain constant or decrease within the watershed until a TMDL or equivalent process is 
completed.  Even though the 1999 permit (as modified in 2004) did not include effluent limits 
for cadmium or lead and the discharge does not have the reasonable potential to cause or 
contribute to excursions above water quality criteria for cadmium or lead, the facility does 
discharge cadmium and lead.  To ensure that the total loading of cadmium and lead does not 
increase, the State of Idaho specified effluent limits for cadmium and lead in its CWA Section 
401 certification.  These effluent limits must be incorporated into the permit (40 CFR 
122.44(d)(3), 124.53(e), 124.55(a)(2)). 

The EPA is specifically requesting public comments on the effluent limits for cadmium, lead and 
zinc. 

Copper and Silver 

The EPA has determined that the discharge does not have the reasonable potential to cause or 
contribute to excursions above water quality standards for copper.  Therefore the draft permit 
does not propose any effluent limits for copper.  

The EPA has also determined that the discharge does not have the reasonable potential to 
excursions above water quality standards for silver from July – September and from October – 
June when the effluent flow is less than or equal to 4.2 mgd.  Therefore, the draft permit does not 
propose effluent limits for silver under these circumstances. 

However, the EPA has determined that the prior permit’s effluent limits for silver, for October – 
June, when effluent flows are greater than 4.2 mgd, are not stringent enough to ensure 

2 Because the shape of the lead criteria curves, when plotted against hardness, are “concave up,” (i.e., the second 
derivative is always positive), calculating criteria end-of-pipe water quality-based effluent limits for lead, using the 
hardness of the effluent, can contribute to excursions above water quality criteria as the discharge mixes with a 
receiving water that is softer than the effluent.  This was addressed in this case by calculating a tangent line to the 
water quality criteria at the State of Idaho’s hardness “floor” of 25 mg/L as CaCO3 and calculating water quality-
based effluent limits based on the tangent line. 
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compliance with water quality criteria.  Therefore, the EPA has calculated more-stringent water 
quality-based effluent limits for silver, for October – June, when effluent flows are greater than 
4.2 mgd. 

E. Coli 
The Idaho water quality standards state that waters of the State of Idaho that are designated for 
recreation are not to contain E. coli bacteria in concentrations exceeding a geometric mean of 
126 organisms per 100 ml based on a minimum of five samples taken every three to seven days 
over a thirty day period.  Therefore, the draft permit contains a monthly geometric mean effluent 
limit for E. coli of 126 organisms per 100 ml, and a minimum sampling frequency of five grab 
samples per month (IDAPA 58.01.02.251.01.a.). 

The Idaho water quality standards also state that a water sample that exceeds certain “single 
sample maximum” values indicates a likely exceedance of the geometric mean criterion, 
although it is not, in and of itself, a violation of water quality standards.  For waters designated 
for primary contact recreation, the “single sample maximum” value is 406 organisms per 100 ml 
(IDAPA 58.01.02.251.01.b.ii.). 

The goal of a water quality-based effluent limit is to ensure a low probability that water quality 
standards will be exceeded in the receiving water as a result of a discharge, while considering the 
variability of the pollutant in the effluent (see TSD at Section 5.3.1).  Because a single sample 
value exceeding 406 organisms per 100 ml indicates a likely exceedance of the geometric mean 
criterion, the EPA has imposed an instantaneous (single grab sample) maximum effluent limit for 
E. coli of 406 organisms per 100 ml, in addition to a monthly geometric mean limit of 126 
organisms per 100 ml, which directly implements the water quality criterion for E. coli.  This 
will ensure that the discharge will have a low probability of exceeding water quality standards 
for E. coli. 

Regulations at 40 CFR 122.45(d)(2) require that effluent limitations for continuous discharges 
from POTWs be expressed as average monthly and average weekly limits, unless impracticable.  
The terms “average monthly limit” and “average weekly limit” are defined in 40 CFR 122.2 as 
arithmetic (as opposed to geometric) averages. 

It is impracticable to properly implement a 30-day geometric mean criterion in a permit using 
monthly and weekly arithmetic average limits. The geometric mean of a given data set is equal 
to the arithmetic mean of that data set if and only if all of the values in that data set are equal. 
Otherwise, the geometric mean is always less than the arithmetic mean. In order to ensure that 
the effluent limits are “derived from and comply with” the geometric mean water quality 
criterion, as required by 40 CFR 122.44(d)(1)(vii)(A), it is necessary to express the effluent 
limits as a monthly geometric mean and an instantaneous maximum limit. 

D. Summary of Limits and Bases 
The following table summarizes the general statutory and regulatory bases for the limits in the 
draft permit. 
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Table C-3 Summary of Bases for Effluent Limits and BMP Requirements 
Limited Parameter Basis for Limit 
Ammonia (March – 
Septemer monthly 
average and maximum 
daily) 

CWA Section 301(b)(1)(C), 40 CFR 122.4(d), 40 CFR 122.44(d), IDAPA 58.01.02.283, 
IDAPA 58.01.02.060 (water quality-based, with mixing zone) 

Ammonia (March – 
October seasonal 
average) 

CWA Section 301(b)(1)(C), 40 CFR 122.4(d), 40 CFR 122.44(d), WAC 173-201A-
200(1)(d)(ii) (water quality-based, all affected States) 

CBOD5 (concentration 
& removal rate) Clean Water Act (CWA) Section 301(b)(1)(B), 40 CFR 133 (technology-based) 

CBOD5 (mass, 
February – October) 

CWA Section 301(b)(1)(C), 40 CFR 122.4(d), 40 CFR 122.44(d), WAC 173-201A-
200(1)(d)(ii) (water quality-based, all affected States) 

CBOD5 (mass, 
November – January) 

Clean Water Act (CWA) Section 301(b)(1)(B), 40 CFR 133, 40 CFR 122.45(b)(1), 
122.45(f) (technology-based, mass limits) 

Chlorine CWA Sections 402(o), 301(b)(1)(C), 40 CFR 122.44(d), IDAPA 58.01.02.051 (anti-
backsliding, antidegradation) 

E. Coli CWA Section 301(b)(1)(C), 40 CFR 122.44(d), IDAPA 58.01.02.251.01 (water quality-
based) 

Floating, Suspended or 
Submerged Matter 

CWA Section 301(b)(1)(C), 40 CFR 122.44(d), IDAPA 58.01.02.200.05 (water quality-
based) 

pH (July – September) CWA Section 301(b)(1)(C), 40 CFR 122.44(d), IDAPA 58.01.02.250.01.a. (water 
quality-based) 

pH (October – June) CWA Section 301(b)(1)(C), 40 CFR 122.44(d), IDAPA 58.01.02.250.01.a, IDAPA 
58.01.02.060 (water quality-based, with mixing zone) 

Phosphorus (February – 
October) 

CWA Section 301(b)(1)(C), 40 CFR 122.4(d), 40 CFR 122.44(d), WAC 173-201A-
200(1)(d)(ii) (water quality-based, all affected States) 

Phosphorus 
Management Plan 40 CFR 122.44(k) (best management practices) 

Silver (October – June, 
effluent flow > 4.2 
mgd) 

CWA Section 301(b)(1)(C), 40 CFR 122.4(d), 40 CFR 122.44(d), IDAPA 58.01.02.210, 
IDAPA 58.01.02.060 (water quality-based, with mixing zone) 

Toxics Management 
Plan 40 CFR 122.44(k) (best management practices) 

TSS CWA Section 301(b)(1)(B), 40 CFR 133 , 40 CFR 122.45(b)(1), 122.45(f) (technology-
based, mass limits) 

Cadmium and Lead 40 CFR 122.44(d)(3), 124.53(e), 124.55(a)(2) (conforming to the conditions of a CWA 
Section 401 certification) 

Zinc CWA Section 301(b)(1)(C), 40 CFR 122.4(d), 40 CFR 122.44(d), IDAPA 58.01.02.210 
(water quality-based) 
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Appendix D:  Reasonable Potential Calculations 

The following describes the process the EPA has used to determine if the discharge authorized in 
the draft permit has the reasonable potential to cause or contribute to an excursion above Idaho’s 
federally approved water quality standards for certain pollutants.  The EPA generally uses the 
process described in Section 3.3 of the Technical Support Document for Water Quality-based 
Toxics Control (EPA 1991) to determine reasonable potential. 

To determine if there is reasonable potential for the discharge to cause or contribute to an 
excursion above water quality criteria for a given pollutant, the EPA compares the maximum 
projected receiving water concentration to the criteria for that pollutant.  If the projected 
receiving water concentration exceeds the criteria, then the discharge has the reasonable potential 
to cause or contribute to excursions above water quality standards, and a water quality-based 
effluent limit must be included in the permit.  This section discusses how the maximum projected 
receiving water concentration is determined. 

A. Mass Balance 
For discharges to flowing water bodies, the maximum projected receiving water concentration is 
determined using the following mass balance equation: 

CdQd = CeQe + CuQu (Equation D-1) 
where, 

Cd = Receiving water concentration downstream of the effluent discharge (that is,
 
the concentration at the edge of the mixing zone)
 
Ce = Maximum projected effluent concentration
 
Cu = 95th percentile measured receiving water upstream concentration
 
Qd = Receiving water flow rate downstream of the effluent discharge = Qe + Qu
 

Qe = Effluent flow rate (generally set equal to the design flow of the treatment 

plant per 40 CFR 122.45(b)(1)). 

Qu = Receiving water low flow rate upstream of the discharge (e.g. 1Q10, 7Q10)
 

When the mass balance equation is solved for Cd, it becomes: 

Cd = CeQe + CuQu (Equation D-2)
 
Qe + Qu
 

The above form of the equation is based on the assumption that the discharge is rapidly and 
completely mixed with the receiving stream and that 100% of the stream flow is available for 
mixing.  However, the Idaho water quality standards generally restrict the percentage of the 
stream flow that may be allowed for dilution of the effluent.  When the mixing zone uses less 
than 100% of the stream flow, the equation becomes: 

Cd = CeQe + Cu(Qu × MZ) (Equation D-3)
 
Qe + (Qu × MZ)
 

In the above equation, MZ is the fraction of the receiving water flow available for dilution.  The 
Idaho water quality standards generally limit mixing zones to 25% of the volume of the stream 
flow (IDAPA 58.01.02.060).  The MZ was generally set equal to 0.25 (25%) for the reasonable 
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potential analysis.  Exceptions include cadmium, lead, and zinc (because the receiving water is 
impaired for those parameters and cannot provide dilution of the effluent, therefore no mixing 
zone may be authorized for those parameters). 

If a mixing zone is not allowed, dilution is not considered when projecting the receiving water 
concentration and, 

Cd = Ce (Equation D-4) 

The criteria for the metals of concern are expressed as dissolved metal.  However, effluent limits 
for metals in NPDES permits must be expressed as total recoverable metal.  The dissolved 
criterion must be converted to an equivalent total recoverable concentration by using a 
conversion factor, as shown in Equation D-5: 

Cd = CF × Ce (Equation D-5) 

Equation D-3 can be simplified by introducing a “dilution factor,” 

D = Qe + 0.25 × Qu (Equation D-6)
 
Qe
 

The dilution factors for the various seasons, for the reasonable potential analysis are shown in 
Table D-1, below: 

Table D-1:  Dilution Factors 

Season 

Mixing 
Zone 
(% of 

critical 
flow) 

Acute 
Dilution 
Factor 
(1Q10) 

Chronic 
Dilution 
Factor 
(7Q10) 

Chronic 
Ammonia 
Criterion 
Dilution 
Factor 

(30Q10) 

Human 
Health 
Non-

Carcinogen 
Dilution 
Factor 
(30Q5) 

Human 
Health 

Carcinogen 
Dilution 
Factor 

(Harmonic 
Mean) 

Full Year 25% N/A N/A N/A 14.5 56.2 
July – September 
≤ 4.2 mgd 25% 20.2 20.2 N/A N/A N/A 

July – September 
> 4.2 mgd 25% 14.5 14.5 N/A N/A N/A 

October – June 25% 25.0 28.7 N/A N/A N/A 
November – February for 
ammonia 25% 29.8 N/A 38.2 N/A N/A 

Cadmium, lead, and zinc No mixing zone (receiving water is impaired). 

After the dilution factor simplification, Equation D-2 becomes: 

Cd = Ce - Cu + Cu (Equation D-7)
 
D
 

If the criterion is expressed as dissolved metal, the effluent concentrations are measured in total 
recoverable metal and must be converted to dissolved metal as shown in Equation D-8, which 
applies when a mixing zone may be granted for a metal with criteria expressed as dissolved 
metal. 
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CF× C − C e u Cd = Cu (Equation D-8)  
+ 

D 

In equation D-8, Ce is expressed as total recoverable metal and Cd and Cu are expressed as 
dissolved metal.  Equations D-5, D-7, and D-8 are the forms of the mass balance equation which 
were used to determine reasonable potential and calculate wasteload allocations. 

B. Maximum Projected Effluent Concentration 

Parameters with Water Quality-based Effluent Limits in the 1999 Permit 
For parameters that were subject to water quality-based effluent limits in the 1999 permit and for 
which effluent are not necessary to meet Washington’s water quality standards (chlorine, silver, 
and zinc) the EPA has used the maximum daily effluent limits in the 1999 permit as the 
maximum projected effluent concentrations.  This allows the EPA to determine if the effluent 
limits in the 1999 permit are stringent enough to prevent the discharge from causing or 
contributing to excursions above water quality standards for these pollutants.  If a discharge at 
the maximum daily limits in the 1999 permit did not have the reasonable potential to cause or 
contribute to excursions above water quality standards, the EPA retained the 1999 effluent limits 
under the anti-backsliding provisions of the Act (Section 402(o)). 

Ammonia Limits Necessary to Meet Washington’s Water Quality Standards 
As explained in Appendix B, the EPA has determined that, independent of any concerns about 
the Coeur d’Alene facility’s discharge of ammonia causing or contributing to excursions above 
water quality standards for ammonia in waters of the State of Idaho, the Coeur d’Alene facility’s 
discharge of ammonia, in combination with other sources of oxygen-demanding pollution, has 
the reasonable potential cause or contribute to nonattainment of Washington’s water quality 
standards for dissolved oxygen, from March – October.  Therefore effluent limits are necessary 
for ammonia, from March – October.  

The ammonia limit that is derived from Washington’s water quality standards is expressed as a 
seasonal average mass limit.  Because compliance with this limit is evaluated based on the 
average discharge over an 8-month period, this limit may not, by itself, prevent acute, near-field 
toxicity as required by the Idaho water quality standards.  

Therefore, instead of using the seasonal average effluent limit to calculate the maximum 
projected effluent ammonia concentration, the EPA has used the procedure described in section 
3.3 of the TSD and under “Other Parameters,” below, to determine if short-term effluent limits 
were necessary to ensure compliance with Idaho’s water quality criteria for ammonia, based on 
the historical effluent data. 

Other Parameters 
To calculate the maximum projected effluent concentration for parameters not specifically 
discussed above, the EPA has used the procedure described in section 3.3 of the TSD, 
“Determining the Need for Permit Limits with Effluent Monitoring Data.” In this procedure, the 
99th percentile of the effluent data is the maximum projected effluent concentration in the mass 
balance equation. 
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Since there are a limited number of data points available in most cases, the 99th percentile is 
calculated by multiplying the maximum reported effluent concentration by a “reasonable 
potential multiplier” (RPM).  The RPM is the ratio of the 99th percentile concentration to the 
maximum reported effluent concentration.  The RPM is calculated from the coefficient of 
variation (CV) of the data and the number of data points.  The CV is defined as the ratio of the 
standard deviation of the data set to the mean, but when fewer than 10 data points are available, 
the TSD recommends making the assumption that the CV is equal to 0.6. 

In addition to Section 3.3 of the TSD, the procedures for calculating a maximum projected 
effluent concentration from effluent data are described in detail in Appendix D of the fact sheet 
dated February 16, 2007.  The results of the reasonable potential analysis are described below. 

C. Results 
Table 2 on the following page, summarizes the reasonable potential calculations. 
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Table 2:  Reasonable Potential Calculations 
Effluent Percentile value 99% 

State Water Quality 
Standard 

Max concentration 
at edge of... 

Metal 
Criteria 

Translator as 
decimal 

Metal 
Criteria 

Translator as 
decimal 

Ambient 
Concentrat 
ion (metals 
as dissolved) Acute Chronic 

Acute 
Mixing 
Zone 

Chronic 
Mixing 
Zone 

LIMIT 
REQ'D? 

Max effluent 
conc. 

measured 
(metals as 

total 

recoverable) 
Coeff 

Variation 
# of 

samples Multiplier 

Acute 
Dil'n 

Factor 

Chronic 
Dil'n 

Factor 
Parameter Acute Chronic ug/L ug/L ug/L ug/L ug/L Pn ug/L CV s n COMMENTS 

Ammonia Jul - Sep Prev. Lim. 1.00 1.00 0.1000 6.75 1.43 9.01 1.54 YES N/A 21.00 N/A N/A N/A 1.00 2.35 14.5 2.5% MZ Acute 25% MZ Chronic 
Ammonia March - June Effluent 1.00 1.00 0.1000 6.75 2.17 7.05 0.52 YES 0.984 30.50 0.31 0.31 281 1.06 4.64 77.5 2.5% MZ Acute 25% MZ Chronic 
Ammonia Nov. - Feb. Effluent 1.00 1.00 0.1000 6.75 2.80 1.34 1.07 NO 0.980 34.0 0.32 0.31 228 1.09 29.8 38.2 25% MZ 

Ammonia Oct Effluent 1.00 1.00 6.7484 2.5724 5.62 0.51 NO 0.926 16.15 0.31 0.30 60.00 1.30 3.75 41.4 2.5% MZ Acute 25% MZ Chronic 
Cadmium (EOP) 0.93 0.90 1.69 0.67 0.25 0.24 NO 0.955 0.21 0.43 0.41 101 1.29 1 1 RW Impaired; no MZ 

Chlorine (Oct - June Prev. Lim.) 1.00 1.00 11.0 19.0 15.62 13.57 YES N/A 390 N/A N/A N/A 1.00 25.0 28.7 25% MZ 
Chlorline (July - Sept. Prev. Lim.) 1.00 1.00 11.0 19.0 7.05 7.05 NO N/A 102 N/A N/A N/A 1.00 14.5 14.5 25% MZ 

Copper (July - Sept) 0.86 0.88 4.61 3.47 0.94 0.96 NO 0.958 12.90 0.35 0.34 107 1.23 14.5 14.5 25% MZ 
Copper (Oct - June) 0.86 0.88 4.61 3.47 0.54 0.48 NO 0.958 12.90 0.35 0.34 107 1.23 25.0 28.7 25% MZ 

Lead (EOP) 0.15 0.15 80.8 3.1 0.58 0.58 NO 0.958 2.73 0.70 0.63 107 1.46 1 1 RW Impaired; no MZ 
NO2 + NO3 1.00 1.00 0.0915 10.0 4.90 NO 0.215 12.4 0.60 0.55 3 5.62 14.5 25% MZ 

Silver (July - Sept) 0.35 N/A 0.318 N/A 0.15 N/A NO 0.958 3.30 1.43 1.06 107 1.88 14.5 N/A 25% MZ, No chronic criterion for Ag 
Silver (October - June) 0.35 N/A 0.318 N/A 0.09 N/A NO 0.958 3.30 1.43 1.06 107 1.88 25.0 N/A 25% MZ, No chronic criterion for Ag 

Silver, Prev. Lim. (Oct - June) 0.35 N/A 0.318 N/A 0.45 N/A YES 0.958 31.90 1.43 1.06 107 1.00 25.0 N/A 25% MZ, No chronic criterion for Ag 
Zinc (EOP, prev. lim.) 0.88 0.88 148 149 177 177 YES N/A 201 N/A N/A N/A 1.00 1 1 RW Impaired; no MZ 

D. References 
EPA.  1991. Technical Support Document for Water Quality-based Toxics Control. US Environmental Protection Agency, Office of 
Water, EPA/505/2-90-001. http://www.epa.gov/npdes/pubs/owm0264.pdf 
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Appendix E: WQBEL Calculations – Acute and Chronic Numeric 

Aquatic Life Criteria
 

The discussion explains how water quality-based effluent limits (WQBELs) in the draft permit 
were calculated based on Idaho’s numeric water quality criteria for aquatic life uses.  The 
calculations for all WQBELs based on aquatic life criteria are summarized in Tables 2 and 3, 
below. 

A. Calculate the Wasteload Allocations (WLAs) 
Wasteload allocations (WLAs) are calculated using the same mass balance equations used to 
calculate the concentration of the pollutant at the edge of the mixing zone in the reasonable 
potential analysis.  These equations are explained in Appendix D.  To calculate the wasteload 
allocations, the downstream concentration (Cd) is set equal to the acute or chronic water quality 
criterion and the equation is solved for the effluent concentration (Ce).  The calculated Ce is the 
acute or chronic WLA.  Equation D-6 is rearranged to solve for the WLA, becoming: 

Ce = WLA = D × (Cd - Cu) + Cu (Equation E-1) 

Idaho’s water quality criteria for some metals are expressed as the dissolved fraction, but the 
Federal regulation at 40 CFR 122.45(c) requires that effluent limits be expressed as total 
recoverable metal.  Therefore, the EPA must calculate a wasteload allocation in total recoverable 
metal that will be protective of the dissolved criterion.  This is accomplished by dividing the 
WLA expressed as dissolved by the criteria translator (CT), as shown in equation E-2.  

D× (C − C ) + Cd u uCe = WLA = (Equation E-2) 
CT 

Or, if no mixing zone is allowed, for metals with criteria expressed as the dissolved fraction: 

Ce = WLA = Cd ÷ CT (Equation E-3) 

Mixing Zones for Ammonia for March - September 

In general, mixing zones for effluent limit calculations are the same as those used for the 
reasonable potential analysis and described in Appendix D. 

A smaller mixing zone was used for acute criteria for ammonia, from March – September.  
Section 5.1.1 of EPA’s Water Quality Standards Handbook Second Edition (“Handbook”) states 
that mixing zones must be limited to an area or volume as small as practicable (EPA 1994). The 
City of Coeur d’Alene must reduce its effluent ammonia loads from current levels on a seasonal 
average basis, from March – October, in order to ensure compliance with water quality standards 
for dissolved oxygen (DO) in the State of Washington (see Appendix B).  This reduction will 
also allow Coeur d’Alene to meet Idaho’s water quality criteria for ammonia using a smaller 
mixing zone than would otherwise be necessary. The Handbook also states that the acute water 
quality criterion “should be met within 10 percent of the distance from the edge of the outfall 
structure to the edge of the mixing zone in any spatial direction.”  Based on the Handbook’s 
recommendations, and given the fact that ammonia discharges must be reduced from current 
levels in order to meet Washington’s water quality standards (as explained in Appendix B) the 
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effluent limit calculations for ammonia use a mixing zone for the acute ammonia criterion that 
uses 2.5% of the 1Q10 flow of the Spokane River.  The chronic mixing zone for ammonia 
continues to be based on 25% of the 30Q10 flow of the Spokane River. This will ensure that the 
acute water quality criterion for ammonia is roughly 10% of the size of the chronic mixing zone, 
as recommended by the Handbook. The dilution factors for the ammonia mixing zones, for 
March – October, are shown in Table 1, below. 

Table 1:  Dilution Factors for Ammonia Effluent Limits based on 
Idaho WQS for March – October 

Season 
1Q10 
River 
Flow 

30Q10 
River 
Flow 

Acute 
Mixing 
Zone 
(% of 

critical 
flow) 

Chronic 
Mixing 
Zone 
(% of 

critical 
flow) 

Acute 
Dilution 
Factor 
(1Q10) 

Chronic 
Dilution 
Factor 

(30Q10) 

March – June 1350 2840 2.5% 25% 4.64 77.5 
July – September 500 500 2.5% 25% 2.35 14.5 

B. Basis for Expressing Effluent Limits for Toxic Parameters as Average Monthly and 
Maximum Daily Limits 

In general, effluent limits for POTWs must be expressed as average monthly and average weekly 
limits (40 CFR 122.45(d)(2)).  In order to prevent acute toxicity to aquatic life, the Technical 
Support Document for Water Quality-based Toxics Control (“TSD”) recommends that effluent 
limits for pollutants which may be toxic to aquatic life be expressed as average monthly and 
maximum daily limits, because an average weekly limit has an averaging period that is too long 
to ensure that acute toxicity is prevented (see TSD at section 5.2.3).  Similarly, the 272 lb/day 
seasonal average ammonia effluent limit that is required to meet Washington’s water quality 
standards (see Appendix B) would not prevent short-term discharges of high loadings or 
concentrations of ammonia which could cause acute toxicity.  Therefore, effluent limits for total 
residual chlorine, ammonia, silver, and zinc are expressed as average monthly and maximum 
daily limits, based on the recommendations of Section 5.2.3 of the TSD. 

C. Calculating the Average Monthly and Maximum Daily Effluent Limits 
The statistical procedures for calculating of average monthly and maximum daily effluent limits 
from the wasteload allocations are described in Section 5.4 of the TSD and in Appendix G of the 
fact sheet dated February 16, 2007. 

Although the reasonable potential analysis in Appendix D showed that a discharge at the 1999 
permit’s maximum daily limits for total residual chlorine for October – June could cause or 
contribute to excursions above water quality standards for chlorine, when the EPA re-calculated 
the effluent limits for chlorine using the procedure described below, the re-calculated effluent 
limits were less stringent than those in the 1999 permit (see Table 1, below).  Therefore, the 
October – June chlorine effluent limits in the 1999 permit have been continued forward in 
accordance with the anti-backsliding provisions of the Clean Water Act (Section 402(o)). 
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D. Results 
The results of the effluent limit calculations are summarized in Tables 2 and 3, on the following 
page. 
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Table 2:  Effluent Limit Calculations for Chlorine, Zinc, and Silver 

Acute 
Dil'n 

Factor 

Chronic 
Dil'n 

Factor 

Metal 
Criteria 

Translator 

Metal 
Criteria 

Translator 

Ambient 
Concentratio 

n 

Water 
Quality 

Standard 
Acute 

Water 
Quality 

Standard 
Chronic 

Average 
Monthly 

Limit 
(AML) 

Maximum 
Daily Limit 

(MDL) Comments 
WLA 
Acute 

WLA 
Chronic 

LTA 
Acute 

LTA 
Chronic 

Limiting 
LTA 

Coeff. 
Var. 
(CV) 

# of 
Samples 

per 
Month 

PARAMETER Acute Chronic ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L decimal n 
Chlorine (Oct - June) 24.97 28.74 1.00 1.00 19.00 11.00 175 474 25% Mixing Zone 474 316 146.0 162.0 146.0 0.63 30.00 

Zinc 1.00 1.00 0.88 0.88 148 149 135 168 EOP 168 170 119.0 142.2 119.0 0.15 4.00 
Silver (Oct - June > 4.2 mgd) 24.97 N/A 0.35 N/A 0.32 8.01 22.5 25% Mixing Zone 22 N/A 3.5 N/A 3.5 1.36 4.00 

Permit Limit Calculation Summary 
Waste Load Allocation (WLA) and Long 

Term Average (LTA) Calculations 

Table 3:  Calculations for Ammonia Effluent Limits based on Idaho WQS 

Permit Limit Calculation Summary 
Waste Load Allocation (WLA) and Long 

Term Average (LTA) Calculations 
Water Water Average Average # of 

Acute Chronic Metal Metal Ambient Quality Quality Monthly Maximum Monthly Maximum Coeff. Samples 
Dil'n Dil'n Criteria Criteria Concentratio Standard Standard Limit Daily Limit Limit Daily Limit WLA WLA LTA LTA Limiting Var. per 

Factor Factor Translator Translator n Acute Chronic (AML) (MDL) (AML) (MDL) Comments Acute Chronic Acute Chronic LTA (CV) Month 
PARAMETER Acute Chronic mg/L mg/L mg/L mg/L mg/L lb/day lb/day mg/L mg/L mg/L mg/L mg/L decimal n 

Ammonia March - June 4.64 77.48 1.00 1.00 0.10 6.75 2.17 13.0 30.9 649 1547 2.5% MZ Acute 25% MZ Chronic 30.9 161 9.9 125.4 9.9 0.60 12.00 
Ammonia July - Sep 2.35 14.46 1.00 1.00 0.10 6.75 1.43 6.59 15.7 330 786 2.5% MZ Acute 25% MZ Chronic 15.7 19 5.0 15.0 5.0 0.60 12.00 

E. References 
EPA.  1991. Technical Support Document for Water Quality-based Toxics Control.  US Environmental Protection Agency. Office of 
Water.  Washington, DC.  March 1991.  The EPA/505/2-90-001. http://www.epa.gov/npdes/pubs/owm0264.pdf 

EPA. 1994. Water Quality Standards Handbook: Second Edition. Environmental Protection Agency. Office of Water. Washington, 
DC. August 1994. EPA 823-B-94-005a. http://water.epa.gov/scitech/swguidance/standards/handbook/index.cfm 
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Appendix F:  Effluent Limit Calculations for pH 

The following table demonstrates how appropriate effluent limitations were determined for pH. 

Table F-1:  Effluent Limit Calculations for the Low pH Critical 
Condition 

INPUT 
Oct. – 
June 

July – 
Sept. 

DILUTION FACTOR AT MIXING ZONE BOUNDARY 25.0 14.5 
UPSTREAM/BACKGROUND CHARACTERISTICS 

Temperature (deg C): 18.4 25.0 
pH: 6.60 6.60 
Alkalinity (mg CaCO3/L): 19.2 19.2 

EFFLUENT CHARACTERISTICS 
Temperature (deg C): 17.2 17.2 
pH: 6.3 6.5 
Alkalinity (mg CaCO3/L): 150 150 

OUTPUT 
1.  IONIZATION CONSTANTS 

Upstream/Background pKa: 6.39 6.35 
Effluent pKa: 6.40 6.40 

2.  IONIZATION FRACTIONS 
Upstream/Background Ionization Fraction: 0.62 0.64 
Effluent Ionization Fraction: 0.44 0.56 

3. TOTAL INORGANIC CARBON 
Upstream/Background Total Inorganic Carbon (mg CaCO3/L): 31.13 30.00 
Effluent Total Inorganic Carbon (mg CaCO3/L): 339.95 269.85 

CONDITIONS AT MIXING ZONE BOUNDARY 
Temperature (deg C): 18.35 24.46 
Alkalinity (mg CaCO3/L): 24.44 28.24 
Total Inorganic Carbon (mg CaCO3/L): 43.50 46.58 
pKa: 6.39 6.35 
pH at Mixing Zone Boundary: 6.50 6.54 
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Appendix G:  Compliance Schedules and Interim Limits for New
 
Water Quality-based Effluent Limits
 

A. Overview 
In order to establish a compliance schedule in an NPDES permit, the permitting authority must 
make a reasonable finding that the permittee cannot comply with the new water quality-based 
effluent limit immediately upon the effective date of the final permit (see the US EPA NPDES 
Permit Writers’ Manual at Section 9.1.3).  Compliance schedules may only be allowed if the 
State’s water quality standards or implementing regulations allow for compliance schedules (see 
In The Matter of Star-Kist Caribe, Inc., 3 E.A.D. 172, 175, 177 (1990)).  The State of Idaho has a 
compliance schedule authorizing provision which reads, “discharge permits for point sources 
may incorporate compliance schedules which allow a discharger to phase in, over time, 
compliance with water quality-based effluent limitations when new limitations are in the permit 
for the first time” (IDAPA 58.01.02.400.03).  The State of Idaho has authorized compliance 
schedules for some of the new water quality-based effluent limits in the City of Coeur d’Alene 
permit in its draft Clean Water Act Section 401 certification of this permit. 

The EPA has evaluated the historic performance of the Coeur d’Alene wastewater treatment 
plant to determine if the City could immediately comply with the new water quality-based 
effluent limits proposed in the draft permit.  For those effluent limits that cannot be achieved 
immediately on the effective date of the final permit, the compliance schedule must comply with 
the regulatory requirement that compliance be achieved as soon as possible (40 CFR 
122.47(a)(1)).  The EPA has determined that the compliance schedules proposed in the draft 
permit require compliance as soon as possible, as explained below. 

B. Immediate Achievability 
In general, for each parameter for which a new water quality-based effluent limit is proposed, the 
EPA quantified the facility’s current performance.  The current performance was compared to 
the proposed new water quality-based effluent limits to determine if the facility could comply 
with the new water quality-based effluent limits immediately upon the effective date of the final 
permit.  The methods used to evaluate the facility’s current performance are described below. 

In general, if the facility’s current performance, as quantified by the methods described below, 
showed that the facility could comply with the new water quality-based effluent limits 
immediately upon the effective date of the final permit, then no compliance schedule has been 
proposed in the draft permit.  In addition to the facility’s current performance, the EPA has also 
considered the treatment plant’s design characteristics and the performance of other facilities of 
similar design. If the Coeur d’Alene facility’s treatment processes would allow for immediate 
compliance with new water quality-based effluent limits, then no compliance schedule has been 
proposed in the draft permit, even if historical effluent data do not indicate immediate 
achievability. 

If effluent data and the facility’s current design both demonstrate that the facility cannot comply 
with the effluent limits immediately upon the effective date of the final permit, then a schedule 
of compliance is appropriate and has been proposed in the draft permit.  
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Average Monthly and Average Weekly or Maximum Daily Limits 
Performance-based Effluent Limit Spreadsheet Method 

This spreadsheet calculates performance-based effluent limits based on historical effluent data 
and the required sampling frequency.  The spreadsheet is based upon the procedures of Appendix 
E of the Technical Support Document for Water Quality-based Toxics Control (EPA 1991).  

Percentile Method 

When individual sample results are available, the expected maximum monthly, weekly, and daily 
loadings or concentrations can be represented by percentiles.  The expected maximum monthly 
average concentration or loading is that which can be achieved 11/12ths (92%) of the time, and 
the expected maximum weekly average and maximum daily concentration or loading is that 
which can be achieved 51/52nds (98%) and 364/365ths (99.7%) of the time, respectively.  The 
EPA used this method of quantifying treatment plant performance in the Municipal Nutrient 
Removal Technologies Reference Document (EPA 2008).  If less than 365 data points were 
available, the maximum individual sample was used for comparison with a proposed water 
quality-based maximum daily limit. 

Seasonal Average Limits 
For effluent limits expressed as seasonal averages, the EPA evaluated the performance of the 
WWTP to determine if the permittee could comply with the new water quality-based effluent 
limits immediately. 

Results of Effluent Data Analysis 
The results of the analysis are summarized in Table 1, below. 

Discussion of Results 
CBOD5 

The CBOD5 mass effluent limits are expressed as a seasonal average limit in lieu of average 
monthly and average weekly limits (see Appendix B).  The seasonal average effluent limits are 
226 lb/day from February 1st – March 31st and 203 lb/day from April 1 – October 31st. 

At the facility’s design flow of 6.0 mgd, the seasonal average CBOD5 effluent limits correspond 
to concentrations of 4.52 and 4.06 mg/L, for February – March and April – October, 
respectively.  The median of the monthly average effluent concentrations of CBOD5 measured 
between January 2008 and February 2013 is 4.55 mg/L.  The monthly average effluent 
concentrations of CBOD5 measured during that span of time have been greater than the 
concentrations corresponding to the proposed seasonal average effluent limits 53% of the time 
and 80% of the time, for February – March and April – October, respectively. 

Therefore, the City cannot comply with the new water quality-based effluent limits for CBOD5 
immediately upon the effective date of the final permit. 
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Table 1:  Comparison of New Water Quality-based Effluent Limits to Historic 
Performance 

New Water 
Quality-based 
Effluent Limit 
Parameter, Season, 
and Units 

Proposed Limits Current Performance 

Limits 
Achievable 
Immediately? 

Avg. 
Monthly 
Limit 

Max. 
Daily or 
Avg. 
Weekly 
Limit 

PERFORMLIM 
Spreadsheet Percentiles 

Max. 
Month 

Max. Day/ 
Week 

Max. 
Month 

Max. 
Day/Week 

Ammonia, March -
June (lb/day) 649 1547 532 928 685 938 NO 

Ammonia, July -
September (mg/L) 6.59 15.7 14.9 20.9 10.6 18.3 NO 

Ammonia, July -
September (lb/day) 330 786 315 546 430 605 NO 

Silver, October – 
June, Effluent 
Flow > 4.2 mgd 
(µg/L) 

8.01 22.5 1.0 1.8 0.71 3.3 YES 

Lead (µg/L) 2.5 5.8 0.86 1.16 0.85 2.73 YES 
Zinc (µg/L) 135 168 59 67 55.0 60.5 YES 
Notes: 
1. Year-round effluent data were used for comparison with the proposed CBOD5 effluent limits.  The CBOD5 effluent load is 
relatively stable over time (coefficient of variation = 0.31). 

Ammonia 

As shown in Table 1, above, in general, the percentile and performance-based spreadsheet 
calculations indicate that the Coeur d’Alene facility cannot comply with the new water quality-
based average monthly and maximum daily limits for ammonia that are proposed in the draft 
permit immediately upon the effective date of the final permit. The performance-based limit 
spreadsheet indicates that the facility may be able to comply with the new water quality-based 
load limits for ammonia, but the percentile method indicates that it cannot. Furthermore, neither 
the performance-based limit spreadsheet nor the percentile method indicates that the facility can 
comply with the new water quality-based concentration limits for ammonia that apply from July 
– September.  Therefore, the City cannot comply with these new water quality-based effluent 
limits for ammonia and, a compliance schedule is appropriate for the new water quality-based 
average monthly and maximum daily limits for ammonia. 

With respect to the new water quality-based seasonal average limit for ammonia, which is 272 
lb/day from March – October, the City’s average ammonia load from March – October is 365 
lb/day, which is greater than the effluent limit.  Therefore the City cannot comply with the new 
water quality-based seasonal average effluent limit for ammonia immediately upon the effective 
date of the final permit and a compliance schedule is appropriate for this effluent limit. 

Lead, Silver and Zinc 

As shown in Table 1, effluent data indicate that the Coeur d’Alene facility can comply with the 
new water quality-based effluent limits for lead, silver and zinc immediately upon the effective 
date of the final permit.  Therefore, no compliance schedule may be authorized for the new water 
quality-based lead, silver and zinc effluent limits. 
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Cadmium 

The cadmium effluent limits that were specified in the State of Idaho’s draft CWA Section 401 
certification are performance-based effluent limits and thus are achievable immediately upon the 
effective date of the final permit.  Therefore no compliance schedule is proposed for the Coeur 
d’Alene facility’s new cadmium limits. 

Phosphorus 

The effluent limit for total phosphorus is a seasonal average of 3.17 lb/day.  The current average 
phosphorus loading is 36.5 lb/day.  Therefore the City cannot comply with the new water 
quality-based seasonal average effluent limit for total phosphorus immediately upon the effective 
date of the final permit and a compliance schedule is appropriate for this effluent limit. 

Summary 

The permittee can comply with all of the new water quality-based effluent limits in the draft 
permit, except for the new phosphorus limits and some of the new ammonia limits.  Therefore, a 
compliance schedule is proposed for the new water quality-based phosphorus limits and the new 
water quality-based ammonia limits except for the average monthly and maximum daily 
ammonia loading limits for the month of October. 

Interim Limits 
Basis for Interim Limits 

The federal regulation 40 CFR 122.47 states that “…if a permit establishes a schedule of 
compliance which exceeds 1 year from the date of permit issuance, the schedule shall set  forth 
interim requirements and the dates for their achievement.”  The federal regulation 40 CFR 
122.44(l)(1) states that “…when a permit is renewed or reissued, interim effluent limitations, 
standards or conditions must be at least as stringent as the final effluent limitations, standards, or 
conditions in the previous permit.” 

Therefore, the EPA has proposed interim effluent limits in the draft permit, which apply during 
the term of the compliance schedule, in order to ensure that the reissued permit does not 
authorize the discharge of ammonia or phosphorus in greater amounts than authorized by the 
previous permit, during the term of the compliance schedule. 

Total Phosphorus 

The previous permit states, “the average monthly effluent phosphorus loading (measured as total 
P) shall not exceed 15 percent of the average monthly influent loading (measured as total P) or 1 
mg/l, whichever is greater.”  Thus, the prior permit has average monthly limits expressed in 
terms of concentration or removal rate (whichever is less stringent or results in a greater effluent 
load) but it lacks average weekly limits and limits expressed in terms of mass, both of which are 
required by federal regulations (40 CFR 122.45(d)(2), 122.45(f).  Thus, the EPA has established 
mass limits and average weekly limits in order to comply with federal regulations. 

The interim average monthly TP limit is 1 mg/L, which is the same as the final phosphorus 
concentration effluent limit in the previous permit.  The EPA has calculated an average monthly 
mass limit for TP based on the design flow of the POTW (which is 6 mgd), based on 40 CFR 
122.45(b)(1).  The interim average monthly TP mass limit is 50 lb/day.  
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In order to ensure compliance with federal regulations requiring that, in general, effluent limits 
for POTWs are stated as average monthly and average weekly limits, the EPA has also 
established interim average weekly TP limits based on the average monthly limits, and a ratio 
that accounts for effluent variability within a month.  The EPA has used the same ratio as the 
ratio between the technology-based average monthly and average weekly CBOD5 limits (1.6:1).  
The EPA believes this ratio is representative of typical effluent variability for POTWs.   Thus, 
the average weekly TP limits are 1.6 mg/L and 80 lb/day. 

The draft permit proposes to delete the option for removal rate effluent limits that are less 
stringent than the concentration limits.  The EPA believes that the 1 mg/L average monthly 
effluent limit is achievable by the facility. 

The prior permit’s phosphorus limits generally applied from March 1st through October 31st each 
year.  The interim effluent limits for total phosphorus apply from February 1st through October 
31st each year, which is the same season during which the final TP effluent limits will apply.  
Modeling has shown that discharges of TP at any time during this season can affect dissolved 
oxygen concentrations in Lake Spokane. 

Ammonia 

The interim effluent limits for ammonia, for July – September, are identical to the ammonia 
effluent limits in the prior permit, consistent with 40 CFR 122.41(l)(1).  The EPA has determined 
that these limits will ensure compliance with Idaho’s water quality criteria for ammonia after 
mixing with less than 25% of the critical low flows of the receiving water. 

No interim ammonia effluent limits are proposed for March – June or during October.  The prior 
permit did not include any effluent limits for ammonia during these months. 

CBOD5 

The interim effluent limits for CBOD5, for February – October, are identical to the CBOD5 
effluent limits in the prior permit, consistent with 40 CFR 122.41(l)(1).  

C. As Soon as Possible 
In its draft CWA Section 401 certification, the State of Idaho authorized a schedule of 
compliance which requires compliance with the draft permit’s new total phosphorus limits and 
the new total ammonia as N effluent limits (except for the average monthly and maximum daily 
limits in effect during October) not later than 10 years after the effective date of the final permit. 

Federal regulations require that compliance schedules in NPDES permits “shall require 
compliance as soon as possible.”  The draft certification states that the authorized compliance 
schedule “provides the permittee a reasonable amount of time to achieve the final effluent 
limitations as specified in the permit. At the same time, the schedule ensures that compliance 
with the final effluent limits is accomplished as soon as possible.” 

The EPA agrees with the State of Idaho’s finding that the 10-year schedule of compliance 
requires compliance with the new water quality-based effluent limits for total phosphorus and 
ammonia as soon as possible.  The City’s planned schedule for completion of the necessary plant 
upgrades to ensure compliance with effluent limits is provided in the City’s Phase 5 Program 
Schedule, updated on December 30, 2011.  The Phase 5 Program Schedule explains that the City 
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must undertake several subtasks before it is able to comply with the new water quality-based 
phosphorus and ammonia limits in the draft permit, including: 

•	 Funding (either a bond election or a judicial confirmation). 

•	 Property acquisition and land use adjustments. 

•	 Sewer rate study and financing plan. 

•	 Phased construction and optimization of advanced treatment facilities: 

o	 Completion of tankage and 1 mgd of tertiary membrane filtration (TMF) capacity by 
late 2013 (Phase 5C.1) 

o	 1 year of assessment of the performance of the 1 mgd TMF system 

o	 Design and construction of an additional 3 mgd of TMF capacity (4 mgd total TMF 
capacity), to be completed by early 2019 (Phase 5C.2). 

o	 Two years of optimization of the 4 mgd TMF system, to be completed by early 2021. 

o	 Design and construct an additional 2 mgd of TMF capacity (6 mgd total, phase 5C.3) 
in parallel with phase 5C.2).  Construction will be completed in 2021; full compliance 
will be achieved after two years of optimization, in 2023, or 10 years after the 
effective date of the final permit. 

The Phase 5 Program Schedule explains that, since current wastewater flows are less than 4 
mgd, incremental implementation of the TMF improvements is appropriate.  The incremental 
implementation will reduce the City’s costs and allow the City to evaluate the performance of the 
improvements before committing to further and more costly improvements. 

D. References 
City of Coeur d’Alene Wastewater Department. Phase 5 Program Schedule. February 26, 2008.  
Updated December 30, 2011. 

EPA.  1991. Technical Support Document for Water Quality-based Toxics Control. US 
Environmental Protection Agency, Office of Water, EPA/505/2-90-001. March 1991. 
http://www.epa.gov/npdes/pubs/owm0264.pdf 

EPA.  2008. Municipal Nutrient Removal Technologies Reference Document.  US 
Environmental Protection Agency.  Office of Wastewater Management, Municipal Support 
Division, Municipal Technology Branch.  The EPA 832-R-08-006. September 2008. 
http://water.epa.gov/scitech/wastetech/upload/mnrt-volume1.pdf 
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Appendix H:  Draft Clean Water Act Section 401 Certification 
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june.bergguist@deg.idaho.gov . 

C: 

STATE OF IDAHO 

DEPARTMENT OF 
ENVIRONMENTAL QUALITY 

2110 Ironwood Parkway o Coeur d'Alene, Idaho 83814 o (208) 769-1422 C.L. "Butch" Otter, Governor 
Toni Hardesty, Director 

June 25, 2013 

Mr. Michael Lidgard 
US Environmental Protection Agency, Region 10 

1200 61h Avenue, OW-130 

Seattle, W A 981 01 

RE: Third Revision Draft § 401 Water Quality Certification for the Draft NPDES Permit No. 
ID-0022853 for the City of Coeur d'Alene Wastewater Facility (Coeur d'Alene) 

Dear Mr. Lidgard: 

On May 21, 2013, the State ofldaho Department of Environmental Quality (DEQ) Director Curt 
Fransen sent a letter to Representatives Eskridge and Anderson clarifying the agency's 
interpretation ofiDAPA 58.01.02.055.04. This interpretation necessitated some changes to our 
draft 401 certifications for the three Spokane River dischargers. We have made the necessary 
revisions and are resubmitting the draft certification for Coeur d'Alene to you in its entirety. 

To recap the Coeur d'Alene certification process, on August 28, 2012 DEQ submitted our first 
draft certification. On September 18, 2012 DEQ revised the draft certification due to an error in 
the mixing zone section. We submitted another revised draft certification on April 26, 2013 in 
response to a revised draft permit. 

Please direct any questions to June Bergquist at 208.666.4605 or 


Regional Administrator 
Coeur d'Alene Regional Office 

Enclosure 

Miranda Adams, DEQ Boise 
Brian Nickel, EPA Region 10, Seattle 
Sid Fredrickson, City of Coeur d'Alene 
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Idaho Department of Environmental Quality 

Revised Draft 401 Water Quality Certification 

June 25, 2013 

NPDES Permit Number(s): ID-002285-3 City of Coeur d'Alene Wastewater 
Facility 

Receiving Water Body: Spokane River 

Pursuant to the provisions of Section 401(a)(l)  of the Federal Water Pollution Control Act 
(Clean Water Act), as amended; 33 U.S.C. Section 1341(a)(l); and Idaho Code § §  39-101 et seq. 
and 39-3601 et seq., the Idaho Department of Envirorunental Quality (DEQ) has authority to 
review National Pollutant Discharge Elimination System (NPDES) permits and issue water 
quality certification decisions. 

Based upon its review of the above-referenced permit and associated fact sheet, DEQ certifies 
that if the permittee complies with the terms and conditions imposed by the permit along with the 
conditions set forth in this water quality certification, then there is reasonable assurance the 
discharge will comply with the applicable requirements of Sections 301, 302, 303, 306, and 307 
of the Clean Water Act, the Idaho Water Quality Standards (WQS) (IDAPA 58.01.02), and other 
appropriate water quality requirements of state law. 

This certification does not constitute authorization of the permitted activities by any other state 
or federal agency or private person or entity. This certification does not excuse the permit holder 
from the obligation to obtain any other necessary approvals, authorizations, or permits. 

Antidegradation Review 

In March 2011, Idaho incorporated new provisions in Idaho Code § 3 9-3 603 addressing 
antidegradation implementation. At the same time, Idaho adopted antidegradation 
implementation procedures in the Idaho WQS. DEQ submitted the antidegradation 
implementation procedures to the US Envirorunental Protection Agency (EPA) for approval on 
April 15, 2011. On August 18, 2011, EPA approved the implementation procedures. 

The WQS contain an anti degradation policy providing three levels of protection to water bodies 
in Idaho (IDAPA 58.01.02.051). 

• Tier 1 Protection. The first level of protection applies to all water bodies subject to Clean 
Water Act jurisdiction and ensures that existing uses of a water body and the level of 
water quality necessary to protect those existing uses will be maintained and protected 
(IDAPA 58.01.02.051.01; 58.01.02.052.01). Additionally, a Tier 1 review is performed 
for all new or reissued permits or licenses (IDAPA 58.0 1.02.052.05). 

• Tier 2 Protection. The second level of protection applies to those water bodies considered 
high quality and ensures that no lowering of water quality will be allowed unless deemed 
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necessary to accommodate important economic or social development (IDAP A 
58.01.02.051.02; 58.01.02.052.06). 

• Tier 3 Protection. The third level of protection applies to water bodies that have been 
designated outstanding resource waters and requires that activities not cause a lowering 
of water quality (IDAPA 58.01.02.051.03; 58.01.02.052.07). 

DEQ is employing a water body by water body approach to implementing Idaho's 
antidegradation policy. This approach means that any water body fully supporting its beneficial 
uses will be considered high quality (Idaho Code § 39-3603(2)(b)(i)). Any water body not fully 
supporting its beneficial uses will be provided Tier 1 protection for that use, unless specific 
circumstances warranting Tier 2 protection are met (Idaho Code § 39-3603(2)(b)(iii)). The most 
recent federally approved Integrated Report and supporting data are used to determine support 
status and the tier of protection (Idaho Code § 39-3603(2)(b)). 

Pollutants of Concern 

The City of Coeur d'Alene discharges the following pollutants of concern: carbonaceous 
biochemical oxygen demand (CBOD5), total suspended solids (TSS), pH, E. coli, chlorine, 
ammonia, phosphorus, silver and zinc. Effluent limits have been developed for these pollutants 
of concern. Copper, lead, cadmium and nitrate + nitrite are additional pollutants of concern for 
which a reasonable potential analysis was performed. No effluent limits were established for 
these pollutants because results of the analysis indicated they had no reasonable potential to 
exceed water quality standards. However, this 401 certification includes effluent limits for 
cadmium and lead to meet requirements of the Idaho Water Quality Standards. 

Receiving Water Body Level of Protection 

The City of Coeur d'Alene discharges to the Spokane River assessment unit (AU) 
ID17010305PN004_04 (Coeur d'Alene Lake to Post Falls Darn). This AU has the following 
designated beneficial uses: cold water aquatic life, salmonid spawning, primary contact 
recreation, domestic, agricultural and industrial water supply, wildlife habitat, and aesthetics. 
There is no available information indicating the presence of any existing beneficial aside from 
those that are already designated. 

The cold water aquatic life use in the Spokane River AU is not fully supported due to excess 
cadmium, lead, zinc and phosphorus (20 10 Integrated Report). The primary contact recreation 
beneficial use has not been assessed; however, E. coli data collected in 2007 indicate that 
recreation uses are fully supported. As such, DEQ will provide Tier I protection only for the 
aquatic life use and Tier 2 protection, in addition to Tier 1, for the recreation beneficial use 
(Idaho Code § 39-3603(2)(b)). 

Protection and Maintenance of Existing Uses (Tier 1 Protection) 

As noted above, a Tier 1 review is performed for all new or reissued permits or licenses, applies 
to all waters subject to the jurisdiction of the Clean Water Act, and requires demonstration that 
existing uses and the level of water quality necessary to protect existing uses shall be maintained 
and protected. In order to protect and maintain designated and existing beneficial uses, a 
permitted discharge must comply with narrative and numeric criteria of the Idaho WQS, as well 
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as other provisions of the WQS such as Section 055, which addresses water quality limited 
waters. The numeric and narrative criteria in the WQS are set at levels that ensure protection of 
designated beneficial uses. The effluent limitations and associated requirements contained in the 
City of Coeur d'Alene permit are set at levels that ensure compliance with the narrative and 
numeric criteria in the WQS. 

Water bodies not supporting existing or designated beneficial uses must be identified as water 
quality limited, and a total maximum daily load (TMDL) must be prepared for those pollutants 
causing impairment. A central purpose of TMDLs is to establish wasteload allocations for point 
source discharges, which are set at levels designed to help restore the water body to a condition 
that supports existing and designated beneficial uses. Discharge permits must contain limitations 
that are consistent with wasteload allocations in the approved TMDL. 

The WQS provide that until a TMDL or equivalent process is completed for a high priority water 
quality limited waterbody, the total load of the impairing pollutant must remain constant or 
decrease within the watershed. (IDAPA58.01.02.055.04 ). The cold water aquatic life use in the 
Spokane River AU is not fully supported due to excess cadmium, lead, zinc and phosphorus 
(2010 Integrated Report). In addition, the 2010 Integrated Report lists the Spokane River as high 
priority for TMDL development. Therefore, section 055.04 is applicable to the discharges of 
phosphorus, lead, zinc and cadmium. 

The restrictions on loading set forth in 055.04 are only applicable until a TMDL or equivalent 
process is completed. DEQ believes a process equivalent to a TMDL has been completed for 
phosphorus. In order to meet Washington and Idaho WQS, EPA modeled the cumulative impact 
of all sources of nutrients and oxygen-demanding pollutants, both point and non-point sources, in 
Idaho and Washington for the Spokane River. The limits EPA has set in the draft permits for the 
point sources in Idaho, including the CDA permit, are based upon this modeling analysis. The 
proposed effluent limits will result in a concentration of approximately 9.1 Jlg/L of TP in the 
Idaho portion of the Spokane River. This level meets or exceeds Idaho's narrative criteria for 
excess nutrients. (See IDAPA 58.01.02.200.06). In summary, equivalent to a TMDL, EPA has 
calculated the loading from point and non-point sources, and set limits that will attain WQS for 
phosphorus in Idaho. Therefore, the effluent limits in the draft permit are consistent with section 
055.04. 

Zinc and Lead 

In August 2000, EPA approved a TMDL prepared by DEQ for cadmium, lead and zinc in the 
CDA River Basin, which included the Spokane River. The TMDL included allocations for the 
point source dischargers to the Spokane River, including CDA. However, this TMDL was 
invalidated by the Idaho Supreme Court in 2003. There has been no more recent effort by DEQ 
to develop a TMDL for metals in the Spokane River, and therefore, the river is still on the state's 
303d list for metals and is identified as a high priority water body for TMDL development. 
Thus, the load restrictions in section 055.04 apply to the metals discharged to the Spokane River. 

The intent of section 055.04 is to ensure that water quality for designated uses is at least 
maintained at current levels, until DEQ can make a determination, through a TMDL or 
equivalent process, regarding reductions necessary to attain WQS. To achieve this goal, section 
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055.04 requires that the "load" of the impairing pollutant remain constant or decrease in the 
watershed. "Load" is not defined in the Idaho WQS. In the context of a TMDL, however, load is 
defined as an amount of matter, and is expressed in terms of mass per time, toxicity or other 
appropriate measure (see 40 CFR 130.2(e) (definition of"load") and 40 CFR 130.2(i) (definition 
of"TMDL")). The water quality criteria for lead, zinc and cadmium is expressed as dissolved 
metal concentrations. For these pollutants, it is the concentration, rather than the mass, that is 
critical for the protection of the designated aquatic life uses. Therefore, in this instance, ensuring 
the load remains constant in the watershed means ensuring that the concentration of lead, zinc 
and cadmium in the City of Coeur d'Alene effluent does not increase. 

In the draft NPDES permit for CDA, EPA has included effluent limits for zinc that ensure the 
effluent meets the water quality criteria at the end of pipe. These limits are more stringent than 
the 1999 permit based upon the results of the reasonable potential analyses. These limits ensure 
compliance with Section 055.04. However, the draft permit does not contain cadmium or lead 
limits. In order to ensure compliance with section 055.04, DEQ has included in the draft 
certification cadmium limits that reflect the current concentration of cadmium in CDA's effluent 
using the 99th percentile value from the 2006-2011 DMR data. Lead effluent limits from the 
1999 permit which were removed by the 2004 modification have been reinstated by the 40 1 
certification to meet requirements of section 055.04. Table 1 provides a summary of the existing 
permit limits and the proposed reissued permit limits, including effluent limitations for cadmium 
and lead specified in the draft 401 certification. The City of Coeur d'Alene is not requesting a 
design flow increase. 

Section 055.04 provides that once a TMDL or equivalent process is completed, the discharge of 
causative pollutants must be consistent with the TMDL or equivalent process. Therefore, once a 
TMDL for metals is completed by DEQ for the Spokane River and approved by EPA, the limits 
for metals in the permit, including the limits discussed herein, should be adjusted to reflect the 
approved TMDL. 

In summary, the effluent limitations and associated requirements contained in the CDA permit 
are set at levels that ensure compliance with the narrative and numeric criteria in the WQS. 
Therefore, DEQ has determined the permit will protect and maintain existing and designated 
beneficial uses in the Spokane River. 
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T bl 1 Ca e . ompanson o f d dcurrent an tmits. 
Proposed Permit Current Permit 

Parameter Units AML AWL Max Daily AML AWL Max 

Pollutants with limits in both the current and proposed permit 
CBOD5 mg/L 25 40 - 25 40 -

November- 1251 2002 - 1250 2000 - ; 
January %removal 85% - - 85% - -

CBOD5 mg/L 25 40 - 25 40 -

February- lb/day seasonal average - 1250 2000 - D 
March 

%removal 85% - - 85% - -

CBOD5 mg/L 25 40 - 25 40 -

April-October lblday seasonal average - 1250 2000 -

D 

%removal 85% - - 85% - -

CBOD5year mg/L 25 40 - 25 40 -

around interim lb/day 1250 2000 - 1250 2000 - nc 
limit %removal 85% - - 85% - -

TSS mg/L 30 45 - 30 45 -

1501 2252 - 1,500 2,250 - ; 
%removal 85% - - 85% - -

pH Oct-June s.u. 6.3-9.0 all times 6.2-9.0 all times D 

pH July-Sept s.u. 6. 5 - 9. 0 all times 6.3-9.0 all times D 

E. coli #/100 mL 126 - 406 - - -

Fecal #/100 mL - - - 50 200 500 
3 

May-Sept nc 

Fecal #/100 mL - - - - 200 800 
3 

October-April nc 

Chlorine p.g/L 150 - 390 36 - 161 
October-Ju11e 7.5 - 20 1.04 - 4.67 ; 
Chlorine July- pg!L 39 - 102 147 - 662 
Sept 2.0 - 5.1 4.27 - 19.2 ; 

Ammonia - - - 10 - 29 D 
(July-Sept) 'Ymgd - 350 1,000 D 

Ammo11ia mg/L - - 7.4 - 21 D 

(July-Sept) lb/day - >4.2mgtl 370 - 1,100 D 

Ammo11ia July- mg/L 10 - 29 nc 
Sept i11terim limits lb/day 350 'Ymgtl 1,000 - IIC 

Ammo11ia July- 7.4 - 21 nc 
Sept i11terimlimits 370 >4.2mgd 1,100 nc 

Ammo11ia - - - - - - -

(March-June) 649 - 1547 - - - D 
Ammonia mg/L 6.59 - 15.7 - - - D 

(July-Sept) lb/day 330 - 786 - - - D 

Ammonia mg/L - - - - - -

(October) lb/day - - - - - - llC 
Ammo11ia mg/L - - - - - - -

(March-Oct) lb/day Seasonal Average Limit 272/b/day - - - D 
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Table 1 Continued ... 
Proposed Permit Current Permit 

Parameter Units Average Average Maximum Average Average Maxi-

Monthly Weekly Daily Monthly Weekly mum 
Limit Limit Limit Limit Daily

Limit 
Limit 

Pollutants with limits in both the current and proposed permit (continued) 
Phosphorus percent - -
(March- removal - - - 85% D 

phosphorus p.g/L 1,000 1,600 - 1,000 - -
4 4Feb-Oct lb/day 50 80 85% - - nc

interim removal
limits 
Plrospllorus 
February-

- - - - - - D 
October 3.17 

seasonal - - - - D 
Silver p.g/L 8.01 - 22.5 16.0 - 31.9 D 
(Oct- lb/day 0.401 - 1.13 0.80 - 1.60 D 
June>4.2 

Zinc p.g/L 135 - 168 136.2 - 200.8 D 
IMlay 6.76 - 8.42 6.8 - 10.0 D 

Pollutants with limits only in the 
p.g/L - - - -

0.149 0.187 

p.g/L 2.5 - 5.8 - - -
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Table 1 Continued ... Proposed Permit Current Permit 
Parameter Units Average 

Monthly 
Limit 

Average 
Weekly 
Limit 

Maximum 
Daily 
Limit 

Average 
Monthly 

Limit 

Average 
Weekly 
Limit 

Maxi-

mum 
Daily 
Limit 

Pollutants with no limits in either the current and proposed permit 

Temperature oc Report - Report - - Report nc 

PCB pg/L Report Report - - - nc 

Mercury ng/L - - - - - - nc 

TCDD pg!L Report - Report - - - nc 

Silver pg/L Report - Report - - - nc 

- - - - - -

Alkalinity mg/L as 
CaC03 Report - Report - - - nc 

Hardness mg/L as 
CaC03 Report - Report - - - llC 

Oil and Grease mg/L Report - Report - - - nc 

TDS mg!L Report - Report - - - llC 
Ortho-

phosphate pg/L Report - Report - - - llC 

Kjeldahl 
Nitrogen mg/L Report - Report - - - /lC 

Nitrate-Nitrite mg!L Report - Report - - - llC 
Dissolved 
Oxygen mg/L Report minimum am/ average - - - nc 

1 nc =no change in effluent limit from current permit; I= increase of pollutants from current 
permit; D =decrease of pollutants from current permit; 

2The increased loads of these pollutants in the draft permit do not exceed narrative or numeric 
criteria in the Idaho WQS and meets the requirements for Tier 1 protection. 

3 DEQ requested EPA replace the fecal coliform limits with E. coli effluent limits. See 
discussion under High Quality Waters section (below). 

4
Interim effluent limits for phosphorus were established based on Coeur d'Alene's current design 

flow and treatment levels authorized by their current permit. See discussion on page 3 
regarding the use of an equivalent process. 

5Effluent limits for cadmium and lead have been added by the 401 certification to ensure that the 
concentration of these metals remain constant to meet the requirements of IDAP A 
58.0 1.02.055.04. The cadmium limit was based on the actual concentration of cadmium 
currently discharged, using the 2006-2011 DMR data. Similarly, the lead effluent limits in 
the 1999 permit have been reinstated by the 401 certification to comply with section 055.04. 
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High-Quality Waters (Tier 2 Protection) 

The Spokane River is not assessed for recreation use. Monitoring data for E. coli collected in 
2007 within the subject assessment unit, indicates that the Spokane River is high quality for the 
primary contact recreation beneficial use. As such, the water quality relevant to recreational uses 
of the Spokane River must be maintained and protected, unless a lowering of water quality is 
deemed necessary to accommodate important social or economic development. 

To determine whether degradation will occur, DEQ must evaluate how the permit issuance will 
affect water quality for each pollutant that is relevant to recreational uses of the Spokane River 
(IDAPA 58.01.02.052.04). These include the following: E. coli bacteria, phosphorus and 
mercury. Effluent limits are set in the proposed and existing permit for all these pollutants except 
mercury. 

For a reissued permit or license, the effect on water quality is determined by looking at the 
difference in water quality that would result from the activity or discharge as authorized in the 
current permit and the water quality that would result from the activity or discharge as proposed 
in the reissued permit or license (IDAPA 58.01.02.052.04.a). For a new permit or license, the 
effect on water quality is determined by reviewing the difference between the existing receiving 
water quality and the water quality that would result from the activity or discharge as proposed in 
the new permit or license (IDAPA 58.01.02.052.04.a). 

Pollutants with Limits in the Current and Proposed Permit: E. coli, phosphorus 

For Tier 2 related pollutants that are currently limited (have effluent limits) and will have limits 
under the reissued permit, the current discharge quality is based on the limits in the current 
permit or license (IDAPA 58.0 1.02.052.04.a.i), and the future discharge quality is based on the 
proposed permit limits (IDAPA 58.01.02.052.04.a.ii). For the City of Coeur d'Alene permit, this 
means determining the permit's effect on water quality based upon the limits for E. coli and 
phosphorus in the current and proposed permits. Table 1 provides a summary of the current 
permit limits and the proposed or reissued permit limits. 

E. coli 

The existing permit for the City of Coeur d'Alene contains effluent limits for fecal coliform and 
E. coli. In 1986, EPA updated its criteria to protect recreational use of water by recommending 
an E. coli criterion as a better indicator than fecal coliform of bacteria levels that may cause 
gastrointestinal distress in swimmers. In 2000, DEQ changed its bacteria criterion from fecal 
coliform to E. coli. The E. coli limits are in the existing permit to reflect the bacteria criterion 
that DEQ adopted to protect the contact recreation beneficial use (IDAPA 58.01.02.251.01). The 
fecal coliform limits are in the current permit because at the time the permit was issued, IDAP A 
58.01.02.420.05 established a disinfection requirement for sewage wastewater treatment plant 
effluent. This requirement specified that fecal coliform concentrations not exceed a geometric 
mean of 200/100 mL based on a minimum of five samples in one week. This section of the Idaho 
WQS was revised in 2002 to reflect the change in the bacteria criterion from fecal coliform to E. 
coli. The E. coli limits are as or more protective of water quality than the old fecal coliform 
limits. The proposed final permit contains both fecal coliform and E. coli effluent limits that 
comply with previous and current numeric "end-of-pipe" criteria. 
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Because the fecal coliform criterion has been replaced with an E. coli criterion, DEQ is 
requesting that EPA remove the fecal coliform effluent limits, consistent with how EPA has 
handled other NPDES permits for wastewater treatment plants in Idaho. Retaining the E. coli 
limits will ensure that the receiving water quality will not be degraded even when the fecal 
coliform limits are removed. Even with the omission of fecal coliform limits, DEQ believes the 
discharge will not cause or contribute to a violation of the bacteria criteria because the permit 
incorporates "end-of-pipe" limits for E. coli. Thus, removal of the fecal coliform limits complies 
with both the Tier 1 and Tier 2 components ofldaho's antidegradation policy. 

The proposed permit for Coeur d'Alene includes a new final effluent limit for phosphorus (draft 
permit Table 1). Tier 2 waters are waters in which the quality of the water is better than 
necessary to support beneficial uses. The tier 2 antidegradation policy provides that pollutants 
relevant to recreational uses may be significantly increased only if socially or economically 
justified. However, while the Spokane River is tier 2 for recreational uses, it is also impaired for 
aquatic life uses due to excess total phosphorous (TP). Because TP is relevant to both uses, and 
the water quality standards require both uses be protected, the use with the more stringent 
requirement limits the TP levels. Thus, the phosphorus levels must be reduced to get the River 
back into compliance with criteria for support of aquatic life uses. This needed reduction is 
reflected in the proposed permit limits. Because the River is impaired for phosphorus in Idaho, 
and because the CDA permit must ensure compliance with Washington WQS, the limits in the 
permit require a significant reduction in phosphorus. Specifically, the draft permit final effluent 
limits for the three Idaho dischargers will reduce phosphorus concentrations in the Idaho portion 
of the Spokane River to approximately 9.1 !lg/L at the state line. These limits meet the Tier 2 
requirement under the antidegradation policy because there will be no degradation in water 
quality, but rather an improvement in TP levels. 

Pollutants with No Limits: Mercury 

Mercury is a pollutant relevant to Tier 2 protection of recreation that currently is not limited and 
for which the proposed permit also contains no limit (Table 1 ). For such pollutants, a change in 
water quality is determined by reviewing whether changes in production, treatment, or operation 
that will increase the discharge of these pollutants are likely (IDAPA 58.01.02.052.04.a.ii). With 
respect to mercury, there is no reason to believe this pollutant will be discharged in quantities 
greater than those discharged under the current permit. This conclusion is based upon the fact 
that there have been no changes in the design flow, influent quality or treatment processes that 
would likely result in an increased discharge of this pollutant. Additionally, whole effluent 
toxicity testing using three different organisms will be required twice per year to detect toxics in 
toxic amounts. A toxicity reduction evaluation is required in the event of an excursion above a 
trigger value. Mercury monitoring will be required three times over a five year period as part of 
the expanded effluent testing requirements in Part D of the NPDES application Form 2A (EPA 
Form 3510-2A, revised 1-99). Because of these provisions, the proposed permit does not allow 
for any increased water quality impact from this pollutant, DEQ concludes that the proposed 
permit should not cause a lowering of water quality for mercury. As such, the proposed permit 
should maintain the existing high water quality in the Spokane River. 
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Parameter Units Limit Limit 

Ammonia (March- mg/L report report 

Ammonia July-Sept 10 29 

9l.2 mgd lb/day 350 1000 

Ammonia July-Sept 7.4 21 

>4.2 mgd 370 1100 

CBOD5 25 40 
(February-October) 

1250 2000 

%removal 85% -

Phosphorus (February- 1.0 1.6 
October) 

50 80 
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Conditions Necessary to Ensure Compliance with Water 
Quality Standards or Other Appropriate Water Quality 
Requirements of State Law 

The 2010 Integrated Report lists the Spokane River as high priority for TMDL development. 
Pursuant to IDAPA 58.01.02.055.04, DEQ must ensure that discharges of pollutants of concern 
remain constant or decrease within the watershed. Pollutants of concerns for which a TMDL is 
to be developed are cadmium, lead, zinc and total phosphorus. The draft permit reduces the 
previously permitted effluent limit for zinc, but lacks effluent limits for cadmium and lead 
because the discharge didn't have reasonable potential to exceed WQS criteria for these 
pollutants. Therefore, to meet Section 055.04 requirements, this 401 certification adds effluent 
limits as specified in Table 2, below. 

Table 2: Final Effluent Limit Requirements for Outfall 001 at Design Flow of 6 MGD 

Parameter Units Average Monthly Average Weekly Maximum Daily 
Limit Limit Limit 

Lead f!g/L 2.5 - 5.8 
Cadmium f!g/L 0.149 0.187 -

Once a TMDL for metals is approved by EPA, the wasteload allocations specified in the TMDL 
shall replace the above Table 2 effluent limit requirements. 

Compliance Schedule 

Pursuant to IDAPA 58.01.02.400.03, DEQ may authorize compliance schedules for water 
quality-based effluent limits issued in a permit for the first time. City of Coeur d'Alene cannot 
immediately achieve compliance with the effluent limits for ammonia, CBOD5 and phosphorus; 
therefore, th 

. 
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The proposed compliance schedule allows Coeur d'Alene time to upgrade their facility to tertiary 
treatment, which will reduce effluent loads and concentrations of ammonia, phosphorus and 
CBOD5 to levels necessary to meet the final effluent limits. In addition, Coeur d'Alene will have 
to make certain modifications to their existing treatment plant to accomplish the upgrade 
(Appendix A). During this time, final CBOD5 limits will not be achievable. The CBOD5 
interim limits identified in Table 3 maintain the currently permitted load and concentration 
(Table 1). A compliance schedule provides the permittee a reasonable amount of time to achieve 
the final effluent limitations as specified in the permit. At the same time, the schedule ensures 
that compliance with the final effluent limits is accomplished as soon as possible. 

1. 	 The permittee must comply with all effluent limitations and monitoring requirements in Part 
I.B and I.C beginning on the effective date of the permit, except those for which a 

compliance schedule is specified in Part I.D. 


2. 	 The permittee must achieve compliance with the final effluent limitations for phosphorus, 
ammonia and CBOD5 as set forth in Part I.B of the permit, not later than ten (10) years after 
the effective date of the final permit. 

3. 	 While the schedules of compliance specified in Part I.D are in effect, the permittee must 
complete interim requirements and meet interim effluent limits and monitoring requirements 
as specified in Part I.E of the permit. 

4. 	 All other provisions of the permit, except the final effluent limits for phosphorus, CBOD5 
and ammonia as described in Table 3 of this certification, must be met after the effective date 
of the final permit. 

Interim Requirements for Compliance Schedules 

1. 	 By one (1) year after the effective date of the final permit, the permittee must provide a 
preliminary engineering report to EPA and IDEQ outlining estimated costs and schedules for 
completing capacity expansion and implementation of technologies to achieve fmal effluent 
limitations. This schedule must include a timeline for full scale pilot testing and results of 
any testing conducted to date. 

2. 	 By three (3) years after the effective date of the final permit, the permittee must provide 
written notice to EPA and IDEQ that full scale pilot testing of the technology that will be 
employed to achieve the final limits has been completed and must submit a summary report 
of results and plan for implementation. 

3. 	 By five years after the effective date of the final permit, the permittee must provide EPA and 
IDEQ with written notice that design has been completed and bids have been awarded to 
begin construction to achieve final effluent limitations. 

4. 	 By eight (8) years after the effective date of the final permit, the permittee must provide EPA 
and DEQ with written notice that construction has been completed on the facilities to achieve 
final effluent limitations. 
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5. By ten (10) years after the effective date of the final permit, the permittee must provide EPA 
and DEQ with a written report providing details of a completed start up and optimization 
phase of the new treatment system and must achieve compliance with the final effluent 
limitations of Part LB. The report shall include two years of effluent data demonstrating that 
final effluent limits can be achieved (the two years of data do not have to consistently meet 
final effluent limits but demonstrate that at the end of this period final limits can be met). 

6. By year six (6), seven (7), and eight (8) after the effective date of the final permit, the 
permittee must submit to EPA and IDEQ progress reports, which outline the progress made 
toward achieving compliance with the phosphorus, CBOD5 and ammonia effluent 
limitations. At a minimum, the reports must include: 
a) An assessment of the previous year of effluent data and comparison to the interim 

effluent limitations. 
b) A report on progress made toward meeting the final effluent limits. 
c) Further actions and milestones targeted for the upcoming year. 

7. When the schedules of compliance specified in Part I.D are in effect, the permittee must 
comply with interim effluent limitations and monitoring requirements as specified in Part I.E 
of the permit. 

Mixing Zones 
Pursuant to IDAPA 58.01.02.060, DEQ authorizes the use of mixing zones as described in Table 
3 of the critical flow volumes of the Spokane River for the following pollutants: pH, TSS, silver, 
copper, chlorine, nitrate+ nitrite and ammonia. 

Table 4: Mixing Zones 

Pollutant Trading 
Pursuant to IDAPA 58.01.02.055.06, DEQ authorizes pollutant trading for phosphorus and other 
oxygen demanding pollutants. Trading must be conducted in a manner that is consistent with the 
most recent version of DEQ's Water Quality Pollutant Trading Guidance, available at: 
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The use of pollutant offsets is authorized for purposes of compliance with antidegradation rules 
and IDAPA 58.01.02.055. 

Other Conditions 

This certification is conditioned upon the requirement that any material modification of the 
permit or the permitted activities-including without limitation, any modifications of the permit 
to reflect new or modified TMDLs, wasteload allocations, site-specific criteria, variances, or 
other new information-shall first be provided to DEQ for review to determine compliance with 
Idaho WQS and to provide additional certification pursuant to Section 401. 

Right to Appeal Final Certification 

The final Section 401 Water Quality Certification may be appealed by submitting a petition to 
initiate a contested case, pursuant to Idaho Code§ 39- 107(5) and the "Rules of Administrative 
Procedure before the Board of Environmental Quality" (IDAPA 58.01.23), within 35 days of the 
date of the final certification. 

Questions regarding the actions taken in this certification should be directed to June Bergquist, 
Coeur d'Alene Regional Office at 208.666.4605 or via email at 


DRAFT 


Daniel Redline 

Regional Administrator 

Coeur d'Alene Regional Office 
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Appendix A 

Compliance Schedule Justification Letters 

dated 


April 3, 20 13 and April 22, 20 13 

from 


City of Coeur d'Alene Wastewater Facility 
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CITY OF COEUR D'ALENE 

CITY HALL 710 E. MULLAN
WASTE'NATER UTILITY DEPARTMENT COEUR D'ALENE. IDAHO 83814-3958 

208/769-22n- FAX 208/769-2338 
E-mail: srdf@cda1d.org 

April 3. 20 13 

s nt [-mail to: Dan I.Rtdlin  a 

Daniel kdline 
Regional Administrator 
Coeur d'Alene Regional Office 
Department of Environmental Quality 
State of Idaho 
:!110 Ironwood ParJ...·way 
Coeur d'"Alene. ID 8381-l 

Re: k\·ise<t Draft §-lOl Water Quality Certification for City of Coeur d"Alene \\o'TP 
NPDES Permit umber ID-00.228.5-3 - CBOD Compliance RcqlleSt 

Dear Mr. Redline. 

The City of Coeur d'Alene requeo;t', that the ection 401 water quality certification for its NPDES 
pennit include a compliance chedule for meeting new CBOD.5 eftluent limits. A-; an existing 
di<;charger . the City of Coeur d"Alene i  entitled to a contpliance chedule to meet new effluent 
requifements for CBOD. ammonia. and pho$phoms that re ult from the Washington Ecology 
dissoh·ed o:otygen ll-IDL. \Va hington di chargers have been afforded compliance schedules and 
interun discharge permit linuts for CBOD. ammonia. and phosphorus in order to provide 
adequate t  to make facility impro\·ements necessary to en',ure compliance with new effluent 
limitations. For e:otample. the City of Spokane NPDES permit maintains existing limits at 30 
mgll BOD in the interim and require'! new treatment process facilities to be in.stalled by 
March 1. :!018 and compliance with the TMDL limits for BOD to begin -larch 1. 2021. 

Although historical effluent CBOD performance at the Coeur d ·Alene treatment plant have been 
e:otcellent. it should be recognized that this has been the result of utilizing the existing 
infrastt"Uctute at the treatment plant to contply with both CBOD and anuno nia effluent limiK 
when the original des1gn was intended only to meet treatment requirements and 
effluent BOD of 30 mg.L 

The new facilities intended for compliance with the TMDL based limits have yet to be 
constructed and until they are completed. the City run  the risk of being unable to rustain very 
low level  of CBOD in a plant designed for effiu.ent BOD of 30 mg:l.. This has been recognized 
for ammowa and phosphorus and interim limits have been for the  parameters. 

to Tur a · Tnatmtnt 

The City plans extensive improvements to the liquid stream treatment processes for compliance 
with the new limits for CBOD. ammonia. and phosphorus. These improvements will be 
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lnte1im 

Spol:ane 

mg:  
Spotane. 

#.'A.IPL 
Superintendent 

(jtw.betgquist@skcl.idaho.gov) 

4825-521 5 179. 

Idaho Department of Environmental Quality §401 Water Qual ity Certification 

Dillliel Redline 
Apri1 3. 2013 
Page 2 

designed and constructed in phases over a number of years to take ad\·antage of the important 
treatment technology developmtnts resulting from the City's pilot testing program. In order to 
pro\·e out findings from the ptlot program at full-scale. initial impro\·ements will be con tructed 
at less than full plant capacity and operated to confirm final design and sizing criteria for the 
tertiary facility. This of implementation steps is provided for in the compliance 

schedule for phosphorous and ammonia. 


The City will endea\·or to maintain excellent effluent CBOD performance in the interim. 
howe\·er full compliance with the new effluent limits will not be as nred until the tran ition to 
tertiary treatment is completed. 

Compliance Risk 

The City will carry an umeasonable risk of non-compliance absent a compliance schedule and 
interim limits for CBOD The Ctty will need sufficient time to implement improwments to meet 
the new "ThiDL requirements. During that time the City should not be required to meet the final 
CBOD limits that are beyond  der,tgn capacity of the existing facility. 

This will not result in additional water qualityprotection for the River. onlr the risk of 
noncompliance ifthe City is unable to maintain treatment performance in the interim until the 
required improvements are constructed. On a\·erage at desi  flow. the effluent CBOD 
concentration mociated with the ThiDL driven seasonal mass load limit of 03 pound-. per day 
would fall to .t06 mg:  compared to the current permit limits of25 mg1L. This is an 84 o 
reduction in the allowable effluent CBOD effecti\·e the date of iss\13Jlce of the NPDES pemlit 
without an opportunity to implement  required treatment impro\·ements. 

This is inconsi>tent with the much larger loading from the City of Spol:ane wllich will be allowed 
to continue to discharge BOD at 30 until 021 at a flow rate an order of magnitude larger 

than the City ofCoeur d'Alene at a location much closer to lake 
 wllich ir, the water 

body intended to be protected bythe "ThiDL driving the new BOD limits. 


I appreciate your co05ideration of this letter. 

H. Sid Fredrickson 
Wastewater 

cc: June Bergquist. Idaho DEQ 

v 1 
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Idaho Department of Environmental Quality 	 §401 Water Quality Certification 

CITY OF COEUR D'ALENE 


CITY HALL, 710 E. MULLAN 
WASTEWATER UTILITY DEPARTMENT COEUR D'ALENE, IDAHO 

208fl69-2277- FAX 20&769-2338 
E-mail: sidf@cdaid.ocg 

April ::!2. :!013 

k John Tindall. PE 
Idaho DEQ 
:!1 10 Ironwood Parlcv.•ay 

d'Alene. ID 83814 

Dear John. 

In further enhancement of our jmtification for a CBODs compliance chedule. our engweers and 
u  have looked at tbe propo ed construction schedule for the various 5C ub-phase'). We note 
that tbfie will be disruption; to the existing secondary treatment process that will have a negati\·e 
effect on the CBODs r \·al rates. The following outlines the process dio:.ruptiono; that will 
lower CBOD remonl rates: 

Pbao:.e 5C.l 

• 	 Tie-in to econdary effluent line for tran<;fer pumpwg tation. 
Impact: Require-; -;topping plant flow at trickling fs.ltero:.. 
Potentsal l:p<;et: potential lo% of some biomas<; in trickling filters re;ultwg w 
reduced CBOD removal. 

• 	 Tie-in to 5econdary effluent line for permeate return. 
·:. 	 Impact: Requires topping plant flow at trickling filtero:.. 
.:. 	 Potential Up..et: potential lo% of some biomass in trickling filters reo:.ulting w 

reduced CBOD removal. 
• 	 Tie-in to trickling filter effluent line for tricl.:li.ng fs.lter effluent trano:.fer pumping. 


·: Impact: Requires •,topping plant flow at trickling filtero:.. 

·:. 	 Potential Up..et: potential loss of !>Onte biomass in trickling filters reo:.ulting in 

reduced CBOD ren10val. 
• 	 Tie-in to exio;,ting return tertiary sludge line for return tertiary o;ludge pumping to 


expanded solid; contact tank. 

Impact: Require exi•,ting renllll .. econdary o:.ludge o:.ystem for both clarifier; to be 
taken offline. 

·-

Potential Cp et: potential anoxic conditions in secondary clarifier; resulting w 

floating o;ludge and increased TSS when brought back online. 
·-

• 	 Tie-in to exio:.ting sohds contact tank for expanded solids contact tank drain return. 

·:. Impact: Requires t,olids contact tank to be taken offline . 

.:. 	 Potential Cpset: reduced o:.olids contact \'olume potentially reo:.ulting in increao:.ed 

effluent BOD and ammonia. 
• 	 Connection to and modification of existing tan1:: drain and o:.econdaty scum piping. 

·-

·:. 
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Idaho Department of Environmental Quality §401 Water Quality Certification 

·  Impact: \Vill require econdary clarifiers to be taken ofilme (one at a time). 

·: Potential Upset: Increased hydraulic and olids loading to on-line clarifier 
resulting in increased effluent and BOD. 

• Replacement of secondar aeration blowers with turbine blowers ofhigher capacity 
·: Impact: Requires shutting down aeration tankage 
.:; Potential Vpset: Reduced nitrification and CBOD remo\·al 

• Upsizing of <;cow- air supply for IF nitrification modules 

Phase 5C.2 

·- Impact: Requires <Jhutting down aeration tankage 

·: Potentlal Vpset: Reduced nitrification and CBOD remo\'al 

• Construction of third primary clarifier split structu re and primary cla rifier. 

•: Impact: several shut downs for process tie-ins, possibly diverting flow 

around split structure. 

·  Potential impact: Potential decrease in TSS and BOD removal. 

• Reconstruction of existing secondary clarifier splitter box. 

·: Impact: Requires stopping plant flow at trickling filters for piping modifications. 

Potential Upset: potentia l loss of biomass in trickling filters (see above). 

• of third secondary clarifier. 

·- Requires several shut downs of plant flow at trickling filters for multiple 

tie-ins to secondary influent and efflu ent lines and return secondary sludge line. 

·  Potential Upset: potential loss of in trickling filters (see 

\\'e hope you will tal.:e these ISsues under con ideration for i5 ...uing the c1ty a CBOD; compliance 
schedule. Feel free to contact me if you ha\'e additional questions. 

Sincerely. 

H. Sid Fredricl.:son 
Wastewater Superintendent 

C : Ju  Bergquist. DEQ 
Dave Clad:. PE. HDR Engineering 
Don 11. Asst. Wastewater Supt. 
James Tupper 
Kris Holm 
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BY HAND 

The Honorable Laura Taylor Swain 
United States District Judge 
500 Pearl Street, Room 755 
United States Courthouse 
New York, NY 10007 

U.S. Department of Justice 

United States Attorney 
Southern District of New York 

86 Chambers Street, Third Floor 
New York, New York 10007 

April16, 2014 

Re: Riverkeeper, Inc., eta!. v. Jackson, 93 Civ. 314 (L TS) 

Dear Judge Swain: 

This Office represents the U.S. Environmental Protection Agency ("EPA") in the 
above-referenced action, which the Court dismissed, subject to a right to reopen, in December 
2010. Since that time, EPA has undertaken a notice-and-comment rulemaking to implement 
section 316(b) of the Clean Water Act ("CW A") as contemplated in the settlement it reached 
with Riverkeeper and its co-plaintiffs (collectively, "Riverkeeper"). In February, the Court 
scheduled a conference on April 23, in the event that EPA has not completed its rulemaking 
before April 17. In advance of that conference, I write respectfully to advise the Court of (i) the 
status ofthe section 316(b) rulemaking, (ii) EPA's intention to complete the rulemaking by May 
16, 2014, and (iii) EPA's discussions with Riverkeeper regarding EPA's plan to complete the 
rulemaldng. I also respectfully enclose a declaration of Robert K. Wood, Director of the 
Engineering and Analysis Division at EPA's Office of Water, concerning the status ofthis 
rulemaking. 

First, as the Court is aware, EPA and Riverkeeper amended their settlement 
agreement in February 2014 to extend the deadline for completing the section 316(b) rulemaking 
to April 17, 2014. This was to allow EPA to complete formal inter-agency consultations under 
the Endangered Species Act ("ESA") with the Fish and Wildlife Service and the National Marine 
Fisheries Service (together, the "Services"), as suggested by Riverkeeper in a public comment on 
EPA's proposed rule. 1 Mr. Wood's declaration explains the efforts that EPA and the Services 
have made to complete the ESA consultations. To date, however, EPA and the Services have not 
been able to finish that consultation process. Thus, EPA will not complete the section 316(b) 
rulemaking by tomorrow, April17. 

Second, in light of this delay, EPA has conferred with the Services regarding the 
timeframe for finishing the ESA consultations, and EPA expects to receive the final, joint 

When it executed the Fifth Amendment with Riverkeeper, EPA expected to conclude the 
ESA consultations in advance of April 17. Indeed, EPA stated that it did not intend to seek a 
further extension. However, due to the complexity of the inter-agency consultations, EPA and 
the Services have realized that an additional 29 days will be needed. 
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biological opinion from the Services in time for the EPA Administrator to sign for publication in 
the Federal Register a notice of her final decision pertaining to the issuance of requirements 
implementing section 316(b) of the CW A at existing facilities on May 16, 2014. Specifically, as 
Mr. Wood states in his declaration, the Services have confirmed to EPA that the ESA 
consultations will be completed and that EPA can take final action by May 16. 

Third, on April 14, counsel at EPA and I contacted Riverkeeper's counsel to explain 
that EPA will not complete the section 316(b) rulemaking by April 17 and that EPA and the 
Services are taking steps to enable EPA to complete that rulemaking by May 16,2014. 
Accordingly, EPA asked River keeper to consider further amending the settlement agreement to 
extend the deadline or another alternative to recommencing litigation in this matter. As of today, 
EPA has not received a response from Riverkeeper. 

I thank the Court for its consideration of this letter and Mr. Wood's declaration. On 
April 23, I expect to attend the previously scheduled conference along with RichardT. Witt, an 
attorney from the EPA Office of General Counsel. 

Encl. 

cc: (via.e-mail) 
Reed W. Super, Esq. 
Super Law Group 
Counsel for Plaintiffs 

Respectfully, 

PREET BHARARA 
United States Attorney 

By: LIJ-o----
Assistant United States Attorney 
86 Chambers Street, Third Floor 
New York, New York 10007 
Telephone: (212) 637-2734 
Fax: (212) 637-2686 
Counsel for EPA 
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{DRAFT}

GUIDANCE 

FOR EVALUATING THE 

ADVERSE IMPACT OF COOLING WATER 
INTAKE STRUCTURES ON THE AQUATIC ENVIRONMENT: 

SECTION 316(b) P.L. 92-500 

U.S. Environmental Protection Agency 
Office of Water Enforcement 

Permits Division 
Industrial Permits Branch 

Washington, D.C. 

May 1, 1977 

Disclaimer:  Please note that this  version of the document has been
converted from hard copy to an electronic file in PDF format. 
Therefore, this document may not match exactly the format of hard
copies which have been distributed by EPA staff in the past.
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I. STATEMENT OF THE PROBLEM 

The Federal Water Pollution Control Act Amendments of 1972
(Public Law  92-500) require cooling water intake structures to reflect
the best technology available for minimizing adverse environmental
impact. 

Cooling water intakes can adversely impact aquatic organisms
basically in two ways. The first is entrainment, which is the taking
in of organisms with the cooling water. The organisms involved are
generally of small size, dependent on the screen mesh size, and
include phyto- and zooplankton, fish eggs and larvae, shellfish
larvae, and many other forms of aquatic life. As these entrained
organisms pass through the plant they are subjected to numerous
sources of damage. These include mechanical damage due to physically
contacting internal surfaces of pumps, pipes and condensers; pressure
damage due to passage through pumps; shear damage due to complex water
flows; thermal damage due to elevated temperatures in condenser
passage; and toxicity damage caused by the addition of biocides to
prevent condenser fouling and other corrosives. Those organisms which
survive plant passage potentially could experience delayed mortality
when returned to the receiving water. 

The second way in which intakes adversely impact aquatic life is
through entrapment-impingement. This is the blocking of larger
entrained organisms that enter the cooling water intake by some type
of physical barrier. Most electric generating plants have screening
equipment (usually 3/8" mesh} installed in the cooling water flow to
protect downstream equipment such as pumps and condenser from damage
or clogging. Larger organisms, such as fish which enter the system and
cannot pass through the screens, are trapped ahead of them.
Eventually, if a fish cannot escape or is not removed, it will tire
and become impinged on the screens. If impingement continues for a
long time period the fish may suffocate because the water current
prevents gill covers from opening. If the fish is impinged for a short
period and removed, it may survive; however, it may lose its
protective slime and/or scales through contact with screen surfaces or
from the high pressure water jets designed to remove debris from the
screens. Delayed mortality to many species of fish following
impingement may approach 100 percent. For some species of fish, the
intake represents a double jeopardy situation where the same
population will be subject to increased mortality through entrainment
of eggs and larvae and additional mortality to juveniles and adults
through impingement. 
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The data presently available on the magnitude of entrainment
losses at existing electric generating stations, although just
beginning to accumulate, reveals very large numbers of fish passing
through some facilities. Results of one of these studies, conducted at
the Detroit Edison plant on Lake Erie near Monroe, Michigan, indicate
that 400-800 million fish larvae may have passed through that plant
during April - August 1974. The fate of these larvae has not yet been
determined, but the data from previous years indicate that some may
have disintegrated during passage through the plant. 

Other studies have shown that mortality may be high among fish
larvae that pass through plant cooling systems 4, 38  due mainly to
mechanical damage or shearing forces. 2,5   The circulating pump has been
identified as the most likely site for mechanical damage. 4,5   Coutant
and Kedl 39 in a simulation study have demonstrated that the condenser
tubes are an unlikely site for mechanical damage to occur. 

A large amount of data are available on the magnitude of
entrapment-impingement losses at cooling water intakes. The data
available on fish losses at Great Lakes cooling water intakes have
been summarized by Edsall. 40  He reported the following losses: 

About 92,000 pounds of gizzard shad at the Ontario
Hydro Lambton plant on the St. Clair River in 6 weeks
during December 1971 - January 1972; 82,187 pounds
(nearly 1.1 million individuals) at the Detroit Edison
Company's plant on Lake Erie near Monroe, Michigan
between April 1972 and March 1973, when the plant was
operating at less than maximum capacity; 36,631 pounds
(584,687 fish) at the Consumers Power Company's
Palisades plant on Lake Michigan between July 1972 and
June 1973, when the plant was operating at about 68
percent of its total capacity {the plant is now closed
cycle); an estimated 1.2 million fish (no weight data
given) at Commonwealth Edison's Waukegan (Illinois)
plant on Lake Michigan between June 1972 and June
1973; 150,000 pounds of fish at the Ontario Hydro
Pickering plant on Lake Ontario in April- June 1973;
659,000 fish (weight unavailable) at the Nine Mile
Point plant generating unit number one on Lake Ontario
during intermittent sampling from January - December
1973, representing an estimated total of about 5
million fish at unit one for that period; and about
67,950 pounds (929,000 fish) at Commonwealth Edison's
Zion plant near Zion, Illinois, on Lake Michigan 
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during September - December 1973 and March - June 1974
when the monthly cooling water flow averaged only
about 45 percent of the maximum capacity. 

Approximately 14,000 fish of 44 species were impinged in 1974 at
the Northern States Power Prairie Island Plant on the Mississippi
River. 41  The Commonwealth Edison Company's Quad Cities Plant, also on
the Mississippi River, impinged an estimated 1.8 million fish during
1974. 42

The extent of fish losses of any given quantity needs to be
considered on a plant-by-plant basis, in that the language of section
316(b) of P.L. 92-500 requires cooling water intakes to "minimize
adverse environmental impact." Regulatory agencies should clearly
recognize that some level of intake damage can be acceptable if that
damage represents a minimization of environmental impact. 
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II. INTRODUCTION

This guidance manual describes the studies needed to evaluate the
impact of cooling water intake structures on the aquatic environment
and allow for determination of the best technology available for
minimizing adverse environmental impacts The 1972 amendments to the
Federal Water Pollution Control Act (P.L. 92-500) require in section
316(b) that: 

Any standard established pursuant to section 301 or section
306 of this Act and applicable to a point source shall
require that the location, design, construction and capacity
of cooling water intake structures reflect the best
technology available for minimizing adverse environmental
impact. 

Sections 301 and 306 of the Act refer to the development of
effluent limitations and dates for achievement of various standards of
performance for existing and new sources of waste discharges. The
steam-electric generating point source category is the largest user of
cooling water in the United States and this guidance manual is
directed primarily at this category. Other categories of point source
dischargers such as iron and steel and petrochemicals for which
intakes withdraw a major portion for cooling water would also require
such a determination. This document is intended for use by the U.S.
Environmental Protection Agency (EPA), State water pollution control
agencies, industry, and members of the public who may wish to
participate in such determinations.

The overall goal of conducting intake studies should be to obtain
sufficient information on environmental impact to aid in determining
whether the technology selected by the company is the best available
to minimize adverse environmental impact. In the case of existing
plants, this goal will be accomplished by providing reliable
quantitative estimates of the damage that is or may be occurring and
projecting the long-range effect of such damage to the extent
reasonably possible. In the case of proposed intakes, reliable
estimates of any future damage are to be obtained through the use of
historical data, pre-operational models, and the operating experience
of other plants. 

General guidance is provided for the development, conduct, and
review of surveys designed to determine and evaluate that portion of
aquatic biota potentially involved with and subject to adverse
environmental impact from cooling water intake structures. Guidance is
also supplied for the analytical methodology needed to determine the
extent and importance of aquatic environmental impacts. The
environment-intake interactions in question are highly site specific
and the decision as to best technology available for intake design,
location, construction, and capacity must be made on a case-by-case
basis. 
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Information is not provided on available intake technology. Such
information is contained in the "Development Document for Best
Technology Available for the Location, Design, Construction and
Capacity of Cooing Water Intake Structures for Minimizing Adverse
Environmental Impact," which also contains additional references on
intake impacts. Information is also not provided on non-aquatic
impacts of cooling water intake structures. 

This document will be most useful in situations where siting and
intake design have not been finalized; however, procedures to
determine and evaluate the environmental impact of existing cooling
water intakes are included. 

Readers are cautioned not to depend too heavily on this manual.
More specific advice as regards procedures and individual site
evaluations will be available from the agency staff responsible for
decision making and the biologists who best understand the area in
question.
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III. INFORMATION FLOW CHART 

The development of 3l6(b) programs is a new procedure for many
regulatory agencies and user groups. To assist in an orderly
processing of data requirements for both existing and new cooling
water intakes, flow charts have been developed (Figures 1, 2, and 3).

The process for evaluating existing intakes (Figure 1) is
intended to be flexible so that the data requirements can be revised
based on an agency determination of the potential for adverse impact
and the availability of data on the plant's intake. It is expected
that for some existing plants, sufficient data may already exist to
make further studies unnecessary for a decision regarding best
technology available. The process for new intakes (Figures 2 and 3) is
more extensive because of requirements for data acquisition and models
prior to site review and approval by the appropriate regulatory
agency. Proper intake siting, in many cases, is the only way of
minimizing adverse environmental impact. To obtain the necessary pre-
siting perspective, the utilization of valid historical data and local
knowledge is essential. A one- to three-year biological survey is
required to obtain, in a preliminary fashion, the necessary data for
assessment of environmental impact. A one-year survey is generally of
limited value. However, in circumstances where substantial valid
historical data can be presented and the intake can be represented as
having low potential impact, a one-year survey may be acceptable. A
decision as to the appropriate number of years of pre- operational
data that are necessary will be made by the agency upon the submission
of proposed study plans and their justification (see flow charts,
Figures 2 and 3). 

The type and extent of biological data appropriate in each case
will be determined by the actual or anticipated severity or adverse
environmental impact. Since the expected impact will vary, it is not
expected that each case will require the same level of study. 

A decision will be made at the outset by the agency as to whether
the intake has high or low potential impact. Low potential impact
intakes are generally those in which the volume of water withdrawn
comprises a small percentage of the source water body segment and are
located in biologically unproductive areas, or that have historical
data showing no effect, or which have other considerations indicating
reduced impact. High potential impact intakes will generally require
extensive field surveys or models to elucidate potential total water
body effects. New intakes will provisionally be considered high impact
until data is presented in support of an alternate finding. 
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Figure 1.  316(b) FLOW CHART

EXISTING INTAKES

Submit water 
body plan for
agency review 
and recognition 
or alternate
strategy 

Water body data
collection 
activity

Intake data collection
and status reports

EXISTING INTAKE 
Evaluated on basis 
of existing data

Submit intake study
plan and justification 
for agency review and 
recognition

High Impact Low Impact

LOW OR HIGH IMPACT
More data

needed

Further field data 
unnecessary

for Best Technology 
Decision

Final report

Best Technology 
Decision

Problem 
solution

Further study

YesNo

Minor 
Change

Major
Change

Continue operation
under NPDES permit 
and follow-up studies
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Figure 2.  316(b) FLOW CHART

NEW SOURCE INTAKES

Submit
Model study

plan or
alternate
strategy 

Model
activity

Pre-construction data collection
and status reports

Pre-construction report

Agency renders preliminary Best
Technology Decision, approving 

site and plans

Problem solution

Not 
Approved

Minor 
change

in plans

New site 
or major 
change in 
plans

New Source Intake Prior to Construction

Submit pre-construction study plans and justification 
for agency review and recognition

High Impact Low Impact

Program Modification

Approval

Begin Construction

Report pre-operation

Yes No

Best Technology approval, begin 
operation under NPDES permit and 

follow-up studies including 
verification of models used

Decision made or appropriate number of years of pre-construction 
baseline data (1-3) and whether intake is high or low potential 
impact
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Decision made on appropriate number of years of pre-construction 
baseline data (1-2) and whether intake is high or 

low potential impact

Submit
Model study

plan or
alternate
strategy 

Model
activity

Pre-operation data collection
and status reports

Pre-operation report

Agency renders Best Technology
Decision, approving site and plans

(including study plans)

Best Technology 
Approval,begin 
operation under
NPDES permit and 
follow-up studies
including 
verification of
model used

Minor Change

New site 
or major 
change in 
plans

Figure 3.  316(b) FLOW CHART

NEW INTAKES (Not New Source)

New Intake Prior to Operation

Submit pre-operational study plans and justification 
for agency review and recognition

High Impact Low Impact

Problem solution

Not approved
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The inclusion of several points in the flow chart for agency
review and approval will ensure that all parties are in agreement as
to the scope and specific details of work planned and will provide
each party with a set of specific goals and schedules for completion.
These review points should also ensure that studies address the
important environmental and plant operational concerns of all parties,
thereby resulting in timely and orderly completion. A further benefit
from such review is that studies conducted throughout a water body
segment can be coordinated so that methods utilized will result in a
comparable data base. This uniform data base will allow for easier
evaluation of any subsequent cumulative effect from all intakes
operating on a water body.
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IV. DECISION CRITERIA

Adverse aquatic environmental impacts occur whenever there will
be entrainment or impingement damage as a result of the operation of a
specific cooling water intake structure. The critical question is the
magnitude of any adverse impact. The exact point at which adverse
aquatic impact occurs at any given plant site or water body segment is
highly speculative and can only be estimated on a case-by-case basis
by considering the species involved, magnitude of the losses, years of
intake operation remaining, ability to reduce losses, etc. The best
guidance that can be provided to agencies in this regard would be to
involve professional resource people in the decision-making process
and to obtain the best possible quantitative data base and assessment
tools for evaluation of such impacts. The Development Document for
316(b) 47 is an essential reference for guidance in these evaluations. 

Some general guidance concerning the extent of adverse impacts
can be obtained by assessing the relative biological value of the
source water body zone of influence for selected species and
determining the potential for damage by the intake structure. For a
given species, the value of an area is based on the following
considerations: 

1. principal spawning (breeding) ground;

2. migratory pathways;

3. nursery or feeding areas;

4. numbers of individuals present; and 

5. other functions critical during the life history 

A once-through system for a power plant utilizes substantially
more water from the source water body than a closed recirculating
system for a similar plant and thus would tend to have a higher
potential impact. A biological value-potential impact decision matrix
for best intake technology available could be: 
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COOLING WATER FLOW
(Relative to Source Water Body Segment)

BIOLOGICAL
VALUE HIGH LOW

High No Questionable

Low Questionable Yes

(1) An open system large volume intake in an area of high
biological value does not represent best technology
available to minimize adverse environmental impact and will
generally result in disapproval. 

Exceptions to this may be demonstrated on a case-by-case basis
where, despite high biological value and high cooling water
flow, involvement of the biota is low or survival of those
involved is high, and subsequent reduction of populations is
minimal. 

(2) Generally, the combination of low value and low flow most
likely is a reflection of best technology available in
location, design, and operation of the intake structure. 
Exceptions to this could involve significantly affected rare
and endangered species.

(3) Other combinations of relative value-impact present the most
difficult problems.  In such circumstances, the biological
survey and data analysis requires the greatest care and
insight in accomplishing the impact evaluation upon which
the judgement of best technology available is based.  A
case-by-case study is required and local knowledge and
informed judgement are essential.

It is accepted that closed cycle cooling is not necessarily the
best technology available, despite the dramatic reduction in rates of
water used. The appropriate technology is best determined after a
careful evaluation of the specific aspects at each site. A detailed
discussion of available intake technology is contained in the 316(b)
Development Document. 47 
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Biological survey requirements suggested in this manual should
provide a sufficient data base to provide insight as to the best
location, design, construction, and capacity characteristics
appropriate for achieving minimal total impact. 

A stepwise thought process 47 is recommended for cases where
adverse environmental impact from entrapment/impingement is occurring
and must be minimized by application of best technology available: 

The first step should be to consider whether the adverse impact
will be minimized by the modification of the existing screening
systems.

The second step should be to consider whether the adverse impact
will be minimized by increasing the size of the intake to
decrease high approach velocities. 

The third step should be to consider whether to abandon the
existing intake and to replace it with a new intake at a
different location and to incorporate an appropriate design in
order to minimize adverse environmental impact. 

Finally, If the above technologies would not minimize adverse
environmental impact, consideration should be given to the
reduction of intake capacity which may necessitate installation
of a closed cycle cooling system with appropriate design
modifications as necessary. 

Where environmental impact from entrainment must be minimized
reliance must be placed primarily on flow reduction and intake
relocation as remedial measures: 

Reducing cooling water flow is generally an effective means for
minimizing potential entrainment impact. In fact, this may be the
only feasible means to reduce impact of entrainment where
potentially involved organisms are in relatively large
concentration and uniformly distributed in the water column.
Entrapment and impingement may also be lessened with lower flow
as proportionally fewer animals will be subject to contact with
the intake structure; water velocities associated with the
structure can be reduced, enhancing probability of survival if
impinged or of escape if trapped. Reduction of flow is
accomplished primarily by an increase in condenser temperature
rise or through recirculating cooling systems. When cooling water
flow is reduced, however, elevated temperature or the effects of
an auxiliary cooling system can increase the mortality rate of
the organisms that are entrained. 
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Site location measures may prove effective in areas of
discontinuous, temporal, or spatial occurrence {patchiness) of those
species subject to entrainment (or entrapment/impingement).

Enhancing survival of organisms once entrained in the cooling
water system generally appears to be the least effective means for
avoiding adverse impact; however, operational regimes have been
developed to decrease mortality of entrained species where heat,
chlorine or both exert the predominant impact. Realistic laboratory
studies can lead to optimal time-temperature regimes for survival. The
effects of biocides can be reduced by intermittent and "split-stream"
chlorination procedures. Mechanical methods for cleaning cooling
system components where feasible can eliminate or reduce the need for
biocides. The mechanical stress of entrainment is, in many cases, the
critical factor in organism survival with the pump the site of major
damage. At present, little can be done to minimize mechanical impact
although potentially harmful effects may possibly be reduced by pump
redesign which incorporates low RPM, low pressure and wide clearance
characteristics. Reducing velocity changes, pressure, and turbulence
in the piping system should prove helpful. Entrainment screening
techniques such as leaky dams may have application in some
circumstances. Regardless of beneficial measures taken, many fragile
forms will not survive entrainment. 

In summary, the location of a power plant or other cooling water
use, coupled with the associated intake structure design,
construction, and capacity results in a unique situation. While
generalities may be useful, the optimal combination of measures
effectively minimizing adverse impact on the biota is site and plant
specific. The best technology available should be established on a
case-by-case basis making full use of the kinds of information
suggested for acquisition in this manual. 
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V.  DEFINITIONS AND CONCEPTS 

Adverse Environmental Impact 

Adverse aquatic environmental impacts occur whenever there will
be entrainment or impingement damage as a result of the operation of a
specific cooling water intake structure. The critical question is the
magnitude of any adverse impact. 

The magnitude of an adverse impact should be estimated both in
terms of short term and long term impact with reference to the
following factors: 

(1) Absolute damage (# of fish impinged or percentage of larvae
entrained on a monthly or yearly basis); 

(2) Percentage damage (% of fish or larvae in existing
populations which will be impinged or entrained,
respectively); 

(3) Absolute and percentage damage to any endangered species; 

(4) Absolute and percentage damage to any critical aquatic
organism; 

(5) Absolute and percentage damage to commercially valuable
and/or sport fisheries yield; or

(6) Whether the impact would endanger (jeopardize) the
protection and propagation of a balanced population of
shellfish and fish in and on the body of water from which
the cooling water is withdrawn (long term impact).

Agency

This term refers to the Regional Administrator of the U.S.
Environmental Protection Agency or the Directors of those State
agencies authorized to issue NPDES permits. 

Community

A community in general is any assemblage of populations living in
a prescribed area or physical habitat; it is an organized unit to the
extent that it has characteristics in addition to its individual and
population components and functions as a unit through interacting
metabolic transformations. 

Critical Aquatic Organisms 

Adverse environmental impact may be felt by many species in all
trophic levels. A species need not be directly affected but
nevertheless harmed due to loss of food organisms or other associated
organisms in some way necessary for the well-being and continued
survival of the population. It is not practicable to study all species
that may be directly or indirectly harmed by intake structure
operations.  
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The critical aquatic organisms concept is defined in the 316(b)
Development Document. 47 Generally, 5 to 15 critical aquatic organisms
will be selected for consideration on a case-by-case basis. Relative
to environmental impact associated with intake structures, effects on
meroplankton organisms, macroinvertebrates, and juvenile and adult
fishes appear to be the first order problem. Accordingly, the
selections of species should include a relatively large proportion of
organisms in these categories that are directly impacted. Generally,
because of short life span and population regeneration capacity, the
adverse impact on phytoplankton and zooplankton species is less
severe. It is suggested that, in addition to study of the selected
species, the total phytoplankton and zooplankton communities be
assessed to determine if the area under study is unique and important
qualitatively or quantitatively. If preliminary sampling or prior data
does not support special or unique value of these organisms at the
site, phytoplankton and zooplankton species will generally not be
selected. 

The following guidelines are presented for selection of critical
aquatic organisms for consideration in intake studies:

A. Critical aquatic organisms to be selected are those species
which would be involved with the intake structure and are: 

1. representative, in terms of their biological requirements,
of a balanced, indigenous community of fish, shellfish, and
wildlife; 

2. commercially or recreationally valuable (e.g., among the top
ten species landed -- by dollar value); 

3. threatened or endangered; 

4. critical to the structure and function of the ecological
system (e.g., habitat formers); 

5. Potentially capable of becoming localized nuisance species; 

6. necessary, in the food chain, for the well-being of species
determined in 1-4;

7. one of 1-6 and have high potential susceptibility to
entrapment-impingement and/or entrainment; and 

8. critical aquatic organisms based on 1-7, are suggested by
the applicant, and are approved by the appropriate
regulatory agencies. 
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B. Assumptions in the selection of critical aquatic organisms: 

1. Since all species which are critical, representative, etc.,
cannot be studied in detail, some smaller number {e.g., 5 to
15) may have to be selected. 

2. The species of concern are those most likely to be affected
by intake structure, design, construction and operation. 

3. Some species will be economically important in their own
right, e.g., commercial and sport fishes. 

4. Some of the species selected will be particularly vulnerable
or sensitive to intake structure impacts or have
sensitivities of most other species and, if protected, will
reasonably assure protection of other species at the site. 

5. Often, but not always, the most useful list would include
mostly sensitive fish, shellfish, or other species of direct
use to man, or to the structure or functioning of the
ecosystem. 

6. Officially listed "threatened or endangered species" are
automatically considered "critical." 

7. The species chosen may or may not be the same as those
appropriate for a 316(a) determination dependent on the
relative effects of the thermal discharge or the intake in
question. 

Cooling Water Intake Structure 

The cooling water intake structure is the total structure used to
direct water into the components of the cooling systems wherein the
cooling function is designated to take place, provided that the
intended use of the major portion of the water so directed is to
absorb waste heat rejected from the process or processes employed or
from auxiliary operations on the premises, including air conditioning.
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Entrainment  

The incorporation of organism into the cooling water flow is
entrainment. There are two generally recognized types of entrainment:
pumped entrainment  --referring to those organisms that enter the
intake and are pumped through the condenser, and plume entrainment --
referring to organisms that are incorporated into the discharge plume
by the dilution water. Plume entrainment is not covered by section
316(b) but is part of the thermal discharge effect to be considered in
conjunction with thermal effect demonstrations under section 316(a). 

Entrapment-Impingement 

The physical blocking of larger organisms by a barrier, generally
some type of screen system in the cooling water intake. Entrapment
emphasizes the prevention of escape of organisms and impingement
emphasizes the collision of an organism with a portion of the
structure. 

Estuary 

An estuary is defined as a semi-enclosed coastal body of water
which has a free connection with the open sea; it is thus strongly
affected by tidal action and within it sea water is mixed {and usually
measurably diluted) with fresh water from land drainage. It may be
difficult to precisely delineate the boundary of estuarine and river
habitats in the upper reaches of a fresh water river discharging into
marine waters. The interface is generally a dynamic entity varying
daily and seasonally in geographical location. In such cases,
determination of habitat boundaries should be established by mutual
agreement on a case-by-case basis. Where boundary determination is not
clearly established, both estuary and river habitat biological survey
requirements should be satisfied in a combined determination for
environmental effects and best available technology for minimizing
adverse impact. 

Habitat Formers

Habitat formers are plants and/or animals characterized by a
relatively sessile life state with aggregated distribution and
functioning as: 

1. a live and/or formerly living substrate for the attachment of
epibiota; 

2. either a direct or indirect food source for the production of
shellfish, fish, and wildlife; 
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3. a biological mechanism for the stabilization and modification
of sediments and contributing to processes of soil buildings; 

4. a nutrient cycling path or trap; or 

5. specific sites for spawning, and providing nursery, feeding,
and cover areas for fish and shellfish. 

High Potential Impact Intakes  

High potential impact intakes are those located in biologically
productive areas or where the volume of water withdrawn comprises a
large proportion of the source water body segment or for which
historical data or other considerations indicate a broad impact. 

Impingement 

See Entrapment-Impingement. 

Lake

Any naturally occurring large volume of standing water occupying
a distinct basin and, for purposes of this document, reservoirs and
impoundments. 

Low Potential Impact Intakes 

Low potential impact intakes are those located in biologically
unproductive areas and having low flow or having historical data
showing no effect or for which other considerations indicate low
impact. Plants with low capacity factors or with few remaining years
of lifetime might be considered "low impact" despite their historical
impact. 

Macroinvertebrates 

For the purposes of this document, the term macroinvertebrates
may be considered synonymous with "aquatic macroinvertebrates" and are
those invertebrates that are large enough to be seen by the unaided
eye and can be retained by a U.S. Standard No. 30 sieve (0.595 mm.
mesh opening). 
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Meroplankton 

For the purposes of this document, meroplankton are defined as
planktonic life stages (often eggs or larvae) of fish or
invertebrates.

Oceans 

The ocean habitat, for the purposes of this manual, is considered
marine waters other than those water bodies classified as estuaries.
This includes open coastal areas, embayments, fjords, and other semi-
enclosed bodies of water open "to the sea and not measurably diluted
with fresh water' from land drainage. 

Two principal zones within the oceanic habitat potentially
impacted are: (1) littoral zone --from high tide level to low tide
level, and (2) neritic zone (near shore) --low tide level to the edge
of the continental shelf. 

Phytoplankton 

Phytoplankton are the free-floating plants, usually microscopic
algae, that photosynthetically fix inorganic carbon and are,
therefore, primary producers in some aquatic environments. 

Plankton 

Plankton are essentially microscopic organisms, plant or animal,
suspended in water which exhibit near neutral buoyancy. Because of
their physical characteristics or size, most plankton organisms are
incapable of sustained mobility in directions against water flow.
Consequently, plankton drift more or less passively in prevailing
currents. 

Population 

A population is generally considered to be comprised of
individuals of the same species in a geographic area. Populations
exhibit parameters such as mortality, natality, fecundity, intrinsic
rate of increase, density, etc. 

Primary Study Area 

This includes the segment of the water body determined to be the
area of potential damage. This concept is most pertinent to organisms
subject to inner-plant passage, normally weakly motile or planktonic,
and spatially subject to water body currents rather than possessing
the ability to change location independent of water mass movements.
Animals capable of large scale movements, i.e., migrant fishes, will
move into this area periodically. 
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Rivers and Streams 

A river or stream is a naturally occurring body of running
(surface) water, with an unbroken, unidirectional flow, contained
within a discrete channel. Reservoirs and/or impoundments, for the
purposes of this document, will generally be viewed as lakes. 

Secondary Study Area 

The area within the water body segment outside the primary study
area. Biota in this area directly affected by the intake structure may
or may not be a significant component of the total population of
indigenous species. For many species, particularly pelagic fishes, the
total population may be spread over a wide geographical area. This
area could be considered the secondary study area. However, other
intake structures associated with cooling water uses, e.g., power
plants, may also be impacting the population in these other areas.
This may be considered in two ways: 

1. consider the total population throughout the geographical
range, estimate existing impacts, and determine to what extent
the specific intake structure adversely impacts that portion
of the population not already adversely stressed by sources
outside the primary study area; or 

2. consider only the population in the area of potential
involvement and adjacent areas of occurrence not already
impacted by an existing source of stress. 

For example, when a number of intake structures are located
within a water body such as the Hudson River, Ohio River, Long Island
Sound, Western Basin of Lake Erie, Narragansett Bay, San Francisco
Bay, etc., either of the two approaches may be taken to assess the
impact of the structure under consideration. The total impact of all
existing stresses may be weighed against the total population of biota
studies and the adverse effects of the new stress added to existing
stresses and assessed against impact to the total system. The
alternative is to assign a section of the water body not already
impacted by other intake structures and compare the segment of the
community in the assigned area to the effect of the single structure
concerned. 
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Threatened or Endangered Species 

A threatened or endangered species 18 any plant or animal that
has been determined by the Secretary of Commerce or the Secretary of
the Interior to b. a threatened or endangered species pursuant to the
Endangered Species Act of 1973, as amended. 

Water Body Segment  

A water body segment is a portion of a basin, the surface waters
of which have common hydraulic characteristics (or flow regulation
patterns) common natural physical, chemical, and biological processes,
and which have common reactions to external stress, e.g., discharge of
pollutants. Where they have been defined, the water body segments
determined by the State Continuing Planning Process under section
303(e) of P.L. 92-500 apply. 

Zone of Potential Involvement 

The zone of potential involvement 1s considered the water mass
surrounding the intake structure and likely to be drawn into the
structure itself or into the associated cooling water system. This
varies with time and is dependent on ambient water movements in the
affected body of source water as modified by the influx of cooling
water at the intake structure. It will be difficult to precisely
define the limits of this zone of influence because of temporal and
spatial variables. The zone of potential involvement always includes
the primary study area and may include the secondary study area. 

Zooplankton 

True zooplankton are free-floating animals which have little or
no ability for horizontal movement. They are thus carried passively
along with natural currents in the water body. 
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VI. STUDY FORMAT

The studies submitted as support for a finding that the cooling
water intake represents best technology available for a minimization
of adverse environmental impact should be in the following format to
facilitate agency review. At least two copies should be submitted. 

1. Title page (plant name, water body, company, permit
information, rate). 

2. Table of contents. 

3. An executive summary of 2-3 paragraphs (essence of material
and conclusions). 

4. Detailed presentation of methods used in data collection,
analysis and/or interpretation when different from standard
references. 

5. Supportive reports, documents, and raw data. Data from the
open literature need not be included so long as it is readily
available. 

6. Bibliographic citations to page number of cited text. 

7. An interpretive, comprehensive narrative summary of the
studies which will serve, in part, as the basis for the
agency's decision. The summary should include a table of
contents and may include table figures. Sources of data used
in the summary should be cited to page number. The summary
should include a clear discussion stating why the report shows
(or does not show) that the water intake structure in question
minimizes impact on the water resources and aquatic biota in
the vicinity of the intake and throughout the water body
segment. 

8. An appendix listing the agencies and consultants conducting
this or related work on the water body. 

9. Reports generated in response to section 316(b) should be
recorded and forwarded to the National Technical Information
Service (NTIS) for recording and announcement. The folder,
NTIS-PR-184, available from NTIS, U.S. Department of Commerce.
Springfield, Virginia 22161 explains the procedure in detail. 
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It is the intention of the EPA to make the technical information
submitted by industries is accordance with 3l6(b) available for use by
other industries, scientists, and members of the public. This will be
done initially by placing copies in the responsible EPA Regional
Office library. A similar approach is also suggested for State
agencies. In cases were demand for the demonstration materials exceeds
the capability of an EPA or State agency library, the EPA Regional
Administrator may also submit the materials to the NTIS so that the
reports are available to the public in microfiche or hard copy form at
the price of duplication. In the meantime, EPA is developing lists of
plants with completed 3l6(b) demonstrations and will submit the plant
name and an abstract of each study to NTIS. 

It is also noted that the Atomic Industrial Forum has developed
INFORUM, a data system which will extract and index information from
reports submitted by utilities in accordance with sections 316(a) and
(b). Questions should be referred to INFORUM at 1747 Pennsylvania
Avenue, Washington D.C. 20006, telephone 202-833-9234.
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VII. DETAILED STUDY REFERENCES 

This document, of necessity, is generalized to provide an overall
framework of guidance and conceptual approach. Six references are
recommended which treat various aspects of the study requirements in
more specific detail: 

1. U.S. Environmental Protection Agency, Office of water &
Hazardous Materials, Water Planning Division, September 30,
1974, Draft, 316(a) Technical Guidance on Thermal Discharges.
(Revised draft to be published in 1976.)

2. U.S. Environmental Protection Agency. Office of Water &
Hazardous Materials. Effluent Guidelines Division. April 1976
Development Document for Best Technology Available for the
Location, Design, Construction, and Capacity of Cooling Water
Intake Structures for Minimizing Adverse Environmental Impact. 

3. Batelle Laboratories t Inc. t Environmental Impact Monitoring
of Nuclear Power Plants -Source Book. Atomic Industrial Forum,
Inc. August 1974. 810 p. 

4. Aquatic Ecological Surveys. American Nuclear Society, F.W.
Hinsdale, Illinois, Draft, October 1974. 

5. Entrainment:  Guide to steam electric power plant cooling
system siting, design and operation for controlling damage to
aquatic organisms. Amer. Nuc. Std. Publ. N18. -1974. Draft,
July 1, 1974, 44 p. and appendices. 

6. Entrainment/Impingement:  Guide to steam electric power plant
cooling system siting, design and operation for controlling
damage to aquatic organisms at water intake structures. Amer.
Nuc. Std. Publ. N18 -1974. Draft, September, 1974. 24 p. and
appendix. 

Exhibit 22



-26-

VIII. SITE DESCRIPTION 

The following information is generally needed to fully describe
the potential experiences of organisms which may be entrapped within
intake structures, impinged on parts of the structure and/or entrained
in the water mass taken in and circulated through the associated
cooling water system. It is necessary to describe the full range of
resultant physical chemical, and biological parameters of these
experiences which could be encountered throughout the annual operation
cycle. Information on daily and seasonal fluctuations is of special
importance in those waters subject to wide variation in water quality
at the specific site. Other data pertinent to the evaluation of
environmental impact of the location or intake structure in question
should be included even though not specifically listed. 

The following data are required for adequate description of sites
located in either fresh or marine water bodies:

1. Site location and layout 

A. Location of additional intake structures  - Smaller scale
map showing locations of intake structures, associated
cooling water systems, and other pertinent discharges
related to surrounding shore and water features in a 50-mile
radius. 

B. Site Plan - Larger scale map with topographic and
hydrographic data depicting specific location of structure
in the water body. Data required includes: 

- Topographic details

- Hydrological features (see U.S. Department of Commerce,
National Ocean Survey Charts, where available), including
depth contours 

- Water body boundaries 

- Affected water body segment 

- Location and description of other cooling water intakes
in water body segment 

- Existing site with topographic and hydrological features
as changed by proposed intake structure construction and
operation (where applicable) 
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2. Meteorology (when hydrodynamic modeling is performed)

- Air temperature, maximum, minimum, mean-monthly

- Rainfall, monthly

- Solar radiation kcal/m 2 /day {average/month for the
annual cycle)

- Wind speed and direction, prevailing winds identified as
to seasonal patterns 

- Other relevant site specific data 

3. Additional stresses on water body segment 

- Location of existing or planned point sources of
potential adverse environmental impact 

- Summary of impacts associated with existing or future
stresses (and citations to more extensive analyses, such
as 316(a) demonstrations, impact statements. NPDES
permits, etc.) 

4. Cooling water intake structure 

A. Structure 

- Location with respect to cooling water system

- Location in water body, horizontal and vertical
(including skimmer walls) 

- Configuration including canals; and channels; detailed
drawings 

- Capacity 

- Screening devices (behavioral and physical) 

- Fish by-pass and handling facilities 

- Average and maximum approach and thru-screen water
velocities, by depth 

- Flow rates and frequency of occurrence correlated with
load characteristics 

- Location, amount, and duration of recirculation water for
deicing or tempering 

- Other relevant system-specific data
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B. Pumps

- Design details (location in structure. configuration of
blades, and housing)

- Revolutions per minute

- Number, capacities, and planned operating schedule

- Pressure regimes in water subjected to pumping

- Velocity shear stresses in pumping

- Sites of potential turbulence and physical impacts

C. Biocides 

- Location of introduction in  system

- Description and toxicity of biocide used

- Timing and duration of use

- Concentrations of biocide in various parts of cooling
water system and receiving waters

D. Thermal experience

- Tabulation of annual ambient temperatures, thermal
addition to cooling water of various operating
capacities, and resultant time- temperature experience of
organisms subjected to entrainment in cooling water
system

E. Other relevant data on cooling water circulation system

- Dissolved gases

- Suspended solids and turbidity

- Other wastes and chemicals added

- Size of condenser tubes, heat exchanger components, water
piping, siphon pits, etc.

- Maintenance procedures, use of heat treatment or deicing
procedures

5. Plant Data 

- Age and expected lifetime

- Capacity factor and percent of time at fractional loads

- History of intake model
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IX. SOURCE WATER INVOLVEMENT 

The physical interaction of the intake and the adjacent water
body forms a base for assessment of biological impact by relating the
behavior and motion of local organisms with the flow of water around
the site and into the intake structure. To determine this involvement
with the intake, it is desirable to identify the type or types of
circulation which will be dominant in the water body, and to establish
a program of monitoring currents and other relevant hydrological and
physical parameters of the system. Predictive tools, such as computer
models, are useful in assessment of impact, and for delineation of the
area of potential damage. The approach outlined here is suggested for
new plants having high potential impact when sufficient model accuracy
is obtainable. The approach may be useful for other plants as well, as
discussed in the impact assessment section below. The modeling program
should be discussed with the Agency I advance of application and
should include sensitivity analysis. 

1. Hydraulic Features 

The dominant modes of circulation in the water body are
frequently identified in the literature and include channel
flow, tidal and wind-driven currents, estuary or gravitational
circulation, littoral drift, and others. The local currents
(or velocity structure) can be modified by bathymetry and
transient atmospheric conditions, and contain local features
such as eddies; their importance can be modified by their
effect on biological processes. It is also useful to identify
interface zones if several current regimes or physical
processes are evident. Large water withdrawals and discharges
can be sufficient to modify existing hydraulic patterns enough
to create new biological habitats. 

A program of monitoring the currents and other relevant
physical parameters is desirable for the study of source water
involvement. Whenever possible, historical data should be used
to identify the expected circulations and guide the selection
of instrument stations, although as data comes in, a re-
evaluation of the monitoring program is useful. 

The relevant parameters are water current, speed and
direction, wind speed and direction, tides or local water
levels, temperature, and water density. Salinity data are
important in an estuarine environment. 

The spatial distribution of instrument stations is usually
indicated by the circulation regime and local bathymetry, but
is best organized to provide input to and verification data
suitable for a predictive hydraulic model of the currents.
Vertical spacing of instruments should be sufficient to
identify any important depth variation in the circulation. 
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The use of a hydraulic model requires several other specific
inputs to provide realistic prediction of currents in the
area. Typical parameters include: 

1. boundary geometry;

2. bottom topography;

3. bottom friction coefficients;

4. latitude of the area;

5. tides or water levels at open boundaries;

6. river flows;

7. temperature and salinity;

8. wind  stress;

9. power plant cooling water flow rates; and 

10.other point source flow rates. 

A significant period of time (two weeks) might be chosen for a
continuous (burst sampling) monitoring sequence to sense
periodic variations in the circulation, and another program to
sample changes on an annual (or longer) cycle. Careful
recording of placement and start times is recommended. 

The instruments chosen should be durable and resistant to
fouling. The accuracy may be influenced by the scale of the
parameters but for water level should generally be at least ±
0.01 ft. and, for current speed and direction, + .15 knots and
± 5.0° respectively. For temperature and salinity ± 0.1° C and
± 0.1 0/00 respectively can be expected. Special
instrumentation for water current sensing may be necessary at
threshold speeds. 

An instrument calibration program is necessary to insure
accuracy. Redundant marking of  station locations and provision
for recovery of unmarked instruments should be made. 

Computer models as predictive tools represent the best
available predictive tools and are useful in assessing water
use and biological impact. Mathematical models solve the
equations of water flow and are used to predict currents in
the water body. Another model (of water quality) can be
developed in tandem to solve the equation of mass flow and
used to predict mass or concentrations of organisms under
influence of the currents. 
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The selection of the appropriate model is guided by the
circulation regime and the geomorphology of the water body. A
number of mathematical models of tidal flow are available, and
these can be extended to include channel flow. For example,
the Leendertse 8, 9 type square-grid models for tidal currents
and larvae transport have been used. Finite-element models are
being developed for tidal circulation, and may have advantages
in certain areas.  For river-bay situations, the channel-
junction model may have special advantages. Three-dimensional
models such as those described in references 12,13, and 14 may
be appropriate. A comprehensive summary of available models
has been compiled by Gordon and Spaulding. The rationale for
selection of the particular set of models should be justified
by either emphasizing their suitability or by demonstrating a
lack of other sufficient models. 

Verification of model output should be made for both current
and organism concentrations. Data from the monitoring survey
are useful for verifying the current model while the
biological sampling program may be used to verify the motion
of organisms. Dye studies may also be useful in model
verification. 

Means for delineating study area and source water involvement
may vary from intuitive judgments to highly sophisticated
predictive models. The most logical measures, consistent with
the local conditions should be determined. 

2. Probability of Entrainment 

The zone of potential involvement of the cooling water intake
varies with species of organisms and time but the core concept
is the determination of probability of entrainment. The
predictive models are useful for mapping probability
isopleths. This could be done by the simulation of drifters
with the hydraulic model, or the spread of mass from point
sources into the intakes with the concentration model. Drogue
or dye studies could be used for verification. Drifters,
drogues, or dye may, however, be poor analogs for the
organisms in question. As a consequence, any study of this
nature must be accompanied by justification that adequate
adjustment is being made for differences in behavior between
the organisms and their mechanical analogs. 
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A map of probability of entrainment would be useful in
delineating the outline of the area of potential involvement
by a rational analytical method. For example, the computer
hydraulic model for currents could be used to simulate the
flow of drogues in the region. A simulated release of drogues
(several per hour) would be carried out until all drogues have
either been entrained or have crossed the model boundaries and
left the area. The ration of entrained drogues to the total
gives the probability of entrainment. A repetition of this
procedure for other release points gives a field distribution
of probability. 

An alternate method is to simulate mass transport from a field
of points, wherein the ratio of mass entrained to the total
released gives the probability. This method could be verified
by use of dye studies.

In environments likely to exhibit density stratification, or
in which the organisms stratify, it may be necessary to use
multi-level sampling for all parameters, and consider
stratification in the models chosen. Wind effects are more
likely to be important in shallow water. The spatial changes
in parameters in stratified systems are likely to be larger,
so this must also be incorporated in a sampling program. 

Obviously, models are highly desirable and the probability
isopleth concept is a powerful analytical tool. However, the
time and costs involved will not be justifiable in many
situations. 
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X. BIOLOGICAL SURVEY REQUIREMENTS (NEW INTAKES) 

The purpose of the biological survey is to provide a sufficient
and valid data base for rational assessment of environmental impact
related to the location, design, construction, and capacity of a
cooling water intake structure, prior to a final siting decision. 

Due to the possibility of extreme fluctuations in overall
abundance of the species from year to year and shifts within a study
area of its centers of abundance, several years study may be required.
A term of three years is suggested as permitting an "exceptional" year
to be detected and criticized on the grounds that events in so short a
span cannot be understood in the context of long term trends. A period
of 15 to 25 years is one in which many cyclic biological phenomena
become evident, but a preliminary study of this length will be out of
question, except as it can be gleaned from historical data. A one-year
pre-operational study is generally of limited value but may be
acceptable for preliminary agency determination's in situations where
substantial historical data can be presented and the intake can be
represented as having low potential impact. 

Data collected must be sufficient to permit analysis and
reduction to assessment criteria which will be useful in reaching a
judgment on the existence and extent of an adverse impact suggested
measures for data reduction and analysis, which are included in this
manual, should be reviewed prior to developing a survey program. 

Designation of species of the critical aquatic organisms to be
studied is the first step in a sequence of operations for the
subsequent biological survey. The species selected mayor may not be
the same as the Representative Important Species designated in
connection with demonstrations under section 316(a) of the Act.
Differences would depend on the greater or lesser effect on such
species of thermal discharges or intakes. Once species and source
water involvement are known, the sampling methodology, survey study
areas, and temporal characteristics of the survey can be determined to
suit the organism selected, location, and characteristics of the
intake structure. Each survey should be designed on a case-by-case
basis recognizing the uniqueness of biota-site-structure
interrelationships. 

Biological surveys should be designed and implemented to deter-
mine the spatial and temporal variability of each of the important
components of the biota that may be damaged by the intake. These
surveys could include studies of mesoplankton, benthic fish, pelagic
fish, benthic macroinvertebrates, phytoplankton, zooplankton, benthic
infauna and boring and fouling communities where appropriate.
Generally, the majority of critical aquatic organisms will be fish or
macroinvertebrates. 
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Once the occurrence and relative abundance of critical aquatic
organisms at various life stages has been estimated, it is necessary
to determine the potential for actual involvement with the intake
structure. An organism may spend only a portion of its life in the
pelagic phase and be susceptible to entrainment. Migratory species may
be in the vicinity of the intake for short segment of the annual
cycle. Some species are subjected to intake structure effects during
life history stages. For example, winter flounder larvae are found in
the ichthyoplankton during their pelagic larval phase, and are
susceptible to being entrained. During later life stages, as juveniles
and adults, they are vulnerable to impingement. Both entrainment and
impingement must be considered in subsequent impact assessment.
Knowledge of the organism’s life cycle and determination of local
water circulation patterns related to the structure are essential to
estimating an individual species’ potential for involvement. 

Once involvement is determined, actual effects on those organisms
can be estimated. As a first order approximation, 100 percent loss of
individuals impinged, entrapped, or entrained could be assumed unless
valid field or laboratory data are available to support a lower loss
estimate. 

The final step is to relate loss of individuals to effects on the
local population as impacted by intake structure location, design,
construction and capacity. It is important to consider the means for
data reduction and analysis in the early stages of survey design. Data
must be amenable to biostatistical analyses, as utilized in arriving
at the judgment for best available technology to minimize adverse
environmental impact. 

1. Sampling Design 

It is necessary at the outset to clearly define the objectives
of the sampling program and the area to be sampled.
Quantitative sampling studies are designed to estimate numbers
per unit and/or volume. The major considerations in these
studies are: 

- The dimension of the sampling unit. In general the
smallest practical sampling unit should be used. 

- The number of sampling units in each sample. The size of
samples for a specified degree of precision can often be
calculated if there is some preliminary sampling
information. If not, preliminary sampling should be
executed before extensive programs are developed. 

- The location of sampling units in the sampling areas.
Stratified random sampling is often preferable to simple
random sampling. Strata can be unequal in area or volume,
with sampling units allocated in proportion to the area
or volume. 
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The survey effort should be intensive for at least the first
year after which, based on first year results and historical
data, lower effort programs could be justified. Survey data
are usually of a time-series nature and, therefore, averages
over time intervals within the series cannot be assumed
independent. This situation limits the application of routine
statistical procedures, Bartlett 17 and Quenoville. 18  Reference
19 is a recent example of the difficulties encountered when
attempting to determine differences in portions of a time-
series. The development of more powerful statistical methods
for application to this type of data is necessary. It appears
that only catastrophic impacts will be revealed to temporal
comparisons of monitoring program data. Plant impact may be
better revealed by spatial comparisons. 

The discriminating power of surveys should be estimated prior
to the implementation. 

This can be done by design based on previously collected data
at the site, or by assuming the variability of the system
based on previous studies at similar sites. The expected
discriminating power of the survey should be adequate for the
purposes for which the data are intended. 

2. Sampling Methodology 

Recommendations on specific sampling protocol and methodology
are beyond the scope of this document. The optimal methodology
is highly dependent on the individual species studied coupled
with site and structure characteristics. Some general
guidelines are provided here. More specific details are
provided in Reference 20. 

Ichthyoplankton-Meroplankton Sampling

Sampling gear used should have known performance
characteristics under the conditions in which it is to be
used, or it will tested in comparison with a standard gear
(such as the 60 cm. “bongo" net developed for purposes of
ichthyoplankton sampling by the National Marine Fisheries
Service MARMAP program).

When a new gear is introduced, data should be included on its
efficiency relative to a standard gear. Gear should not be
changed in the course of long-term investigations unless the
comparative efficiencies of the old gear and the new can be
satisfactorily demonstrated. 

It is recognized that no sampling gear is, in practice,
strictly quantitative and equally efficient in retaining
different sizes of organisms. 

A rationale for the choice of gear, mesh size, etc. should be
developed for each sampling program. In most cases, lacking
strong reasons to the contrary, adoption of a standard gear to
permit comparisons with other investigations is recommended. 
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In general, replicate tows indicate that horizontal
distribution of fish eggs and larvae and other planktonic
organisms is uneven or patchy in character, and that vertical
distribution not only of actively swimming forms but of eggs
commonly shows some stratification. This typically varies over
24 hours due to the influence of water movement and changes in
light intensity. Depth distribution of individual species of
fish eggs may change during the course of development, and
buoyancy may differ at different periods of the spawning
season. 

Night tows frequently produce larger catches and may show less
variability than day tows for fish larvae in the same area.
Both phenomena are related in part to differences in net
avoidance under conditions of light and darkness. However,
certain larvae may be altogether unavailable to the usual
plankton sampling gear at some time of a diel cycle; for
example, they may lie on or near the bottom by day, and
migrate upward at night. 

Night sampling must be considered in survey design as
essential for an accurate picture of the numbers of
ichthyoplankton actually present at a station, especially with
regard to post- larvae and young juveniles. Sampling over the
entire diel cycle should be conducted. 

Characterization of the ichthyoplankton in a study area made
exclusively from single tows at a series of stations is
inadequate. Replication sufficient to show the typical
variation between tows will be necessary, and it must be borne
in mind that this may differ widely for different species, and
may change over the course of a season. In reasonably
homogeneous study areas, replicates can be taken at a subset
of stations and the results applied to the rest. In certain
circumstances, close to shore, or in the vicinity of the
proposed intake, more rigorous error analysis is advisable,
and this may require replication at each station.
Determination of a suitable number of replicates will depend
on characteristics at each site, and must be based on field
studies. The most variable (patchy) of the critical species of
ichthyoplankton under study at a given season will determine
the number of replicates that are desirable. 

Confidence limits for estimates of abundance must be based not
only upon variation between tows at a given station, but must
incorporate other sources of error, which include subsampling
error (when aliquots of large samples are taken for lab
analysis) and counting errors. 
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The ichthyoplankton-meroplankton sampling will generally re
related to the impact of passing the organisms through the
intake structure and associated cooling water system, i.e.,
entrainment. 

Fishes and Macroinvertebrates

Sampling of fish and macroinvertebrates will be generally
conducted in relation to the potential impact of entrapment
and impingement. An exception would be juvenile and small fish
of a size that would pass through intake screening rather than
be caught upon such screens. 

As previously noted, specific sampling methodology is detailed
elsewhere. 20

Some specimens taken from the screens may appear healthy;
however, species-specific experiments with controls to assess
the delayed mortality to these fish are required if less than
100 percent mortality is to be assumed. 

Potential effects at proposed intake structures should make
maximum use of existing data at operating structures to
extrapolate involvement and mortality estimates to a new
intake. Attention should be given to experiments which have
statistically evaluated the effect of intake modifications on
impingement-entrapment losses. 

In cases where preliminary surveys indicate that the
entrainment and entrapment-impingement losses may be high, it
will be necessary to estimate the impact of these losses on
the populations that will be involved. For each life stage
susceptible to entrainment and/or entrapment-impingement,
parameters necessary to adequately predict losses caused by
power plant withdrawal include life stage duration, fecundity,
growth and mortality rates, distribution, dispersal patterns,
and intake vulnerability. These parameters can be either
measured in the field or obtained from available literature.
Estimates of equivalent adult stock loss on the basis of
entrainment losses of immature forms requires a measure of
natural mortality from immature to adult. For many if not most
critical species, the natural mortality may be impossible to
determine and the impact may have to be based on a reasonable
judgment. Other data are required to project the long-term
impact of the intake on the population and to include the
population size, its age structure, and fecundity and
mortality rates. These data can best be synthesized using
mathematical models as discussed in section XII of this
manual. 
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Zooplankton

Zooplankton sampling will generally be directed towards
determination of entrainment impact. Zooplankton are
essentially microscopic animals suspended in water with near
neutral buoyancy. Because of their physical characteristics,
most are incapable of sustained mobility in directions against
water flow and drift passively in the currents. 

In most cases, intake effects are of relatively short duration
and confined to a relatively small portion of the water body
segment because of short life span and regenerative capacity.
Zooplankton, however, should not be dismissed from
consideration without a preliminary assessment of the
importance or uniqueness of the species’ assemblage at the
site.

Phytoplankton

Phytoplankton are free-floating green plants, usually
microscopic in size, and are generally the main primary
producers in the aquatic food web. Again, the potential
cooling water intake structure impact on phytoplankton would
be through entrainment. The short life-cycle and high
reproductive capability of phytoplankters generally provides a
high degree of regenerative capacity. In most cases, intake
structure effects are of short duration and confined to a
relatively small portion of the water body segment.
Phytoplankton. however, should not be dismissed from
consideration without a preliminary assessment of uniqueness
or special importance of the species' assemblage at any
particular site. 

3. Follow-up Studies  

Post-operational studies at new intakes will also be necessary
in order to determine if the design, location, and operation,
in fact, minimize adverse environmental impact and whether the
model predictions utilized were realistic. Some suggestions
for follow-up studies are available in section XI. However,
the appropriate program at a new plant site should be
determined in large part by the need for consistency with pre-
operational study results. 
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XI. MONITORING PROGRAM (EXISTING INTAKES) 

The study requirements necessary to evaluate losses of aquatic
life at existing cooling water intakes can be considered in two
separate steps. The first is assessment of the magnitude of the
problem at each site through direct determination of the diel and
seasonal variation in numbers, sizes and weights of organisms involved
with operation of the intake. When losses appear to be serious, as a
second step it may be necessary to conduct studies in the source water
body if there is a need to evaluate such losses on a water-body-wide
or local population basis. However, before requiring such studies it
should be realized that the natural variability of biological systems,
the difficulty of separating other stresses on population size, and
difficulties in obtaining accurate and precise samples of the biota
may mask the environmental impact from cooling water system operation.
The magnitude of sampling variation is high and may range from 20 to
300 percent of the probable numbers. 36  Thus, effects of the intake
structure often cannot be identified above this "background noise"
unless they are considerably greater. For many species, adverse
environmental impact may be occurring at levels below that which can
be "seen" with the standard survey and analytical techniques. Such
field studies therefore will be extensive and difficult to conduct,
and will generally require several years of data collection, all
without certainty of results. Such studies should not be required
unless absolutely necessary for the best technology available decision
and then only to address specific questions. Because of the above
difficulties, it may be necessary to base a determination of adverse
impact on professional judgment by experienced aquatic scientists. 

In evaluating data from the following studies, it is often
desirable to assume "worst case" conditions where all organisms which
pass through the intake suffer 100 percent mortality. If the magnitude
of the numbers precludes such an analysis, specific mortality
estimates may be necessary.

The following study requirements are based in part on the
recommendations contained in the reports of the Lake Michigan Cooling
water Studies Panel’s and Lake Michigan Cooling Water Intake
Committee: 45
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1. Sampling Program - Entrapment-Impingement 

The objective of this sampling program is to document the
magnitude of losses of fish life at operating cooling water
intakes. Since it is possible to obtain a complete daily count
of fish which are impinged by collecting the intake screen
backwash material, this intensity of collection should be
considered for application through one calendar year. The data
which result will most accurately reflect the total annual
loss by species. This approach does ignore possible delayed
mortality to organisms involved with the intake structure but
not impinged on the screens long enough to be killed. If total
entrapment-impingement mortality is estimated by sampling from
the screens, the sampling scheme must consider day-night and
seasonal differences. 

If a less than complete daily count over a year is utilized,
daily sampling once every four days for one year is suggested
as the lowest effort which will be acceptable from the stand-
point of allowing for reliable loss projections reflective of
the plant's operation. Both more and less intensive sampling
approaches may also be justifiable based on apparent impact,
intake data, spawning periods, and other site specific and
seasonal considerations. The 4-day interval for sampling is
based on observed variability in daily impingement losses. 

For example, in a study of the Central Illinois Light
Company's E.D. Edwards Plant on the Illinois River, numbers of
fish impinged varied from 7,000 on July 18 to 500 on July 19.
On August 23, 1,500 fish were impinged versus 30,000 fish on
August 26. Not all plants exhibit such wide variations in
numbers of fish impinged; however, until intensive sampling is
completed at a site, total loss figures will be subject to
question. 

Collection of the samples can usually be accomplished by
inserting collection baskets in the screen backwash sluiceway.
These baskets should have a mesh size equal to or smaller than
the intake screen mesh. 

The following data should be collected during the sampling
period: 

A. Plant operating data required: 

1. Flow rate;

2. Temperature (intake and discharge);  
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3. Time started, duration, and amount of warm water
recirculated for intake deicing and thermal defouling; 

4. Total residual chlorine contained in recirculated water
during condenser chlorination; 

5. Current velocity at intake(s) over the range of water
volumes used in plant operation (representative
measurements or calculated values may suffice); 

6. Number of times screens are operated between sampling
intervals; 

7. Tidal stage (where appropriate) and flow; 

8. Salinity (where appropriate); and 

9. Dissolved oxygen if intake withdraws water from an area
(or strata) of potentially low oxygen content; 

B. Data required from biological collections: 

1. Species, number, length, weight, and age group (young of
the year, yearlings, or adults} collected from the
screens or representative subsamples when numbers of
individual species collected are very large. Subsampling
approaches should be approved in advance by the Agency; 

2. Representative samples of each species for determination
of sex and breeding condition;

3. Numbers of naturally occurring dead fish in the area
ahead of the intake screening system should be estimated;
and 

4. Periodically conduct a test to determine the recovery
rate of fish impinged on the screen. This can be done by
spiking the screen with tagged dead fish and determining
the proportion that are recovered in the screen backwash
sluiceway. 

2. Sampling Program - Entrainment 

The following section describes investigations necessary to
determine effects of entrainment of phytoplankton,
zooplankton, benthos, fish, and shellfish at existing cooling
water intakes. Such studies should generally concentrate on
fish and shellfish unless the phytoplankton, zooplankton, or
benthos are uniquely important at the site in question. 

Exhibit 22



-42-

Fish and Meroplankton

The potential for damage to fish or shellfish populations by
entrainment depends on the number of organisms that pass
through the condenser system and on conditions experienced
during passage. 

Overall objectives of the study are to determine the species
and numbers of fish and shellfish eggs and larvae drawn into
and discharged from the cooling systems and, if necessary,
determine the immediate and delayed effects of cooling system
passage on these organisms. 

A pump system is acceptable as the primary sampling method,
provided it does not damage fragile organisms, and pumps are
easier to automate and quantify than systems in which sampling
is done with nets suspended in the cooling water flow. 

Diel sampling is recommended because the numbers of organisms,
even in areas known to be good spawning and nursery areas,
typically have low concentrations, and their distribution in
time and space is usually either changing rapidly or patchy as
a result of natural conditions. Therefore, adequate
representation of these organisms can usually only be obtained
with continuous sampling throughout a diel cycle. 

The actual volume of water to be pumped to provide an adequate
sample is dependent on the densities of fish eggs and larvae
in the water surrounding the cooling system intake structure.
The sample volume should therefore be determined based on the
least dense species of concern. If no a priori source water
density data exists, then as large a sample volume as can be
handled will be necessary. Once information is developed on
the least detectable density for species of concern, sample
volumes may be adjusted accordingly. This point is extremely
critical to acceptance of the resulting data. If the sample
volume is too small the study will be biased and show fewer
organisms involved with the structure than actually exist. 

Sample locations in the intake system should be located
immediately ahead of the intake screens and when less than 100
percent mortality is assumed, at a suitable point in the
discharge system. When less than 100 percent is assumed,
samples at intake and discharge should be from the same water
mass. At each location one sampling point should be located
near the surface, one near the bottom, and one at mid-depth.
If uniform organism distribution can be demonstrated, one
sampling depth may suffice. 

Sampling should normally be conducted continuously at a
frequency (e.g.. every fourth day of plant operation) allowing
the estimation of annual numbers of organisms with a 95
percent confidence interval which is ± 50%. More frequent
sampling may be desirable during peak spawning seasons. 
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Sampling should continue over at least one year. Sampling in
subsequent years may be deemed necessary based on the results
of the first year of study. 

Macroinvertebrates

The primary concern regarding the effects of entrainment on
macroinvertebrates is-does entrainment affect the rates of
mortality, growth or reproduction? Specific objectives are to
determine the kinds and numbers of organisms entrained, to
assess the effect of entrainment on their survival and
reproduction, and to describe the seasonal and diurnal
patterns of entrainment. Pumped samples are acceptable
provided the pump does not damage fragile organisms. A pump
which will transfer small fish without harm is  often
satisfactory for zooplankton and benthos. Non-toxic material
should be used throughout the sampling system. 

Nets used to concentrate zooplankton and benthos from the
pumped sample should be metered, or the pumping rate should be
timed to provide an accurate determination of the volume
filtered. Samples should be taken in duplicate. If no vertical
stratification of organisms is documented, duplicate mid-depth
or duplicate integrated samples may be taken. 

Sampling sites should be established in the forebay,
immediately ahead of the traveling screens, and as close as
possibly to the point of discharge. 

Samples should be carefully concentrated in non-toxic
containers and inspected microscopically for mortality and
damage as soon as possible after collection. 

Samples should be collected in the forebay and at the
discharge during a 24-hour period at least monthly. Duplicate
samples should be taken every 3 to 4 hours during the 24 hour
survey. 

Phytoplankton

Phytoplankton are susceptible to entrainment and possible
damage in cooling water systems such that rates of mortality,
growth, reproduction, and primary production are-affected.
Studies to determine those effects should involve microscopic
examination, measurement of chlorophyll concentrations,
measurement of rates of primary production, and observations
of cell growth and division. In most cases, effects are of
short duration and confined to a relatively small portion of
the water body segment. Phytoplankton, however, should not be
dismissed from consideration without a preliminary assessment
of uniqueness or special importance of the species' assemblage
at any particular site. Special sampling methodology can be
found in reference 20. 
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Zooplankton

Zooplankton sampling will generally be directed towards
determination of entrainment impact by an intake structure.
Zooplankton are essentially microscopic animals suspended in
water with near-neutral buoyancy. Because of their physical
characteristics, most are incapable of sustained mobility in
directions against water flow and drift passively in the
currents. 

In most cases, intake effects are of relatively short duration
and confined to a relatively small portion of the water body
segment because of short life span and regenerative capacity.
Zooplankton, however, should not be dismissed from
consideration without a preliminary assessment of the
importance or uniqueness of the species' assemblage at the
site. 

3. Follow-up Studies 

A follow-up monitoring program is also necessary at existing
plants to determine whether the approved intake in fact
minimizes environmental impact. In cases where an existing
intake has been approved, it would be expected that the
monitoring program could be on a reduced level from that noted
above. However, where significant changes in intake location,
design, construction, capacity, or operation have taken place,
a program comparable to the pre-operational one should be
followed. 

Exhibit 22



-45-

XII. IMPACT ASSESSMENT

The goal of impact assessment is to analyze and reduce biological
survey data to a form easily conceptualized and understood in the
context of best available technology to minimize adverse environmental
impact of intake structure location, design, construction, and
capacity. The following approaches are suggested for use, although
their application will not be appropriate in each case: 

1. Biostatistical Analyses 

In general, the minimum reduced raw sample data should include
the arithmetic meant the standard error (or the standard
deviation), and the sample size from which these calculations
were made. 

If a large number of measurements or counts of a variable
(e.g., species) are made, the data may be summarized as a
frequency distribution. The form or pattern of a frequency
distribution is given by the distribution in numerical form
(as in a frequency table). However, the data is more clearly
evident in a diagram such as a histogram (i.e., a graph in
which the frequency in each class is represented by a vertical
bar). The shape of a histogram describes the underlying
sampling distribution. Known mathematical frequency
distributions may be used as models for the populations
sampled in the study, and the frequency distributions from
samples may be compared with expected frequencies from known
models. 

The spatial distribution of individuals in a population can be
described in quantitative terms. In general, three basic types
of spatial distribution have been described. They are: a
random distribution, a regular or uniform distribution, and a
contiguous or aggregated distribution. The spatial dispersion
of a population may be determined by the relationship between
the variance and the mean, as well as by other methods. In a
random distribution, the variance is equal to the mean. The
variance is less than the mean in a uniform distribution, and
it is greater than the mean in a contiguous distribution. In
general, a Poisson distribution is a suitable model for a
random distribution, a positive binomial is an approximate
model for a uniform distribution, and a negative binomial is
probably the most often used, among possible models, for a
contiguous distribution. 

Temporal and spatial changes in density can be compared
statistically. Significance tests for comparisons of groups of
data may be parametric when the distributions of the parent
populations are known to be normal or nearly normal, from
previous experience or by deduction from the samples. Often,
non-normal data may be transformed into data suitable for such
testing. Otherwise, nonparametric tests for significance
should be applied. 
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2. Predictive Biological Models 

Models used to simulate currents (circulation models) and the
dispersion of constituents (concentration models) are becoming
more available for use in assessing impact. These models, when
soundly-based conceptually, can usually be verified against
hydrographic data and, therefore, represent an important tool
for considering the influence of  a power plant on its
surroundings. 

Diverse population and community models can be developed, but
the assumptions on which they are based are difficult to test
and the parameters difficult to estimate. Some important
parameters depend on long time series of data (tens of years)
and no level of effort can  offset the requirement of time.
These problems with biological models can sometimes be
overcome by making “worse case” assumptions and estimates, but
this course may tend to produce a plethora of models
indicating potential disaster. Nevertheless, models are a
means of integrating the available information and the
subjective underlying assumptions about a problem in order to
produce the most rational answer based on the inputs. In this
regard, some models may serve an important role in assessing
impact. 

As previously noted, hydrodynamic models in theory can be used
to predict the source of water drawn through a power plant
intake structure. This is done by simulating the movement of
drifters or the dispersion of a constituent originating at a
particular point in the area modeled. The simulation is
carried out for sufficient time for most of the material to be
transported to the point of the assumed intake structure where
it is considered entrained, or for the material to be
transported sufficiently far away from the intake structure so
that it has little chance of future entrainment. This
procedure must be repeated or performed simultaneously) for
numerous constituent origins and for numerous initial flow or
tidal conditions. These results will provide isopleths of
entrainment probabilities surrounding a proposed intake
structure. The isopleths can be compared with the biological
value zone to assure that the plant will not draw a high
percentage of entrainable organisms from highly productive
areas. Various intake locations may be considered to minimize
impact. In practice, it might be very expensive to 'calculate
the probability of entrainment isopleths (source area) of an
intake structure because a large area may have to be modeled
and considerable computer time expended. 
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For a given critical aquatic organism, it may be possible to
use hydrodynamic models to estimate the percent reduction in
annual recruitment resulting from entrainment of pelagic early
life stages. When the source of pelagic eggs and/or larvae is
known, the dispersion of this biological material around the
study area and the consumption by a plant intake may be
simulated, indicating the reduction in recruitment that will
result. In this procedure, entrainment mortality 1s separated
from natural mortality. If natural mortality is density
dependent, the impact of power plant entrainment will be
overestimated or underestimated when entrainment mortality is
estimated separately from natural mortality. 

The method described above for estimating the reduction in
recruitment resulting from entrainment can only be applied, as
stated, for closed systems. For the more common situation
where some larvae are dispersed out of the modeled study area
(area for which circulation and dispersion is simulated)
additional assumptions are required. If it is reasonable to
assume that once organisms have been transported out of the
modeled study area they have a low probability of contributing
to support of the adult population of the study area. Then the
dispersion of organisms around the study area for a period of
time equal to the length of the species' vulnerable pelagic
phase can be simulated with and without the entrainment impact
of a simulated power plant. By comparing the number of
organisms remaining in the area, the reduction in recruitment
to later stages of the life cycle may be estimated. This
approach was used in reference 24. The approach ignores the
possible impact of a reduction in the number of organisms
dispersed outside the modeled study area and other supporting
populations. 

For open systems where pelagic entrainable organisms are
dispersed out of a modeled study area, it is often necessary
to consider the effect of a plant on biological material
transported across the model boundaries and into the system.
If sufficient information is available, the concentration of
organisms at the boundaries may be input to the model as
boundary conditions. Again, the situation with and without a
plant intake could be simulated and the number or organisms
remaining in the modeled study area could be compared in order
to derive an estimate of the reduction in recruitment. The
reduction in recruitment will change as the population of the
modeled study area is reduced and becomes more dependent on
the input of biological material across the boundaries 

Hydrodynamic models are of little value for predicting the
entrapment-impingement mortality rate suffered by populations.
In the case of separate but similar intakes, this rate can be
estimated after one is operational. Results may then be
extrapolated to estimate the impact of additional intakes.
Predictive models for entrapment-impingement are under
development but have not yet been validated. 
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When the reduction in recruitment because of entrainment and
the impingement mortality rates have been estimated for a
critical aquatic organism, it is useful to assess the long-
term impact on the local population. The dynamics of the
population can be simulated by a compartment model with
organisms distributed into compartments according to age. Each
compartment is assumed to suffer non-power plant related
mortality. Aging is simulated by advancing organisms to the
next older compartment. Age-specific fecundity rates are used
to determine the total biotic potential of the population. The
recruitment to the youngest compartment is a function of total
egg production. The effect of entrainment, entrapment, and
impingement are incorporated by reducing the predicted
recruitment by the appropriate proportion and adding age-(or
size-) specific entrapment-impingement mortality to the age
compartments. Computer simulations of the future dynamics of
the population based on the compartment model with and without
the plant can be compared

Such simulations require knowledge of the life table for the
species being considered. Life table information for some
species may be based on the literature. It may be possible to
supplement this information with knowledge gained from field
studies. The age- (or length-) fecundity function and the egg
production-recruitment relationship must also be known. The
latter may be of three forms: (1) recruitment as a linear
function of egg production, (2) recruitment as a density
dependent function of egg production, 3, 25  or (3) recruitment
independent of egg production. The choice of the appropriate
egg production-recruitment relationship and estimation of
parameters must be based on the available historical
information on the species. At least twenty years of data is
probably required to make such a decision. In the absence of
enough data, the assumption of a linear egg production-
recruitment relationship is appropriate. Note that for a
linear egg production-recruitment model, there is only a
single equilibrium condition, and any plant related mortality
is likely to disturb this equilibrium. 

If the population is not isolated, exchange with other
populations may be modeled. The results of mark and recapture
experiments may be useful for estimating exchange rates. 
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The methods for assessing impact described in this section are
useful but of unknown validity. Host assessments based on
biological models have yet to be field verified. Development
of predictive models for assessing impact should be encouraged
but only after full consideration of the difficulties
involved, the expense compared to the reliability of results,
and the dangers of a 'worst case" analysis. 

3. Community Response Parameters 

The populations of all species in a given area or volume are
defined as a community. Although the term "community" is
considered a useful concept in delineating the group of
interacting species in an area, it is believed to be a
subjective entity. Thus, for specific studies and tests of
hypothesis, the composition of the community must be strictly
defined. 

Community response parameters, such as changes in structure,
have sometimes been studied and estimated by certain multi-
variate classification techniques. Various measures of species
diversity or association coefficients have also been employed
to measure community response to perturbations. 

In estimating community diversity, the most widely used
indices are those based on information theory. When the sample
of species abundances may be considered randomly taken from an
ecological community or subcommunity, the Shannon index (also
referred to as the Shannon-Wiener or Shannon Weaver Index) may
be used. If the sample may not be considered a random set of
species abundances taken from a larger species' aggregation of
interest, then the Brillouin Index should be use. Either index
may be computed with computational ease 46 and, in either case,
the logarithmic base used must be stated. 

The shortcomings of all existing indices of species' diversity
and the biological phenomena which may influence these values
should be recognized. References 28, 29, and 30 should be
consulted for further explanation of diversity indices and
their utility. 

For the purposes at hand, the phrase “classification of
communities” is utilized for processes that sort species into
groups, and it includes both discrimination and clustering. In
general, discrimination techniques begin with a priori
conceptual distinctions or with data divided into a priori
groups. Then one should proceed to develop rules which
separate data into these a priori categories. Clustering
techniques, on the other hand, use a priori selection of a
measure of similarity, a criterion, and a class description to
find inherent empirical structure in data, i.e., clusters.
Clustering does not use an externally supplied label and
involves finding derived data groups which are internally
similar. A good review and summary of various discrimination
and clustering procedures is provided in reference 31. 
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The aquatic environment can often be stratified in some way,
such as by depth, substrate composition, etc. It is suggested
that such stratification be done and that tables showing the
frequency, or density, of each species at each environmental
stratum be compiled. These tables are analogous to the
distribution curves made in a gradient analysis, and are
considered a natural and useful description for species
association data. It is suggested that these tables be the
basis for certain multivariate methods of data analysis for
spatial and temporal variability, such as cononical variate
analysis described in reference 33. In addition, for these
data which now contain a priori groupings, the linear
discriminant function may also be successfully utilized for
testing the differences among environmental strata using
multiple measurement or counting data. 

4. Biological Value Concept 

The concept of establishing relative biological value zones in
the water body segment impacted by a cooling water intake
structure could be a useful approach in determining best
technology available for intake design, location, and
operation to minimize adverse environmental impact. The
principal use of this concept is in delineating the optimal
location within the water body for minimum impact on the biota
potentially involved with the specific intake structure. 

The essence of this concept is in establishing biological
value of various zones for the water body segment (or other
defined area) within which the intake structure is to be
located. A judgment of value is made for the representative
important species considering type of involvement with the
intake (entrapment, impingement. entrainment) and the numbers
of each which are adversely impacted. Results are summed up by
species, seasonally or annually, and represented by graphical
means to depict areas of the water body highly important to
the species and, conversely, areas of low relative value, thus
potentially, favorable intake structures. 

Exhibit 22



-51-

Methodology . The following methodology for using the
biological value concept is based on methods developed and
utilized in community planning studies as described in
reference 34. 

Use of the biological value concept would require acceptance
of the reasonableness of several basic premises: 

1. There are areas of different concentrations of
representative important species within the water body
segment comprising potential sites for an intake structure. 

2. Areas of biological concentrations can be expressed in terms
of relative value to perpetuation of representative
important species populations in the water body segment. 

3. The area of zone of least biological value, expressed in
relative terms of population densities, would be the optimal
location for an intake structure in order to reduce adverse
environmental impact. 

This is not a precise method because of inexactness of
differentiating relative value between species and
difficulties in comparing importance of loss between eggs,
larvae, and adults. Also, it is assumed that the adverse
impact on the populations of critical aquatic organisms is
significant to some degree and therefore, it is desirable to
minimize this impact, thus giving importance, to best
available intake locations. 

If one can determine that one species is more important than
another, one can weigh it in some way. If not, least
concentrations of critical aquatic organisms in anyone
location indicate its intrinsic suitability for intake
structure location. 34

A step-by-step procedure could include: 

1. Select critical aquatic organisms; and 

2. Divide water body segment into spatial compartments (use
hydrological model). 

For each species and spatial compartment: 

1. Determine life stages potentially involved with intake
and type of involvement (entrapment, impingement,
entrainment); 

2. Estimate numbers of organisms involved at representative
times during the annual operation cycle;
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3. Estimate numbers of those involved that are lost
(determine percent survival or mortality of those
entrained or impinged) on an annual basis; 

4. Estimate conversion ratios to express eggs and larvae
lost in terms of number of adults (this is a value
judgment and assumes the loss of one egg is not as
important to survival of the species as the loss of an
adult}; 

5. Develop the data matrix for construction of the
biological value level overlay charts (Table l); 

6. Construct transparent overlays for each species on chart
of water body segment. Areas of different impact in terms
of organisms lost due to involvement with the intake
structure could be color-coded; e.g., areas of most value
could be dark gray; areas of least value, clear.
Generally, three levels of value will suffice; 

7. Superimpose overlays for all representative important
species on chart to obtain compositive value, indicated
by relative color, for all spatial compartments in the
water body segment; and 

8. Analyze graphic display of relative value and identify
light-toned areas as most favorable intake sites, heavy
areas as least favorable. 

The methodology is intended to be flexible. Various shades of
different colors could indicate comparative value between
selected species or variations in density with depth. The
value grades could be expressed in terms of their relation to
populations of critical aquatic organisms in the overall water
body to provide insight on importance of the specific segment
studies to the whole system. 

The biological value concept for analyzing survey data in the
determination of best technology available to minimize adverse
environmental impact appears to have the principal application
in selection of the minimal impact zones for locating the
intake structure. The usability of the concept is, of course,
data-dependent. As noted, it is not precise, but at least
integrates multiple factors and presents a defined indication
of suitability for location of an intake structure in the
affected water body segment. 

Three-dimensional computer graphic techniques can also be
applied to portray spatial and temporal distribution of
biological data. 10, 35  
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Time-series graphs can be useful in depicting the dynamic
nature of occurrence and abundance of a designated species
during the annual operating cycle of the intake structure. The
principal application would appear to be in the determination
of the optimal location of the intake structure. Also, graphic
representations of the biologically predicted mathematical
model output could assist in more clearly depicting intake
structure impact on populations of Representative Important
Species (RIS). 
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Table 1

Example Data Matrix

(SPECIES 1)

DATA SHEET

(SPATIAL COMPARTMENT [A])

TYPE 
OF INVOLVEMENT

Organisms Involved
% Lost 

(If assumed other 
than 100%)

Numbers 
Lost

Calculated Equiva-
lent Adult Loss

Value 
Grade

Eggs Larvae Adult Eggs Larvae Adult E. L. A. E. L. A. Total I, II, III

Entrapment

Impingement

Entrainment

Total Effect
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555·0001 

December 20, 2011 

Mr. William W. Stelle, Jr. 
Regional Administrator 
National Marine Fisheries Service 
Northwest Regional Office 
1201 NE Lloyd Blvd., Suite 1100 
Portland, OR 	97232-1274 

SUBJECT: 	 RESPONSE TO LETTER OF NON-CONCURRENCE ON BIOLOGICAL 
ASSESSMENT FOR PROPOSED LICENSE RENEWAL OF COLUMBIA 
GENERATING STATION (TAC NO. ME3121; NMFS CONSULTATION NO. 
F/NWRl2011/05286) 

Dear Mr. Stelle: 

The U.S. Nuclear RegUlatory Commission (NRC; the staff) received your October 24, 2011, 
letter in response to the staff's draft supplemental environmental impact statement (SEIS) for 
the proposed license renewal of Columbia Generating Station (CGS) in Benton County, 
Washington. Your letter directs NRC to initiate formal consultation under section 7(a){2) of the 
Endangered Species Act of 1973, as amended (ESA). Before determining whether formal 
section 7 consultation is the appropriate next step, the NRC staff would like to clarify a few 
issues raised in your letter. 

The NRC staff has prepared a technical attachment to this letter that discusses three main 
concerns raised in your letter: (1) the potential for CGS to entrain juvenile salmonids; (2) the 
National Marine Fisheries Service (NMFS)'s intake screen criteria contained in Anadromous 
Salmonid Passage Facility Design, and (3) the NRC's authority related to CGS's cooling water 
intake system design and any modifications thereto. 

In summary, the NRC believes that informal section 7 consultation is the appropriate means of 
fulfilling NRC's obligations under the ESA for the proposed CGS license renewal. The NRC 
welcomes any information that your office may have that would indicate that CGS is entraining 
either Upper Columbia River spring Chinook juveniles or Upper Columbia River steelhead 
juveniles or other available information that would justify initiation of formal section 7 
consultation. 
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If you have any questions regarding this letter or the proposed CGS license renewal, please 
contact Daniel Doyle, environmental project manager, or Dennis Logan, aquatic biologist. 
Mr. Doyle can be reached at 301-415-3748 or bye-mail atDanieI.Doyle@nrc.gov.Mr. Logan 
can be reached at 301-415-0490 or bye-mail at Dennis. Logan@nrc.gov. 

Sincerely, 

David J. Wrona, Chief 
Projects Branch 2 
Division of License Renewal 
Office of Nuclear Reactor Regulation 

Docket No. 50-397 

Enclosure: 
As stated 

cc w/encl: Listserv 
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Technical Discussion of NMFS's Concerns Related to Informal Section 7 Consultation 
at Columbia Generating Station 

In a letter dated August 23,2011 (NRC 2011b), the U.S. Nuclear Regulatory Commission 
(NRC) submitted a biological assessment (NRC 2011 a) to the National Marine Fisheries Service 
(NMFS) as part of informal section 7 consultation under the Endangered Species Act of 1973, 
as amended (ESA), for the proposed license renewal of Columbia Generating Station (CGS). 
The biological assessment considered the potential impacts to Upper Columbia River spring 
Chinook (Oncorhynchus tshawytscha) and the Upper Columbia River steelhead (0. mykiss). 
On October 24, 2011, the NMFS responded with a letter (NMFS 2011 b) that raised a number of 
concerns with the proposed action and its effects on listed species. This technical discussion 
addresses the three primary concerns identified in NMFS's letter, which are: 

• the potential for CGS to entrain juvenile salmon ids; 

• the NMFS's intake screen criteria; and 
• the NRC's authority related to CGS's cooling water intake system design. 

As a result of these concerns, NMFS's October 24 letter directed NRC to initiate formal 
section 7 consultation. However, the NRC believes that informal section 7 consultation is the 
appropriate means of fulfilling NRC's obligations under the ESA for the proposed CGS license 
renewal. In addressing each of NMFS's concerns, the NRC staff did not identify any information 
or statutory requirement that would necessitate the NRC to initiate formal section 7 consultation. 

I. Entrainment of Juvenile Salmonids 

In its October 24 letter, the NMFS states that the CGS cooling system has the potential to 
entrain juvenile salmonids during the proposed relicensing period. However, juvenile Upper 
Columbia River spring Chinook are too large to be entrained into the cooling system at the time 
they migrate through the Hanford Reach (as adults migrating upstream or, more typically, as 
one- to two-year-old smolts descending the river from the upper tributaries of the Columbia 
River). The second salmonid species listed under the ESA is the Upper Columbia River 
steelhead. Upper Columbia River steelhead historically spawned in the Hanford Reach. Since 
2006, no evidence of steelhead spawning has been observed in the Hanford Reach in the 
vicinity of the CGS intake. Steelhead fry in the Hanford Reach have been well studied, and they 
do not emerge from the river substrate until they are about 2.5 cm (-1 in.) long and even then, 
they will tend to seek cover. Further, CGS collected no life stage of Upper Columbia River 
steelhead in entrainment studies conducted in 1979-1980 and 1985. 

If the NMFS has any contradictory information that would indicate that the CGS cooling system 
is entraining or has the potential to entrain protected juvenile salmon ids, NRC would welcome 
that information for its staff's consideration. Absent of any such additional information, the NRC 
believes that, consistent with 50 CFR 402.12(k), the staff's conclusion of "may affect, but is not 
likely to 'adversely affect" for both the Upper Columbia River spring Chinook salmon and the 
Upper Columbia River steelhead in NRC's biological assessment does not warrant initiation of 
formal section 7 conSUltation. 

ENCLOSURE 

Exhibit 26



- 2

II. NMFS's Anadromous Salmonid Passage Facility Design 

NMFS's October 24 letter states that NMFS does not concur with the NRC's biological 
assessment effect determinations because CGS's intake screen design is not consistent with 
NMFS's screen criteria in Anadromous Salmonid Passage Facility Design (NMFS 2011a). The 
introduction to this document states, however, that: 

Existing facilities may not adhere to the criteria and guidelines listed in this 
document. However, that does not mean these facilities must be modified 
specifically for compliance with this document. The intention of these criteria and 
guidelines is to ensure future compliance in the context of major upgrades and 
new designs of fish passage facilities. 

CGS is an existing facility, and the proposed license renewal would not involve any "major 
upgrades" or "new designs of fish passage facilities." The NMFS letter seems to indicate that 
compliance with NMFS's screen criteria is required, but the document containing the criteria 
makes no such claim. Therefore, the NRC staff does not believe that non-compliance with this 
criterion alone necessitates initiation of formal section 7 consultation. 

III. CGS's Cooling Water Intake System 

NMFS's October 24 letter directs the NRC to develop a cooling water intake system design that 
meets NMFS's screen criteria and to create a schedule for implementing such a design. The 
identification and implementation of best technology available (BTA) for cooling water intake 
systems is, however, under the authority of the U.S. Environmental Protection Agency (EPA) 
under the Federal Water Pollution Control Act of 1972 (the Clean Water Act; henceforth, CWA). 
The EPA delegated its authority under the CWA to issue and oversee National Pollutant 
Discharge Elimination System (NPDES) permits to the State of Washington in 1973. 

The State of Washington authorizes discharge of treated wastewater via three outfalls at CGS, 
in accordance with special and general conditions of NPDES Permit No. WA-002515-1. Under 
this permit, the State of Washington can require mitigation measures, such as requiring that a 
cooling system meet NMFS's screen criteria, BTA, or other modifications of the cooling system 
to reduce entrainment and impingement impacts to aquatic life. 

The evaluation or implementation of NMFS's screen criteria is beyond the NRC's regulatory 
authority. When Congress amended the CWA in 1972, it assigned statutory authority over 
water quality matters to the EPA. Portions of the CWA specifically removed water quality 
oversight authority from other Federal agencies such as the NRC, and, further, sought to 
prevent duplicative Federal oversight of CWA issues by specifically and solely vesting authority 
and expertise with the EPA. Section IV of this technical discussion provides more details on the 
history of NRC's authority in water permitting matters. 

NMFS's concerns and modification suggestions regarding CGS's cooling water intake system 
design would be most appropriately considered as part of the CGS NPDES permit renewal 
process. Energy Northwest submitted an application to the Washington State Energy Facility 
Site Evaluation Council (EFSEC) to renew its NPDES permit on November 19, 2010. The 
EFSEC has administratively extended CGS's previous NPDES permit, which was issued on 
May 25, 2006, and expired on May 25, 2011, until the EFSEC makes a decision on whether to 
grant a renewed NPDES permit. Because EFSEC has not yet issued a renewed NPDES permit, 
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NRC encourages NMFS to collaborate with EFSEC to recommend cooling water intake system 
modifications that would be more protective of aquatic life and, specifically, listed salmon 
species. 

IV. NRC's Historical Efforts in Water Permitting Issues 

Prior to the 1972 CWA, the staff of NRC's predecessor agency, the Atomic Energy Commission 
(AEC) exercised authority for water permitting. However, after the 1972 CWA amendments. the 
AEC (now the NRC) entered into a memoranda of understanding with EPA regarding EPA's 
exclusive authority for water permitting. Now, the NRC clearly defers to EPA and its state 
delegees for water permitting in its review processes (see reference to 
10 CFR Part 51.53(c)(3)(ii)(S) below). 

NRC staff have previously attempted to impose more-stringent or merely different requirements 
on licensees that those required by EPA. Notably, in Tennessee Valley Authority (Yellow Creek 
Nuclear Plant, Units 1 and 2), ALAS-515, 8 NRC 702 (1978), the Atomic Safety and Licensing 
Appeal Soard (ALAS) struck down the NRC staff's attempts to require water quality monitoring 
as a license condition for a proposed nuclear power plant on the grounds that such license 
conditions challenged Congress's exclusive grant of water quality expertise and authority to 
EPA under the CWA. The ALAS held that NRC "may not undercut EPA by undertaking its own 
analyses and reaching its own conclusions on water quality issues already decided by EPA," 
8 NRC at 715, and that the NRC may not include any limiting conditions of operation or 
monitoring requirements of its own in the license for the protection of the aquatic environment. 
8 NRC at 713-714. The ALAS was aware that EPA's authority could be delegated to states, 
and though NRC staff argued that state-level delegation was a reason to allow staff to impose 
more-stringent standards, the ALAS found no evidence at that time that states would fail to set 
and enforce water quality standards. 8 NRC at 714-715. 

The ALAS, later ruling on an appeal regarding a contention that a power plant's operation with 
once-through cooling would have an adverse effect upon the aquatic environment in general, 
held that the NRC staff must take EPA's decisions (in a state where EPA regulated water 
quality) about the appropriate cooling technologies at face value. Carolina Power and Light 
Company (H.B. Robinson, Unit No.2), ALAS-569, 10 NRC 557, 561-562 (1979). NRC's lower 
adjudicatory board had expressed some discomfort with accepting EPA's determination that 
open-cycle cooling was appropriate, but the ALAS found "We are bound to take EPA's 
considered decisions at face value, and simply to factor them into our cost-benefit balance." 
10 NRC at 561-562. 

Currently, NRC's regulations for license renewal environmental reviews, such as the currently 
ongoing review of CGS's license renewal application, establish the primacy of EPA or states 
(when applicable) in water quality regulations as they relate to impacts on aquatic species. 
Specifically, the regulations establishing required contents of an applicant's license renewal 
environmental report defer to states' determinations of cooling system impacts at plants with 
once-through cooling (10 CFR Part 51.53(c)(3)(ii)(S»: 

If the applicant's plant utilizes once-through cooling or cooling pond heat 
dissipation systems, the applicant shall provide a copy of current Clean Water 
Act 316(b) determinations and, if necessary, a 316(a) variance in accordance 
with 40 CFR part 125, or equivalent State permits and supporting documentation. 
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If the applicant can not provide these documents, it shall assess the impact of the 
proposed action on fish and shellfish resources resulting from heat shock and 
impingement and entrainment. 

Thus, not only does NRC not regulate intakes and discharges at nuclear power plants (including 
CGS), but NRC defers the assessment of impacts from heat shock, impingement, and 
entrainment to the responsible agencies. Only in the absence of such determinations does 
NRC require an applicant to directly assess impacts. 

NRC proceedings have held that a discharge permit and related 316(a) variances and 316(b) 
determinations, respectively, are valid for the purposes of 10 CFR Part 51.53(c)(3)(ii)(B) even in 
a case when a discharge permit is under administrative extension at the time of the NRC's 
review. Entergy Nuclear Operations Inc. (Indian Point Nuclear Generating Units 2 and 3), 
LBP-08-13, 68 NRC 43, 155-158 (2008); wherein an Atomic Safety and licensing Board Panel 
(ASLBP) rejected a contention proffered by New York State that asserted Indian Point lacked a 
valid 316(b) determination because the associated NPDES permit had been administratively 
extended while permit renewal proceedings were ongoing. The ASLBP noted: 

The Commission recently reinforced the need for Licensing Boards to defer to 
the State's ruling on once-through cooling as reflected in these equivalent 
permits. It would be futile for the Board to review any of the CWA 
determinations, given that it is not possible for the Commission to implement any 
changes that might be deemed appropriate. 

68 NRC at 156-157 (internal footnotes omitted). In CLI-07-16, the Commission noted: 

As we explain below, section 511 (c)(2) of the Clean Water Act does not give us 
the option of looking behind the agency's permit to make an independent 
determination as to whether it qualifies as a bona fide section 316(a) 
determination. That section expressly prohibits us from "review[ingJ any effluent 
limitation or other requirement established pursuant to" the Clean Water Act. 
And to state the obvious, the Agency's Section 316(a) permit establishes 
limitations on effluent water temperature and therefore falls within this statutory 
provision. 

Entergy Nuclear Vermont Yankee, LLC., (Vermont Yankee Nuclear Power Station), CLI-07-16 
65 NRC 371, 387 (2007). 

NRC deference to EPA's statutory authority, either directly exercised by EPA or as delegated to 
the states, extends to both operational water quality impacts and aquatic biota protection. 

V. Conclusion 

The NRC believes that informal section 7 consultation is the appropriate means of fulfilling 
NRC's obligations under the ESA for the proposed CGS license renewal. The Endangered 
Species Consultation Handbook (FWS and NMFS 1998) also indicates that informal section 7 
consultation is sufficient in an instance such as this: 
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When action agencies request formal consultation on actions not likely to 
adversely affect listed species or designated critical habitat, the Services should 
explain that informal consultation/concurrence letters are adequate to complete 
section 7 compliance ... 

In conclusion, absent any new and significant information from NMFS indicating that CGS is 
entraining either Upper Columbia River spring Chinook juveniles or Upper Columbia River 
steel head juveniles, the NRC staff has determined that formal section 7 consultation is not 
warranted at this time. 
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If you have any questions regarding this letter or the proposed CGS license renewal, please 
contact Daniel Doyle, environmental project manager, or Dennis Logan, aquatic biologist. 
Mr. Doyle can be reached at 301-415-3748 or bye-mail atDanieI.Doyle@nrc.gov.Mr. Logan 
can be reached at 301-415-0490 or bye-mail at Dennis.Logan@nrc.gov. 

Sincerely, 

IRA! A. Imboden for 

David J. Wrona, Chief 
Projects Branch 2 
Division of License Renewal 
Office of Nuclear Reactor Regulation 
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Jeremy Susco 
Acting Branch Chief 

UNITED STATES DEPARTMENT OF COMMERCE 
National Ocaanic and Atmospheric Administration 
NATIONAL MARINE FISHERIES SERVICE 
Northwest Region 
7600 Sand Point Way N.E .. Bldg. 1 
Seattle. WA 98115 

June 11,2012 

Environmental Review and Guidance Update Branch 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555-0001 

Subject: Columbia Generating Station, Consuitation 1\[0. VNWRl2011l05286 . 

Dear Mr. Susco: 

National Marine Fisheries Service (NMFS) understands that the Nuclear Regulatory Commission 
(NRC) issued a renewal of the operating license for the Columbia Generating Station on May 22, 
2012. This development requires a reassessment of the Endangered Species Act (ESA) 
consultation concerning your regulatory action since an ESA consultation is completed before 
the action under consultation is taken. 

By your letter of August 23, 2011, NRC initiated an informal consultation with NMFS pursuant 
to Section 7(a)(2) of the ESA, based on NRC's determination that renewing the operating license 
for this plant 'may affect' two ESA listed species. NRC also determined that its license renewal 
action was 'not likely to adversely affect' (NLAA) the listed salmonids in the Columbia River. 
NMFS responded by our letter of October 24,2011, that, pursuant to our ESA consultation 
regulations, 50 C.F.R. § 402. 14(a), NMFS did not concur with NRC's NLAA determination, 
largely because the current cooling water intake configuration is likely to cause adverse effects, 
including impingement and entrainment, to ESA listed species. NMFS cannot concur with an 
action agency's NLAA determination ifit determines that adverse effects are likely. As we 
mentioned m our letter, NMFS can provide NRC with design guidance for such an intake 
structure. The consequence of our inability to concur with NRC's NLAA determination is that 
informal consultation is not permitted for this license renewal action. As provided in our 
regulations, a formal consultation resulting in a biological opinion is required. 

At our request, following our October 24, 2011 letter, you provided NMFS with additional 
information concerning the cooling water intake structure for seeking reconsideration of our 
position that we could not concur with NRC's NLAA determination. We have considered this 
information and continue to find that issuance of a renewed license for the Columbia Generating 
Station' operation, in part due to its continued use ofthe existing cooling water intake structure, 
is likely to adversely affect listed salmonid species. 

To determine the significance of NRC's decision to issue the license renewal despite the 
pendency of the ESA consultation, NMFS now requires additional procedural information. The 
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only opportunity for continuing the ESA consultation for the renewed license for the Columbia 
Generating Station under ESA's Section 7 would depend on NRC's basis for deciding to proceed 
with its action. ESA Section 7( d) provides that an action agency, such as NRC, can proceed with 
its action while the ESA consultation continues, provided it makes a determination that by doing 
so NRC is not making "any irreversible or irretrievable commitment of resources with respect to 
the agency action which has the effect of foreclosing the formulation or implementation of any 
reasonable and prudent alternative measures which would" avoid jeopardizing listed species or 
adversely modifying critical habitat. 

Please advise NMFS of any determinations NRC has made under ESA § 7(d) and the basis for 
such a determination. Assuming NRC made an ESA § 7(d) determination, NMFS will need to 
understand the nature and scope of NRC's continuing discretion regarding the configuration and 
operation of the Columbia Generating Station. Once NMFS receives this information we can 
better assess the appropriate next steps in this ESA consultation. 

cc: Dennis Logan, Division of License Renewal 

Sincerely, 

!M/~zlIL 
William W. Stelle, Jr. 
Regional Administrator 
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FOREWORD

It gives us great pleasure to introduce the final Section 7 Handbook.  It is the culmination of much hard
work by dedicated U.S. Fish and Wildlife Service and National Marine Fisheries Service employees.
The Handbook provides internal guidance and establishes national policy for conducting consultation
and conferences pursuant to section 7 of the Endangered Species Act of 1973, as amended.  The
purpose of the Handbook is to promote efficiency and nationwide consistency within and between the
Services.  The Handbook  addresses the major consultation processes, including informal, formal,
emergency, and special consultations, and conferences.  

Through the section 7 consultation program, the Services strive to meet the consultation needs of all
Federal Agencies.  The Services work with their Federal partners to emphasize the identification and
informal resolution of potential species conflicts in the early stages of project planning.  They also
provide information about listed, proposed, and candidate species and critical habitats to Federal
agencies planning projects, and those applying for Federal permits and licenses.  The Services work
with Federal agencies on any action that is federally funded, authorized, or carried out that may affect
a listed species and designated critical habitats.  The Services advise the Agencies and applicants on
how to avoid adversely impacting these species and habitats, and, where appropriate, the Services
provide incidental take statements that allow take of threatened or endangered species that is incidental
to an otherwise legal activity.   

The Handbook will ensure consistent implementation of consultation procedures and development of
associated documents by those biologists responsible for carrying out section 7 activities and provide
the Services guidance necessary to assist other Federal agencies in meeting their responsibilities under
section 7 of the Act.  Although primarily targeted toward employees of the Services, other groups
participating in the consultation process, including other Federal agencies, State, local, and tribal
governments, private individuals, consultants, and industry groups should find the Handbook helpful
in explaining section 7 processes and providing examples of various types of consultations.  

We would like to take this opportunity to express our heartfelt thanks for the hard work and dedication
of all those who have made the development of this Handbook possible.  We especially want to thank
those entities that have become conservation partners with our Agencies through this process.  This
document will be an important tool in threatened and endangered species conservation for our Nation.

Jamie Rappaport Clark Rolland A. Schmitten
Director Assistant Administrator for Fisheries
U.S. Fish and Wildlife Service National Marine Fisheries Service
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Glossary of Terms used in Section 7 Consultations

Act - the Endangered Species Act of 1973, as amended, 16 U.S.C. 1531 et seq.

Action - all activities or programs of any kind authorized, funded, or carried out, in whole or
in part, by Federal agencies in the United States or upon the high seas.  Examples include, but
are not limited to:  (a) actions intended to conserve listed species or their habitat; (b) the
promulgation of regulations;(c) the granting of licenses, contracts, leases, easements, rights-
of-way, permits, or grants-in-aid; or (d) actions directly or indirectly causing modifications to
the land, water, or air.  [50 CFR §402.02]

Action area - all areas  to be affected directly or indirectly by the Federal action and not
merely the immediate area involved in the action.  [50 CFR §402.02]

Affect/effect - to affect (a verb) is to bring about a change ("The proposed action is likely to
adversely affect piping plovers nesting on the shoreline").  The effect (usually a noun) is the
result ("The proposed highway is likely to have the following effects on the Florida scrub
jay").  "Affect" appears throughout section 7 regulations and documents in the phrases "may
affect" and "likely to adversely affect."  "Effect" appears throughout section 7 regulations
and documents in the phrases "adverse effects," "beneficial effects," "effects of the action,"
and "no effect."  [Proper grammatical usage]

Anticipated/allowable/authorized - in incidental take statements, the Services determine the
amount or extent of incidental take "anticipated" (expected) due to the proposed action or an
action modified by reasonable and prudent alternatives.  When writing incidental take
statements, use only the phrase "anticipated" rather than "allowable" or "authorized," as the
Services do not allow or authorize (formally permit) incidental take under section 7.
[Clarification of usage]

Applicant - any person (an individual, corporation, partnership, trust, association, or any
other private entity; or any officer, employee, agent, department, or instrumentality of the
Federal Government, of any State, municipality, or political subdivision of a State, or of any
foreign government; any State, municipality, or political subdivision of a State; or any other
entity subject to the jurisdiction of the United States) [ESA §3(12)] who requires formal
approval or authorization from a Federal agency as a prerequisite to conducting the action. 
[50 CFR §402.02]

Appreciably diminish the value - to considerably reduce the capability of designated or
proposed critical habitat to satisfy requirements essential to both the survival and recovery of
a listed species. [Clarification of usage]
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Best available scientific and commercial data - to assure the quality of the biological,
ecological, and other information used in the implementation of the Act, it is the policy of the
Services to:  (1) evaluate all scientific and other information used to ensure that it is reliable,
credible, and represents the best scientific and commercial data available; (2) gather and
impartially evaluate biological, ecological, and other information disputing official positions,
decisions, and actions proposed or taken by the Services; (3) document their evaluation of
comprehensive, technical information regarding the status and habitat requirements for a
species throughout its range, whether it supports or does not support a position being
proposed as an official agency position; (4) use primary and original sources of information as
the basis for recommendations; (5) retain these sources referenced in the official document as
part of the administrative record supporting an action; (6)  collect, evaluate, and complete all
reviews of biological, ecological, and other relevant information within the schedules
established by the Act, appropriate regulations, and applicable policies; and (7) require
management-level review of documents developed and drafted by Service biologists to verify
and assure the quality of the science used to establish official positions, decisions, and actions
taken by the Services during their implementation of the Act. [59 FR 34271 (July 1, 1994)]

Biological assessment - information prepared by, or under the direction of, a Federal agency
to determine whether a proposed action is likely to: (1) adversely affect listed species or
designated critical habitat; (2) jeopardize the continued existence of species that are proposed
for listing; or (3) adversely modify proposed critical habitat.  Biological assessments must be
prepared for "major construction activities."  See 50 CFR §402.02.  The outcome of this
biological assessment determines whether formal consultation or a conference is necessary. 
[50 CFR §402.02, 50 CFR §402.12]

Biological opinion - document which includes: (1) the opinion of the Fish and Wildlife
Service or the National Marine Fisheries Service as to whether or not a Federal action is likely
to jeopardize the continued existence of listed species, or result in the destruction or adverse
modification of designated critical habitat; (2) a summary of the information on which the
opinion is based; and (3) a detailed discussion of the effects of the action on listed species or
designated critical habitat.  [50 CFR §402.02, 50 CFR §402.14(h)]

Candidate species - plant and animal taxa considered for possible addition to the List of
Endangered and Threatened Species.  These are taxa for which the Fish and Wildlife Service
has on file sufficient information on biological vulnerability and threat(s) to support issuance
of a proposal to list, but issuance of a proposed rule is currently precluded by higher priority
listing actions.  [61 FR 7596-7613 (February 28, 1996)]

Conference - a process of early interagency cooperation involving informal or formal
discussions between a Federal agency and the Services pursuant to section 7(a)(4) of the Act
regarding the likely impact of an action on proposed species or proposed critical habitat. 
Conferences are: (1) required for proposed Federal actions likely to jeopardize proposed
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species, or destroy or adversely modify proposed critical habitat; (2) designed to help Federal
agencies identify and resolve potential conflicts between an action and species conservation
early in a project's planning; and (3) designed to develop recommendations to minimize or
avoid adverse effects to proposed species or proposed critical habitat.  [50 CFR §402.02, 50
CFR §402.10]

Conservation - the terms "conserve," "conserving" and "conservation" mean to use and the
use of all methods and procedures which are necessary to bring any endangered species or
threatened species to the point at which the measures provided pursuant to [the] Act are no
longer necessary.  Such methods and procedures include, but are not limited to, all activities
associated with scientific resources management such as research, census, law enforcement,
habitat acquisition and maintenance, propagation, live trapping, and transplantation, and, in
the extraordinary case where population pressures within a given ecosystem cannot be
otherwise relieved, may include regulated taking.  [ESA §3(3)]

Conservation measures - are actions to benefit or promote the recovery of listed species that
are included by the Federal agency as an integral part of the proposed action.  These actions
will be taken by the Federal agency or applicant, and serve to minimize or compensate for,
project effects on the species under review.  These may include actions taken prior to the
initiation of consultation, or actions which the Federal agency or applicant have committed to
complete in a biological assessment or similar document.

Conservation recommendations - the Services' non-binding suggestions resulting from
formal or informal consultation that: (1) identify discretionary measures a Federal agency can
take to minimize or avoid the adverse effects of a proposed action on listed or proposed
species, or designated or proposed critical habitat; (2) identify studies, monitoring, or research
to develop new information on listed or proposed species, or designated or proposed critical
habitat; and (3) include suggestions on how an action agency can assist species conservation 
as part of their action and in furtherance of their authorities under section 7(a)(1) of the Act. 
[50 CFR §402.02]

Constituent elements - physical and biological features of designated or proposed critical
habitat essential to the conservation of the species, including, but not limited to: (1) space for
individual and population growth, and for normal behavior; (2) food, water, air, light,
minerals, or other nutritional or physiological requirements; (3) cover or shelter; (4) sites for
breeding, reproduction, rearing of offspring, germination, or seed dispersal; and (5) habitats
that are protected from disturbance or are representative of the historic geographic and
ecological distributions of a species.  [ESA §3(5)(A)(i), 50 CFR §424.12(b)]

Critical habitat - for listed species consists of: (1) the specific areas within the geographical
area occupied by the species, at the time it is listed in accordance with the provisions of
section 4 of the Act, on which are found those physical or biological features (constituent
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elements) (a) essential to the conservation of the species and (b) which may require special
management considerations or protection; and (2) specific areas outside the geographical area
occupied by the species at the time it is listed in accordance with the provisions of section 4 of
the Act, upon a determination by the Secretary that such areas are essential for the
conservation of the species. [ESA §3 (5)(A)]  Designated critical habitats are described in 50
CFR §17 and 226.

Cumulative effects -  are those effects of future State or private activities, not involving
Federal activities, that are reasonably certain to occur within the action area of the Federal
action subject to consultation.  [50 CFR §402.02]  This definition applies only to section 7
analyses and should not be confused with the broader use of this term in the National
Environmental Policy Act or other environmental laws.

Designated non-Federal representative - the person, agency, or organization designated by
the Federal agency as its representative to conduct informal consultation or prepare a
biological assessment.  The non-Federal representative must be designated by giving written
notice to the Director.  If a permit or license applicant is involved and is not the designated
non-Federal representative, then the applicant and the Federal agency must agree on the
choice of the designated non-Federal representative.  [50 CFR §402.02, 50 CFR §402.08]

Destruction or adverse modification of critical habitat - a direct or indirect alteration that
appreciably diminishes the value of critical habitat for both the survival and recovery of a
listed species.  Such alterations include, but are not limited to, alterations adversely modifying
any of those physical or biological features that were the basis for determining the habitat to
be critical.  [50 CFR §402.02]

Director - the Assistant Administrator for Fisheries for the National Oceanic and Atmospheric
Administration; or the Fish and Wildlife Service Regional Director; or their respective
authorized representative.  [50 CFR §402.02]

Distinct Population Segment - "population," or "distinct population segment," are  terms
with specific meaning when used for listing, delisting, and reclassification purposes to describe
a discrete vertebrate stock that may be added or deleted from the list of endangered and
threatened species.  The use of the term "distinct population segment" will be consistent with
the Services' population policy. [61 FR 4722-4725 (February 7, 1996)]

Early consultation - a preliminary consultation requested by a Federal agency on behalf of a
prospective permit or license applicant prior to the filing of an application for a Federal permit
or license. [50 CFR §402.11]

Effects of the action - the direct and indirect effects of an action on the species or critical
habitat, together with the effects of other activities that are interrelated or interdependent with
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that action.  These effects  are considered along with the environmental baseline and the
predicted cumulative effects to determine the overall effects to the species for purposes of
preparing a biological opinion on the proposed action.  [50 CFR §402.02]  The environmental
baseline covers past and present impacts of all Federal actions within the action area.  This
includes the effects of existing Federal projects that have not yet come in for their section 7
consultation.

Endangered species - any species which is in danger of extinction throughout all or a
significant portion of its range.  [ESA §3(6)]

Environmental baseline - the past and present impacts of all Federal, State, or private
actions and other human activities in an action area, the anticipated impacts of all proposed
Federal projects in an action area that have already undergone formal or early section 7
consultation, and the impact of State or private actions that are contemporaneous with the
consultation in process.  [50 CFR §402.02]

ESA - the Endangered Species Act of 1973, as amended, 16 U.S.C. 1531 et seq. 

FWS - the U.S. Fish and Wildlife Service.

Federal agency - any department, agency, or instrumentality of the United States.  [ESA
§3(7)]

Fish or wildlife - any member of the animal kingdom, including without limitation any
mammal, fish, bird (including any migratory, nonmigratory, or endangered bird for which
protection is also afforded by treaty or other international agreement), amphibian, reptile,
mollusk, crustacean, arthropod or other invertebrate, and includes any part, product, egg, or
offspring thereof, or the dead body or parts thereof. [ESA §3(8)]

Formal consultation - a process between the Services and a Federal agency or applicant that:
(1) determines whether a proposed Federal action is likely to jeopardize the continued
existence of listed species or destroy or adversely modify designated critical habitat; (2) begins
with a Federal agency's written request and submittal of a complete initiation package; and (3)
concludes with the issuance of a biological opinion and incidental take statement by either of
the Services.  If a proposed Federal action may affect a listed species or designated critical
habitat, formal consultation is required (except when the Services concur, in writing, that a
proposed action "is not likely to adversely affect" listed species or designated critical habitat). 
[50 CFR §402.02, 50 CFR §402.14]

Habitat Conservation Plan - Under section 10(a)(2)(A) of the Act, a planning document
that is a mandatory component of an incidental take permit application, also known as a
Conservation Plan.
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Incidental take - take of listed fish or wildlife species that results from, but is not the purpose
of, carrying out an otherwise lawful activity conducted by a Federal agency or applicant.  [50
CFR §402.02]

Indirect effects -  those effects that are caused by or will result from the proposed action and
are later in time, but are still reasonably certain to occur.  [50 CFR §402.02]

Informal consultation - an optional process that includes all discussions and correspondence
between the Services and a Federal agency or designated non-Federal representative, prior to
formal consultation, to determine whether a proposed Federal action may affect listed species
or critical habitat.  This process allows the Federal agency to utilize the Services' expertise to
evaluate the agency's assessment of potential effects or to suggest possible modifications to
the proposed action which could avoid potentially adverse effects.  If a proposed Federal
action may affect a listed species or designated critical habitat, formal consultation is required
(except when the Services concur, in writing, that a proposed action "is not likely to adversely
affect" listed species or designated critical habitat).  [50 CFR §402.02, 50 CFR §402.13]

Interdependent actions - actions having no independent utility apart from the proposed
action.  [50 CFR §402.02]

Interrelated actions - actions that are part of a larger action and depend on the larger action
for their justification.  [50 CFR §402.02]

Is likely to adversely affect - the appropriate finding in a biological assessment (or
conclusion during informal consultation) if any adverse effect to listed species may occur as a
direct or indirect result of the proposed action or its interrelated or interdependent actions,
and the effect is not:  discountable, insignificant, or beneficial (see definition of "is not likely to
adversely affect").  In the event the overall effect of the proposed action is beneficial to the
listed species, but is also likely to cause some adverse effects, then the proposed action "is
likely to adversely affect" the listed species.  If incidental take is anticipated to occur as a
result of the proposed action, an "is likely to adversely affect" determination should be made. 
An "is likely to adversely affect" determination requires the initiation of formal section 7
consultation.  [Clarification of usage]

Is likely to jeopardize proposed species/adversely modify proposed critical habitat - the
appropriate conclusion when the action agency or the Services identify situations where the
proposed action is likely to jeopardize the proposed species or adversely modify the proposed
critical habitat.  If this conclusion is reached, conference is required.  [Clarification of usage]

Is not likely to adversely affect - the appropriate conclusion when effects on listed species
are expected to be discountable, insignificant, or completely beneficial.  Beneficial effects are
contemporaneous positive effects without any adverse effects to the species.  Insignificant
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effects relate to the size of the impact and should never reach the scale where take occurs. 
Discountable effects are those extremely unlikely to occur.  Based on best judgment, a
person would not: (1) be able to meaningfully measure, detect, or evaluate insignificant
effects; or (2) expect discountable effects to occur.  [Clarification of usage]

Jeopardize the continued existence of - to engage in an action that reasonably would be
expected, directly or indirectly, to reduce appreciably the likelihood of both the survival and
recovery of a listed species in the wild by reducing the reproduction, numbers, or distribution
of that species.  [50 CFR §402.02]

Letter - refers to all written correspondence, such as letters, memoranda, or electronic mail
messages, relating to a formal or informal consultation.  [Clarification of usage]

Listed species - any species of fish, wildlife or plant which has been determined to be
endangered or threatened under section 4 of the Act.  [50 CFR §402.02]

Major construction activity - a construction project (or other undertaking having similar
physical effects) which is a major Federal action significantly affecting the quality of the
human environment as referred to in the National Environmental Policy Act (NEPA, 42
U.S.C. 4332(2)(C)).  [50 CFR §402.02]

May affect - the appropriate conclusion when a proposed action may pose any effects on
listed species or designated critical habitat.  When the Federal agency proposing the action
determines that a "may affect" situation exists, then they must either initiate formal
consultation or seek written concurrence from the Services that the action "is not likely to
adversely affect" [see definition above] listed species. [Clarification of usage]

Minor change rule - when preparing incidental take statements, the Services must specify
reasonable and prudent measures and their implementing terms and conditions to minimize the
impacts of incidental take that do not alter the basic design, location, scope, duration, or
timing of the action, and that involve only minor changes.  [50 CFR §402.14(i)(2)]

NMFS - the National Marine Fisheries Service.

No effect - the appropriate conclusion when the action agency determines its proposed action
will not affect a listed species or designated critical habitat.  [Clarification of usage]

Occupied critical habitat - critical habitat that contains individuals of the species at the time
of the project analysis.  A species does not have to occupy critical habitat throughout the year
for the habitat to be considered occupied (e.g. migratory birds).  Subsequent events affecting
the species may result in this habitat becoming unoccupied.  [Clarification of usage]
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Plant - any member of the plant kingdom, including seeds, roots, and other parts thereof. 
[ESA §3(14)]

Population - "population," or "distinct population segment," are  terms with specific meaning
when used for listing, delisting, and reclassification purposes to describe a discrete vertebrate
stock that may be added or deleted from the list of endangered and threatened species.  The
term "population" will be confined to those distinct population segments officially listed, or
eligible for listing, consistent with section 4(a) of the Act and the Services' population policy.
[61 FR 4722-4725 (February 7, 1996)]

Preliminary biological opinion - the opinion issued as a result of early consultation.  [50
CFR §402.02]

Programmatic consultation - consultation addressing an agency's multiple actions on a
program, regional or other basis.  [Clarification of usage] 

Proposed critical habitat - habitat proposed in the Federal Register to be designated as
critical habitat, or habitat proposed to be added to an existing critical habitat designation,
under section 4 of the Act for any listed or proposed species.  [50 CFR §402.02]

Proposed species - any species of fish, wildlife or plant that is proposed in the Federal
Register to be listed under section 4 of the Act.  [50 CFR §402.02]

Reasonable and prudent alternatives - recommended alternative actions identified during
formal consultation that can be implemented in a manner consistent with the intended purpose
of the action, that can be implemented consistent with the scope of the Federal agency's legal
authority and jurisdiction, that are economically and technologically feasible, and that the
Director believes would avoid the likelihood of jeopardizing the continued existence of listed
species or the destruction or adverse modification of designated critical habitat.  [50 CFR
§402.02]

Reasonable and prudent measures - actions the Director believes necessary or appropriate
to minimize the impacts, i.e., amount or extent, of incidental take.  [50 CFR §402.02]

Recovery - improvement in the status of listed species to the point at which listing is no
longer appropriate under the criteria set out in section 4(a)(1) of the Act.  [50 CFR §402.02]

Recovery unit - management subsets of the listed species that are created to establish
recovery goals or carrying out management actions.  To lessen confusion in the context of
section 7 and other Endangered Species Act activities, a subset of an animal or plant species
that needs to be identified for recovery management purposes will be called a "recovery unit"
instead of a "population."  [Clarification of usage]
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Section 4 - the section of the Endangered Species Act of 1973, as amended, outlining
procedures and criteria for: (1) identifying and listing threatened and endangered species; (2)
identifying, designating, and revising critical habitat; (3) developing and revising recovery
plans; and (4) monitoring species removed from the list of threatened or endangered species. 
[ESA §4]

Section 7 - the section of the Endangered Species Act of 1973, as amended, outlining
procedures for interagency cooperation to conserve Federally listed species and designated
critical habitats.  Section 7(a)(1) requires Federal agencies to use their authorities to further
the conservation of listed species.  Section 7(a)(2) requires Federal agencies to consult with
the Services to ensure that they are not undertaking, funding, permitting, or authorizing
actions likely to jeopardize the continued existence of listed species or destroy or adversely
modify designated critical habitat.  Other paragraphs of this section establish the requirement
to conduct conferences on proposed species; allow applicants to initiate early consultation;
require FWS and NMFS to prepare biological opinions and issue incidental take statements. 
Section 7 also establishes procedures for seeking exemptions from the requirements of section
7(a)(2) from the Endangered Species Committee.  [ESA §7]

Section 7 consultation - the various section 7 processes, including both consultation and
conference if proposed species are involved.  [50 CFR §402]

Section 9 - the section of the Endangered Species Act of 1973, as amended, that prohibits the
taking of endangered species of fish and wildlife.  Additional prohibitions include: (1) import
or export of endangered species or products made from endangered species; (2) interstate or
foreign commerce in listed species or their products; and (3) possession of unlawfully taken
endangered species.  [ESA §9]

Section 10 - the section of the Endangered Species Act of 1973, as amended, that provides
exceptions to section 9 prohibitions.  The exceptions most relevant to section 7 consultations
are takings allowed by two kinds of permits issued by the Services: (1) scientific take permits
and (2) incidental take permits.  The Services can issue permits to take listed species for
scientific purposes, or to enhance the propagation or survival of listed species.  The Services
can also issue permits to take listed species incidental to otherwise legal activity.  [ESA §10]

Service(s) - the Fish and Wildlife Service or the National Marine Fisheries Service (or both).

Species - includes any subspecies of fish or wildlife or plants, and any distinct population
segment of any species of vertebrate fish or wildlife which interbreeds when mature.  [ESA
§3(16)]

Survival - For determination of jeopardy/adverse modification:  the species' persistence as
listed or as a recovery unit, beyond the conditions leading to its endangerment, with sufficient
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resilience to allow for the potential recovery from endangerment.  Said another way, survival
is the condition in which a species continues to exist into the future while retaining the
potential for recovery.  This condition is characterized by a species with a sufficient 
population, represented by all necessary age classes, genetic heterogeneity, and number of
sexually mature individuals producing viable offspring, which exists in an environment
providing all requirements for completion of the species' entire life cycle, including
reproduction, sustenance, and shelter.  [Clarification of usage]

Take - to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect or attempt
to engage in any such conduct.  [ESA §3(19)]  Harm is further defined by FWS to include
significant habitat modification or degradation that results in death or injury to listed species
by significantly impairing behavioral patterns such as breeding, feeding, or sheltering.  Harass
is defined by FWS as actions that create the likelihood of injury to listed species to such an
extent as to significantly disrupt normal behavior patterns which include, but are not limited
to, breeding, feeding or sheltering.  [50 CFR §17.3]

Threatened species - any species which is likely to become an endangered species within the
foreseeable future throughout all or a significant portion of its range.  [ESA §3(20)]

Unoccupied critical habitat - critical habitat not occupied (i.e., not permanently or
seasonally occupied) by the listed species at the time of the project analysis.  The habitat may
be suitable, but the species has been extirpated from this portion of its range.  Conversely,
critical habitat may have been designated in areas unsuitable for the species, but restorable to
suitability with proper management, if the area is necessary to either stabilize the population
or assure eventual recovery of a listed species.  As recovery proceeds, this formerly
unoccupied habitat may become occupied.

Some designated, unoccupied habitat may never be occupied by the species, but was
designated since it is essential for conserving the species because it maintains factors
constituting the species' habitat.  For example, critical habitat may be designated for an
upstream area maintaining the hydrology of the species' habitat downstream.  [Clarification of
usage]

Wildlife - See "fish or wildlife".
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EXECUTIVE SUMMARY

Section 7

Section 7 of the Endangered Species Act (Act) [16 U.S.C. 1531 et seq.] outlines the
procedures for Federal interagency cooperation to conserve Federally listed species and
designated critical habitats.

Proactive Conservation Efforts by Federal Agencies

Section 7(a)(1) directs the Secretary (Secretary of the Interior/Secretary of Commerce) to
review other programs administered by them and utilize such programs to further the purposes
of the Act.  It also directs all other Federal agencies to utilize their authorities in furtherance
of the purposes of the Act by carrying out programs for the conservation of species listed
pursuant to the Act.

This section of the Act makes it clear that all Federal agencies should participate in the
conservation and recovery of listed threatened and endangered species.  Under this provision,
Federal agencies often enter into partnerships and Memoranda of Understanding with the Fish
and Wildlife Service (FWS) or the National Marine Fisheries Service (NMFS) for
implementing and funding conservation agreements, management plans, and recovery plans
developed for listed species.  Biologists for the Services should encourage the development of
these types of partnerships and planning efforts to develop pro-active approaches to listed
species management.

Avoiding Adverse Effects of Federal Actions

Section 7(a)(2) states that each Federal agency shall, in consultation with the Secretary, insure
that any action they authorize, fund, or carry out is not likely to jeopardize the continued
existence of a listed species or result in the destruction or adverse modification of designated
critical habitat.  In fulfilling these requirements, each agency must use the best scientific and
commercial data available.  This section of the Act defines the consultation process, which is
further developed in regulations promulgated at 50 CFR §402.

The Handbook

This handbook was primarily developed to aid FWS and NMFS biologists implementing the
section 7 consultation process.  The purpose of the handbook is to provide information and
guidance on the various consultation processes outlined in the regulations.  Additionally, the
handbook will ensure consistent implementation of consultation procedures by those
biologists responsible for carrying out section 7 activities.  Chapters of the handbook deal
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with major consultation processes, including Informal, Formal, Emergency, and Special
Consultations; and Conferences.

Standardized language is provided for incorporation into Biological Opinion documents to
achieve consistency and to ensure that all consultation documents are complete from a
regulatory standpoint.  Background information and example documents are provided in
Appendices.  Although primarily targeted towards employees of the Services, other groups 
participating in the consultation process, including other Federal agencies; State, local, and
tribal governments; and private individuals, consultants, and industry groups should find the
handbook helpful in explaining section 7 processes and providing examples of various types of
consultations.

This handbook will be updated periodically as new regulations and policies are developed
affecting implementation of the section 7 regulations, or as new consultation or assessment
techniques evolve, and as additional examples or graphics become available.

The Washington Offices of the Services have the lead for preparation of the handbook. 
Regional offices are encouraged to develop example documents appropriate for their
geographical area and individual situations, and to coordinate with other Federal and State
agencies in distributing these documents.

Consultation Framework

Use of Sound Science

An overriding factor in carrying out consultations should always be the use of the best
available scientific and commercial data to make findings regarding the status of a listed
species, the effects of a proposed action on the species or critical habitat, and the
determination of jeopardy/no jeopardy to listed species or destruction or adverse
modification/no destruction or adverse modification to designated critical habitats.

The Services have jointly published a policy on Information Standards Under the Endangered
Species Act [59 FR 34271 (July 1, 1994)].  This policy calls for review of all scientific and
other information used by the Services to prepare biological opinions, incidental take
statements, and biological assessments, to ensure that any information used by the Services to
implement the Act is reliable, credible, and represents the best scientific and commercial data
available.

Flexibility and Innovation

The section 7 process achieves greatest flexibility when coordination between all involved
agencies and non-Federal representatives, and the Services, begins early.  Often, proposed
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actions can be modified so there is no need for formal consultation.  The Services should
ensure that all information needed to make an informed decision is made available.  It is
particularly critical when formal consultation begins that all parties are fully involved in
providing information and discussing project options.  Although it is the responsibility of the
Services to make the  determination of jeopardy or destruction/adverse modification in the
biological opinion, action agencies and applicants should be fully informed and involved in the
development of Reasonable and Prudent Alternatives, Reasonable and Prudent Measures, and
Terms and Conditions to minimize the impacts of incidental take.  Biologists should be
creative in problem solving and look for ways to conserve listed species while still
accommodating project goals.

Coordination

The Services have a policy to ensure coordination with State Agencies for gathering
information in implementing the consultation program. [59 FR 34274-34275 (July 1, 1994)] 
The Services have a joint policy on coordination with tribal governments.  Secretarial Order
#32306 (June 5, 1997) entitled "American Indian Tribal Rights, Federal-Tribal Trust
Responsibilities, and the Endangered Species Act" recognizes that the consultation process
should include input from affected tribal governments.  State and tribal government biologists
often have information available that is pertinent to the description of the action area or to the
species of interest in the consultation.

Shortening Timeframes

Recently, the Services have been implementing measures to streamline consultation processes. 
Examples include projects reviewed under the Northwest Forest Plan and nationwide Timber
Salvage Program.  These procedures have been able to effectively shorten consultation
timeframes without giving up any protection for listed species/designated critical habitats or
the use and review of the best available information.  This has been achieved through
enhanced interagency coordination, development of guidelines for implementation of a larger
program (i.e. timber salvage) which can tier to an individual project (timber sale), and by
providing consultation simultaneously with project analysis under the National Environmental
Policy Act (NEPA).  Biologists for the Services are encouraged to review examples of these
streamlined consultations and to look for ways to incorporate streamlining techniques into
other consultation procedures.
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CHAPTER 1 - GENERAL INFORMATION

1.1  INTRODUCTION TO SECTION 7 CONSULTATION

Section 7 of the Endangered Species Act (Act) provides some of the most valuable and
powerful tools to conserve listed species, assist with species' recovery, and help protect
critical habitat.  It mandates all Federal agencies to determine how to use their existing
authorities to further the purposes of the Act to aid in recovering listed species, and to address
existing and potential conservation issues.

A review of the legislative history of the Act and its amendments makes it clear the drafters of
the legislation were designing a law with the strength to protect species, while at the same
time creating a mechanism encouraging a productive dialogue between project proponents and
the agencies charged with implementing the Act.

Section 7(a)(1) directs the Secretary (Secretary of the Interior/Secretary of Commerce) to
review other programs administered by them and utilize such programs to further the purposes
of the Act.  It also directs all other Federal agencies to utilize their authorities in furtherance
of the purposes of the Act by carrying out programs for the conservation of species listed
pursuant to the Act.

This section of the Act makes it clear that all Federal agencies should participate in the
conservation and recovery of threatened and endangered species.  Under this provision,
Federal agencies often enter into partnerships and Memoranda of Understanding with the Fish
and Wildlife Service (FWS) or the National Marine Fisheries Service (NMFS) for
implementing and funding conservation agreements, management plans, and recovery plans
developed for listed species.  Biologists for the Services should encourage the development of
these types of partnerships and planning efforts to develop pro-active approaches to listed
species management, rather than reacting when a conflict occurs.

Section 7(a)(2) states that each Federal agency shall, in consultation with the Secretary, insure
that any action they authorize, fund, or carry out is not likely to jeopardize the continued
existence of a listed species or result in the destruction or adverse modification of designated
critical habitat.  In fulfilling these requirements, each agency is to use the best scientific and
commercial data available.  This section of the Act sets out the consultation process, which is
further implemented by regulation (50 CFR §402).
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This handbook was developed to aid Fish and Wildlife Service (FWS) and National Marine
Fisheries Service (NMFS) biologists implementing the section 7 consultation process. 
Throughout the handbook, the term "Services" will be used to generically refer to both
agencies together.  However, this is not meant to imply that all actions discussed herein are
taken by the Services jointly.  If a particular section applies to only one agency, the acronyms
FWS or NMFS will be used.

By law, section 7 consultation is a cooperative effort involving affected parties engaged in
analyzing effects posed by proposed actions on listed species or critical habitat(s).  This
handbook demonstrates the latitude available within section 7 to work with applicants and
agencies during this analytical process.

The following thoughts are offered as an expression of the philosophy  guiding section 7
work.

o The biology comes first.  Know the facts; state the case; and provide supporting
documentation.  Keep in mind the FWS's ecosystem approach to conservation of
endangered and threatened species [59 FR 34273-34274 (July 1, 1994)].

o Base the determination of jeopardy/no jeopardy on a careful analysis of the best
available scientific and commercial data.  Never determine the conclusion of a biological
opinion before completing the analysis of the best available data.

o Clarity and conciseness are extremely important.  They make  consultation documents
more understandable to everyone.  A biological opinion should clearly explain the
proposed project, its impacts on the affected species, and the Services' recommendations. 
It should be written so the general public could trace the path of logic to the biological
conclusion and complete enough to withstand the rigors of a legal review.

o Strong interpersonal skills serve section 7 biologists well.  Establishing a positive
working relationship with action agencies enhances the Services' ability to do the job
successfully.  Remember, you are trying to assist the agency in meeting their section 7
responsibilities under the Act.

o Present a positive image as a representative of your Service.

o Section 7 consultation is a cooperative process.  The Services do not have all the
answers.  Actively seek the views of the action agency and its designated representatives,
and involve them in your opinion preparation, especially in the development of
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reasonable and prudent alternatives, reasonable and prudent measures, terms and
conditions to minimize the impacts of incidental take, and conservation
recommendations.

o Use all aspects of section 7, especially opportunities for informal consultation where
solutions can be worked out prior to the structured process mandated by formal
consultation.  Be creative, and make the process work to the species' advantage.

o It is important to be consistent throughout a species' range when implementing section 7. 
Be flexible but not inconsistent.  Study the law, the regulations and this handbook. 
Know the authorities and be flexible when it is prudent, but always stand firm for
maintaining the substantive standards of section 7.

o Take advantage of professional support within and outside the Services.  For example,
the FWS Division of Engineering can provide valuable technical review of development
proposals.  Attorneys in the Regional and field offices of the FWS Solicitor/NMFS
General Counsel can offer advice on section 7 regulations and the latitude within which
to conduct consultation.  Similarly, the Services' law enforcement personnel may be able
to answer questions about direct or incidental take.

o Strive to solve problems locally.

o An effective section 7 biologist is a good teacher and a good student.  Seek every
opportunity to teach the section 7 process within and outside the Services in an
informative and non-threatening way.  Learn all you can about other Services' programs,
Federal action agency's mandates and procedures, and State/tribal/private
agency's/client's needs and expectations.

1.2  AGENCY RESPONSIBILITIES

(A) Lead Regions for Consultation

Fish and Wildlife Service

When a proposed action takes place in more than one FWS Region, a lead FWS Region is
assigned responsibility for the consultation.  Generally, the lead FWS Region is the one in
which the greatest impact or the largest number of affected species occur.  The Regions
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involved agree on the appropriate lead Region to prepare and sign the biological opinion.  If
agreement cannot be reached, the matter is referred to the FWS Director.

Coordination between the FWS consultation lead Region and the FWS recovery lead Region
becomes necessary when a FWS Region consults on a species for which it does not have
recovery lead.  The level of coordination is  mutually agreed to and the lead FWS recovery
Region may release other FWS Regions from responsibility for coordinating on no jeopardy
or no adverse modification opinions.  The FWS Regional Director signing the biological
opinion is responsible for its contents, and has final authority to make any jeopardy or other
finding.  However, any changes the lead Region may make in jeopardy or adverse
modification determinations initially made by other Regions must be coordinated before
multi-Region opinions are finalized.

Requests for consultation from agencies addressing geographically broad-based or extensive
programs are referred to the FWS's Washington Office Division of Endangered Species.  This
Division coordinates with the  Regions to decide whether to recommend formation of a
national team or assign the consultation to a lead FWS Region for coordination with other
involved Regions.  A national team may report to a designated Regional Director or the
Assistant Director for Ecological Services (AES).   AES submits a recommendation to the
FWS Director for consideration.  The Director's decision will be communicated to the
involved Regions.

National Marine Fisheries Service

Generally, the NMFS Regions are responsible for conducting consultations on activities
occurring within their Region.  If the activity occurs in more than one Region or the species
covered by the consultation occurs in more than one Region, the Regions mutually decide
upon a lead Region.  If there is no agreement on a lead Region, then the Assistant
Administrator for Fisheries (AA) designates a lead Region.  The Endangered Species Division
in the Office of Protected Resources (F/PR) conducts programmatic consultations and those
with a national scope (e.g. EPA's Multisector general permit for stormwater).  Currently, all
formal biological opinions, with the exception of those conducted by the Southwest and
Northwest Regions for anadromous species, are forwarded to the Headquarters Endangered
Species Division for review and final clearance.  For activities that the Southwest or
Northwest Regional Director (RD) considers controversial, the RD must consult with the
Director, Office of Protected Resources (Office Director), and advise the AA before the final
action is taken.
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(B) Signature Authority 

Fish and Wildlife Service

The FWS's responsibility for implementing section 7 consultation and conference procedures
generally rests with the Regional Directors.  The Assistant Director for Ecological Services is
the responsible official if the biological opinion or conference opinion is to be signed in the
Washington Office.  FWS Regional Directors and the Assistant Director for Ecological
Services can delegate responsibility and signature authority on non-jeopardy biological
opinions and conference opinions to subordinate line officers.  For example, FWS Field Office
supervisors have been given signature authority on non-jeopardy biological opinions for intra-
Service (internal FWS) consultations (see Appendix E for the Intra-Service Consultation
Handbook).  However, signatory authority for biological opinions finding jeopardy or
adverse modification has not been delegated below the Regional Director/Assistant Director
level.

National Marine Fisheries Service

The NMFS Director, Office of Protected Resources, has signature authority for all formal
consultations except where this authority has been delegated to the Regions.  In 1995, as a
result of an increasing number of consultations concerning listed salmon, the Southwest and
Northwest Regional Directors were delegated authority to sign all biological opinions for
anadromous species, unless the opinion concerns an activity of the Department of Commerce
(e.g., fishery harvests).  All opinions concerning a Department of Commerce activity are
signed by the Office Director.

The Office Director also signs biological opinions related to issuance of section 10 research
permits, section 10 incidental take permits (except for anadromous species) or activities such
as issuance of regulations.  NMFS Regional Directors have signature authority for most
informal consultations.  However, the Office Director has signature authority for informal
consultations on activities that cross regional boundaries or have national significance.

(C) Intra-Service Section 7 Consultation

Fish and Wildlife Service

Intra-Service consultations and conferences will consider effects of the FWS's actions on
listed, proposed and candidate species.  Candidate species are treated as if they are proposed
for listing for purposes of conducting internal FWS conferencing.  Although including
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candidate species is not required by law, it is Service policy to consider candidate species
when making natural resource decisions.  Therefore, candidate species will be considered
during internal FWS conferencing.  FWS units will consult or confer with the appropriate
FWS Ecological Services field office on actions they authorize, fund, or carry out that may
affect listed, proposed or candidate species or designated or proposed critical habitat.  These
actions include refuge operations, public use programs, private lands and federal aid activities,
as well as promulgating regulations and issuing permits.  A Service office requesting formal
consultation provides the data required by the regulations at 50 CFR §402.14(c) and is treated
as any other action agency (see Appendix E for a copy of the Intra-Service Consultation
Handbook).  Formal intra-Service consultation should occur on the proposed issuance of any
section 10 permit.

National Marine Fisheries Service

NMFS conducts consultations on all activities that it authorizes, funds or permits that may
affect listed species.  Conferencing is conducted on proposed species.  While NMFS does not
consult on candidate species, they are considered when making natural resource decisions. 
Actions that warrant consultation includes fishery management plans, amendments to plans,
permits issued under section 10 of the Act and the Marine Mammal Protection Act (MMPA)
for research or incidental taking, and regulations issued under the Act, MMPA and Magnuson
Fishery Conservation and Management Act.  Biological opinions on these activities as well as
other Commerce activities are reviewed and signed by the Director, Office of Protected
Species.

(D) Information Standards and Sources

Best available scientific and commercial data

The Act requires the action agency to provide the best scientific and commercial data available
concerning the impact of the proposed project on listed species or designated critical habitat. 
If relevant data are known to be available to the agency or will be available as the result of
ongoing or imminent studies, the Services should request those data and any other analyses
required by the regulations at 50 CFR §402.14(c), or suggest that consultation be postponed
until those data or analyses are available as outlined in section 4.4(A) of this handbook.
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Where significant data gaps exist there are two options:  (1) if the action agency concurs, 
extend the due date of the biological opinion until sufficient information is developed for a
more complete analysis; or (2) develop the biological opinion with the available information
giving the benefit of the doubt to the species.  These alternatives must be discussed with the
action agency and the applicant, if any.  Based on this discussion, a decision regarding the
preparation of the biological opinion should be made and documented in the administrative
record of that opinion.  This subsequent analysis may have minor or major consequences
(worst case scenario) depending on the significance of the missing data to the effects
determination.  The action agency also should be advised that if and when additional data
become available, reinitiation of consultation may be required.

If the action agency, or the applicant, insists consultation be completed without the data or
analyses requested, the biological opinion or informal consultation letter should document that
certain analyses or data were not provided and why that information would have been helpful
in improving the data base for the consultation.  In formal consultation, this statement usually
appears in the "effects of the action" section.  The Services are then expected to provide the
benefit of the doubt to the species concerned with respect to such gaps in the information base
(H.R. Conf. Rep. No. 697, 96th Cong., 2nd Sess. 12 (1979)).  This subsequent analysis may
have minor or major consequences (worst case scenario) depending on the significance of the
missing data to the effects determination.  The action agency also should be advised that if and
when further data become available, the need for reinitiation of consultation may be triggered.

Section 7 biologists should seek out available information from credible sources such as listing
packages, recovery plans, active recovery teams, species experts, State/tribal wildlife and plant
experts, universities, peer-reviewed journals and State Heritage programs.  Prior consultations
on the species also can provide information on baseline and cumulative effects on the species
and its habitat, and should provide the species status and environmental baseline data upon
which subsequent consultations are based.

An overriding factor in carrying out consultations should always be the use of the best
available scientific and commercial data to make findings regarding the status of a listed
species, the effects of a proposed action on the species or critical habitat, and the
determination of jeopardy/no jeopardy to listed species or destruction or adverse
modification/no destruction or adverse modification to designated critical habitats.

The Services have jointly published a policy on Information Standards Under the Endangered
Species Act [59 FR 34271 (July 1, 1994)] (see copy in Appendix A).  This policy calls for
review of all scientific and other information used to prepare biological opinions, incidental
take statements, and biological assessments, to ensure that any information used by the
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Services to implement the Act is reliable, credible, and represents the best scientific and
commercial data available.

Writing and bibliographic style

o In section 7 consultation documents, keep the first letter of the word "section" lower
cased, except when it begins a sentence.

o Write and edit consultation documents according to:

(1) the Council of Biology Editors, Inc. (CBE) Style Manual, 6th edition, (1994),
which outlines prose style for scientific writing;

(2) the Department of the Interior's rules of plain English as found in:

(a) "Readable Regulations: Eleven Models" for Department of the Interior
bureaus written by The Murawski Group, Washington DC (1995)

(b) "How to Write Regulations and Other Legal Documents in Clear English" by
the American Institute for Research, Document Design Center, Washington, DC
(1991)

(c) "Plain English, a Better Way to Write Our Rules", memo from FWS Assistant
Director for Ecological Services to Assistant Regional Directors (June 12, 1996)

o Letters and memoranda on non-technical issues should be edited according to the
conventions established by the Government Printing Office Style Manual.

o Citations included in text should comply with the CBE Style Manual.  Bibliographic
references should use the following formats:

1. Single author book.

Tobin, R.  1990.  The expendable future: U.S. politics and the protection of
biological diversity.  Duke University Press; Durham, North Carolina.

2. Multiple author book.
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Pickett, S.T.A. and P.S. White.  1985.  The ecology of natural disturbance and
patch dynamics.  Academic Press, Inc.; New York, New York.

3. Scientific papers (spell out the entire name of the journal).

Ahlgren, I.F. and C.E. Ahlgren.  1960.  Ecological effects of forest fires.  Botanical
Review 46:304-310.

4. Unpublished reports (biological assessments, status surveys, section 6 reports, etc.). 
Cite the document as unpublished.  Also include the author's name and the group it
was prepared for, as well as their location.

Helms and Associates.  1992.  Results of a diving mussel survey conducted at the
Pattison Brothers, Inc. and Ag Products Co. facilities near Clayton, Iowa. 
Unpublished report prepared for Pattison Brothers, Inc.; Clayton, Iowa.

5. Personal communication.  Include title, company, office, city and state.

Campbell, T.  1992.  Personal communication.  Biologist.  Environmental Project
Office, Naval Air Weapons Station.  China Lake, California.

6. Personal observation.  Include title, company, office, city and state.

Bransfield, R.  1987.  Personal observation.  Fish and Wildlife Biologist.  Ecological
Services Ventura Field Office, U.S. Fish and Wildlife Service, Ventura, California.

(E) Early Alerts

Fish and Wildlife Service

The FWS Regional Directors provide the FWS Washington Office with an early alert to
inform the Director of both draft and final biological opinions, preliminary biological opinions
(early consultation), and conference opinions of regional or national significance likely to
result in findings of jeopardy or adverse modification.  The Region submits such alerts as
soon as the Services’ have completed the necessary analysis to determine if a jeopardy
biological opinion or conference opinion is warranted and consultation with the federal
agency/applicant has been unsuccessful in avoiding the jeopardy determination.  Additionally, 
Regional Directors are encouraged to advise the Director of potentially controversial
consultations before an early alert is required.
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Submit the early alert to the Chief, Division of Endangered Species.  The Division of
Endangered Species will prepare a cover memo and forward the early alert to the Assistant
Director for Ecological Services, who will forward it to the Director.  Allow 10 days in
Washington to be sure the alert has been reviewed by the Director.  Regional Directors must
first send in an early alert to Washington and obtain approval from the Director before signing
any draft and final biological opinions, preliminary biological opinions (early consultation),
and conference opinions of regional or national significance likely to result in findings of
jeopardy or adverse modification.

Use the following format:
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Exhibit 1-1.  Format for an early alert

EARLY ALERT

Prepared for:   Director                                  State(s):
Date submitted: 
___________________________________________________________________________
ISSUE:  Draft/Final [jeopardy/adverse modification] [opinion/conference] for the [name of
the project]

CONSULTING AGENCY/APPLICANT:

DATE CONSULTATION INITIATED:

DATE COMPLETION OF CONSULTATION IS DUE:

DATE OF ANY EXTENSIONS: (explain reason for extension)

PROJECT DESCRIPTION:   (provide a brief summary)

EFFECT ON SPECIES/CRITICAL HABITAT:  (provide a brief summary of effect on
[species/critical habitat])

I. REASONABLE AND PRUDENT ALTERNATIVES:  (list)

A . HAVE YOU COORDINATED WITH THE AGENCY/APPLICANT TO
DEVELOP THE REASONABLE AND PRUDENT ALTERNATIVES?  (yes)      
(no)   EXPLAIN.

B. HAVE YOU COORDINATED WITH ALL AFFECTED TRIBAL
GOVERNMENTS TO DEVELOP THE REASONABLE AND PRUDENT
ALTERNATIVES PER SECRETARIAL ORDER #3206?

(yes) (no)EXPLAIN.
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C. IF NOT, HAVE THE PROPOSED REASONABLE AND PRUDENT
ALTERNATIVES BEEN DISCUSSED WITH THE ACTION
AGENCY/APPLICANT?  WHAT WAS THEIR REACTION?

D. IS THE AGENCY/APPLICANT WILLING TO INCORPORATE THE
REASONABLE AND PRUDENT ALTERNATIVES AND AMEND THEIR
PROJECT DESCRIPTION TO AVOID A JEOPARDY/ADVERSE
MODIFICATION OPINION?   (yes)         (no)     EXPLAIN WHY/WHY NOT.

E. IF THERE ARE NO REASONABLE AND PRUDENT ALTERNATIVES, WHAT
IS THE SCHEDULE FOR COORDINATING WITH THE
AGENCY/APPLICANT TO DEVELOP THEM?  EXPLAIN.

II. REASONABLE AND PRUDENT MEASURES:  (list)

A. HAVE YOU COORDINATED WITH THE AGENCY/APPLICANT TO
DEVELOP THE REASONABLE AND PRUDENT MEASURES?  (yes)       (no)  
EXPLAIN.

B. IF NOT, HAVE THE PROPOSED REASONABLE AND PRUDENT MEASURES
BEEN DISCUSSED WITH THE ACTION AGENCY/APPLICANT?  WHAT
WAS THEIR REACTION?

C. IS THE AGENCY/APPLICANT WILLING TO IMPLEMENT THE
REASONABLE AND PRUDENT MEASURES TO MINIMIZE THE IMPACTS
OF INCIDENTAL TAKE?    (yes)     (no)   EXPLAIN WHY/WHY NOT.

D. IF THERE ARE NO REASONABLE AND PRUDENT MEASURES, WHAT IS
THE SCHEDULE FOR COORDINATING WITH THE AGENCY/APPLICANT
TO DEVELOP THEM?  EXPLAIN.

III. CONGRESSIONAL DISTRICTS AFFECTED:
(list the Senators/Representatives and their Congressional district)

IV. EXPECTED REACTION OF AGENCY/APPLICANT/OTHER INTERESTED
PARTIES (tribes, States, NGOs):
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REGIONAL OFFICE CONTACT:  (name, office, phone number)
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National Marine Fisheries Service

The NMFS Regions must provide the Chief of the Endangered Species Division and the
Director, Office of Protected Resources, advance notice of any biological opinions that may
result in a jeopardy or adverse modification conclusion and any biological opinion that is
potentially controversial whether or not it results in a jeopardy or adverse modification
conclusion. 

(F) Release of Draft Documents

Providing action agencies or applicants an opportunity to discuss a developing biological
opinion, preliminary opinion, or conference may result in productive discussions that may
reduce or eliminate adverse effects.  If an action agency asks to review a draft opinion or a
draft conference report or opinion, the Services should provide a draft.  The section 7
regulations do not specify how an action agency should ask for this review.  Generally, a
telephone request from the equivalent of a field supervisor or higher official, documented in
the administrative record, is sufficient.

Applicants can request draft opinion/conference documents through the action agency.  When
an action agency then requests this document for the applicant, the Services must inform the
action agency that, once released to an applicant, the document may no longer be considered
an interagency memorandum exempt from the disclosure requirements of the Freedom of
Information Act (5 USC §552(b)(5)).

If an action agency or an applicant has comments on a draft opinion or conference document,
the action agency must provide those comments to the Services in writing for the record.  An
applicant may copy the Services with the comments it provides to the action agency.  The
Services will consider an applicant's comments or concerns when they are officially
transmitted by the action agency. [50 CFR §402.14(g)(5)]

(G) Maintaining the Administrative Record

A good administrative record documenting and supporting a consultation and the resulting
biological opinion is important, especially if a biological opinion is challenged or questions are
raised concerning how or why certain conclusions were reached.  At a minimum,
administrative records for significant informal consultations, concurrences, conferences, and
formal consultations should contain the following types of records as appropriate:

o letters, memoranda, public notices, or other documents requesting the consultation;
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o summaries of meetings held, including dates, attendees, purpose, and results or
conclusions;

o summaries of field trips or site inspections, including dates, attendees, and photos of the
site;

o summaries of personal contacts between the biologist, the Federal agency, State or tribal
biologists, applicant, consultant, private citizens or interest groups;

o summaries of telephone conversations pertaining to the consultation, recorded on a
standard telephone conversation record form;

o written correspondence pertaining to the consultation, including correspondence from or
to a prospective permit or license applicant;

o electronic mail messages addressing meetings, field trips, personal contacts or
correspondence referenced above that are pertinent to the decision-making process;

o published material used in developing the consultation except bulky material, which can
be referenced; and

o other information used in the consultation process.

An example of the types of records that can be documented in an Administrative Record can
be found in Appendix C.
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CHAPTER 2 - COORDINATION

2.1  COORDINATION WITH OTHER ENDANGERED SPECIES ACT FUNCTIONS

(A) Listing

Section 7 compliance may become necessary as soon as a species is proposed for listing or
critical habitat is proposed for designation.  Conferences are required if a proposed action is
likely to jeopardize the continued existence of a proposed species, or adversely modify or
destroy proposed critical habitat.  Conferences generally base analyses of effects on the
species status, distribution and threat data included in proposed listing rules and/or constituent
elements described in proposed critical habitat rules.  Other reliable data, such as published
studies, species accounts, and peer-reviewed journal articles are also considered.  Conferences
conducted during the proposal period provide listing biologists with information to help refine
the analysis of threats, and species or habitat data collected during these conferences.  The
final listing or critical habitat designation packages provide a primary data source for
consultations until recovery plans and recovery-related research become available.

(B) Recovery Planning and Implementation

The 1988 amendments to the Act require comprehensive recovery plans that include "a
description of such site-specific management actions as may be necessary to achieve the
plan's goal for the conservation and survival of the species."  This required segment of
recovery plans should at a minimum, include the following: 

o numbers and distribution of recovery units;

o basic life history of the species and its relationships to its supporting habitat;

o natural and human-related factors affecting the species or its habitat, including
elements of the species' critical habitat (e.g., requirements for cover; nutriment;
effects of fire, flooding, and climatic features; symbionts, including pollinators;
effects of predators, competitors, and other limiting factors such as the need for
isolation from human-related activities or commensals), whose alteration can lead to
the species' decreased capability for survival;
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o any distinction in species' behavior or required habitat needs if the species has a
different core area or need for another life cycle period (breeding, nonbreeding,
migrating or over wintering period); and

o tolerance of the species or essential elements of its habitat to human activities
(Exhibit 2-1).

Interrelationships exist between management actions outlined in recovery plans and the
consultation process.  It is important for the section 7 biologist to be familiar with species'
recovery plans and to coordinate with the appropriate species recovery coordinator while
ensuring  any reasonable and prudent alternatives or any reasonable and prudent measures
developed through the consultation process are consistent with recovery plan goals.  Further,
management actions identified in a recovery plan can be used as Terms and Conditions of an
incidental take statement as long as they have the effect of minimizing the impact of incidental
take from the project, and are limited to minor changes.  If recovery plans identify specific
habitats as essential for species' survival and recovery, close attention should be given to
actions that may affect that habitat.  It is generally appropriate to use management actions
outlined in recovery plans as Conservation Recommendations.
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Exhibit 2-1.  Discussion of species' tolerance to disturbance (from the draft
management plan for the Pawnee montane skipper

Populations in both the South and North Forks are needed to buffer against a single event or
combination of events eliminating the butterfly from one of the areas.  Only activities with
negligible effects should be allowed without limit, and those with moderate effects should be
kept at or below some reasonable upper limit.  Activities with major effects should be avoided
altogether.  Activities of varying impact have been identified as follows:

1. Activities with no effect or slight effect:

(a) activities on the water or on the water's edge would have negligible effect on the
skipper's habitat, including, but are not limited to, fishing, boating, piers, and boat docks;
and (b) rights-of-way for power lines if less than 730 m, not treated with herbicides, and
if maintained for host and nectar plants.

2. Activities with moderate effects:

(a) campgrounds not located in the densest subpopulation areas (1-4), not located in
areas of major Liatris (principal food supply) density (150+ flowering stems/acre), and
without large areas covered with parking lots, lawns, ball fields, or scraped areas. 
Campsites should be widely spaced and heavy foot traffic should be confined to
designated paths; (b) narrow (1 lane with pullouts) paved or improved roads that avoid
areas of major Liatris concentrations, road verges and adjacent berms and cuts should be
managed to encourage growth of skipper nectar plants, and adjacent "brown-out"
herbicided strips should be avoided; and (c) low density housing or commercial
development that results in an aggregate of 5 percent or less of the suitable habitat of any
subpopulations rendered unsuitable by roads, structures, lawns, plantings, parking lots,
or associated activities.

3. Activities with major effects:

(a) any activity or combination of activities that eliminates more than 5 percent of any
subpopulation's habitat areas; (b) any habitat-displacing activity located in an area of
Liatris with 150 or more flowering stems/acre; and (c) any activity or development that
creates large blocks of unsuitable habitat -- large paved parking lots, wide paved roads
with broad graveled shoulders and adjacent herbiciding, wide power line rights-of-way
treated with herbicides, subdivisions with large lawns, cultivated plots, or heavily grazed
habitat.

Exhibit 28



* * * * * *   Final ESA Section 7 Consultation Handbook, March 1998  * * * * * *
-------------------------------------------------------------------------------------------------------------------------------------

2-4

(C) Section 10 Coordination

Endangered and threatened species permits - section 10(a)(1)(A)

Section 10 of the Act provides exceptions for activities otherwise prohibited by section 9. 
Section 10(a)(1)(A) authorizes the Services to issue permits for scientific purposes or to
enhance the propagation or survival of listed species.  The permitted activity must not operate
to the disadvantage of the species and must be consistent with the purposes and policy set
forth in section 2 of the Act.  Formal intra-Service consultation is required for the issuance of
FWS Regional blanket permits.  Section 7 consultation (see Appendix E for the FWS intra-
Service consultation handbook) must also be conducted prior to issuance of a section
10(a)(1)(A) permit or a subpermit under the Regional blanket permit.  Section 10(a)(1)(A)
permits are also required:

o when a reasonable and prudent alternative calls for scientific research that will result
in take of the species (this includes scientific research carried out by the Services);

o when the agency, applicant or contractor plans to carry out additional research not
required by an incidental take statement  that would involve direct take (if this is
part of the action and direct take is contemplated, a permit is not needed); and

o for species surveys associated with biological assessments (usually developed during
informal consultation) that result in take, including harassment.

Habitat conservation planning - section 10(a)(1)(B)

Section 10(a)(1)(B) of the Act allows non-Federal parties planning activities that have no
Federal nexus, but which could result in the incidental taking of listed animals, to apply for an
incidental take permit.  The application must include a habitat conservation plan (HCP) laying
out the proposed actions, determining the effects of those actions on affected fish and wildlife
species and their habitats (often including proposed or candidate species), and defining
measures to minimize and mitigate adverse effects.  The Services have developed a handbook
for Habitat Conservation Planning and Incidental Take Permit Processing, which should be
referenced for further information.

In some HCP planning areas, parties may strive to find a Federal nexus to avoid the  HCP
process altogether.  These parties should be advised of the differences between incidental take
capabilities under sections 7 and 10.  Although the issuance of an incidental take permit under
section 10  must not  jeopardize the continued existence of a listed species, section 10
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expressly authorizes the Services to minimize and mitigate, to the maximum extent practical,
the adverse impacts to the species (supplying some benefit to the species such as land
acquisition or habitat restoration or enhancement to offset unavoidable effects of the action). 
Mitigation may or may not reduce the actual number of individuals the Services’ anticipate to
be taken as a result of project implementation.  For incidental take considerations under
section 7,  minimization of the level of take on the individuals affected is required.  Also, the
incidental take statement in a section 7 biological opinion does not provide a "No Surprises
assurances" guarantee.  The action agency is responsible for reinitiating consultation should
their actions result in exceeding the level of incidental take.

Whenever practical, consideration should be given to programmatic or ecoregion consultation
with Federal agencies having major programs in the HCP areas to facilitate overall
consultation and recovery actions for the species involved (see section 5.3).

Experimental populations - section 10(j)

Section 10(j) of the Act authorizes listed species to be released as experimental populations
outside their currently occupied range, but within probable historic habitat, to further species
conservation.  Before making a release, the Services determine by rulemaking whether that
population is "essential" or "nonessential."  An "essential experimental population" is a
reintroduced population whose loss would be likely to appreciably reduce the likelihood of the
survival of the species in the wild.  A "nonessential experimental population" is a reintroduced
population whose loss would not be likely to appreciably reduce the likelihood of survival of
the species in the wild.  For section 7 consultation purposes, section 10(j) requires the
following:

o any nonessential experimental population located outside a National Park or
National Wildlife Refuge System unit is treated as a proposed species (conference
may be conducted);

o any nonessential experimental population located within a National Park System or
National Wildlife Refuge System unit is treated as a threatened species (standard
consultations are conducted);

o any essential population is treated as a threatened species (standard consultations
are conducted, and special rules may allow take);

o critical habitat may be designated for essential experimental populations (standard
consultations are conducted), but not for nonessential experimental populations; and
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o all populations of the species (including populations designated as experimental) are
considered to be a single listed entity when making jeopardy determinations or
other analyses in a section 7 consultation.

By definition, a "nonessential experimental population" is not essential to the continued
existence of the species.  Therefore no proposed action impacting a population so designated
could lead to a jeopardy determination for the entire species.

A listed species that is reintroduced into its historic range without experimental population
status receives full protection under the Act.

2.2  COORDINATION WITH THE ACTION AGENCY AND APPLICANT

(A) Formal Consultations and Conferences

The Act requires action agencies to consult or confer with the Services when there is
discretionary Federal involvement or control over the action, whether apparent (issuance of a
new Federal permit), or less direct (State operation of a program that retains Federal
oversight, such as the National Pollution Discharge Elimination System Program).  If there is
an applicant for a permit or license related to the Federal action, the applicant may be involved
in the consultation process (see section 2.2(E)).

Formal consultation becomes necessary when:  (1) the action agency requests consultation
after determining the proposed action may affect listed species or critical habitat [however, if
the Service concurs in writing that the proposed action is not likely to adversely affect any
listed species or critical habitat (i.e., the effects are completely beneficial, insignificant, or
discountable), then formal consultation is not required]; or (2) the Services, through informal
consultation, do not concur with the action agency's finding that the proposed action is not
likely to adversely affect the listed species or critical habitat.

An action agency shall confer with the Services if the action is likely to jeopardize the
continued existence of a proposed species or result in the destruction or adverse
modification of proposed critical habitat.  The conference process helps determine the likely
effect of the proposed action and any alternatives to avoid jeopardy to a proposed species or
destruction or adverse modification of proposed critical habitat.

When two or more Federal agencies are involved in an activity affecting listed species or
critical habitat, one agency is designated as the lead (50 CFR §402.07), often based on which
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agency has the principal responsibility for the project (e.g., a dam is maintained to provide a 
pool for generating electricity - a Federal Energy Regulatory Commission (FERC)
responsibility, but the capacity behind the dam also provides flood storage - a Corps
responsibility.  In this case, FERC has lead for the consultation as the dam would probably not
be there except for the power generation need).  Although one agency has the lead, the other
still has to provide data for effects analyses and development of reasonable and prudent
alternatives and measures if its activities may affect listed species or critical habitat.

(B) Commitment of Resources during Consultation

"(d)  After initiation of consultation required under subsection (a)(2), the Federal
agency and the permit or license applicant shall not make any irreversible or
irretrievable commitment of resources with respect to the agency action which has the
effect of foreclosing the formulation or implementation of any reasonable and
prudent alternative measures which would not violate subsection (a)(2)."

                                 Section 7(d) of the Endangered Species Act

Section 7(d) was added to the Act in 1978 as part of the package that created the exemption
process.  Congress intended this provision to avoid future Tellico Dam scenarios by
forbidding certain irreversible and irretrievable resource commitments during consultation,
thus keeping open all opportunities to develop reasonable and prudent alternatives.

Not all irreversible and irretrievable commitments of resources are prohibited.  The
formulation or implementation of any reasonable and prudent alternative must be foreclosed
by the resource commitment to violate section 7(d).  Thus, resource commitments may occur
as long as the action agency retains sufficient discretion and flexibility to modify its action to
allow formulation and implementation of an appropriate reasonable and prudent alternative. 
Destroying potential alternative habitat within the project area, for example, could violate
section 7(d).

This section 7(d) restriction remains in effect from the determination of "may affect" until the
action agency advises the Services which reasonable and prudent alternative will be
implemented if the biological opinion finds jeopardy or adverse modification (Figure 2-1). 
Failure to observe this provision can disqualify the agency or applicant from seeking an
exemption under section 7.

The action agency may choose not to implement the Services' reasonable and prudent
alternative; instead, the action agency can choose to develop an alternative based on what they
perceive as the best available scientific and commercial data.  It is the responsibility of the
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action agency, not the Services, to determine the validity of the action agency's alternative.  If
the agency's alternative is challenged in court, the standard for review will be whether the
decision was arbitrary and capricious under the Administrative Procedures Act.  The validity
of the action agency's decision will determine whether section 7(a)(2) has been satisfied and
whether section 7(d) is applicable.  If it is determined that the action agency's decision is not
valid, that agency would be taking the risk of noncompliance with the Act (51 FR 19940 (June
3, 1986)).   

The Services do not provide an opinion on the question of resource commitments.  Under the
exemption process, that question is ultimately referred to the Endangered Species Committee
for resolution.  However, the Services will notify Federal agencies of the section 7(d)
prohibition when formal consultation is initiated.  Similarly, under section 7(c), biological
assessments must be completed for "major construction activities" before any contracts are
entered into or construction is begun.
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Figure 2-1.  Application of section 7(d): irreversible or irretrievable commitment of
resources

Agency requests consultation, either formal or informal

I "May affect" situation exists; section 7(d)
formal consultation is required prohibition begins

II If:

A. The Services concur with a "not likely section 7(d)
to adversely affect" finding not applicable

B. The Services issue a no jeopardy/adverse section 7(d)
modification biological opinion, or the obligation expires
action agency chooses a reasonable and
prudent alternative from a jeopardy/adverse
modification opinion

C. Action agency chooses to disagree
with the Services' jeopardy/adverse
modification determination, or chooses
to implement an alternative that has not
been prescribed by the Services; and

1. The best available scientific and section 7(d)
commercial data support the obligation expires
agency decision

2. The action agency decision section 7(d)
is not justified by available applies
data

III Reinitiation of consultation is required section 7(d)
under 50 CFR §402.16 (Return to step II) applies
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(C) Dealing with Nonresponsive Agencies 

Agencies that refuse to consult or confer

When an action agency disagrees or does not respond to the Services' informal suggestions for
consultation or conference, the Services should send a letter requesting the agency to initiate
such action.  The letter notifies the agency of its responsibilities under the Act, and presents a
clear case for the Services' determination of "may affect" for listed species or "likely to
jeopardize" for proposed species.  Possible adverse modification of designated or proposed
critical habitat is treated similarly.  If the agency still refuses to consult, the issue should be
elevated to the Regional Office of either the FWS or the NMFS, depending upon the species
involved.  For the FWS, the elevation would be to the appropriate Regional Director.  For the
NMFS, the elevation would be to either the appropriate Regional Director, or the Director -
Office of Protected Resources at the headquarters office.

The Regional Director can pursue the need to consult with the action agency.  The Services
cannot force an action agency to consult.  However, if the proposed action  results in take of a
listed fish or wildlife species, the matter should be referred to either the FWS Law
Enforcement Division and the Office of the Solicitor, or the NMFS Office of Law
Enforcement and the Office of General Counsel - depending upon which species are involved. 
Additionally, if the action agency requests consultation after-the-fact, that consultation cannot
eliminate any section 9 liability for take that has occurred already (Appendix D, Solicitor's
opinion #SO-5).

Generally, the Services do not provide an opinion or conference report until the agency has
identified a "may affect" situation; such an opinion or report could be challenged as
incomplete where no consultation (discussion) with the agency took place.  However, in some
cases the Services and the action agency may have an agreement allowing consultations to be
conducted without the agency determining that there is a may affect situation.

Agencies that refuse to reinitiate consultation

When consultation needs to be reinitiated but the action agency neither agrees nor responds,
the Services should send a letter clearly outlining the change of circumstances supporting the
need for reinitiation. The letter notifies the agency of its responsibilities under the Act, and
presents a clear case for why the Services' have determined that one or more of the four
general conditions for reinitiating consultation have been triggered (50 CFR 402.16).  If the
agency still refuses to consult, the issue should be elevated to the Regional Office of either the
FWS or the NMFS, depending upon the species involved.  For the FWS, the elevation would
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be to the appropriate Regional Director.  For NMFS, the elevation would be to either the
appropriate Regional Administrator, or the Director - Office of Protected Resources at the
headquarters office.  They can pursue the need to reinitiate consultation with the action
agency. 

Although the Services’ can not require Federal agencies to reinitiate consultation if they
choose not to do so, any unauthorized "take" should be referred to either the FWS Law
Enforcement Division and the Office of the Solicitor, or the NMFS Office of Law
Enforcement and the Office of General Counsel - depending upon which species are involved.

(D) Compliance with Section 7(a)(2)

The action agency determines whether and how to proceed with its proposed action in light of
the Services' biological opinion, even though the terms and conditions of incidental take
statements are non-discretionary.  Nevertheless, the Services' biological opinion is traditionally
afforded substantial deference by any reviewing court, and action agencies must give  great
weight to the Services' biological opinion before deciding on a proposed action.  Failure to
explain in the administrative record how the agency addressed the Services' biological opinion
could expose the action agency to a judicial challenge under both the Act and the
Administrative Procedure Act.

No jeopardy and/or no adverse modification finding

The action agency may proceed with the action as proposed, provided no incidental take is
anticipated.  If incidental take is anticipated, the agency or the applicant must comply with the
reasonable and prudent measures and implementing terms and conditions in the Services'
incidental take statement to avoid potential liability for any incidental take.

Jeopardy/adverse modification finding

If a jeopardy or adverse modification determination results from the consultation, the action
agency may:

o adopt one of the reasonable and prudent alternatives for eliminating the jeopardy or
adverse modification of critical habitat in the opinion;

o decide not to grant the permit, fund the project, or undertake the action;

o request an exemption from the Endangered Species Committee (see Appendix G);
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o reinitiate the consultation by proposing modification of the action or offering
reasonable and prudent alternatives not yet considered; or

o choose to take other action if it believes, after a review of the biological opinion and
the best available scientific information, such action satisfies section 7(a)(2).

The action agency must notify the Services of its final decision on any proposed action that
receives a jeopardy or adverse modification biological opinion (50 CFR §402.15(b)).

Incidental take statements

Violation of the section 9 taking prohibition results in liability unless the terms and conditions
of the incidental take statement are followed.  The agency must undertake the required actions
to minimize incidental take, or require these actions as conditions of the permit or grant.  The
agency has a continuing duty to regulate the activity covered by the incidental take permit;
otherwise the protective coverage of section 7(o)(2) may lapse.

(E) Role of the Permit or License Applicant

Identification of an applicant

The Services do not determine formally whether or who is an applicant for a Federal agency
action, although the regulations and their preamble provide guidance.  For purposes of this
discussion, the Federal action involves the approval of a permit or license sought by the
applicant, together with the activities resulting from such permission.  The action agency
determines applicant status, including requests arising from prospective applicants in early
consultations.  The action agency also determines how the applicants are to be involved in the
consultation, consistent with provisions of section 7(a)(3), (b) and (c) of the Act and the
section 7 regulations.

Users of public resources (e.g. timber companies harvesting on National Forests) are not
parties to programmatic section 7 consultations dealing with an agency's overall management
operations, including land management planning and other program level consultations.  
However, users who are party to a discrete action (i.e., where they are already the successful
bidder on a timber sale that becomes the subject of later consultation or reinitiation when a
new species is listed or new critical habitat is designated) may participate as applicants in the
section 7 process.
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If an agency supports an "applicant" who does not meet the criteria described above, the
Services nonetheless should try to work with that party, although the procedural opportunities
afforded to applicants will not apply to that party.

Applicant's role in the consultation process

If the Federal agency identifies an applicant, the Services and the action agency meet their
obligations to that party as outlined in 50 CFR§402 through the following:

o the action agency provides the applicant an opportunity to submit information for
consideration during the consultation;

o the applicant must be informed by the action agency of the estimated length of any
extension of the 180-day timeframe for preparing a biological assessment, along
with a written statement of the reasons for the extension;

o the timeframes for concluding formal consultation cannot be extended beyond 60
days without the applicant's concurrence;

o the applicant is entitled to review draft biological opinions obtained through the
action agency, and to provide comments  through the action agency;

o the Services will discuss the basis of their biological determination with the
applicant and seek the applicant's expertise in identifying reasonable and prudent
alternatives to the action if likely jeopardy or adverse modification of critical
habitat is determined; and 

o the Services provide the applicant with a copy of the final biological opinion.

The Services do not work directly with or take comments directly from the applicant without
the knowledge or consent of the action agency [50 CFR 402.14(g)(5)].

(F) Role of the Non-Federal Representative

Non-Federal representatives may be involved in the informal consultation process and may
request and receive species lists, prepare the biological assessment, and provide information
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for the formal consultation.  However, the Services require the action agency to designate
formally the non-Federal representative in writing.  Moreover, the action agency must be
informed that the ultimate responsibility for section 7 obligations remains with the action
agency.

2.3  COORDINATION BETWEEN FWS AND NMFS

The NMFS and the FWS are individually responsible for consultation on listed species under
each of their respective jurisdictions.  However, the FWS and NMFS also have joint
jurisdiction over some listed species. Consultation on these shared listed species requires a
joint effort between the FWS and the NMFS.  Use of this joint handbook will help to ensure
that FWS and NMFS will approach section 7 consultation in a consistent manner. 
Increasingly, consultations on listed species administered by FWS overlap with those
administered by the NMFS and vice versa.  In these instances, the FWS should strive to
coordinate informal and formal consultations with their NMFS counterparts and vice versa. 
Also, when formal consultations may affect species under NMFS jurisdiction, the FWS needs
to remind the action agency, through early correspondence and/or as a footnote to the formal
consultation package, of the need to consult with NMFS and vice versa.

Coordination between FWS and NMFS is critical to ensure any reasonable and prudent
alternatives prescribed by both the Services (e.g., the   conservation of sea turtles) are
compatible.  The terms and conditions of incidental take statements must be compatible so the
action agency can implement both opinions without further consultation.

Currently, NMFS listed species that may require joint coordination include several whales, the
Hawaiian monk seal, several runs of salmon in the Northwest and California, the shortnose
sturgeon, and sea turtles while in the water.  Recent joint FWS/NMFS consultations have
included actions on the Gulf sturgeon in the Gulf of Mexico, Corps of Engineers dredging
impacts to sea turtles in Florida, programmatic consultations on salmon and owls in the Pacific
Northwest, and oil exploration in Alaska.

2.4  COORDINATION WITH OTHER FEDERAL AGENCIES

Consultations with other Federal agencies follow 50 CFR §402 unless counterpart regulations
(explained in 50 CFR §402.04) are approved for that agency.  Although no counterpart
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regulations have been issued to date, field stations may consider entering into optional
procedures that provide better working relationships with other agencies at a local level
consistent with 50 CFR §402.  Other agencies may wish to consult on all or a subset of their
activities on a local or regional programmatic basis.

Examples of specific agency programs and their relationship to section 7 follow:

Bureau of Indian Affairs (BIA):  All actions funded, permitted, or undertaken by BIA for the
benefit of Indian tribes or other tribal entities will involve BIA when Federal agency decisions
or other actions are required.  The affected tribe/entity shall be treated as the designated non-
Federal representative or applicant, entitled to full participation in the consultation process,
but does not have standing as a Federal agency for consultation purposes. 

Office of Hearings and Appeals (OHA):  A January 8, 1993, memorandum (Appendix D, #S-
1) from the Secretary of the Interior clarified that OHA has no authority to review the merits
of the Services' biological opinions.  That review is limited to the Federal courts.

Corps of Engineers (Corps), Bureau of Reclamation (Reclamation), Federal Energy
Regulatory Commission (FERC):  Ongoing operations, relicensing and reauthorizations for
water projects that predate the Act are subject to consultation if the agency retains any
discretion in continuing project operations.  Development of new water or power production
projects funded with Federal monies will require section 7 consultation.

Environmental Protection Agency (EPA):  Programs delegated to States for operation are
subject to consultation pursuant to 50 CFR 402 and supplemental guidance provided in
existing MOAs tailored to program-specific needs.  The Services are working with EPA to
develop a MOA specific to section 7 consultations for programs which have been delegated to
the States under the Clean Water Act.  Before entering into consultation with the EPA, check
on whether the MOA has been signed.  Once signed, the MOA will be considered an
addendum to this handbook.

Federal Emergency Management Agency (FEMA):  All of FEMA's actions are subject to the
Act, although the nature of many of their programs may call for greater use of the emergency
consultation process.  Improving the Services' working relationships with FEMA counterparts
can help develop appropriate responses to categories of emergencies before a crisis occurs.

Housing and Urban Development (HUD):  Most parties seeking HUD grants have completed
project planning before applying for the grant.  Knowing early on about developments being
considered in a species' range can help with project direction.  If HUD monies are likely to be
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sought, the applicant can be encouraged to use the early consultation process.  If there is no
Federal nexus, a section 10(a)(1)(B) permit may be appropriate.

Natural Resource Conservation Service (NRCS) (formerly the Soil Conservation Service): 
implements Federal mandates to maintain and enhance natural resources through local or
regional sponsors.  These sponsors may be designated as non-Federal representatives by
written documentation from NRCS.

2.5  COORDINATION WITH STATE AGENCIES

The term State agency means any State agency, department, board, commission, or other
governmental entity that is responsible for the management and conservation of fish, plant, or
wildlife resources within a State.  (ESA § 3(17))

The Services' policy regarding the role of State agencies in activities under the Act [59 FR
34274-34275 (July 1, 1994)] (see copy in Appendix A), calls for cooperation with States as
follows:

As part of the consultation program, it is the policy of the Services to:

o inform State agencies of any Federal agency action that is likely to adversely affect listed
or proposed species or designated or proposed critical habitat, and request relevant
information from them, including the results of any related studies, in analyzing the
effects of the action and cumulative effects on the species and habitat.

o request an information update from State agencies prior to preparing the final biological
opinion to ensure that the findings and recommendations are based on the best scientific
and commercial data available.

o recommend to Federal agencies that they provide State agencies with copies of the final
biological opinion unless the information related to the consultation is protected by
national security classification or is confidential business information.  Decisions to
release such classified or confidential business information shall follow the action
agency's procedures.  Biological opinions not containing such classified or confidential
business information will be provided to the State agencies by the Services, if not
provided by the action agency, after 10 working days.  The exception to this waiting
period allows simultaneous provision of copies when there is a joint Federal-State
consultation action.
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2.6  COORDINATION WITH TRIBAL GOVERNMENTS

The unique and distinctive political relationship between the United States and Indian tribes is
defined by treaties, statutes, executive orders, judicial decisions, and agreements, and
differentiates tribes from other entities that deal with, or are affected by, the Federal
government.  This relationship has given rise to a special Federal trust responsibility, involving
the legal responsibilities and obligations of the United States toward Indian tribes and the
application of fiduciary standards of due care with respect to Indian lands, tribal trust
resources, and the exercise of tribal rights.

Indian lands are not federal public lands or part of the public domain, and are not subject to
federal public land laws.  They were retained by tribes or were set aside for tribal use pursuant
to treaties, statutes, judicial decisions, executive orders or agreements.  These lands are
managed by Indian tribes in accordance with tribal goals and objectives, within the framework
of applicable laws.

On June 28, 1994, the FWS issued its Native American policy entitled "The Native American
Policy of the U.S. Fish and Wildlife Service."  On March 30, 1995, the Department of
Commerce issued its tribal policy entitled "American Indian and Alaska Native Policy of the
Department of Commerce."  On June 5, 1997, the Departments of Interior and Commerce
(Departments) signed joint Secretarial Order #3206 entitled "American Indian Tribal Rights,
Federal-Tribal Trust Responsibilities, and the Endangered Species Act" as a further 
refinement of these Native American policies to foster partnerships with tribal governments in
activities under the Act.

Under this Secretarial Order, the Departments recognize the importance of tribal self-
governance and the protocols of a government-to-government relationship with Indian tribes. 
Long-standing Congressional and Administrative policies promote tribal self-government, self-
sufficiency, and self-determination, recognizing and endorsing the fundamental rights of tribes
to set their own priorities and make decisions affecting their resources and distinctive ways of
life.  The Departments recognize and respect, and shall consider, the value that tribal
traditional knowledge provides to tribal and federal land management decision making and
tribal resource management activities.

The Departments recognize that Indian tribes are governmental sovereigns. Inherent in this
sovereign authority is the power to make and enforce laws, administer justice, manage and
control Indian lands, exercise tribal rights and protect tribal trust resources.  The Departments
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shall be sensitive to the fact that Indian cultures, religions, and spirituality often involve
ceremonial and medicinal uses of plants, animals, and specific geographic places.

Because of the unique government-to-government relationship between Indian tribes and the
United States, the Departments and affected Indian tribes need to establish and maintain
effective working relationships and mutual partnerships to promote the conservation of
sensitive species (including candidate, proposed and listed species) and the health of
ecosystems upon which they depend.  Such relationships should focus on cooperative
assistance, consultation, the sharing of information, and the creation of government-to-
government partnerships to promote healthy ecosystems.

In facilitating a government-to-government relationship, the Departments may work with
intertribal organizations, to the extent such organizations are authorized by their member
tribes to carry out resource management responsibilities.

This Secretarial Order clarifies the responsibilities of the component agencies, bureaus and
offices of the Departments when actions taken under authority of the Act and associated
implementing regulations affect, or may affect, Indian lands, tribal trust resources, or the
exercise of American Indian tribal rights.  This Order further acknowledges the trust
responsibility and treaty obligations of the United States toward Indian tribes and tribal
members and its government-to-government relationship in dealing with tribes.

Accordingly, the Departments will carry out their responsibilities under the Act in a manner
that harmonizes the Federal trust responsibility to tribes, tribal sovereignty, and statutory
missions of the Departments, and that strives to ensure that Indian tribes do not bear a
disproportionate burden for the conservation of listed species, so as to avoid or minimize the
potential for conflict and confrontation.

Under the Secretarial Order, tribal governments can play a role in the consultation process
when agency actions may affect tribal trust resources or tribal rights.  The Services shall
coordinate with affected Indian tribes in order to fulfill the Services' trust responsibilities, shall
encourage meaningful tribal participation in the section 7 consultation process and shall:

o Facilitate the Services' use of the best available scientific and commercial data by
soliciting information, traditional knowledge, and comments from, and utilizing the
expertise of, affected Indian tribes in addition to data provided by the action agency
during the consultation process.  The Services shall provide timely notification to
affected tribes as soon as the Services are aware that a proposed federal agency
action subject to formal consultation may affect tribal rights or tribal trust resources.
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o Provide copies of applicable final biological opinions to affected tribes to the
maximum extent permissible by law.

o When the Services enter formal consultation on an action proposed by the Bureau
of Indian Affairs (BIA), the Services shall consider and treat affected tribes as
license or permit applicants entitled to full participation in the consultation process. 
This shall include, but is not limited to, invitation to meetings between the Services
and BIA, opportunities to provide pertinent scientific data and to review data in the
administrative record, and to review biological assessments and draft biological
opinions.  In keeping with the trust responsibility, tribal conservation and
management plans for tribal trust resources that govern activities on Indian lands,
including for purposes of this paragraph, tribally-owned fee lands, shall serve as the
basis for developing any reasonable and prudent alternatives, to the extent
practicable.

o When the Services enter into formal consultations with an Interior Department
agency other than the BIA, or an agency of the Department of Commerce, on a
proposed action which may affect tribal rights or tribal trust resources, the Services
shall notify the affected Indian tribe(s) and provide for the participation of the BIA
in the consultation process.

o When the Services enter into formal consultations with agencies not in the
Departments of the Interior or Commerce, on a proposed action which may affect
tribal rights or tribal trust resources, the Services shall notify the affected Indian
tribe(s) and encourage the action agency to invite the affected tribe(s) and the BIA
to participate in the consultation process.

o In developing reasonable and prudent alternatives, the Services shall give full
consideration to all comments and information received from any affected tribe, and
shall strive to ensure that any alternative selected does not discriminate against such
tribe(s).  The Services shall make a written determination describing (i) how the
selected alternative is consistent with their trust responsibilities, and (ii) the extent
to which tribal conservation and management plans for affected tribal trust
resources can be incorporated into any such alternative. 

o When FWS or NMFS actions may affect the reserved lands or the exercise of
reserved rights of tribal governments, the Services will cooperate with affected
tribal governments to encourage and facilitate tribal participation in the consultation
process.  Where the Services are aware of a proposed Federal agency action that
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may affect the reserved lands or the exercise of reserved rights under the jurisdiction
of tribal governments, the Services will strongly recommend to the Federal action
agency that they work with and encourage affected tribal governments to participate
in the consultation process.
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CHAPTER 3 - INFORMAL CONSULTATION

3.1  THE INFORMAL CONSULTATION PROCESS

Most consultations are conducted informally with the Federal agency or a designated non-
Federal representative.  Informal consultations: 

o clarify whether and what listed, proposed, and candidate species or designated or
proposed critical habitats may be in the action area;

o determine what effect the action may have on these species or critical habitats;

o explore ways to modify the action to reduce or remove adverse effects to the
species or critical habitats; 

o determine the need to enter into formal consultation for listed species or designated
critical habitats, or conference for proposed species or proposed critical habitats;
and

o explore the design or modification of an action to benefit the species.

When used in the context of consultation, the term "informal" suggests an unstructured
approach to meeting section 7 requirements.  Such consultation includes phone contacts,
meetings, conversations, letters, project modifications and concurrences that occur prior to
(1) initiation of formal consultation or (2) the Services' concurrence that formal consultation is
not necessary.  Participation in informal consultation may include (1) the action agency, (2)  a
designated non-Federal representative, (3)  an applicant or permittee, or (4) consultants
working on behalf of any of the first three.  The informal consultation process may uncover
data gaps which may complicate the section 7 analysis.  In such situations, additional studies
may be necessary to document the species' status in the action area to improve the data base
upon which a biological assessment or, if formal consultation is warranted, a biological
opinion is developed.

While there is no overall timetable for informal discussions, timeframes are established for
some individual elements of informal consultation (Figure 3-1).  The biological assessment,
including the effects of the action, must be submitted within 180 calendar days of receipt of a
species list from the Services.  The current accuracy of the species list needs to be verified if it
is more than 90 days old and preparation of the biological assessment has yet to begin [50
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CFR §402.12(e)].  Dialogue can continue as long as both parties are willing to participate and
are actively working to complete the informal consultation.   Although not required by section
7, many agencies request species lists, or concurrence with submitted species lists, for projects
that are not "major construction activities."  Although a timeframe for responding to these
requests is not mandated by regulation, the Services will respond within 30 calendar days
when possible.  See Exhibit 3-1 for an example of a species list.

Documentation of the steps in the informal consultation process is essential to its continued
utility and success.  The administrative file should contain records of phone contacts,
including name of the caller, the purpose of the call as it relates to the proposed action or
action area, and any advice or recommendations provided by the Services' biologist.  A
meeting can be easily documented by letter to appropriate parties that summarizes the meeting
results, particularly any Services' concerns and recommendations.
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Figure 3-1.  Informal consultation process
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Exhibit 3-1.  Example of a species list

United States Department of the Interior

FISH AND WILDLIFE SERVICE
Ecological Services

C/o CCSU, Campus Box 338
6300 Ocean Drive

Corpus Christi, Texas 78412

(date)

Consultation No:  x-xx-xx-x-xxx

Dear ____________:

This responds to your letter dated _______, regarding the effects of the proposed replacement
of sections of pipe on species Federally listed, proposed for Federal listing, and candidate species
occurring in Goliad County, Texas.  In addition your project was evaluated with respect to
wetlands and other important fish and wildlife habitat.

It is our understanding that the proposed project would involve the replacement of five (5)
sections of 6" pipe totaling 119 feet.  Associated construction activities would be within the
existing right-of-way located in the Cabeza Creek Field.  This project is intended to maintain
efficient operations of United's pipeline system.

Our data indicates that the following species and critical habitat may occur in the project area.

(1) Listed species
Attwater’s prairie chicken (Tympanuchus cupido attwateri) - E 
bald eagle (Haliaeetus leucocephalus)- E

(2) Proposed species
(give common name, scientific name, and status - PE or PT)

(3) Candidate species
(give common name and scientific name of species)
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(4) Designated critical habitat for
(give common name and scientific name of species)

(5) Proposed critical habitat for
(give common name and scientific name of species)

Our data indicate that Federally listed species, proposed species, candidate species, and
designated and proposed critical habitat are not likely to be impacted by the proposed project
action.  With respect to wetlands and other important fish and wildlife habitat, it appears that the
proposed action will not significantly impact these resources.  If project plans change or portions
of the proposed project were not evaluated, it is our recommendation that the changes be
submitted for our review.  If you require additional information, please contact
____(name)______ of this office at ______(phone)_____.

Sincerely yours,

Field Supervisor
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3.2  IDENTIFICATION, RESOLUTION, AND CONSERVATION

Except in those cases where the need for formal consultation is clear from the start, the Services
will encourage all action agencies entering into the consultation process to start with informal
consultation rather than formal consultation.  This will allow for early consideration of listed
species concerns, similar to the early scoping process of NEPA.  Many consultations can and
should be handled informally.  This gives the Services an opportunity to be involved early and to
resolve problems as they are identified.

Informal consultation determines the likelihood of adverse effects on a listed species or critical
habitat.  Informal consultations (1) identify adverse effects and suggest ways to avoid them, (2)
resolve project conflicts or differences of opinion between the Services and the action agency or
applicant as to the nature and extent of adverse effects, (3)  provide the action agency with
opportunities for carrying out conservation activities pursuant to section 7(a)(1), and (4) help
monitor cumulative effects on a species or ecosystem.

Service biologists must be well informed about species' status, distribution, threats, and recovery
objectives to carry out the informal consultation process effectively.  All decisions reached during
the consultation process must be based on sound science.  The logical place to start data
gathering is the field station's species files.  Other reliable sources are State and tribal fish and
wildlife agencies, Federal land management agencies, State Natural Heritage Programs, species
experts, cooperative research units, recovery teams, The Nature Conservancy, and private
consultants.  All may provide or verify information, and should be used as needed.

Conflict resolutions during informal consultation may involve changes in construction scheduling,
engineering design, pesticide formulation or application method, location, emission or discharge
levels and many other changes.  All possible options to eliminate adverse effects should be
discussed freely with the action agency, and they should be encouraged to recommend their own
options.  The Services do not offer "not likely to adversely affect" concurrences unless the
project's dimensions are defined clearly at the informal stage.  Finally, informal consultation offers
action agencies an opportunity to address their conservation responsibilities under section 7(a)(1).
Recovery plans often identify tasks benefiting listed species that may be carried out on or near the
project site.  Examples include habitat protection, modification or improvement; predator control;
and survey work.

3.3  TECHNICAL ASSISTANCE
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A telephoned or written inquiry about the presence or absence of listed and/or proposed species
in a project area usually initiates informal consultation.  Service biologists may respond in several
ways.  If species are not likely to be present, the consultation requirement is met, and the Services
may advise the agency, applicant or consultant of this in writing.  If historical records or habitat
similarities suggest the species may be in the area, then some survey work may be recommended
to make a more precise determination.  If the species is definitely in the project area, but the
Services determine it will not be adversely affected, the Services may notify the agency of that
finding (e.g., bald eagles fly over but do not feed, roost, or nest in the area, and are not expected
to be adversely affected). 

Technical assistance from the Services may take a variety of forms; it includes the species list
provided by the Service, information on listed, proposed, and candidate species, as well as
names of contacts having information on other sensitive species or State listed species.  The
Services may alert State or tribal agencies, or other Services offices of the project.  See
Exhibit 3-2 for a letter on the need for a survey.

The Services may recommend that the action agency conduct additional studies on species'
distribution in the area affected by the action.  Normally, Services biologists only request
additional survey work, but sometimes monitoring impacts of the action on aspects of the
species' life cycle may be agreed upon during informal consultation.  Monitoring may be
recommended when incidental take is not anticipated but might possibly occur, thus triggering
the need for formal consultation.  In this situation, the action agency should be notified of the
consequences of an unauthorized taking and be encouraged to enter formal consultation if
take is anticipated.  The action agency has no legal obligation to conduct or pay for these
studies, but Service biologists should point out the advantages of doing them during informal
consultation, particularly if the data gathered may preclude formal consultation.  Also, Service
biologists can remind action agencies of their responsibilities under section 7(a)(1) of the Act
to aid in conservation of listed species.

While candidate species have no legal protection, Service biologists should notify agencies of
candidate species in the action area, and may recommend ways to reduce adverse effects
and/or request studies as appropriate.  These may be added as conservation recommendations. 
Legally, the action agency does not have to implement such recommendations.  However,
candidate species may later be proposed for listing, making conference necessary in the future
if proposed actions are likely to jeopardize the continued existence of such species.  Service
biologists should urge other Federal agencies to address candidate species in their Federal
programs.  The Services are eager to work with other Federal agencies to conserve candidate
species.   Addressing candidate species at this stage of consultation provides a focus on the
overall health of the local ecosystem and may avert potential future conflicts.
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Only technical assistance can be provided to agencies conducting actions outside the United
States (e.g., in  Canada), but knowledge of such actions should be considered in the "status of
the species" analysis if consultations arise on impacts proposed to the species (e.g., whooping
crane) in the U.S.
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Exhibit 3-2. Example of a need for survey

                                                          January 26, 1993

Dear __________ :

This responds to your letter dated December 28, 1992 requesting information on the presence
of Federally listed and proposed endangered or threatened species in relation to the proposed
Portland, Maine to Canada Natural Gas Pipeline for the Portland Natural Gas Transmission
System.

Based on information currently available to us, the Federally listed endangered small whorled
pogonia (Isotria medeoloides) is known to occur in several of the towns in southern Maine
through which the proposed transmission lines may pass.  The small whorled pogonia occurs
both in fairly young forests and in maturing stands.  Although varying in their composition, the
mixed-deciduous or mixed deciduous/coniferous forests in which the small whorled pogonia
grows are generally in second or third-growth successional stages.  The ages of the older trees
forming the canopy at some of the sites has been estimated to be about 75 years old in New
Hampshire.

The soil in which the shallowly-rooted small whorled pogonia grows is usually covered with
leaf litter.  The substrate in which it is rooted may be a variety of different textures, from
extremely stony glacial till, to stone-free sandy loams, to sterile duff.  The common soil factor
at most sites is the highly-acidic, nutrient-poor quality of the soil in which this orchid grows.

The majority of Isotria medeoloides sites generally share several common characteristics. 
These include only sparse to moderate ground cover in the microhabitat of the orchids (except
when among ferns), a relatively open understory canopy, and nearness to logging roads,
streams, or other features that create long persisting breaks in the forest canopy.  For
example, in New Hampshire, the small whorled pogonia has been found growing in and
adjacent to recently abandoned, above ground telephone transmission lines.

Inasmuch as distributional information on many rare species is incomplete or imprecise, it is
not currently possible to provide a definitive finding relative to small whorled pogonia in the
permit area.  Therefore, in situations such as this, where an endangered species is known to
occur in similar habitats nearby, a qualified botanist should survey the following proposed
alignments prior to construction activities: alignment sections with corresponding numbers 11
- 20 (no Figure identified) and Nos. 37 - 39 (Fig. 35).  A survey for the small whorled pogonia
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should be conducted by a botanist familiar with this species and should occur in July or
August to ensure best survey conditions.
In addition for the potential of small whorled pogonia populations occurring within the project
area, the candidate species, ___(common and scientific name)____ is known to occur at
several locations near Portland.  While candidate species are not afforded protection under the
Endangered Species Act, the U.S. Fish and Wildlife Service encourages their consideration in
environmental planning.  If unnecessary impacts to candidate species can be avoided, the
likelihood that they will require the protection of the Act in the future is reduced.  We
recommend that the alignment in the vicinity of Portland and Falmouth he surveyed for the 
____(common name of candidate species)____.

One portion of the proposed alignment near Willoughby, Vermont (Figure 11) passes within
five miles of a nest site of the Federally listed endangered
peregrine falcon (Falco peregrinus anatum).  However, based on the proposed project's
distance from the nest (approximately 5 miles), we do not expect any impacts to occur to the
resident peregrine falcons.

No other Federally listed or proposed threatened and endangered species under the
jurisdiction of the U.S. Fish and Wildlife Service are known to occur in the project area, with
the exception of occasional transient endangered bald eagles (Haliaeetus leucocephalus) or
peregrine falcons.

For further information about or assistance with surveys for the small whorled pogonia or the
___(common name of candidate species)___, we suggest that you contact the Maine Natural
Heritage Program, State House Station 130, Augusta, Maine 04333, 207-289-6800.

Please notify this office with the results of any surveys for the small whorled pogonia or the
___(common name of candidate species)___, so that we may determine whether there may be
any impacts to these species.  A list of Federally designated endangered and threatened species
in Maine, New Hampshire and Vermont is included for your information.  Thank you for your
cooperation and please contact _____(name)____ of this office at ____(phone)____  for
further coordination regarding this project.

Sincerely yours,

Field Supervisor
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3.4  BIOLOGICAL ASSESSMENTS

"(c)(1) To facilitate compliance with the requirements of subsection (a)(2) each
Federal agency shall . . . request of the Secretary information whether any species
which is listed or proposed to be listed may be present in the area of such proposed
action.  If the Secretary advises, based on the best scientific and commercial data
available, that such species may be present, such agency shall conduct a biological
assessment for the purpose of identifying any endangered species or threatened
species which is likely to be affected by such action.  Such assessment shall be
completed within 180 days after the date on which initiated (or within such other
period as is mutually agreed by the Secretary and such agency, except that if a permit
or license applicant is involved, the 180-day period may not be extended unless such
agency provides the applicant, before the close of such period, with a written
statement setting forth the estimated length of the proposed extension and the reasons
therefor) and before any contract for construction is entered into and before
construction is begun with respect to such action.  Such assessment may be
undertaken as part of a Federal agency's compliance with the requirements of section
102 of the National Environmental Policy Act of 1969 (42 U.S.C. 4332).
(2) Any person who may wish to apply for an exemption under subsection (g) of the
section for that action may conduct a biological assessment to identify any
endangered species or threatened species which is likely to be affected by such action. 
Any such biological assessment must, however, be conducted in cooperation with the
Secretary and under the supervision of the appropriate Federal agency."

                                Section 7(c) of the Endangered Species Act

By regulation, a biological assessment is prepared for "major construction activities"
considered to be Federal actions significantly affecting the quality of the human environment
as referred to in the National Environmental Policy Act of 1969 (NEPA) (42 U.S.C. 4321 et
seq.). A major construction activity is a construction project or other undertaking having
similar physical impacts, which qualify under NEPA as a major federal action.  Major
construction activities include dams, buildings, pipelines, roads, water resource developments,
channel improvements, and other such projects that modify the physical environment and that
constitute major Federal actions.  As a rule of thumb, if an Environmental Impact Statement is
required for the proposed action and construction-type impacts are involved, it is considered a
major construction activity.

A biological assessment is required if listed species or critical habitat may be present in the
action area.  It is optional if only proposed species or proposed critical habitat is involved. 
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However, if both proposed and listed species are present, a biological assessment is required
and must address both proposed and listed species.  An assessment also may be recommended
for other activities to ensure the agency's early involvement and increase the chances for
resolution during informal consultation.

If a biological assessment is required, formal consultation cannot be initiated until the
biological assessment is completed.  Some agencies submit an assessment early, benefitting
from the informal consultation process; some need to be advised to do so.  When Service
biologists advise an action agency of the need for a biological assessment, the letter should
indicate the importance of completing the assessment before letting contracts or beginning
construction.

The Federal action agency may designate the applicant or a non-Federal representative (often
a consultant) to prepare the biological assessment, although the action agency takes
responsibility for the content of the assessment and for the findings of effect.  The contents of
the assessment are discretionary, but generally include results of on-site inspections
determining the presence of listed or proposed species, and an analysis of the likely effects of
the action on the species or habitat based on biological studies, review of the literature, and
the views of species experts.  The assessment also describes any known unrelated future non-
Federal activities ("cumulative effects") reasonably certain to occur within the action area that
are likely to affect the species.  Sometimes information in other environmental analysis
documents can substitute or be easily modified to produce the assessment.

The biological assessment should address all listed and proposed species   found in the action
area, not just those listed and proposed species that are likely to be affected.  One of the
purposes of the biological assessment is to help make the determination of whether the
proposed action is "likely to adversely affect" listed species and critical habitat.  To make such
a determination, all species must be addressed.  Such an assessment may help determine the
need for conference as well as formal consultation.  A biological assessment may be prepared
(50 CFR §402.12(b)(1)) if  the agency or the applicant may wish later to seek a permanent
exemption from the Endangered Species Committee.

The agency is not required to prepare a biological assessment for actions that are not major
construction activities, but, if a listed species or critical habitat is likely to be affected, the
agency must provide the Services with an account of the basis for evaluating the likely effects
of the action.  The Services use this documentation along with any other available information
to decide if concurrence with the agency's determination is warranted.
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Sometimes, biological assessments are confused with environmental assessments.  The
contents of biological assessments prepared pursuant to the Act are largely at the discretion of
the action agency although the regulations provide recommended contents (50 CFR
§402.12(f)).  Biological assessments are not required to analyze alternatives to proposed
actions.  Environmental assessments are prepared pursuant to the National Environmental
Policy Act.

3.5  CONCURRENCE/NONCONCURRENCE LETTERS

Following review of the biological assessment or other pertinent information, another informal
effort may be appropriate to try to eliminate any residual adverse effects.  If that effort results
in elimination of potential impacts, the Services will concur in writing that the action, as
revised and newly described, is not likely to adversely affect listed species or designated
critical habitat.  Since concurrence depends upon implementation of the modifications, the
concurrence letter must clearly state any modifications agreed to during informal consultation. 
If agreement cannot be reached, the agency is advised to initiate formal consultation.

Although not required, an action agency may request written concurrence from the Services
that the proposed action will have no effect on listed species or critical habitat.  This
concurrence is useful for the administrative record.  When the biological assessment or other
information indicates that the action has no likelihood of adverse effect (including evaluation
of effects that may be beneficial, insignificant, or discountable), the Services provide a letter of
concurrence, which completes informal consultation.  The analysis, based on review of all
potential effects, direct and indirect, is documented in the concurrence letter.  If the nature of
the effects cannot be determined, benefit of the doubt is given to the species.  Do not concur
in this instance.  After evaluating the potential for effect, one of the following determinations
is made:

Listed species/designated critical habitat

o No effect - the appropriate conclusion when the action agency determines its
proposed action will not affect listed species or critical habitat (see Exhibit 3-3).

o Is not likely to adversely affect - the appropriate conclusion when effects on listed
species are expected to be discountable, or insignificant, or completely beneficial. 
Beneficial effects are contemporaneous positive effects without any adverse effects
to the species.  Insignificant effects relate to the size of the impact and should
never reach the scale where take occurs.  Discountable effects are those extremely
unlikely to occur.  Based on best judgment, a person would not: (1) be able to
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meaningfully measure, detect, or evaluate insignificant effects; or (2) expect
discountable effects to occur (see Exhibits 3-4 and 3-5).

o Nonconcurrence - if the Services do not agree with the action agency's
determination of effects or if there is not enough information to adequately
determine the nature of the effects, a letter of nonconcurrence is provided to the
action agency (see Exhibit 3-6).

o Is likely to adversely affect - the appropriate conclusion if any adverse effect to
listed species may occur as a direct or indirect result of the proposed action or its
interrelated or interdependent actions, and the effect is not:  discountable,
insignificant, or beneficial (see definition of “is not likely to adversely affect”).  In
the event the overall effect of the proposed action is beneficial to the listed species,
but also is likely to cause some adverse effects, then the proposed action "is likely to
adversely affect" the listed species.  An "is likely to adversely affect" determination
requires formal section 7 consultation.

Proposed species/proposed critical habitat

A fourth finding is possible for proposed species or proposed critical habitat:

o Is likely to jeopardize proposed species/adversely modify proposed critical
habitat - the appropriate conclusion when the action agency or the Services identify
situations in which the proposed action is likely to jeopardize the continued
existence of the proposed species or adversely modify the proposed critical habitat. 
If this conclusion is reached, conference is required.
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Exhibit 3-3.  Example of a no effect response

United States Department of the Interior

FISH AND WILDLIFE SERVICE
New England Field Offices
400 Ralph Pill Marketplace
22 Bridge Street, Unit #1

Concord, New Hampshire 03301-4901

RE: Nationwide Wetlands Permit
January 20, 1993

Drakes Island, Wells, Maine

Dear __________ :

We have reviewed your request for information about endangered and threatened species and
their habitats for the above referenced project.  The Federally listed threatened piping plover
(Charadrius melodus) is known to occur on Laudholm Beach, near the proposed project. 
However, based on the project description and location, the Fish and Wildlife Service concurs
with your determination that no impacts to Federally listed species will occur as a result of the
proposed action.  Should project plans change, or if additional information on the distribution
of listed or proposed species becomes available, this determination may be reconsidered.

While it is not required for your Federal permit, we suggest that you contact the Maine
Natural Heritage Program, State House Station 130, Augusta, Maine 04333, 207-289-6800
for information on state listed species that may be present.

A list of Federally designated endangered and threatened species in Maine is enclosed for your
information.  If you have further questions, please contact _____(name)____ of this office at
____(phone)____.

Sincerely yours,

Field Supervisor
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Exhibit 3-4.  Example of a concurrence letter

Re: Blanket clearance for minor construction projects

Dear __________ :

This responds to your request of November 18, 1992, for our concurrence with your
approach to handling endangered species review of minor construction projects falling into the
following categories specified in your letter:

1. Construction, abandonment, or relocation of points of delivery (PODs).  We understand
to establish a new POD, an existing pipeline is tapped at a point along a previously
disturbed and maintained Right-Of-Way (ROW), and no more than 20 feet of small
diameter pipe is installed.  Limited aboveground facilities such as valves, separators,
meters and small shelters may also be installed.  To relocate or abandon a POD, an
existing pipeline is cut and capped adjacent to the existing pipeline as previously
described at a different location.

2. Construction and/or maintenance projects within existing, previously disturbed, and
generally fenced compressor and measuring and regulatory (M&R) stations.

3. Construction and/or maintenance projects along existing, previously disturbed and
maintained ROW.  We understand from your letter that these minor projects are less than
100 feet in length and include projects for erosion and sedimentation control, cathodic
protection installations and repairs to or replacement of facilities.

A Biological Assessment is required for "major construction activities" if listed species "may
be present" in the action area - regardless of the likelihood or significance of the effects. 
However, since the above projects are not "major construction activities" and no listed species
"may be present" in the action area, no Biological Assessment or further Section 7
Consultation pursuant to the Endangered Species Act of 1973 is required with the Fish and
Wildlife Service for these particular activities.  We concur that the types of activities described
above will not adversely affect endangered or threatened species.  Should additional
information on listed or proposed species become available, this determination may be
reconsidered.

The above comments are provided in accordance with the Endangered Species Act (87 Stat.
884, as amended; 16 U.S.C. 1531 et seq.).  Our comments regarding compliance with the Fish
and Wildlife Coordination Act (48 Stat. 401, as amended; 16 U.S.C. 661 et seq.), and the
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Migratory Bird Treaty Act (40 Stat. 755, as amended; 16 U.S.C. 703 et seq.) were provided
in our letter of February 11, 1992   Those comments remain valid.

We appreciate your conscientious efforts to comply with Federal requirements.  If you have
any questions regarding this letter, please contact ____(name)____ of this office at 
____(phone)____.

Sincerely yours,

Field Supervisor
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VBS Vertical barrier screens 
WDFW Washington Department of Fish and Wildlife 
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FOREWORD 
 

The National Oceanic and Atmospheric Administration’s National Marine Fisheries Service 
(NMFS) is charged by Congress to manage, conserve, and protect living marine resources within 
the United States Exclusive Economic Zone.  NMFS also plays a supportive and advisory role in 
the management of living marine resources in areas under state jurisdiction.  Among these living 
marine resources are the Pacific anadromous salmonids (salmon and steelhead) which have 
tremendous economic, cultural, recreational, and symbolic importance to the Pacific Northwest 
(NRC 1996).   
 
Anadromous fishes reproduce in freshwater and the progeny migrate to the ocean to grow and 
mature and return to freshwater to reproduce.  Salmon and steelhead cross many geographic and 
human boundaries during their freshwater migration.  It is an arduous journey; some species 
migrate hundreds of miles each way in freshwater and thousands of miles while in the ocean.  In 
addition to the challenge of covering great distances, most species must navigate many barriers 
during migration.  Migration barriers—complete blockages and poorly functioning passage 
facilities—are a significant factor affecting most salmon populations in the Pacific Northwest.   
 
Any independent Pacific salmonid (genus Oncorhynchus) population is considered viable when 
it can withstand threats and risk of extinction from demographic variation, local environmental 
variation, and genetic diversity changes over a 100-year timeframe (McElheny et al. 2000).  
Each viable population needs to exhibit the abundance, productivity, spatial distribution and 
diversity of natural spawners sufficient to accomplish the following: avoid the loss of genetic 
and/or life history diversity during short-term losses in abundance that are expected parts of 
environmental cycles; fulfill key ecological functions that are attributable to the species, such as 
nutrient cycling and food web roles; and be resilient to environmental and anthropogenic 
disturbances.   
 
The primary effect of barriers (e.g., hydroelectric dams, water storage projects, irrigation 
diversions, impassable culverts, etc.) on Pacific salmonids is the reduction in population 
abundance and productivity through excessive mortality and reduction in habitat quantity and 
quality.  Individuals are lost to the population due to death from passing through turbines, 
disproportionate predation in reservoirs, entrainment at unscreened or improperly screened 
diversions, etc.  Spatial structure and diversity have also been reduced by the loss of nearly 40% 
of salmon habitat from dams (NRC 1996), either through complete blockage or inundation.  
 
This document is intended to assist with improving conditions for salmonids that must migrate 
past barriers to complete their life cycle.  The task involved in successfully passing fish upstream 
or downstream of an in-river impediment is a dynamic integration of fish behavior, physiology, 
and bio-mechanics with hydraulic analysis, hydrologic study, and engineering.  Installing a fish 
passage structure does not constitute providing satisfactory fish passage unless all of the above 
components are adequately factored into the design.   
 
The following document provides criteria, rationale, guidelines, and definitions for the purpose 
of designing proper fish passage facilities for the safe, timely, and efficient upstream and 
downstream passage of anadromous salmonids at impediments created by artificial structures, 
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natural barriers (where provision of fish passage is consistent with management objectives), or 
altered instream hydraulic conditions.  This document provides fishway facility design standards 
for the National Marine Fisheries Service, and is to be used for actions pertaining to the various 
authorities and jurisdictions of NMFS, including Section 18 of the Federal Power Act (FPA), the 
Endangered Species Act (ESA), and the Magnuson-Stevens Fishery Conservation and 
Management Act (MSA) in the Northwest Region (NWR).  This document intends to provide 
generic guidance as an alternative to active participation by NMFS engineers in a design process, 
for the purpose of providing designs that will be acceptable for fishways that fall within NMFS 
jurisdictions.  If passage facilities are designed and constructed in a manner consistent with these 
criteria, adverse impacts to anadromous fish migration will be minimized. 
 
Instances will occur where a fish passage facility may not be a viable solution for correcting a 
passage impediment, due to biological, sociological, or economic constraints.  In these situations, 
removal of the impediment or altering operations may be a suitable surrogate for a constructed 
fish passage facility.  In other situations, accomplishing fish passage may not be an objective of 
NMFS because of factors such as limited habitat or lack of naturally occurring runs of 
anadromous fish upstream of the site.  To determine whether NMFS will use its various 
authorities to promote or to prescribe fish passage, NMFS will rely on a collaborative approach, 
considering the views of other fisheries resource agencies, Native American Tribes, non-
government organizations, and citizen groups, and will strive to accomplish the objectives in 
watershed plans for fisheries restoration and enhancement. 
 
This document does not address aspects of design other than those that provide for safe and 
timely fish passage, and to some extent, preservation of aquatic habitat.  Structural integrity, 
public safety, and other aspects of facility design are the responsibility of the principal design 
engineer, who should ensure that the final facility design meets all other requirements in addition 
to the fish passage criteria and guidelines contained in this document.   
 
Section 11 (Fish Screen and Bypass Facilities) supersedes previous design guidance published by 
NMFS, including Juvenile Fish Screen Criteria (February 16, 1995) and Juvenile Fish Screen 
Criteria for Pump Intakes (May 9, 1996).   
 
The fish passage facilities described in this document include various fish ladders; exclusion 
barriers; trap and haul facilities; fish handling and sorting facilities; instream structures; road 
crossing structures such as culverts or bridges; juvenile fish screens; tide gates (still under 
development); infiltration galleries; upstream juvenile passage facilities; and specialized criteria 
for mainstem Columbia and Snake River passage facilities.  Passage facilities for projects under 
NMFS jurisdiction should be consistent with the details described in this document, with the 
facility design developed in coordination with NMFS fish passage specialists.   
 
Proponents of new, unproven fish passage designs (i.e., not meeting the criteria and guidelines 
contained in this document) must provide to NMFS:  (1) development of a biological basis for 
the concept; (2) demonstration of favorable fish behavioral response in a laboratory setting; (3) 
an acceptable plan for evaluating the prototype installation; and (4) an acceptable alternate plan 
developed concurrently for a fish passage design satisfying these criteria, should the prototype 

Exhibit 32



NMFS Anadromous Salmonid Passage Facility Design July 2011 
 

x 

not adequately protect fish.  Section 16 (Experimental Fish Guidance Devices) provides 
additional information on the NMFS approval process for unproven fish passage devices.   
 
Criteria are specific standards for fishway design, maintenance, or operation that cannot be 
changed without a written waiver from NMFS.  For the purposes of this document, a criterion is 
preceded by the word ―must.‖  In general, a specific criterion can not be changed unless there is 
site-specific biological rationale for doing so.  An example of biological rationale that could lead 
to criterion waiver is a determination or confirmation by NMFS biologists that the smallest fry-
sized fish will likely not be present at a proposed screen site.  Therefore, the juvenile fish screen 
approach velocity criterion of 0.4 ft/s could be increased to match the smallest life stage expected 
at the screen site.  A guideline is a range of values or a specific value for fishway design, 
maintenance or operation that may change when site-specific conditions are factored into the 
conceptual fishway design.  For the purposes of this document guidelines are preceded by the 
word ―should.‖  Guidelines should be followed in the fishway design until site-specific 
information indicates that a different value would provide better fish passage conditions or solve 
site-specific issues.  An example of site-specific rationale that could lead to a modified guideline 
is when the maximum river depth at a site is three feet, as compared to the design guideline for a 
fishway entrance depth of six feet.  In this example, safe and timely fish passage could be 
provided by modifying the guideline to match the depth in the river.  It is the responsibility of the 
applicant to provide compelling evidence in support of any proposed waiver of criteria or 
modification of a guideline for NMFS approval early in the design process, well in advance of a 
proposed Federal action.   
 
On occasion, more conservative designs may be required on a project-by-project basis if there is 
a need to provide additional protection for other species of fish.  In addition, there may be 
instances where NMFS provides written approval for use of alternative passage standards, if 
NMFS determines that the alternative standards provide equal or superior protection as compared 
to the guidelines and criteria listed herein, for a particular site or for a set of passage projects 
within the NWR.  
 
It is possible that part or all of this document, or approved alternate passage standards, could be 
used to develop programmatic consultation under the ESA.  For example, a project developer 
may choose to use this document as the basis for fish passage design and develop additional 
detail beyond the scope of this document (e.g., construction management, project 
implementation scheduling, riparian replacement, project monitoring, etc.) in consultation with 
NMFS.  Programmatic ESA consultation may conclude that an optimal uniform approach to 
implementing a number of fish passage projects will not pose any threat to ESA-listed species or 
to critical habitat.  With this conclusion, individual ESA consultation on each project could be 
avoided.  
 
Existing facilities may not adhere to the criteria and guidelines listed in this document.  
However, that does not mean these facilities must be modified specifically for compliance with 
this document.  The intention of these criteria and guidelines is to ensure future compliance in 
the context of major upgrades and new designs of fish passage facilities. 
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The following document is hereby designated as NMFS NWR Fish Passage Design Policy for 
responsibilities under the ESA, FPA, and MSA, for the purpose of providing project proponents 
with NMFS’ perspective on proper design of fish passage facilities for providing safe, timely, 
and efficient fish passage.  This document was developed by NWR fish passage engineers based 
on nearly 60 years of agency experience in developing fishway designs, and further refined 
through a collaborative process with regional fishway design experts.  This guidance is 
considered to be a working document, thus when new or updated information suggests that a 
different standard (criterion or guideline) provides better fishway passage, simplifies operations, 
or decreases required maintenance, this document will be periodically updated.  Suggested 
changes, additions, or questions should be directed to Bryan Nordlund at 
Bryan.Nordlund@noaa.gov for consideration in updating this document.  Assistance from NMFS 
fish passage specialists can be obtained by contacting the NMFS NWR Hydropower Division at 
(503) 230-5414. 
 
 

Bruce K. Suzumoto 
Assistant Regional Administrator 
Hydropower Division 
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1.  DEFINITION OF TERMS 
 

Terms defined in this section are identified in italics throughout the document. 
 
Anadromous - fish species that travel upstream to spawn in freshwater. 
 

Active screens - juvenile fish screens equipped with proven cleaning capability and are 
automatically cleaned as frequently as necessary to keep the screens free of any debris 
that will restrict flow area.  An active screen is the required design in most instances.  
 
Approach velocity - the vector component of canal velocity that is perpendicular to and 
upstream of the vertical projection of the screen face, calculated by dividing the 
maximum screened flow by the effective screen area.  An exception to this definition is 
for end-of-pipe cylindrical screens, where the approach velocity is calculated using the 
entire effective screen area.  Approach velocity should be measured as close as physically 
possible to the boundary layer turbulence generated by the screen face. 
 
Apron - a flat, usually slightly inclined slab below a flow control structure that provides 
for erosion protection and produces hydraulic characteristics suitable for energy 
dissipation or in some cases fish exclusion. 
 
Attraction flow - the flow that emanates from a fishway entrance with sufficient velocity 
and in sufficient quantity and location to attract upstream migrants into the fishway.  
Attraction flow consists of gravity flow from the fish ladder, plus any auxiliary water 

system flow added at points within the lower fish ladder. 
 
Auxiliary water system - a hydraulic system that augments fish ladder flow at various 
points in the upstream passage facility.  Typically, large amounts of auxiliary water flow 
are added in the fishway entrance pool in order to increase the attraction of the fishway 
entrance. 
 
Backwash - providing debris removal by pressurized wash, opposite to the direction of 
flow.  
 
Backwater - a condition whereby a hydraulic drop is influenced or controlled by a water 
surface control feature located downstream of the hydraulic drop. 
 

Baffles - physical structures placed in the flow path designed to dissipate energy or to re-
direct flow for the purpose of achieving more uniform flow conditions. 
 
Bankfull - the bank height inundated by an approximately 1.2 to 1.5 year (maximum) 
average recurrence interval and may be estimated by morphological features such as the 
following: (1) a topographic break from vertical bank to flat floodplain; (2) a topographic 
break from steep slope to gentle slope; (3) a change in vegetation from bare to grass, moss to 
grass, grass to sage, grass to trees, or from no trees to trees; (4) a textural change of 
depositional sediment; (5) the elevation below which no fine debris (e.g., needles, leaves, 
cones, seeds) occurs; and (6) a textural change of matrix material between cobbles or rocks. 
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Bedload - sand, silt, gravel, or soil and rock debris transported by moving water on or 
near the streambed.   
 
Bifurcation (Trifurcation) pools - pools where two or three sections of fish ladders 
divide into separate routes.  
 
Brail - a device that moves upward (vertically) through the water column, crowding fish 
into an area for collection. 
 
Bypass flow - in context of screen design, that portion of flow diverted that is specifically 
used to bypass fish back to the river. 
 
Bypass reach - the portion of the river between the point of flow diversion and the point 
of flow return to the river. 
 
Bypass system - the component of a downstream passage facility that transports fish from 
the diverted water back into the body of water from which they originated, usually 
consisting of a bypass entrance, a bypass conveyance, and a bypass outfall.  
 
Channel bed width - the width of the stream bed under bankfull channel conditions.   
 

Conceptual design - an initial design concept based on the site conditions and biological 
needs of the species intended for passage.  This is also sometimes referred to as 
preliminary design or functional design. 
 

Crowder - a combination of static and/or movable picketed and/or solid leads installed in 
a fishway for the purpose of moving fish into a specific area for sampling, counting, 
broodstock collection, or other purposes.  
 
Diffuser - typically, a set of horizontal or vertical bars designed to introduce flow into a 
fishway in a nearly uniform fashion.  Other means are also available that may accomplish 
this objective. 
 
Distribution flume - a channel used to route fish to various points in a fish trapping 
system. 
 
Effective screen area - the total submerged screen area, excluding major structural 
members, but including the screen face material.  For rotating drum screens, effective 

screen area consists only of the submerged area projected onto a vertical plane, 
excluding major structural members, but including screen face material.    
 
End of pipe screens - juvenile fish screening devices attached directly to the intake of a 
diversion pipe.  
 
Entrainment - the unintended diversion of fish into an unsafe passage route. 
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Exclusion barriers - upstream passage facilities that prevent upstream migrants from 
entering areas with no upstream egress, or areas that may lead to fish injury. 
 
Exit control section - the upper portion of an upstream passage facility that serves to 
provide suitable passage conditions to accommodate varying forebay water surfaces, 
through means of pool geometry, weir design, and the capability to add or remove flow at 
specific locations. 
 
False weir - a device that adds vertical flow to a upstream fishway, usually used in 
conjunction with a distribution flume that routes fish to a specific area for sorting or to 
continue upstream passage. 
 

Fish ladder - the structural component of an upstream passage facility that dissipates the 
potential energy into discrete pools, or uniformly dissipates energy with a single baffled 
chute placed between an entrance pool and an exit pool or with a series of baffled chutes 
and resting pools.   
 
Fish lift - a mechanical component of an upstream passage system that provides fish 
passage by lifting fish in a water-filled hopper or other lifting device into a conveyance 
structure that delivers upstream migrants past the impediment. 
 
Fish lock - a mechanical and hydraulic component of an upstream passage system that 
provides fish passage by attracting or crowding fish into the lock chamber, activating a 
closure device to prevent fish from escaping, introducing flow into the enclosed lock, and 
raising the water surface to forebay level, and then opening a gate to allow the fish to 
exit. 
 
Fish passage season - the range of dates when a species migrates to the site of an 
existing or proposed fishway, based on either available data collected for a site, or 
consistent with the opinion of an assigned NMFS biologist when no data is available. 
 
Fish weir (also called picket weir or fish fence) - a device with closely spaced pickets to 
allow passage of flow, but preclude upstream passage of adult fish.  Normally, this term 
is applied to the device used to guide fish into an adult fish trap or counting window.  
This device is not a weir in the hydraulic sense. 
 
Fishway - the set of facilities, structures, devices, measures, and project operations that 
together constitute, and are essential to the success of, an upstream or downstream fish 
passage system.  
 
Fishway entrance - the component of an upstream passage facility that discharges 
attraction flow into the tailrace, where upstream migrating fish enter (and flow exits) the 
fishway.   
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Fishway exit - the component of an upstream passage facility where flow from the 
forebay enters the fishway, and where fish exit into the forebay upstream of the passage 
impediment.  
 
Fishway entrance pool - the pool immediately upstream of the fishway entrance(s), 
where fish ladder flow combines with any remaining auxiliary water system flow to form 
the attraction flow. 
 
Fishway weir - the partition that passes flow between adjacent pools in a fishway. 

 

Flood frequency - the frequency with which a flood of a given river flow has the 
probability of recurring based on historic flow records.  For example, a "100-year" 
frequency flood refers to a flood flow of a magnitude likely to occur on the average of 
once every 100 years, or, has a one-percent chance of being exceeded in any year.  
Although calculation of possible recurrence is often based on historical records, there is 
no guarantee that a "100-year" flood will occur within the 100-year period or that it will 
not recur several times. 
 
Floodplain - the area adjacent to the stream that is inundated during periods of flow that 
exceed stream channel capacity, as established by the stream over time. 
 
Flow control structure - a structure in a water conveyance intended to maintain flow in a 
predictable fashion. 
 
Flow duration exceedence curve - the plot of the relationship between the magnitude of 
daily flow and the percentage of the time period for which that flow is likely to be 
equaled or exceeded.  Other time units can be used as well, depending on the intended 
application of the data. 
 
Flow egress weir - a weir used to route excess flow (without fish) from a fish facility. 
 
Forebay - the water body impounded immediately upstream of a dam. 
 
Freeboard - the height of a structure that extends above the maximum water surface 
elevation. 
 
Fry - for purposes of this document, defined as a young juvenile salmonid with absorbed 
egg sac, less than 60 mm in length. 
 

Functional design - an initial design concept, based on the site conditions and biological 
needs of the species intended for passage.  This is also sometimes referred to as 
preliminary design or conceptual design. 
 
Hatchery supplementation - hatchery propagation usually utilizing the progeny of local 
wild broodstock.    
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Head loss - the loss of energy through a hydraulic structure. 
 
Hopper - a device used to lift fish (in water) from a collection or holding area, for release 
upstream of the impediment.   
 
Hydraulic drop - the energy difference between an upstream and downstream water 
surface, considering potential (elevation) and kinetic energy (velocity head), and pressure 
head.  For fishway entrances and fishway weirs, the difference in kinetic energy and 
pressure head is usually negligible and only water surface elevation differences are 
considered when estimating hydraulic drop across the structure.  As such, staff gages that 
indicate hydraulic drop over these structures must be suitably located to avoid the 
drawdown of the water surface due to flow accelerating through the fishway weir or 
fishway entrance. 
 
Impingement - the consequence of a situation where flow velocity exceeds the swimming 
capability of a fish, creating injurious contact with a screen face or bar rack.   
 

Infiltration gallery - a water diversion that provides flow via an excavated gallery 
beneath the stream bed.  
 

Kelts - an adult steelhead that has completed spawning and is migrating downstream. 
 
Off-ladder trap - a trap for capturing fish located adjacent to a fish ladder in an off ladder 
flow route, separate from the normal fish ladder route.  This device allows fish to either 
pass via the ladder, or be routed into the trap depending on management objectives. 
 
Passive screens - juvenile fish screens without an automated cleaning system. 
 
Picket leads or Pickets - a set of vertically inclined flat bars or circular slender columns 
(pickets), designed to exclude fish from a specific point of passage (also, see fish weir). 
 

PIT- tag detector - a device that passively scans a fish for the presence of a passive 
integrated transponder (PIT) tag that is implanted in a fish and read when activated by an 
electro-magnetic field generated by the detector. 
 
Plunging flow - flow over a weir that falls into the receiving pool with a water surface 
elevation below the weir crest elevation.  Generally, surface flow in the receiving pool is 
in the upstream direction, downstream from the point of entry into the receiving pool.  
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Figure 1-1.  Plunging Flow over Fishway Weir 
 

 

Porosity - the open area of a mesh, screen, rack or other flow area relative to the entire 
gross area. 
 
Positive-exclusion - a means of excluding fish by providing a barrier which they can not 
physically pass through. 
 

Preliminary design - an initial design concept, based on the site conditions and biological 
needs of the species intended for passage.  This is also sometimes referred to as 
functional design or conceptual design. 
 

Ramping rates - the rate at which (typically inches per hour) a flow is artificially altered 
to accommodate diversion requirements. 
 
Rating curve - the graphed data depicting the relationship between water surface 
elevation and flow. 
 
Redd - deposition of fish eggs in a gravel nest, excavated by a spawning female 
salmonid. 
 
Screen material - the material that provides physical exclusion to reduce the probability 
of entraining fish.  Examples of screen material include perforated plate, bar screen, and 
woven wire mesh. 
 
Scour - erosion of streambed material, resulting in temporary or permanent lowering of 
streambed profile. 
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Section 10 and 404 Regulatory Programs - The principal Federal regulatory programs, 
carried out by the COE, affecting structures and other work below mean high water.  The 
COE, under Section 10 of the River and Harbor Act of 1899, regulates structures in, or 
affecting, navigable waters of the U.S. as well as excavation or deposition of materials 
(e.g., dredging or filling) in navigable waters.  Under Section 404 of the Federal Water 
Pollution Control Act Amendments (Clean Water Act of 1977), the COE is also 
responsible for evaluating application for Department of the Army permits for any 
activities that involve the placement of dredged or fill material into waters of the United 
States, including adjacent wetlands. 
 
Smolt - a juvenile salmonid that has completed its fresh water rearing cycle and is 
proceeding out to sea. 
 
Streaming flow - flow over a weir which falls into a receiving pool with water surface 
elevation above the weir crest elevation.  Generally, surface flow in the receiving pool is 
in the downstream direction, downstream from the point of entry into the receiving pool.  
 

Figure 1-2.  Streaming Flow over Fishway Weir 
 
 
Sweeping velocity - the vector component of canal flow velocity that is parallel and 
adjacent to the screen face, measured as close as physically possible to the boundary 
layer turbulence generated by the screen face.  
 
Tailrace - the stream immediately downstream of an instream structure. 
 
Tailwater - the flow through the tailrace. 
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Total project head - the difference in water surface elevation from upstream to 
downstream of an impediment such as a dam.  Normally, total project head encompasses 
a range based on stream flows and/or the operation of flow control devices.  
 
Thalweg - the stream flow path following the deepest parts of a stream channel. 
 
Tide Gate - a gate used in coastal areas to regulate tidal intrusion. 
 
Training wall - a physical structure designed to direct flow to a specific location or in a 
specific direction. 
 
Transport channel - a hydraulic conveyance designed to pass fish between different 
sections of a fish passage facility. 
 
Transport velocity - the velocity of flow within the migration corridor of a fishway, 
excluding areas with any hydraulic drops greater than 0.1 feet. 
 

Trap and Haul - a fish passage facility designed to trap fish for upstream or downstream 
transport to continue their migration. 
 

Trash rack - a rack of vertical bars with spacing designed to catch debris and preclude it 
from entering the fishway, while providing sufficient opening to allow the passage of 
fish. 
 

Trash rack, coarse - a rack of vertical bars with spacing designed to catch large debris 
and preclude it from entering the fishway, while providing sufficient opening to allow the 
passage of fish.  
 

Trash rack, fine - a rack of vertical bars designed to catch debris and reduce or eliminate 
entry of fish into the intake of an auxiliary water system. 

 
Turbine intake screens – partial flow screens positioned within the upper portion of 
turbine intakes, designed to guide fish into a collection system for transport or bypass 
back to the river. 
 
Upstream fish passage - fish passage relating to upstream migration of adult and/or 
juvenile fish. 
 
Upstream passage facility - a fishway system designed to pass fish upstream of a passage 
impediment, either by volitional passage or non-volitional passage. 
 
Vee screen - a pair of juvenile fish screens installed in a vee configuration (i.e., mirrored 
about a centerline) with the bypass entrance located between the junction of the two 
screens. 
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Velocity head (hv) - the kinetic energy of flow contained by the water velocity, calculated 
by the square of the velocity (V) divided by two times the gravitational constant (g) (hv = 
V2/2g). 
 
Vertical barrier screens - vertical screens, usually located in a gatewell of a mainstream 
hydroproject, that dewater flow from turbine intake screens, thereby concentrating fish 
for passage into a bypass system. 
 
Volitional passage - fish passage made continuously available without trap and transport. 
 

Wasteway - a conveyance which returns water originally diverted from an upstream 
location back to the diverted stream. 
 
Weir - an obstruction over which water flows.  
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2.  PRELIMINARY DESIGN DEVELOPMENT 
 

2.1  Introduction – Preliminary Design Development    
 
In cases such as applications for a FERC license, ESA consultation, ESA Section 9 
Enforcement activity, or ESA permit, a preliminary design for a fish passage facility 
must be developed in an interactive process with NMFS NWR Hydropower Division 
engineering staff.  For all fish passage facility projects, the preliminary design should be 
developed based on a synthesis of the required site and biological information listed 
below.  In general, NMFS will review fish passage facility designs in the context of how 
the required site and the biological information was integrated into the design.  Submittal 
of all information discussed below may not be required in writing for NMFS review.  
However, the applicant should be prepared to describe how the biological and site 
information listed below was included in the development of the preliminary design.  
NMFS will be available to discuss these criteria in general or in the context of a specific 
site.  The applicant is encouraged to initiate coordination with NMFS fish passage 
specialists early in the development of the preliminary design to facilitate an iterative, 
interactive, and cooperative process.   
 
2.2  Site Information 
 
The following site information should be provided for the development of the 
preliminary design. 
 

1. Functional requirements of the proposed fish passage facilities as related to all 
anticipated operations and river flows.  Describe median, maximum, and 
minimum monthly diverted flow rates, plus any special operations (e.g., use of 
flash boards) that modify forebay or tailrace water surface elevations. 

 
2. Site plan drawing showing location and layout of the proposed fishway relative to 

existing project features facilities. 
 
3. Topographic and bathymetric surveys, particularly where they might influence 

locating fishway entrances and exits, and personnel access to the site. 
 
4. Drawings showing elevations and a plan view of existing flow diversion 

structures, including details showing the intake configuration, location, and 
capacity of project hydraulic features. 

 
5. Basin hydrology information, including daily and monthly streamflow data and 

flow duration exceedence curves at the proposed fish passage facility site based 
on the entire period of available record.  Where stream gage data is unavailable, 
or if a short period of record exists, appropriate synthetic methods of generating 
flow records may be used. 
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6. Project operational information that may affect fish migration (e.g., powerhouse 
flow capacity, period of operation, etc.) 

 
7. Project forebay and tailwater rating curves encompassing the entire operational 

range. 
 
8. River morphology trends.  If the fish passage facility is proposed at a new or 

modified diversion, determine the potential for channel degradation or channel 
migration that may alter stream channel geometry and compromise fishway 
performance.  Describe whether the stream channel is stable, conditionally stable, 
or unstable, and indicate the overall channel pattern as straight, meandering, or 
braided.  Estimate the rate of lateral channel migration and change in stream 
gradient that has occurred over the last decade. Also, describe what effect the 
proposed fish passage facility may have on existing stream alignment and 
gradient and the potential for future channel modification due to either 
construction of the facility or continuing natural channel instability.  

 
9. Special sediment and/or debris problems.  Describe conditions that may influence 

design of the fish passage facility, or present potential for significant problems. 
 
10. Other information from site-specific biological assessment. 

 
2.3  Biological Information  
 
The following biological information should be provided for the development of the 
preliminary design. 
 

1. Type, life stage, run size, period of migration, and spawning location and timing 
for each life stage and species present at the site. 

 
2. Other species (including life stage) present at the proposed fish passage site that 

also require passage.  
 
3. Predatory species that may be present.  
 
4. High and low design passage flow for periods of upstream fish passage (see 

Section 3). 
 
5. Any known fish behavioral aspects that affect salmonid passage.  For example, 

most salmonid species pass readily through properly designed orifices, but other 
species unable to pass through these orifices may impede salmonid passage. 

  
6. What is known and what needs to be researched about fish migration routes 

approaching the site. 
 

Exhibit 32



NMFS Anadromous Salmonid Passage Facility Design July 2011 
 

23 

7. Document, or estimate, minimum streamflow required to allow migration around 
the impediment during low water periods (based on past site experience). 

 
8. Poaching/illegal trespass - describe the degree of human activity in immediate 

area and the need for security measures to reduce or eliminate illegal activity. 
 
9. Water quality factors that may affect fish passage at the site. Fish may not migrate 

if water temperature and quality are marginal, instead seeking holding zones until 
water quality conditions improve.   

 
2.4  Design Development Phases 
 
A description of steps in the design process is presented here to clarify the preliminary 

design as it contrasts with often-used and related terms in the design development 
process.  The following are commonly used terms (especially in the context of larger 
facilities) by many public and private design entities.  NMFS engineering staff may be 
consulted for all phases of design; required reviews are described below in Detailed 
Design Phase.  
 
Reconnaissance study - typically an early investigation of one or more sites for 
suitability of design and construction of some type of facility.   

 
Conceptual alternatives study - lists types of facilities that may be appropriate for 
accomplishing objectives at a specific site, and does not entail much on-site investigation.  
It results in a narrowed list of alternatives that merit additional assessment.  

 
Feasibility study - includes an incrementally greater amount of development of each 
design concept (including a rough cost estimate), which enables selection of a most-
preferred alternative.   
 
Preliminary design - includes additional and more comprehensive investigations and 
design development of the preferred alternative, and results in a facilities layout 
(including some section drawings), with identification of size and flow rate for primary 
project features.  Cost estimates are also considered to be more accurate.  Completion of 
the preliminary design commonly results in a preliminary design document that may be 
used for budgetary and planning purposes, and as a basis for soliciting (and subsequent 
collating) design review comments by other reviewing entities.  The preliminary design 
is commonly considered to be at the 20% to 30% completion stage of the design process.   

 
Detailed design phase - uses the preliminary design as a springboard for preparation of 
the final design and specifications, in preparation for the bid solicitation (or negotiation) 
process.  Once the detailed design process commences, NMFS must have the opportunity 
to review and provide comments at the 50% and 90% completion stages.  These 
comments usually entail refinements in the detailed design that will lead to operations, 
maintenance, and fish safety benefits.  Electronic drawings accompanied by 11 x 17 inch 
paper drawings are the preferred review medium. 
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3.  DESIGN FLOW RANGE 
 
3.1  Introduction – Design Flow Range 
 
The design streamflow range for fish passage, bracketed by the designated fish passage 
design high and low flows, constitutes the bounds of the fish passage facility design 
where fish passage facilities must operate within the specified design criteria.  Within this 
range of streamflow, the fishway design must allow for safe, timely, and efficient fish 
passage.  Outside of this flow range, fish must either not be present or not be actively 
migrating, or must be able to pass safely without need of a fish passage facility.  Site-
specific information is critical to determine the design time period and river flows for the 
passage facility - local hydrology may require that these design streamflows be modified 
for a particular site.   
 
Criteria are specific standards for fishway design, maintenance, or operation that cannot 
be changed without a written waiver from NMFS.  For the purposes of this document, a 
criterion is preceded by the word ―must.‖  In general, a specific criterion can not be 
changed unless there is site-specific biological rationale for doing so.  An example of 
biological rationale that could lead to criterion waiver is a determination or confirmation 
by NMFS biologists that the smallest fry-sized fish will likely not be present at a 
proposed screen site.  Therefore, the juvenile fish screen approach velocity criterion of 
0.4 ft/s could be increased to match the smallest life stage expected at the screen site.  A 
guideline is a range of values or a specific value for fishway design, maintenance, or 
operation that may change when site-specific conditions are factored into the conceptual 
fishway design.  For the purposes of this document guidelines are preceded by the word 
―should.‖  Guidelines should be followed in the fishway design until site-specific 
information indicates that a different value would provide better fish passage conditions 
or solve site-specific issues.  An example of site-specific rationale that could lead to a 
modified guideline is when the maximum river depth at a site is 3 feet, as compared to 
the design guideline for a fishway entrance depth of 6 feet.  In this example, safe and 
timely fish passage could be provided by modifying the guideline to match the depth in 
the river.  It is the responsibility of the applicant to provide compelling evidence in 
support of any proposed waiver of criteria or modification of a guideline for NMFS 
approval early in the design process, well in advance of a proposed Federal action. 
  
3.2  Design Low Flow for Fish Passage 
 
Design low flow for fishways is the mean daily average streamflow that is exceeded 95% 
of the time during periods when migrating fish are normally present at the site.  This is 
determined by summarizing the previous 25 years of mean daily streamflows occurring 
during the fish passage season, or by an appropriate artificial stream flow duration 
methodology if streamflow records are not available.  Shorter data sets of stream flow 
records may be useable if they encompass a broad range of flow conditions.  The fish 
passage design low flow is the lowest streamflow for which migrants are expected to be 
present, migrating, and dependent on the proposed facility for safe passage.    
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3.3  Design High Flow for Fish Passage 
 
Design high flow for fishways is the mean daily average streamflow that is exceeded 5% 
of the time during periods when migrating fish are normally present at the site.  This is 
determined by summarizing the previous 25 years of mean daily streamflows occurring 
during the fish passage season, or by an appropriate artificial stream flow duration 
methodology if streamflow records are not available.  Shorter data sets of stream flow 
records may be used if they encompass a broad range of flow conditions.  The fish 
passage design high flow is the highest streamflow for which migrants are expected to be 
present, migrating, and dependent on the proposed facility for safe passage.  
 
3.4  Fish Passage Design for Flood Flows   
 
The general fishway design should have sufficient river freeboard to minimize 
overtopping by 50 year flood flows.  Above a 50-year flow event, the fishway operations 
may include shutdown of the facility, in order to allow the facility to quickly return to 
proper operation when the river drops to within the range of fish passage design flows.  
Other mechanisms to protect fishway operations after floods will be considered on a case-
by-case basis.  A fishway must never be inoperable due to high river flows for a period 
greater than 7 days during the migration period for any anadromous salmonid species.  In 
addition, the fish passage facility should be of sufficient structural integrity to withstand 
the maximum expected flow.  It is beyond the scope of this document to specify 
structural criteria for this purpose.  If the fish passage can not be maintained, the 
diversion structure should not operate and the impediment should be removed. 
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4.  UPSTREAM ADULT FISH PASSAGE SYSTEMS 
 
4.1  Introduction – Upstream Adult Fish Passage Systems 
 
An upstream passage impediment is defined as any artificial structural feature or project 
operation that causes adult or juvenile fish to be injured, killed, blocked, or delayed in 
their upstream migration, to a greater degree than in a natural river setting.  Artificial 
impediments require a fish passage design using conservative criteria, because the natural 
complexity that usually provides fish passage has been substantially altered.   
 
This definition is provided for the purpose of describing situations in which NMFS will 
use these criteria in reviewing mitigative measures designed to improve fish passage at an 
impediment.  Any upstream passage impediment requires approved structural and/or 
operational measures to mitigate, to the maximum extent practicable, for adverse impacts 
to upstream fish passage.  These criteria are also applicable where passage over a natural 
barrier is desired and consistent with watershed, subbasin, or recovery plans. 
 
It is important to note that not every upstream passage facility constructed at an upstream 
passage impediment can fully compensate for an unimpeded natural channel.  As such, 
additional mitigation measures may be required on a case-by-case basis. 
 
The examples listed below do not imply that passage is completely blocked by the 
impediment.  Rather, this list is comprised of situations where fish passage does not 
readily occur, in comparison to a natural stream system.  Examples of passage 
impediments include, but are not limited to, the following: 

 Permanent or intermittent dams.   
 Hydraulic drop over an artificial instream structure in excess of 1.5 feet.  
 Weirs, aprons, hydraulic jumps or other hydraulic features that produce depths of 

less than 10 inches, or flow velocity greater than 12 ft/s for over 90% of the 
stream channel cross section. 

 Diffused or braided flow that impedes the approach to the impediment. 
 Project operations that lead upstream migrants into impassable routes. 
 Upstream passage facilities that do not satisfy the guidelines and criteria 

described below. 
 Poorly designed headcut control or bank stabilization measures that create 

impediments such as listed above. 
 Insufficient bypass reach flows to allow or induce upstream migrants to move 

upstream into the bypass reach adjacent to a powerhouse or wasteway return. 
 Degraded water quality in a bypass reach, relative to that downstream of the 

confluence of bypass reach and flow return discharges (e.g., at the confluence of a 
hydroproject tailrace that returns flow diverted from the river at some upstream 
location). 

 Ramping rates in streams or in bypass reachs that delay or strand fish. 
 Discharges to or from the stream that may be detected and entered by fish with no 

certain means of continuing their migration (e.g., poorly designed spillways, 
cross-basin water transfers, unscreened diversions). 
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 Discharges to or from the stream that are attractive to migrating fish (e.g., turbine 
draft tubes, shallow aprons and flow discharges) that have the potential to cause 
injury. 

 Water diversions that reduce instream flow. 
 
In addition to describing the configuration and application of the particular styles of fish 

ladders, this section identifies general criteria and guidelines for use in completion of an 
upstream adult fish passage facility design.  The intent of this section is to identify 
potential pitfalls and advantages of a particular type of passage system given specific site 
conditions, and to provide criteria and guidelines for use with a specific type of fish 

ladder.  In general, NMFS requires volitional passage, as opposed to trap and haul, for 
all passage facilities.  This is primarily due to the risks associated with the handling and 
transport of migrant salmonids, in combination with the long term uncertainty of funding, 
maintenance, and operation of the trap and haul program including facility failure.  
However, there are instances in which trap and haul may be the best viable option for 
upstream and/or downstream fish passage at a particular site, due to height of the dam, 
temperature issues in a long ladder, passage through multiple projects or other site- 
specific issues.  The design of trap and haul facilities is described in Section 6. 
 
The criteria and guidelines listed in this section apply to adult upstream fish passage in 
―moderately-sized‖ streams.  This description is intentionally vague, because the 
variability of sites and passage needs within the NWR do not lend themselves to a ―one 
size fits all‖ document specifying stringent criteria for upstream passage systems.  Rather, 
it is expected that for streams with annual average flows between 500 to 5000 cfs, the 
guidelines listed may be applied in design without significant modification.   
 
Criteria are specific standards for fishway design, maintenance, or operation that cannot 
be changed without a written waiver from NMFS.  For the purposes of this document, a 
criterion is preceded by the word ―must.‖  In general, a specific criterion can not be 
changed unless there is site-specific biological rationale for doing so.  An example of 
biological rationale that could lead to criterion waiver is a determination or confirmation 
by NMFS biologists that the smallest fry-sized fish will likely not be present at a 
proposed screen site.  Therefore, the juvenile fish screen approach velocity criterion of 
0.4 ft/s could be increased to match the smallest life stage expected at the screen site.  A 
guideline is a range of values or a specific value for fishway design, maintenance or 
operation that may change when site-specific conditions are factored into the conceptual 
fishway design.  For the purposes of this document guidelines are preceded by the word 
―should.‖  Guidelines should be followed in the fishway design until site-specific 
information indicates that a different value would provide better fish passage conditions 
or solve site-specific issues.  An example of site-specific rationale that could lead to a 
modified guideline is when the maximum river depth at a site is 3 feet, as compared to 
the design guideline for a fishway entrance depth of 6 feet.  In this example, safe and 
timely fish passage could be provided by modifying the guideline to match the depth in 
the river.  It is the responsibility of the applicant to provide compelling evidence in 
support of any proposed waiver of criteria or modification of a guideline for NMFS 
approval early in the design process, well in advance of a proposed Federal action.  After 
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a decision to provide passage at a particular site has been made, the following design 
criteria and guidelines are applicable, in addition to those described throughout Section 3. 
 
 

 
Figure 4-1.  Features of an Upstream Passage System Using a Vertical Slot Fishway 
(flow is from right to left)    

1 - Fishway Entrances    5 - Counting station crowder and picket leads 
2 - Add-in AWS Diffusers    6 - Counting Station 
3 - Energy Dissipation Features   7 - Fishway Exits 
4 - AWS Supply Pools   8 - Fishway Pool 

 
 
4.2  Fishway Entrance 
 

4.2.1  Description and Purpose - Fishway Entrance 
 
The fishway entrance is a gate or slot through which fishway attraction flow is discharged 
and through which fish enter the upstream passage facility.  The fishway entrance is 
possibly the most critical component in the design of an upstream passage system.  
Placing a fishway entrance(s) in the correct location(s) will allow a passage facility to 
provide a good route of passage throughout the design range of passage flows.  The most 
important aspects of a fishway entrance design are: (1) location of the entrance, (2) shape 
and amount of flow emanating from the entrance, (3) approach channel immediately 
downstream of the entrance, and (4) flexibility in operating the entrance flow to 
accommodate variations in tailrace elevation, stream flow conditions, and project 
operations. 
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4.2.2  Specific Criteria and Guidelines – Fishway Entrance 
 
4.2.2.1  Configuration and Operation: The fishway entrance gate configuration 
and operation may vary based on site-specific project operations and streamflow 
characteristics.  Entrance gates are usually operated in either a fully open or fully 
closed position, with the operating entrance dependent on tailrace flow 
characteristics.  Sites with limited tailwater fluctuation may not require an 
entrance gate to regulate the entrance head.  Adjustable weir gates that rise and 
fall with tailwater elevation may also be used to regulate the fishway entrance 
head.  Other sites may accommodate maintaining proper entrance head by 
regulating auxiliary water flow through a fixed geometry entrance gate.  
 
4.2.2.2  Location: Fishway entrances must be located at points where fish can 
easily locate the attraction flow and enter the fishway.  When choosing an 
entrance location, high velocity and turbulent zones in a powerhouse or spillway 
tailrace should be avoided in favor of relatively tranquil zones adjacent to these 
areas.  At locations where the tailrace is wide, shallow, and turbulent, excavation 
to create a deeper, less turbulent holding zone adjacent to the fishway entrance(s) 
may be required. 
 

 4.2.2.3  Attraction Flow: Attraction flow from the fishway entrance should be 
between 5% and 10% of fish passage design high flow (see Section 3) for streams 
with mean annual streamflows exceeding 1000 cfs.  For smaller streams, when 
feasible, use larger percentages (up to 100%) of streamflow.  Generally speaking, 
the higher percentages of total river flow used for attraction into the fishway, the 
more effective the facility will be in providing upstream passage.  Some situations 
may require more than 10% of the passage design high flow, if site features 
obscure approach routes to the passage facility. 
 

 4.2.2.4  Hydraulic Drop: The fishway entrance hydraulic drop (also called 
entrance head) must be maintained between 1 and 1.5 feet, depending on the 
species present at the site, and designed to operate from 0.5 to 2.0 feet of 
hydraulic drop.   
 

 4.2.2.5  Dimensions: The minimum fishway entrance width should be 4 feet, and 
the entrance depth should be at least 6 feet, although the shape of the entrance is 
dependent on attraction flow requirements and should be shaped to accommodate 
site conditions.  Also, see requirements for mainstem Columbia and Snake Rivers 
in Section 9. 
 

 4.2.2.6  Additional Entrances:  If the site has multiple zones where fish 
accumulate, each zone must have a minimum of one entrance.  For long 
powerhouses or dams, additional entrances may be required.  Since tailrace 
hydraulic conditions usually change with project operations and hydrologic 
events, it is often necessary to provide two or more fishway entrances.  Closure 
gates must be provided to direct flow to the appropriate entrance gate, and gate 
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stems (or other adjustment mechanisms) must not be placed in any potential path 
of fish migration.  Fishway entrances must be equipped with downward-closing 
slide gates, unless otherwise approved by NMFS. 

 
4.2.2.7  Types of Entrances: Fishway entrances may be adjustable submerged 
weirs, vertical slots, orifices, or other shapes, provided that the requirements 
specified in Section 4.2.2 are achieved.  Some salmonid species will avoid using 
orifices, and at these sites, orifices should not be used.  
  

 4.2.2.8  Flow Conditions: The desired flow condition for entrance weir and/or 
slot discharge jet hydraulics is streaming flow.  Plunging flow induces jumping 
and may cause injuries, and it presents hydraulic condition that some species may 
not be able to pass.  Streaming flow may be accomplished by placing the entrance 
weir (or invert of the slot) elevation such that flow over the weir falls into a 
receiving pool with water surface elevation above the weir crest elevation 
(Katapodis 1992). 
 

 4.2.2.9  Orientation: Generally, low flow entrances should be oriented nearly 
perpendicular to streamflow, and high flow entrances should be oriented to be 
more parallel to streamflow.  However, you must conduct site-specific 
assessments to determine entrance location and entrance jet orientation. 
 

 4.2.2.10  Staff Gages: The fishway entrance design must include staff gages to 
allow for a simple determination of whether entrance head criterion (see Section 
4.2.2.4) is met.  Staff gages must be located in the entrance pool and in the 
tailwater just outside of the fishway entrance, in an area visible from an easy 
point of access.  Care should be taken when locating staff gages by avoiding 
placement in turbulent areas and locations where flow is accelerating toward the 
fishway entrance.  Gages should be readily accessible to facilitate in-season 
cleaning. 

 
4.2.2.11  Entrance Pools: The fishway entrance pool is at the lowest elevation of 
the upstream passage system.  It discharges flow into the tailrace through the 
entrance gates for the purpose of attracting upstream migrants.  In many fish 

ladder systems, the entrance pool is the largest and most important pool, in terms 
of providing proper guidance of fish to the ladder section of the upstream passage 

facility.  It combines ladder flow with auxiliary water system (AWS) flow through 
diffuser gratings to form entrance attraction flow (see Section 4.3).  The entrance 
pool must be configured to readily guide fish toward ladder weirs or slots. 
 
4.2.2.12  Transport Velocity: Transport velocities between the fishway entrance 
and first fishway weir, fishway channels, and over submerged fishway weirs must 
be between 1.5 and 4.0 ft/s. 
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4.2.2.13 Entrance Pool Geometry: The fishway entrance pool geometry must be 
designed to optimize attraction to the lower fishway weirs.  This may be 
accomplished by angling vertical AWS diffusers toward and terminating near the 
lowest ladder fishway weir, or by placing primary attraction flows near the lower 
fishway weir.  The pool geometry will normally influence the location of 
attraction flow diffusers.  

 
4.3  Auxiliary Water Systems  
   

4.3.1  Description and Purpose – Auxiliary Water Systems  
 
Auxiliary water systems must be used when attraction flows less than specified by 
Section 4.2.2.3 are routed from the project forebay into the fish ladder.  AWS flow is 
usually routed from the forebay or pumped from the tailrace, through a fine trash rack or 
intake screen, through a back set flow control gate, then an energy dissipation zone 
consisting of energy baffles and/or diffusers, and into the fishway.  An AWS provides 
additional attraction flow from the entrance pool through the fishway entrance, and may 
also provide flow to an area between fishway weirs that on occasion become back-
watered and fail to meet the criterion specified in Section 4.2.2.12.  In addition, the AWS 
is used to provide make-up flows to various transition pools in the ladder such as 
bifurcation or trifurcation pools, trap pools, exit control sections, or counting station 
pools.   

 
4.3.2  Specific Criteria and Guidelines – AWS Diffusers 

 
Vertical diffusers consist of non-corrosive, vertically-oriented diffuser panels of 
vertically-oriented flat bar stock, and must have a maximum 1-inch clear spacing.  
Similarly, horizontal diffusers consist of non-corrosive, horizontally-oriented diffuser 
panels of horizontally-oriented flat bar stock, and must have a maximum 1-inch clear 
spacing.  Orientation of flat bar stock must maximize the open area of the diffuser panel.  
If a smaller species or life stage of fish is present, smaller clear spacing may be required. 

 
4.3.2.1  Velocity and Orientation:  The maximum AWS diffuser velocity must 
be less than 1.0 ft/s for vertical diffusers and 0.5 ft/s for horizontal diffusers, based 
on total diffuser panel area.  Vertical diffusers should only be used in appropriate 
orientation to assist in guiding fish within the fishway.  Diffuser velocities should 
be nearly uniform. 
 
4.3.2.2  Debris Removal:  The AWS design must include access for debris 
removal from each diffuser, unless the AWS intake is equipped with a juvenile 
fish screen, as described in Section 11 and if required by Section 4.3.4. 
 
4.3.2.3  Edges:  All flat-bar diffuser edges and surfaces exposed to fish must be 
rounded or ground smooth to the touch, with all edges aligning in a single smooth 
plane to reduce the potential for contact injury. 
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4.3.2.4  Elevation:  Vertical AWS diffusers must have a top elevation at or below 
the low design entrance pool water surface elevation. 

 
  

4.3.3  Specific Criteria and Guidelines– AWS Fine Trash Racks 
 
A fine trash rack must be provided at the AWS intake with clear space between the 
vertical flat bars of 7/8 inch or less, and maximum velocity must be less than 1 ft/s, as 
calculated by dividing the maximum flow by the entire fine trash rack area.  The support 
structure for the fine trash rack must not interfere with cleaning requirements and must 
provide access for debris raking and removal.  The fine trash rack should be installed at a 
1:5 (horizontal:vertical) slope (or flatter) for ease of cleaning.  The fine trash rack design 
must allow for easy maintenance, considering access for personnel, travel clearances for 
manual or automated raking, and removal of debris 
 

4.3.3.1  Staff Gages and Head Differential:  Staff gages must be installed to 
indicate head differential across the AWS intake fine trash rack, and must be 
located to facilitate observation and in-season cleaning.  Head differential across 
the AWS intake must not exceed 0.3 feet. 
 
4.3.3.2  Structural Integrity:  AWS intake fine trash racks must be of sufficient 
structural integrity to avoid the permanent deformation associated with maximum 
occlusion. 

 
4.3.4  Specific Criteria and Guidelines – AWS Screens  

 
In instances where the AWS poses a risk to passage of juvenile salmonids (due to high 
head systems and convoluted flow paths, for example), during the period of juvenile out-
migration(s) the AWS intake must be screened to the standards specified in Section 11.  
Trip gates or other alternate intakes to the AWS may be included in the design to ensure 
that AWS flow targets are achieved if the screen reliability is uncertain at higher flows.  
Debris and sediment issues may preclude the use of juvenile fish screen criteria for AWS 
intakes at certain sites.  Passage risk through an AWS will be assessed by NMFS 
engineers on a site by site basis to determine whether screening of the AWS is warranted 
and to determine how to provide the highest reliability possible. 

 
4.3.5  Specific Criteria and Guidelines – AWS Flow Control 

 
AWS flow control may consist of a control gate, turbine intake flow control, or other 
flow control systems, located sufficiently far away from the AWS intake to ensure 
uniform flow distribution at the AWS fine trash rack for all AWS flows.  AWS flow 
control is necessary to ensure that the correct quantity of AWS flow is discharged at the 
appropriate location during a full range of forebay water surface elevations. 
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4.3.6  Specific Criteria and Guidelines – AWS Excess Energy Dissipation 
 

Excess energy must be dissipated from AWS flow prior to passage through diffusers 
(Section 4.3.2).  This is necessary to minimize surging and to induce relatively uniform 
velocity distribution at the diffusers.  Surging and non-uniform velocities may cause adult 
fish jumping and associated injuries or excess migration delay.  Examples of methods to 
dissipate excess AWS flow energy include: (1) routing flow into the pool with adequate 
volume (Section 4.3.6.1), then through a baffle system (porosity less than 40%) to reduce 
surging through entrance pool diffusers; (2) passing AWS flow through a turbine; (3) 
passing AWS flow through a series of valves, weirs or orifices; or (4) passing AWS flow 
through a pipeline with concentric rings or other hydraulic transitions designed to induce 
headloss. 

 
4.3.6.1  Energy Dissipation Pool Volume: An energy dissipation pool in an 
AWS should have a minimum water volume established by the following 
formula: 
 

 

 
 where: V = pool volume, in ft3 
  γ = unit weight of water, 62.4 pounds (lb) per ft3 
  Q = fish ladder flow, in ft3/s 
  H = energy head of pool-to-pool flow, in feet 
 
Note that the pool volumes required for AWS pools are smaller than those 
required for fishway pools.  This is due to the need to provide resting areas in 
fishway pools, and because AWS systems require additional elements (diffusers, 
valves, etc.) to dissipate energy, and are not pathways for upstream fish passage. 

 
4.3.7  Specific Criteria and Guidelines – AWS Design (General) 

 
4.3.7.1  Cleaning: To facilitate cleaning, the AWS must be valved or gated to 
provide for easy shutoff during maintenance activities, and subsequent easy reset 
to proper operation.  

 
4.3.8  Bedload Removal Devices: At locations where bedload may cause 
accumulations at the AWS intake, sluice gates or other simple bedload removal 
devices should be included in the design. 
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4.4  Transport Channels 
 

4.4.1  Description and Purpose – Transport Channels  
 
A transport channel conveys flows between different sectors of the upstream passage 

facility, providing a route for fish to pass. 
 

4.4.2  Specific Criteria and Guidelines – Transport Channels 
 
4.4.2.1  Velocity Range: The transport channel velocities must be between 1.5 
and 4 ft/s, including flow velocity over or between fishway weirs inundated by 
high tailwater. 
 
4.4.2.2  Dimensions: The transport channels should be a minimum of 5-feet deep 
and a minimum of 4-feet wide. 
 
4.4.2.3  Lighting: Ambient natural lighting should be provided in all transport 

channels, if possible.  Otherwise, acceptable artificial lighting must be used. 
 

4.4.2.4  Design (General):  
 The transport channels must be of open channel design. 
 Designs must avoid hydraulic transitions or lighting transitions             
 Transport channels must not expose fish to any moving parts. 
 Transport channels must be free of exposed edges that protrude from 

channel     
walls.  
  

4.5  Fish Ladder Design 
 

4.5.1  Description and Purpose – Fish Ladder Design 
 
The purpose of a fish ladder is to convert the total project head at the passage 
impediment into passable increments, and to provide suitable conditions for fish to hold, 
rest, and ultimately pass upstream.  The criteria provided in this section have been 
developed to provide conditions to pass all anadromous salmonid species upstream with 
minimal delay and injury 
 

4.5.2  Common Types of Fish Ladders 
 

Fish ladders break an impediment into passable discrete steps, by utilizing a series of 
fishway weirs to divide the drop into a series of pools with different water surface 
elevations.  Nearly all of the energy from the upstream pool is dissipated in the 
downstream pool volume, resulting in a series of relatively calm pools that migrating fish 
may use to rest, stage and ascend upstream.  Examples of fish ladders include the vertical 
slot ladder, the pool and weir ladder, the weir and orifice ladder, and the pool-chute fish 

ladder. 
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4.5.2.1  Vertical Slot Ladder: The vertical slot configuration is a pool type of 
fish ladder widely used for the passage of salmon and steelhead.  The passage 
corridor typically consists of 1.0 to 1.25 foot-wide vertical slots between fishway 
pools.  However, narrower slots have been used in applications for other fish 
species and slots may be wider in designs (or two slots may be used per fishway 
weir) where there is no auxiliary water system (Section 4.3).  For adult 
anadromous salmonids, slots should never be less than 1 foot in width.  The 
vertical slot ladder is suitable for passage impediments which have tailrace and 
forebay water surface elevations that fluctuate.  Maximum head differential 
(typically associated with lowest river flows) establishes the design water surface 
profile, which is on average parallel to the fishway floor gradient.  Vertical slot 
ladders require fairly intricate forming for concrete placement, so initial 
construction costs are somewhat higher than for other types of ladders.  
 

 

Figure 4-2a.  Plan View of Vertical Slot Fishway Showing Generalized Flow Path. 

Exhibit 32



NMFS Anadromous Salmonid Passage Facility Design July 2011 
 

36 

Figure 4-2b.  Isometric View of Vertical Slot Fishway. 

Exhibit 32



NMFS Anadromous Salmonid Passage Facility Design July 2011 
 

37 

Figure 4-2c.  Dimensions of a Typical Vertical Slot. 
 
 
4.5.2.2  Pool and Weir Ladder: The pool and weir fish ladder passes the entire, 
nearly constant fishway flow through successive fishway pools separated by 
overflow weirs that break the total project head into passable increments.  This 
design allows fish to ascend to a higher elevation by passing over a weir, and 
provides resting zones within each pool.  Pools are sufficiently sized to allow for 
the flow energy to be nearly fully dissipated in the form of turbulence within each 
receiving pool.  Pool and weir ladders cannot accommodate much, if any, water 
surface elevation fluctuation in the forebay pool.  When fluctuation of water 
surface elevation outside of the design elevation occurs, too much or too little 
flow enters the fishway.  When this happens, this flow fluctuation may lead to 
operation with fishway pools that are excessively turbulent, or provide insufficient 
flow for adequate upstream passage.  To accommodate forebay fluctuations, this 
type of fish ladder is often designed with an auxiliary water supply and flow  
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regulation (Section 4.3).  To accommodate tailwater fluctuations, this type of fish 

ladder is often designed with an adjustable fishway entrance (i.e., adjustable 
geometry and/or attraction flow) and additional add-in flow diffusers to meet 
transport channel velocity criterion (Section 4.4). 
 
4.5.2.3 Weir and Orifice Fish Ladder: The weir and orifice fish ladder passes 
the fishway flow from the forebay through successive fishway pools connected by 
overflow weirs and orifices, which divide the total project head into passable 
increments.   

 
The Ice Harbor ladder is an example of a weir and orifice fish ladder.  This ladder 
design was initially developed for use at Ice Harbor Dam (Lower Snake River), in 
the middle of the 1960's.  The Ice Harbor fishway weir consists of two orifices, 
centered and directly below two weirs.  These orifice and weir combinations are 
located on each side of the longitudinal centerline of the ladder.  Between the two 
weirs is a slightly higher non-overflow wall, with an upstream projecting flow 
baffle at each end.  An adaptation for lower flow designs is the Half-Ice Harbor 
ladder design, which consists of one weir, one orifice, and a non-overflow wall 
between fishway pools.   

 
Weir and orifice ladders cannot accommodate much, if any, water surface 
elevation fluctuation in the forebay pool.  When fluctuation of water surface 
elevation outside of the design elevation occurs, too much or too little flow enters 
the fishway.  When this happens, this flow fluctuation may lead to operation with 
fishway pools that are excessively turbulent, or provide insufficient flow for 
adequate upstream passage.  To accommodate forebay fluctuations, this type of 
fish ladder is often designed with an auxiliary water supply and flow regulating 
section (Sections 4.3).  To accommodate tailwater fluctuations, this type of fish 

ladder is often designed with an adjustable fishway entrance (i.e., adjustable 
geometry and/or attraction flow) and additional add-in flow diffusers to meet 
transport channel velocity criterion (Section 4.4). 
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Figure 4-3a.  Plan View of an Ice Harbor Type Weir and Orifice Fish Ladder 
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Figure 4-3b.  Longitudinal Cross-section of an Ice Harbor Type Weir and Orifice Fish 
Ladder 
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Figure 4-3c.  Front View Cross-section of Ice Harbor Fishway Baffle 
 
 

4.5.2.4  Pool-Chute Fish Ladder: A pool and chute fishway is a hybrid type of 
fishway which operates with different flow regimes under different river 
conditions.  This fishway is designed to operate as a pool and weir fishway at low 
river flows and a baffled chute fishway at higher river flows.  This fishway offers 
an alternative for sites that have fairly low hydraulic drop, and must pass a wide 
range of stream flows with a minimum of flow control features.  Placement of 
stoplogs, a cumbersome and potentially hazardous operation, is required to 
optimize operation.  However, once suitable flow regimes are established, the 
need for additional stoplog placement may not be required. Criteria for this type 
of fishway design are still evolving, and design proposals will be assessed on a 
site-specific basis. 
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Figure 4-4.  Pool and Chute Fishway 
 

 
4.5.3  Specific Criteria and Guidelines – Fish Ladder Design 

 
4.5.3.1  Hydraulic Drop: The maximum hydraulic drop between fish ladder 
pools must be 1 foot or less.  

 
4.5.3.2  Flow Depth:  Fishway overflow weirs should be designed to provide at 
least 1 foot of flow depth over the weir crest.  The depth must be indicated by 
locating a single staff gage (with the zero reading at the overflow weir crest 
elevation) in an observable, hydraulically stable location, representative of flow 
depth throughout the fishway. 

 
4.5.3.3.  Pool Dimensions:  The pool dimensions should be a minimum of 8 feet 
long (upstream to downstream), 6 feet wide, and 5 feet deep.  However, specific 
ladder designs may require pool dimensions that are different than the minimums 
specified here depending on site conditions and ladder flows. 
 
4.5.3.4  Turning Pools: Turning pools (i.e., where the fishway bends more than 
90 ) should be at least double the length of a standard fishway pool, as measured 
along the centerline of the fishway flow path.  The orientation of the upstream 
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weir to the downstream weir must be such that energy from flow over the 
upstream weir does not affect the hydraulics of the downstream weir.   
4.5.3.5  Pool Volume:  The fishway pools must be a minimum water volume of: 
  

 3)4(
))()((

ftslbsft

HQ
V  

 
 where: V = pool volume, in ft3 
  γ = unit  weight of water, 62.4 pounds (lb) per ft3 
  Q = fish ladder flow, in ft3/s 
  H = energy head of pool-to-pool flow, in feet  
  
This pool volume must be provided under every expected design flow condition, 
with the entire pool volume having active flow and contributing to energy 
dissipation.   
 
4.5.3.6  Freeboard: The freeboard of the ladder pools must be at least 3 feet at 
high design flow. 
 
4.5.3.7  Orifice Dimensions:  The dimensions of orifices should be at least 15 
inches high by 12 inches wide, with the top and sides chamfered 0.75 inches on 
the upstream side, and chamfered 1.5 inches on the downstream side of the 
orifice.   
 
4.5.3.8  Lighting:  Ambient lighting is preferred throughout the fishway, and in 
all cases abrupt lighting changes must be avoided. 
 
4.5.3.9  Change in Flow Direction:  At locations where the flow changes 
direction more than 60°, 45° vertical miters or a 2 foot vertical radius of curvature 
must be included at the outside corners of fishway pools. 

 
4.6  Counting Stations 
 

4.6.1  Description and Purpose – Counting Stations 
 
A counting station provides a location to observe and enumerate fish utilizing the fish 
passage facility.  Although not always required, a typical counting station including a 
camera or fish count technician, crowder, and counting window is often included in a 
fishway design to allow fishery managers to assess fish populations, provide observations 
on fish health, or conduct scientific research.  Other types of counting stations (such as 
submerged cameras, adult PIT-tag detectors, or orifice counting tubes) may be 
acceptable, but they must not interfere with the normal operation of the ladder or increase 
fish passage delay. 
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4.6.2  Specific Criteria and Guidelines – Counting Stations 
 
4.6.2.1  Location: Counting stations must be located in a hydraulically stable, low 
velocity (i.e., around 1.5 ft/sec), accessible area of the upstream passage facility. 
 
4.6.2.2  Downstream/Upstream Pools: The pool downstream of the counting 
station must extend at least two standard fishway pool lengths from the 
downstream end of the picket leads.  The pool upstream of the counting station 
must extend at least one standard fishway pool length from the upstream end of 
the picket leads.  Both pools must be straight and in line with the counting station. 
 

4.6.3  Specific Criteria and Guidelines – Counting Window 
 
4.6.3.1  Design and Material: The counting window must be designed to allow 
complete, convenient cleaning with sufficient frequency to ensure sustained 
window visibility and accurate counts.  The counting window material must be of 
sufficient abrasion resistance to allow frequent cleaning. 
 
4.6.3.2  Orientation:  Counting windows must be vertically oriented. 
 

 4.6.3.3  Sill:  The counting window sill should be positioned to allow full viewing 
of the passage slot. 
 
4.6.3.4  Lighting:  The counting window design must include sufficient indirect 
artificial lighting to provide satisfactory fish identification at all hours of 
operation, without causing passage delay. 
 
4.6.3.5  Dimensions:  The minimum observable width (i.e., upstream to 
downstream dimension) of the counting window must be 5 feet, and the minimum 
height (depth) should be full water depth (also see Section 4.6.3.6). 
 
4.6.3.6  Width:  The minimum width of the counting station slot between the 
counting window and back vertical counting window surface should be 18 inches.  
The design must include an adjustable crowder to move fish closer to the 
counting window to allow fish counting under turbid water conditions.  The 
counting window slot width should be maximized as water clarity allows, and 
when not actively counting fish. 
 
4.6.3.7  Picket Lead:  To guide fish into the counting window slot, a downstream 
picket lead must be included in the design.  The downstream picket lead must be 
oriented at a deflection angle of 45  relative to the direction of fishway flow.  An 
upstream picket lead oriented 45  to the flow direction must also be provided.  
Picket orientation, picket clearance, and maximum allowable velocity must 
conform to specifications for diffusers (Section 4.3.2).  Picket leads may be 
comprised of flat stock bars oriented parallel to flow, or other cross-sectional 
shapes, if approved by NMFS.  Combined maximum head differential through 
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both sets of pickets must be less than 0.3 feet.  Both upstream and downstream 
picket leads must be equipped with ―witness marks‖ to verify correct position 
when picket leads are installed in the fishway.  A one foot square opening should 
be provided in the upstream picket lead to allow escape if smaller fish pass 
through the downstream picket lead.  
 
4.6.3.8  Transition Ramps: To minimize flow separations created by head loss 
that may impede passage and induce fallback behavior at the counting window, 
transition ramps must be included.  These ramps provide gradual transitions 
between walls, floors and the count window slot.  As general guidance, these 
transitions should be more gradual than 1:8 (vertical:horizontal).  A free water 
surface must exist over a counting window. 
 

4.7  Fishway Exit Section 
 
 4.7.1  Description and Purpose – Fishway Exit Section 
 
The fishway exit section provides a flow channel for fish to egress through the fishway 
and continue on their upstream migration.  The exit section of upstream fish passage 
facilities may include the following features: add-in auxiliary water valves and/or 
diffusers, exit pools with varied flow, exit channels, coarse trash rack (for fish passage), 
and auxiliary water fine trash racks and control gates.  One function of the exit section is 
to attenuate forebay water surface elevation fluctuation, thus maintaining hydraulic 
conditions suitable for fish passage in ladder pools.  Other functions should include 
minimizing the entrainment of debris and sediment into the fish ladder.  Different types 
of ladder designs (Section 4.5) require specific fish ladder exit design details.  
 

4.7.2  Specific Criteria and Guidelines – Fishway Exit Section 
 

4.7.2.1  Hydraulic Drop:  The exit control section hydraulic drop per pool 
should range from 0.25 to 1.0  feet. 
 
4.7.2.2  Length:  The length of the exit channel upstream of the exit control 

section should be a minimum of two standard ladder pools. 
 
4.7.2.3  Design Requirements:  Exit section design must utilize the requirements 
for auxiliary water diffusers, channel geometry, and energy dissipation as 
specified in Sections 4.3, 4.4 and 4.5. 
 
4.7.2.4  Location: In most cases, the ladder exit should be located along a 
shoreline and in a velocity zone of less than 4 ft/s, sufficiently far enough 
upstream of a spillway, sluiceway or powerhouse to minimize the risk of fish non-
volitionally falling back through these routes.  Distance of the ladder exit with 
respect to the hazards depends on bathymetry near the dam spillway or crest, and 
associated longitudinal river velocities.   
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4.7.2.5  Public Access: Public access near the ladder exit should not be allowed. 
 
4.8  Fishway Exit Sediment and Debris Management 
 

4.8.1  Description and Purpose – Fishway Exit Sediment and Debris 
Management 

 
For large facilities where maintenance is frequently required and provided, coarse trash 

racks should be included at the fishway exit, to minimize the entrainment of debris into 
the fishway.  Floating debris may partially block passage corridors, potentially creating 
hazardous passage zones and/or blocking fish passage.  Other types of debris, such as 
sediment transport into the fishway, may also adversely affect the operation of the 
facility.  
 

4.8.2  Specific Criteria and Guidelines – Coarse Trash Rack 
 
4.8.2.1  Velocity: The velocity through the gross area of a clean coarse trash rack 
should be less than 1.5 ft/s. 
 
4.8.2.2  Depth: The depth of flow through a coarse trash rack should be equal to 
the pool depth in the fishway. 
 
4.8.2.3  Maintenance: The coarse trash rack should be installed at 1:5 
(horizontal:vertical) slope (or flatter) for ease of cleaning.  The coarse trash rack 
design must allow for easy maintenance, considering access for personnel, travel 
clearances for manual or automated raking, and removal of debris. 
 
4.8.2.5  Bar Spacing: The fishway exit coarse trash rack should have a minimum 
clear space between vertical flat bars of 10 inches if Chinook salmon are present, 
and 8 inches in all other instances.  Lateral support bar spacing must be a 
minimum of 24 inches, and must be sufficiently back set of the coarse trash rack 
face to allow full trash rake tine penetration.  Coarse trash racks must extend to 
the appropriate elevation above water to allow easy removal of raked debris. 
 
4.8.2.6  Orientation: The fishway exit coarse trash rack must be oriented at a 
deflection angle greater than 45  relative to the direction of river flow. 
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Figure 4-5.  Coarse Trashrack  
 
 
 4.8.3  Specific Criteria and Guidelines – Debris and Sediment 
 

4.8.3.1  Coarse Floating Debris: Debris booms, curtain walls, or other provisions 
must be included in design if coarse floating debris is expected. 
  
4.8.3.2  Debris Accumulation: If debris accumulation is expected to be high, the 
design should include an automated mechanical debris removal system.  If debris 
accumulation potential is unknown, the design should anticipate the need in the 
future and include features to allow possible retrofit of an automated mechanical 
debris removal system.  
 

 4.8.3.2  Sediment Entrainment and Accumulation:   
 The fishway exit should be designed to minimize entrainment of sediment. 
 The facility should be designed such that it does not accumulate sediment 

or debris during normal operation.  
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4.9  Miscellaneous Considerations 
 
 4.9.1  Specific Criteria and Guidelines – Miscellaneous  

 
4.9.1.1  Security: Fishways should be secured to discourage vandalism, preclude 
poaching opportunity, and to provide public safety.  
 
4.9.1.2  Lighting: Natural lighting should be consistently provided throughout the 
fishway. Where this is not possible (such as in tunnels), artificial lighting should 
be provided in the blue-green spectral range.  Lighting must be designed to 
operate under all environmental conditions at the installation. 
 
4.9.1.3  Access: Personnel access must be provided to all areas of the fishway, to 
facilitate operational and maintenance requirements.  Walkway grating should 
allow as much ambient lighting into the fishway as possible. 
 
4.9.1.4  Edge/Surface Finishes: All metal edges in the flow path used for fish 
migration must be ground smooth to minimize risk of lacerations.  Concrete 
surfaces must be finished to ensure smooth surfaces, with one-inch wide 45  
corner chamfers. 
 
4.9.1.5  Protrusions:  Protrusions (such as valve stems, bolts, gate operators, pipe 
flanges etc.) must not extend into the flow path of the fishway. 
 
4.9.1.6  Exposed Control Gates: All control gates exposed to fish (for example, 
entrances in the fully-open position) must have a shroud or be recessed to 
minimize or eliminate fish contact. 
 
4.9.1.7  Maintenance Activities:  To ensure fish safety during in-season fishway 
maintenance activities, all fish ladders must be designed to provide a safe egress 
route or safe holding areas for fish prior to any temporary (i.e., less than 24 hours) 
dewatering.  Longer periods of fishway dewatering for scheduled ladder 
maintenance must occur outside of the passage season with safeguards in place to 
allow evacuation of fish in a safe manner. 
 

4.10  Roughened Chutes 
 

4.10.1  Description and Purpose – Roughened Chutes  
 
Another general type of fish passage system is the roughened chute, which consists of a 
hydraulically roughened channel with near continuous energy dissipation throughout its 
length.  Three examples of a roughened chute passage are a baffled chute (including 
steeppass and Denil fishways) (Section 4.10.2.1), a roughened channels (Section 4.10.2.2) 
and full width stream weirs (Section 4.10.2.3). 
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4.10.2  Types of Roughened Chutes 
 

4.10.2.1 Baffled Chutes (Denil and Steeppass Fishways): Denil and steeppass 
fishways are examples of roughened chute fishways and are of similar design 
philosophy.  This type of fishway has excellent fish attraction characteristics when 
properly sited and provides good passage conditions using relatively low flow 
amounts.  Denil and steeppass fishways are used mainly for sites where the 
fishway can be closely monitored, such as off-ladder fish trap designs or 
temporary fishways used during construction of permanent passage facilities.  
Debris accumulation in any fishway, in combination with turbulent flow, may 
injure fish or render the fishway impassable.  Because of their baffle geometry 
and narrow flow paths, Denil and steeppass fishways are especially susceptible to 
debris accumulation.  As such, they must not be used in areas where downstream 
passage occurs, or where even minor amounts of debris are expected.   
 
Denil and steeppass fishways are designed with a sloped channel that has a 
constant discharge for a given normal depth, chute gradient, and baffle 
configuration.  Energy is dissipated consistently throughout the length of the 
fishway via channel roughness, and results in an average velocity compatible with 
the swimming ability of adult salmonids.  The passage corridor consists of a chute 
flow between and through the baffles.  There are unique aspects of Denil or 
steeppass fishways that need to be carefully considered.  First, there are no resting 
locations within a given length of Denil and steeppass fishways.  Therefore, once 
a fish starts to ascend a length of a steeppass or Denil, it must pass all the way 
upstream and exit the fishway, or risk injury when falling back downstream.  If 
the Denil or steeppass fishway is long, intermediate resting pools may be included 
in the design, located at intervals determined by the swimming ability of the 
weakest target species.   
 
The Denil fishway generally is designed with slopes up to 20%, and has higher 
flow capacity and less roughness than a steeppass fishway.  Steeppass fishways 
may be used at slopes up to 28%.  For either fishway, the average chute design 
velocity should be less than 5 ft/s. For an upstream passage facility utilizing a 
Denil or a steeppass ladder, the horizontal distance between resting pools should 
be less than 25 feet.  Resting pool volumes must adhere to volume requirements 
specified in Section 4.5.3.5.  The minimum flow depth in a Denil fishway should 
be 2 feet, and in a steeppass fishway the minimum flow depth should be 1.5 feet, 
and depth must be consistent throughout the fishway for all ladder flows.  Denil 
and steeppass fishways must be located to minimize the potential for fallback of 
fish.  
 
4.10.2.2  Roughened Channels: Another general category of upstream fish 

passage is termed a roughened channel, where design involves the selection of 
appropriately sized streambed material placed in such a way as to mimic the 
configuration in the natural streambed.  These are also referred to as stream or 
streambed simulation, rock channels, or nature-like fishways. By replicating 
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natural stream conditions, a wide variety of life stages and species of fish may be 
able to utilize the roughened channel for passage.  In addition, roughened 
channels may provide additional benefits to other species such as insects, 
mollusks, and crustaceans.  Roughened channels may not always be the 
appropriate design choice.  This is a relatively new technology without a 
developed and proven design methodology, and the effectiveness for passing 
specific species and life stages over a wide flow range, and the long term 
durability of a wide range of designs has yet to be established.  It is expected that 
through careful engineering and construction techniques, and through monitoring 
of design uncertainties over time, especially regarding the durability of the 
roughened channel structure, future design uncertainty can be reduced.  If passage 
conditions in the constructed roughened channel can be achieved that are similar 
to the downstream passage conditions in the natural stream, there is reason to 
expect that a properly constructed roughened channel may pass all life stages and 
species that arrive at the constructed roughened channel. 
 
Designs of roughened channels vary depending on the specific site conditions.  
Criteria for this type of passage design are evolving, and proposals for this type of 
ladder assessed on a site-specific basis.  In general, roughened channels should 
only be used when:  

 Channel slope using stream simulation is less than 6%. 
 Total length of passage is less than 150 feet. 
 An appropriate mix of bed materials (from fines to boulder sized material) 

are used such that flow depths of at least 1 foot can be maintained for 
upstream adult salmonid passage.  

 Sub-surface flow will be minimized by filling voids between larger 
materials with finer-sized material.  Guidance on the mixture of fill 
material is still evolving, but general guidance is provided in Washington 
Department of Fish and Wildlife (WDFW) 2003.  
 

The arrangement of bed materials should demonstrate channel complexity similar 
to the characteristics of the adjacent stream reaches.  To minimize the potential 
for head-cutting to occur, discrete hydraulic drops across the entire width of the 
roughened channel should be avoided.  It should be demonstrated in the design 
analysis that any scouring of fines from the constructed channel will be refilled by 
subsequent bedload transport and aggradations. It is noted that if the channel 
roughness of adjacent stream reaches is heavily influenced by woody debris, it 
may be difficult to mimic this condition with any sort of constructed roughened 
channel. 
 
Since this design method is an evolving technology, any site utilizing a 
constructed roughened channel must include an annual (at a minimum) 
monitoring plan at least until after a 50-year stream flow event has occurred.  
Monitoring must include an assessment of passage conditions and/or maintenance 
of original design conditions, and repaired as necessary to accomplish design 
passage conditions.  The loss of placed bed material after a high flow event will 
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result in loss of flow through the channel substrate, and may render a roughened 
channel too shallow for fish passage.  Criteria for this type of fishway design are 
still evolving, and design proposals will be assessed on a site-specific basis. 
 
4.10.2.3  Full Width Stream Weirs: Full width (i.e., full stream width) weirs 
provide fish passage by incrementally backwatering an impassable barrier or 
impediment.  These structures span the entire width of the stream channel and 
convey the entire stream flow, breaking the hydraulic drop into passable 
increments.  This is accomplished by incrementally stepping down the water 
surface elevation from the barrier to intersect the natural stream gradient 
downstream.   
 
Unlike many of the fishways described herein, these structures are not designed 
with auxiliary water supply systems, trashracks, or a great deal of operational 
complexity. Weirs may be constructed from reinforced concrete, or in limited 
applications, boulders or logs.  Since boulders must be large, and usually have 
unpredictable dimension, a result can be the lack of the desired water surface 
differential for the range of design streamflows.  It is especially difficult to 
maintain the required water surface elevation differential between weirs 
(maximum of 1.0 feet) when the design must encompass a wide flow range (tens 
to thousands of cfs) typical in a Northwest stream.  In applications that require 
precision rock placement for maintenance of hydraulic drop between weirs, for 
long-term predictability, some applications may require regular maintenance to 
bring the projects back to design standards.  The result is additional instream work 
that may produce continuing impacts to habitat and fish.  These factors must be 
considered and accommodated before choosing this design for a site. 
 
Design of each weir must concentrate flow into the center of the downstream 
pool, and/or direct flow toward the downstream thalweg.  This concentration is 
accomplished by providing a slight weir crest elevation decrease from each bank 
to the center (flow notch).  Typically, the flow notch will be designed to pass the 
minimum instream flow, while higher stream flows pass over the entire weir crest.  
Natural bedload movement will fill in pools providing a scour pool area below the 
flow notch, and shallower fringe areas. 
 
Scour is a critical and often underestimated design issue.  If sills and weirs are not 
anchored on bedrock, a means of preventing undermining is required, using 
embedded anchor boulders or other such means of stabilizing the streambed.  If a 
pool lining technique is selected to prevent undermining of the fishway, a 
minimum of 4 feet of depth should be provided in each pool and in the tailrace 
below the fishway.  This allows for a fish to stage or hold below each weir before 
proceeding upstream.  In addition, the tailrace area should be protected from 
scour to prevent lowering of the streambed, and should be monitored after high 
flows occur to ensure the facility remains passable.  Criteria for this type of 
fishway design are still evolving, and design proposals will be assessed on a site-
specific basis. 
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5.  EXCLUSION BARRIERS 
 
5.1  Introduction – Exclusion Barriers  
 
Exclusion barriers are designed to minimize the attraction and stop the migration of 
upstream migrating fish into an area where there is no upstream egress or suitable 
spawning area, and to guide fish to an area where upstream migration may continue.  
Exclusion barriers may also be used to restrict movement of undesirable species into 
habitat.  Exclusion barriers are designed to minimize the potential for injury of fish that 
are attracted to impassable routes.   
 
Some examples of the use of exclusion barriers include: 

 preventing fish from entering return flow from an irrigation ditch 
 preventing fish from entering the tailrace of a power plant 
 guiding fish to a trap facility for upstream transport, research, or broodstock 

collection 
 guiding fish to a counting facility 
 preventing fish from entering a channel subject to sudden flow changes 
 preventing fish from entering turbine draft tubes 
 preventing fish from entering channels with poor spawning gravels, poor water 

quality or insufficient water quantity.   
 

5.2  Types of Exclusion Barriers 
 
The two primary categories of exclusion barriers are picket barriers and velocity barriers.  
Another type of exclusion barrier is a vertical drop structure, which provides a jump 
height that exceeds the vertical leaping ability of fish.  Other types of barriers, such as 
electric and acoustic fields, have very limited application because of inconsistent results 
most often attributed to varying water quality (turbidity, specific conductance).  
 
Criteria are specific standards for fishway design, maintenance, or operation that cannot 
be changed without a written waiver from NMFS.  For the purposes of this document, a 
criterion is preceded by the word ―must.‖  In general, a specific criterion can not be 
changed unless there is site-specific biological rationale for doing so.  An example of 
biological rationale that could lead to criterion waiver is a determination or confirmation 
by NMFS biologists that the smallest fry-sized fish will likely not be present at a 
proposed screen site.  Therefore, the juvenile fish screen approach velocity criterion of 
0.4 ft/s could be increased to match the smallest life stage expected at the screen site.  A 
guideline is a range of values or a specific value for fishway design, maintenance or 
operation that may change when site-specific conditions are factored into the conceptual 
fishway design.  For the purposes of this document guidelines are preceded by the word 
―should.‖  Guidelines should be followed in the fishway design until site-specific 
information indicates that a different value would provide better fish passage conditions 
or solve site-specific issues.  An example of site-specific rationale that could lead to a 
modified guideline is when the maximum river depth at a site is 3 feet, as compared to 
the design guideline for a fishway entrance depth of 6 feet.  In this example, safe and 

Exhibit 32



NMFS Anadromous Salmonid Passage Facility Design July 2011 
 

53 

timely fish passage could be provided by modifying the guideline to match the depth in 
the river.  It is the responsibility of the applicant to provide compelling evidence in 
support of any proposed waiver of criteria or modification of a guideline for NMFS 
approval early in the design process, well in advance of a proposed Federal action. After 
a decision to provide passage at a particular site has been made, the following design 
criteria and guidelines are applicable, in addition to those described throughout Section 3. 
 
5.3  Picket Barriers 
 

5.3.1  Description and Purpose – Picket Barriers  
 
Picket barriers diffuse nearly the entire streamflow through pickets extending the entire 
width of the impassable route, sufficiently spaced to provide a physical barrier to 
upstream migrant fish.  This category of exclusion barrier includes a fixed bar rack and a 
variety of hinged floating picket weir designs.  Picket barriers usually require removal for 
high flow events, increasing the potential to allow passage into undesirable areas.  
 
In general, since the likelihood of impinging fish is very high, these types of barriers 
cannot be used in waters containing species listed under the ESA, unless they are 
continually monitored by personnel on site, and have a sufficient operational plan and 
facility design in place to allow for timely removal of impinged or stranded fish prior to 
the occurrence of injury. Since debris and downstream migrant fish must pass through the 
pickets, sites for these types of exclusion barriers must be carefully chosen.  Picket 
barriers must be continually monitored for debris accumulations, and debris must be 
removed before it concentrates flow and violates the criteria established below.  As debris 
accumulates, the potential for the impingement of downstream migrants (e.g., juvenile 
salmonids, kelts, adult salmon, or resident fish) increases to unacceptable levels.  Debris 
accumulations may also concentrate flow through the remainder of the open picket area, 
increasing the attraction of upstream migrants to these areas and thereby increasing the 
potential for jumping injury or successful passage into areas without egress.  
 
 5.3.2  Specific Criteria and Guidelines - Picket Barriers  
 

5.3.2.1  Openings: The clear opening between pickets and between pickets and 
abutments must be less than or equal to 1 inch.  A tighter opening may be 
required if resident species are also to be excluded by the design. 

 
5.3.2.2  Average Design River Velocity: The average design river velocity 
through pickets should be less than 1.0 ft/s for all design flows, with maximum 
velocity less than 1.25 ft/s, or half the velocity of adjacent passage route flows 
whichever is lower.  The average design velocity is calculated by dividing the 
flow by the total submerged picket area over the design range of stream flows.  
When river velocities exceed these criteria, the picket barrier must be removed. 
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5.3.2.3  Head Differential: The maximum head differential across the pickets 
must never exceed 0.3 feet over the clean picket condition.  If this differential is 
exceeded, the pickets must be cleaned as soon as possible. 
 
5.3.2.4  Debris and Sediment:  A debris and sediment removal plan must be 
considered in the design that anticipates the entire range of conditions expected at 
the site.  Debris must be removed before accumulations develop that violate the 
criteria specified in 5.3.2.2  and 5.3.2.3. 
 
5.3.2.5  Orientation of Picket Barrier: Pickets barriers must be designed to lead 
fish to a safe passage route.  This may be achieved by angling the picket barrier 
toward a safe passage route, providing nearly uniform velocities through the 
entire length of pickets, and providing sufficient attraction flows from a safe 
passage route that minimizes the potential for false attraction to the picket barrier 
flows. 
 
5.3.2.6  Picket Freeboard:  The minimum picket extension above the water 
surface at high fish passage design flow is 2 feet. 
 
5.3.2.7  Submerged Depth: The minimum submerged depth at the picket barrier 
at low design discharge must be two feet for at least 10% of the river cross section 
at the barrier.  Picket barriers should be sited where there is a relatively constant 
depth over the entire stream width. 
 
5.3.2.8  Picket Porosity:  The picket array must have a minimum of 40% open 
area. 

 
5.3.2.9 Picket Construction Material: Pickets must be comprised of flat bars 
aligned with flow, or round columns of steel, aluminum, or durable plastic.  
Picket panels should be of sufficient structural integrity to withstand high 
streamflows. 
 
5.3.2.10 Picket Sill: A uniform concrete sill, or an alternative approved by NMFS 
engineering staff, should be provided to ensure that fish do not pass under the 
picket barrier. 

 
5.4  Velocity Barriers 
 

5.4.1  Description and Purpose – Velocity Barriers 
 
A velocity barrier consists of a weir and concrete apron combination that prevents 
upstream passage by producing a shallow flow depth and high velocity on the apron, 
followed by an impassable vertical jump over the weir.  A velocity barrier does not have 
the previously mentioned problems of a picketed weir barrier, since flow passes freely  
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over a weir, allowing the passage of debris and downstream migrant fish.  However, 
since this type of barrier creates an upstream impoundment, the designer must consider 
backwater effects that may induce loss of power generation or property inundation 
upstream of the velocity barrier.   
 

5.4.2  Specific Criteria and Guidelines - Velocity Barrier 
 

5.4.2.1  Weir Height:  The minimum weir height relative to the maximum apron 
elevation is 3.5 feet. 
 
5.4.2.2  Apron Length:  The minimum apron length (extending downstream 
from base of weir) is 16 feet. 
 
5.4.2.3  Apron Slope:  The minimum apron downstream slope is 16:1 
(horizontal:vertical). 
 
5.4.2.4  Weir Head:  The maximum head over the weir crest is 2 feet.  Other 
combinations of weir height and weir crest head may be approved by NMFS 
Hydropower Division staff on a site-specific basis. 
 
5.4.2.5  Downstream apron elevation:  The elevation of the downstream end of 
the apron must be greater than the tailrace water surface elevation corresponding 
to the high design flow. 
 
5.4.2.6  Flow ventilation: The flow over the weir must be fully and continuously 
vented along the entire weir length, to allow a fully aerated flow nappe to develop 
between the weir crest and the apron.  Full aeration of the flow nappe prevents an 
increase in water surface behind the nappe, which may allow fish to stage and 
jump the weir.  
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Figure 5-1.  Velocity Barrier 
 
 
 
5.5  Vertical Drop Structures 
 

5.5.1  Description and Purpose - Vertical Drop Structures 
 

A vertical drop structure can function as an exclusion barrier by providing head in excess 
of the leaping ability of the target fish species.  These can be a concrete monolith, rubber 
dam, bottom-hinged leaf gate or approved alternative. 
 

5.5.2  Specific Criteria and Guidelines – Vertical Drop Structures 
 

5.5.2.1  Minimum Height: The minimum height for vertical drop structure must 
be 10 feet relative to the high design flow elevation in the tailrace. 
 
5.5.2.2  Cantilever: If the potential for leaping injury exists, flow must pass over 
two feet or more of cantilevered ledge provided over the leaping pool. 

 
5.5.2.3  Minimum Flow Depth: Provision must be made to ensure that fish 
jumping at the vertical drop structure flow will land in a minimum five foot deep 
pool, without contacting any solid surface. 
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5.6  Horizontal Draft Tube Diffusers 
 

5.6.1  Description and Purpose – Horizontal Draft Tube Diffusers 
 
A horizontal draft tube diffuser is a device used below a powerhouse at the turbine draft 
tube outlet to prevent fish from accessing the turbine runners, where injury may occur 
during start up or shut down of turbine operations, or possibly during normal operations 
if draft tube velocity is low (generally less than 16 ft/s).  If the draft tubes are located in 
proximity of an upstream passage system, a horizontal draft tube diffuser system may be 
the appropriate choice for an exclusion system. 
 
 5.6.2  Specific Criteria and Guidelines – Horizontal Draft Tube Diffusers 
 

5.6.2.1  Flow: Average velocity of flow exiting the horizontal diffuser grating 
must be less than 1.25 ft/s, and distributed as uniformly as possible.  Maximum 
velocity should not exceed 2 ft/s. 
 
5.6.2.2  Bar Spacing: Clear spacing between diffuser bars and any other pathway 
from the tailrace to the turbine runner must be less than 1 inch. 
 
5.6.2.3  Placement:  Diffusers must be submerged a minimum of 2 feet for all 
tailwater elevations. 
 

Figure 5-2.  Potential Layout of a Horizontal Draft Tube Diffuser 
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6.  ADULT FISH TRAPPING SYSTEMS 
 

6.1  Introduction – Adult Fish Trapping Systems  
 
In general, NMFS requires volitional passage, as opposed to trap and haul, for upstream 
passage facilities.  This is primarily due to the risks associated with the handling and 
transport of adult upstream migrants, in combination with the long term uncertainty of 
funding, maintenance, and operation of the trap and haul program.  Furthermore, trap and 
haul programs tend to not operate at the beginning and end of migration periods because 
there are only a few individuals present.  This practice truncates the tails of the migration 
and likely has adverse affects on salmon population diversity.  In contrast, a facility that 
provides for volitional passage can operate 24/7, year-round.  Nevertheless, there are 
instances where trap and haul may be the only viable option for a particular site.  In 
particular, at high head dams where thermal stratification occurs in the reservoir, 
temperature differentials in the fishway (as opposed to water temperatures below the 
dam) may dissuade fish from utilizing volitional passage facilities.  In any case, NMFS’ 
primary objective in prescribing or requiring the construction and operation of a fish 
passage facility is to maintain or restore the viability of anadromous fish populations. 
 
This section addresses design aspects of adult fish trapping systems.  The operations and 
design criteria and guidelines are dependent on each other, since the management 
objectives for trap operation define the facility functional design and must be stipulated 
before the trap design development can proceed.  
 
In many cases, NMFS may not require retrofit of existing facilities to comply with 
criteria listed herein.  It is emphasized that these criteria and guidelines are viewed as a 
starting point for design development of new, or upgraded, trapping facilities.  This 
section does not directly apply to existing trapping programs/facilities, unless specifically 
required by NMFS. 
 
Adult fish trapping systems may either be included in the initial design of a proposed 
upstream passage facility, or in some cases may be retro-fitted to an existing fishway.  
Traps should be designed to utilize known or observed fish behavior to benignly route 
fish into a trap holding pool that precludes volitional exit.  From the trap holding pool, 
fish may be loaded for transport and/or examined for research and management purposes.  
Traps may be used as the terminus of volitional upstream fish passage followed by 
transport to specific sites, or as a parallel component of a fish ladder where fish may 
either be routed into an adjacent trapping loop or if the trap is closed, allow unimpeded 
fish passage through the fishway.  
 
Criteria are specific standards for fishway design, maintenance, or operation that cannot 
be changed without a written waiver from NMFS.  For the purposes of this document, a 
criterion is preceded by the word ―must.‖  In general, a specific criterion can not be 
changed unless there is site-specific biological rationale for doing so.  An example of 
biological rationale that could lead to criterion waiver is a determination or confirmation 
by NMFS biologists that the smallest fry-sized fish will likely not be present at a 
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proposed screen site.  Therefore, the juvenile fish screen approach velocity criterion of 
0.4 ft/s could be increased to match the smallest life stage expected at the screen site.  A 
guideline is a range of values or a specific value for fishway design, maintenance or 
operation that may change when site-specific conditions are factored into the conceptual 
fishway design.  For the purposes of this document guidelines are preceded by the word 
―should.‖  Guidelines should be followed in the fishway design until site-specific 
information indicates that a different value would provide better fish passage conditions 
or solve site-specific issues.  An example of site-specific rationale that could lead to a 
modified guideline is when the maximum river depth at a site is 3 feet, as compared to 
the design guideline for a fishway entrance depth of 6 feet.  In this example, safe and 
timely fish passage could be provided by modifying the guideline to match the depth in 
the river.  It is the responsibility of the applicant to provide compelling evidence in 
support of any proposed waiver of criteria or modification of a guideline for NMFS 
approval early in the design process, well in advance of a proposed Federal action.  After 
a decision to provide passage at a particular site has been made, the following design 
criteria and guidelines are applicable, in addition to those described throughout Section 3. 
 
6.2  Trap Design Scoping 

 New trap construction or major upgrade proposals must address and describe the 
consideration of (at least) the following issues: 

 Objective of trapping - count, handle, collect, interrogate for tags, etc. 
 Number of fish targeted and total number potentially present   
 Target species, included ESA-listed species 
 Other species likely to be present at the trap, including ESA-listed species 
 Environmental conditions during trap operation such as water and air temperature, 

flow conditions (lows and peaks), debris load, etc.  
 Operation location, duration and scale 
 Fish routing and ultimate destination 
 Maximum duration of delay or holding within the trapping system for target and 

non-target fish 
 Security mechanisms 
 If a Hatchery and Genetic Management Plan (HGMP), 4(d) Limit 7 Scientific 

Research and Take Authorization application, or Section 10(a)(1)(A) permit 
application exists, and use these as the basis for design of a trap site.  Most trap 
sites will require at least one of these documents. 

 
6.3  Fish Handling 
 

6.3.1  Specific Criteria and Guidelines – Fish Handling 
 

6.3.1.1  Nets:  Use of nets to capture or move fish must be minimized or 
eliminated.  If nets are used they should be sanctuary type nets, with solid bottoms 
to allow minimal dewatering of fish.  Fish must be handled with extreme care. 
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6.3.1.2  Anesthetization:  In most cases, fish should be anesthetized before being 
handled.  The method of anesthetization for ESA-listed anadromous salmonids 
may be specified by the appropriate ESA permit, which must be received prior to 
any directed take of listed species.  In the design process and prior to permit 
submittal, the type of anesthetic can be selected by agreement by NMFS staff 
involved in trap design. 
 
6.3.1.3  Non-Target Fish: New or upgraded trapping facilities must be designed 
to enable non-target fish to bypass the anesthetic tank.    
 
6.3.1.4  Frequency:  Fish must be removed from traps at least daily.  When either 
environmental (e.g., water temperature extremes, low dissolved oxygen or high 
debris load) or biological conditions (e.g., migration peaks) warrant, fish must be 
removed more frequently to preclude crowding or adverse water quality (see 
Section 6.5.1.2 and 6.5.1.3).  

 
6.3.1.5  Personnel: Individuals handling fish must be experienced or trained to 
ensure fish are handled safely.   
 
6.3.1.6  Fish Ladders: Fish ladders must not be completely dewatered during 
trapping operations, and should not experience any reduction in fishway flow. 
 

6.4  General Trap Design 
 
6.4.1  Specific Criteria and Guidelines – General Trap Design 
 

6.4.1.1  Primary Trapping System: Primary trapping system components 
usually include:  

 in-ladder removable diffusers or gates to block passage within the ladder 
and guide fish into the trap;  

 an off-ladder holding pool including a transition channel or port and 
trapping mechanism (through which attraction flow is discharged via one 
of the devices described in Section 6.6); 

 a gate to prevent fish from entering the trap area during crowding 
operations; 

 a holding pool fish crowder (for encouraging adult egress from the off-
ladder holding pool to sorting/loading facilities); 

 separate holding pool inflow and outflow facilities; 
 distribution flume (used with false weir or steeppass to enable fish entry to 

and/or egress from the holding pool); and  
 a lock or lift for truck-loading fish.   

 
6.4.1.2  Fish Ladders: Fish ladders are the preferred means of upstream passage 
at impediments, unless site conditions preclude their use.  This is due to the 
preference that fish be allowed to pass at their inclination, rather than that of a 
human operator.  Factors to be considered include the adverse effects of holding 
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trapped fish in a potentially high-density holding pool for an excessive period, the 
long-term uncertainty of maintaining funding and trained personnel, exposure to 
poaching or predation in the trap, injuries from jumping, facility failures (e.g., 
loss of water supply), and cumulative handling and holding stresses.  
 
6.4.1.3  Location: In general, fish ladders should not be designed or retrofitted 
with either in-ladder traps or loading facilities.  Rather, trap/holding and loading 
facilities should be in an adjacent, off-ladder location where fish targeted for 
trapping purposes may be routed.  This allows operational flexibility to readily 
switch from passage to trapping operational modes. 
 
6.4.1.4  Distribution Flume: A distribution flume must be used when fish are 
routed to anesthetic tanks, recovery tanks, pre-transport holding tanks, fish 
ladders or project forebays.  The flume must have smooth joints, sides, and 
bottom with no abrupt vertical or horizontal bends and have continuously wetted 
surfaces.  Horizontal and vertical radius of curvature should be at least 5 times 
flume width to minimize risk of fish strike injuries.  The minimum inside width 
(or diameter) of the distribution flume must be 15 inches, and the minimum 
sidewall height in the distribution flume must be 24 inches. 
 
6.4.1.5  Water Quality: Holding pool water quality should equal or exceed that 
of the ambient waters from which fish are trapped.  The water temperature, 
oxygen content, and pH must provide fish with a safe, healthy environment.   
 
6.4.1.6  Inflow: Trap inflow must be routed through an upstream diffuser 
conforming with Section 4.3.2, with maximum 1.0 ft/s average velocity.  Baffling 
or other energy dissipation means should be used to prevent excessive turbulence 
and surging, which may induce adult jumping within the trap.  
 
6.4.1.7  Recovery Pool: Anesthetized fish must be routed to a recovery pool to 
allow monitoring of fish to ensure full recovery from the anesthetic effect prior to 
release.  Fish recovering from anesthesia must not be routed directly back to the 
river where unobserved mortality may occur.  Recovery pool inflow must satisfy 
the specified water quality guidelines (see Sections 6.4.1.5, 6.5.1.2, and 6.5.1.4).  
Recovery tank hydraulic conditions must not result in partially or fully 
anesthetized fish being impinged on an outflow grating or any other hazardous 
area.  A release pool must allow fully recovered fish to volitionally exit.  

  
6.5  Trap Holding Pool 
 
 6.5.1  Specific Guidelines and Criteria – Trap Holding Pool 
 
For single-pool traps, refer to Section 6.9.  For trap holding pools at multi-pool ladders, 
criteria and guidelines include:  
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6.5.1.1  Off-Ladder Trap System: For new or existing fish ladders, fish must not 
be trapped and held within the ladder for intermittent sampling or truck-loading.  
Rather, an off- ladder trap system is required.  This type of system allows 
unimpeded ladder passage during non-trapping periods, and intermittent trapping 
of fish for required collection or sampling.  The intent is to minimize adverse 
impacts (such as delay and elevated jumping injury/mortality) of fish trapping by 
allowing rapid transition from one operational mode to the other.  
 
6.5.1.2  Capacity, Temperature, and Dissolved Oxygen:  Trap holding pools 
(for short term holding in off ladder traps and for trap and haul facilities) must be 
sized to provide a minimum volume of 0.25 ft3 per pound of fish based on trap 
capacity, with water temperatures less than 50° F, dissolved oxygen between 6 to 
7 parts per million, and fish held less than 24 hours (Senn 1984).  The trap 
capacity is determined by the maximum daily fish return, or by the number of fish 
expected to be trapped before the trap catch is transported.  The poundage of fish 
is determined by the weight of an average fish targeted for trapping, times the 
maximum number of fish.  Note that the poundage calculation may entail a 
number of different fish species.  For long term holding at off ladder holding 
pools, (greater than 72 hours), trap holding pool water volumes should be 
increased by a factor of three.  If  water temperatures are greater than 50° F, the 
poundage of fish held should be reduced by 5% for each degree over 50° F.  The 
trap capacity and average weight of targeted fish to be used in design are subject 
to approval by a NMFS.  Also, see Section 6.3.1.4. 
 
6.5.1.3  Water Supply and Quality: Trap holding pools (for short-term holding 
in off ladder traps and for trap and haul facilities) must be designed with a 
separate water supply and drain system.  Trap holding pool design water supply 
capacity must be at least 0.67 gallons per minute per adult fish for the 
predetermined adult salmon trap holding capacity, with water temperatures less 
than 50° F, dissolved oxygen between 6 to 7 ppm, and fish held less than 24 
hours.  For long term holding, (greater than 72 hours), trap holding pool flow 
rates should be increased by a factor of three (Senn 1984).  Also, see Section 
6.3.1.4. 
 
6.5.1.4  Minimization of Adult Jumping:  Trap holding pool designs must 
include provisions to minimize adult jumping which may result in injury or 
mortality.  Examples include (but are not limited to): high freeboard on holding 
pool walls (5 feet or more); covering to keep fish in a darkened environment; 
providing netting over the pool strong enough to prevent adults from breaking 
through the mesh fabric; or, provision of sprinklers above the holding pool water 
surface to reduce the ability of fish to detect movement above the trap pool.  
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6.5.1.5  Pickets:  
 Off-ladder holding pools should include intake and exit pickets designed 

to prevent adult egress and to conform with Section 4.3.2, and with an 
adjustable exit overflow weir located upstream of the exit picket to control 
holding pool water surface elevation.   

 Removable pickets within the ladder (installed to block fish ascent within 
the ladder when fish are to be routed into an off-ladder trapping pool) 
must be angled toward the off ladder trap entrance location, and must 
comply with Section 4.3.2.  Pickets must be completely removed from the 
ladder when not actively trapping.  

  
6.5.1.6  Crowders: Holding pool crowders should have a maximum clear bar 
spacing of 7/8 inch.  Side gap tolerances must not exceed 1 inch, with side and 
bottom seals sufficient to allow crowder movement without binding, and to 
prevent fish movement behind the crowder panel. 
  
6.5.1.7  Distribution Flume:  Where false weirs and steeppass ladders are used to 
route fish into or out of a trap holding pool, distribution flumes or pipes are used 
as described in Section 6.4.1.4.   

 
6.6  Trapping Mechanism 
 

6.6.1  Description and Purpose – Trapping Mechanism 
 

The trap holding pool trapping mechanism (e.g., finger weir, vee-trap, false weir, 
steeppass ladder) allows fish to enter, but not volitionally exit, the holding pool.  
 

6.6.2  Specific Criteria and Guidelines – Trapping Mechanism 
 
6.6.2.1   Design (General):  

 All components exposed to fish must have all welds and sharp edges 
ground smooth to the touch, with other features as required to minimize 
injuries.  

 Bars and spacings must conform to Section 4.3.2. 
 Trapping mechanisms must allow temporary closure to avoid spatial 

conflict with brail crowding and loading operations. 
 Trapping mechanisms should be designed to safeguard against fish entry 

into an unsafe area such as behind a crowder or under floor brail. 
 A gravity (i.e., not pumped) water supply should be used for false-weirs 

and steeppass ladders to avoid potential rejection of the trapping 
mechanism associated with the transmission of pump/motor sounds.  
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6.7  Lift/Hopper  
 

6.7.1  Description and Purpose – Lift/Hopper 
 

A lift in this context includes a full-sized hopper that is capable of collecting/lifting all 
fish trapped in a holding pool at one time, then either routing fish to the forebay, or 
loading onto a truck for transport.   
 

6.7.2  Specific Criteria and Guidelines – Lift/Hopper 
 

6.7.2.1  Maximum Water Volume: Hopper and transport truck loading water 
volumes should be greater than or equal to 0.15 ft3 per pound of fish at the 
maximum fish loading density, to provide hopper or transport operations with 
sufficient volume of water for fish safety. 
      
6.7.2.2  Hopper freeboard, from hopper water surface to top of hopper bucket, 
should be greater than the water depth within the hopper, to reduce risk of fish 
jumping out during lifting operations.  
 
6.7.2.3  Sump: When a trap design includes a hopper sump (into which the 
hopper is lowered during trapping), side clearances between the hopper and sump 
sidewalls should not exceed 1 inch, thereby minimizing fish access below the 
hopper.  Flexible side seals must be used to ensure that fish do not pass below the 
hopper. 
 
6.7.2.4  Transport Tanks:   

 Truck transport tanks must be compatible with the hopper design to 
minimize handling stress.  If an existing vehicle will be used, the hopper 
must be designed to be compatible with existing equipment.  If the 
transport tank’s opening is larger than the tube or hopper opening, a cap or 
other device must be designed to prevent fish from jumping at the 
opening.  

 Design should allow hopper water surface control to be transferred to the 
truck transport tank so that water and fish do not plunge abruptly from the 
hopper into the fish transport tank during loading.   

 
6.7.2.5  Fish Egress Opening: The fish egress opening from the hopper into the 
transport tank must have a minimum horizontal cross-sectional area of 3 ft2, and 
must have a smooth transition that minimizes the potential for fish injury.  

 
6.7.2.6  Design (General):  

 Fail-safe measures must be provided to prevent entry of fish into the 
holding pool area to be occupied by the hopper before the hopper is 
lowered into position.  

 The hopper interior must be smooth, and be designed to safeguard fish. 
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6.8  Fish Lock 
 

6.8.1  Description and Purpose – Fish Lock 
 
A fish lock allows trapped fish in the trapping system holding pool to be elevated 
without a hopper or hopper sump. 

 
The following steps describe the routing of fish from the lock to the forebay or 
transport vehicle:  

1. Fish are crowded into the lock. 
2. The closure gate is shut. 
3. Flow into the lock is introduced through floor diffusers below the floor brail. 
4. As the water level rises within the lock, it will ultimately reach a control weir 

equilibrium elevation.  The floor brail should be raised only after the lock 
water surface elevation is at equilibrium, and should not be used to lift fish out 
of the water. 

5. Overflow passes over a control weir and through a dewatering screen, 
allowing excess flow to be drained off and adult fish to be routed directly into 
the anesthetic tank, or into a wetted flume for routing to separate 
sorting/holding pools, or to be loaded into a transport vehicle. 

 
6.8.2  Specific Criteria and Guidelines – Fish Lock 

 
6.8.2.1 Lock Inflow Chamber: The lock inflow chamber (below the lowest floor 
brail level) must be of sufficient depth and volume (see Section 4.5.3.5) to limit 
turbulence into the fish holding zone when lock inflow is introduced.  The inflow 
sump should be designed so that flow upwells uniformly through add-in floor 
diffusers (see Section 4.3.2), thereby limiting unstable hydraulic conditions within 
the lock that may agitate fish.  

 
6.8.2.2  Depth Over Fish Egress Weir:  Depth over the fish egress weir should 
be at least 6 inches, to facilitate fish egress from the lock for transport or 
handling.   
 
6.8.3.2  Floor Brail: 

 Floor brail should be composed of sufficiently sized screen material 
(based on life stage and species present), to preclude injury or mortality of 
non-target species.  Side gap openings must not exceed 1 inch with seals 
included to cover all gaps.  The floor brail panel should be kept in its 
lowest position until flow passes over the flow egress weir. 

 The floor brail hoist should be designed for manual or automatic operation 
to allow movement of the brail at 2 feet/minute (upward and downward) 
matching the change in water surface elevation that will minimize stress of 
fish crowded between the floor brail and lock flow egress weir.  
Automated operation is allowed only when the water depth above the brail 
is 4 feet or more. 
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6.9  Single Holding Pool Traps 
 

6.9.1  Description and Purpose – Single Holding Pool Traps 
 

Single pool traps are often used in tandem with intermittent exclusion barriers (see 
Section 5) for brood-stock collection from small streams.  These trapping systems are 
used to collect, sort, and load adult fish.   
 

6.9.2  Specific Criteria and Guidelines – Single Holding Pool Traps 
 

6.9.2.1  Design (General):  
 The trap holding pool water volume must be designed according to 

Section 4.5.3.5 to achieve relatively stable interior hydraulic conditions 
and minimize jumping of trapped fish. 

 Intakes must conform to Section 4.3.3.  
 Sidewall freeboard should be a minimum 4 feet above trap pool water 

surface at high design streamflow.   
 The trap holding pool interior surfaces must be smooth to reduce the 

potential for fish injury.  
 
6.9.2.2  Fish Removal Procedure: A description of the proposed means of 
removing fish from the trapping pool and loading onto a transport truck must be 
submitted to NMFS for approval in the ESA incidental take permit application. 
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7.  CULVERTS AND OTHER STREAM  CROSSINGS  
 

7.1  Introduction – Culverts and Other Stream Crossings 
 
This section provides criteria and guidelines for the design of stream crossings to aid 
upstream and downstream movement of anadromous salmonids.  For the purpose of fish 
passage, the distinction between bridge, culvert, and low water crossing is not as 
important as the effect the structure has on the form and function of the stream.  To this 
end, these criteria conceptually apply to bridges as well as to culverts.  In addition to 
providing fish passage, any road crossing design should include consideration for 
maintaining the ecological function of the stream - passing woody debris, flood flows and 
sediment, and other species that may be present at the site.  The objective of these criteria 
and guidelines is to provide the basis for road crossing fish passage designs for all life 
stages of anadromous salmonids present at the site requiring passage.  The design team 
should be in close contact with all biologists familiar with the site to assess potential 
impacts on spawning, life stages requiring passage, and to assess bed stability.   
 
Criteria are specific standards for fishway design, maintenance, or operation that cannot 
be changed without a written waiver from NMFS.  For the purposes of this document, a 
criterion is preceded by the word ―must.‖  In general, a specific criterion can not be 
changed unless there is site-specific biological rationale for doing so.  An example of 
biological rationale that could lead to criterion waiver is a determination or confirmation 
by NMFS biologists that the smallest fry-sized fish will likely not be present at a 
proposed screen site.  Therefore, the juvenile fish screen approach velocity criterion of 
0.4 ft/s could be increased to match the smallest life stage expected at the screen site.  A 
guideline is a range of values or a specific value for fishway design, maintenance or 
operation that may change when site-specific conditions are factored into the conceptual 
fishway design.  For the purposes of this document guidelines are preceded by the word 
―should.‖  Guidelines should be followed in the fishway design until site-specific 
information indicates that a different value would provide better fish passage conditions 
or solve site-specific issues.  An example of site-specific rationale that could lead to a 
modified guideline is when the maximum river depth at a site is 3 feet, as compared to 
the design guideline for a fishway entrance depth of 6 feet.  In this example, safe and 
timely fish passage could be provided by modifying the guideline to match the depth in 
the river.  It is the responsibility of the applicant to provide compelling evidence in 
support of any proposed waiver of criteria or modification of a guideline for NMFS 
approval early in the design process, well in advance of a proposed Federal action.  After 
a decision to provide passage at a particular site has been made, the following design 
criteria and guidelines are applicable, in addition to those described throughout Section 3. 
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7.2  Preferred Alternatives for New, Replacement, or Retrofitted Stream Crossings 
 
All the alternatives listed below have the potential to pass fish, but some may perform 
better than others at a particular site.  Based on the biological significance and ecological 
risk of a particular site, NMFS may require a specific design alternative to be developed, 
if feasible, to allow normative physical processes within the stream-floodplain corridor 
by (1) promoting natural sediment transport patterns for the reach, (2) providing 
unaltered fluvial debris movement, and (3) restoring or maintaining functional 
longitudinal continuity and connectivity of the stream-floodplain system. 
 
The following alternatives and structure types are listed in general order of NMFS’ 
preference: 

 Road abandonment and reclamation or road realignment to avoid crossing 
the stream. 

 Bridge or stream simulation spanning the stream flood plain, providing 
long-term dynamic channel stability, retention of existing spawning areas, 
maintenance of food (benthic invertebrate) production, and minimized risk 
of failure.  If a stream crossing is proposed in a segment of stream channel 
that includes a salmonid spawning area, only full-span stream simulation 
designs (see Section 7.4) are acceptable. 

 Embedded pipe culvert, bottomless arch designs or non-floodplain 
spanning stream simulation (see Sections 7.3 and 7.4).   

 Hydraulic design method, associated with more traditional culvert design 
approaches - limited to low stream gradients (0% to 1%) or for retrofits 
(Section 7.5). 

 Culvert designed with an external fishway (including roughened channels) 
for steeper slopes (see Section 4). 

 Baffled culvert or internal weirs - to be used only for when other 
alternatives are infeasible (see Section 7.6).  Many baffle designs are 
untested for anadromous salmonid passage, and baffles always reduce the 
hydraulic capacity of culverts.  NMFS may only approve baffled culverts 
on a site by site basis if compelling evidence of successful passage at other 
sites utilizing a similar design is provided and a suitable monitoring and 
maintenance plan is developed and followed. 

 
7.3  Embedded Pipe Design Method 
 

7.3.1  Description and Purpose – Embedded Pipe Method 
 
This method provides a simplified design methodology that is intended to provide a 
culvert of sufficient size and embedment to allow the natural movement of bedload and 
the formation of a stable bed inside the culvert, and is intended for use only in very small 
streams.  Determination of the high and low fish passage design flows, water velocity, 
and water depth is not required for this method, since the stream hydraulic characteristics 
within the culvert are intended to mimic the stream conditions upstream and downstream 
of the crossing.  This design method is usually not suitable for stream channels that are 
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greater than 3% in natural slope or for culvert lengths greater than 80 feet.  Structures for 
this design method are typically round, oval, or squashed pipes made of metal or 
reinforced concrete. 
 

7.3.2  Specific Criteria and Guidelines – Embedded Pipe Design Method 
 

7.3.2.1  Culvert Width: The minimum culvert bed width must be greater than the 
bankfull channel width.  Vertical clearance from bed to ceiling must be at least 4 
feet to allow for maintenance activities.  There are many cases where greater 
widths may be required, based on the objective of providing a stable structure that 
will allow ecological function to continue. 
 
7.3.2.2  Culvert Slope: The culvert must be placed level (0% slope). 
 
7.3.2.3  Embedment: The bottom of the culvert should be buried into the 
streambed not less than 20% of the culvert height at the outlet and not more than 
40% of the culvert height at the inlet.  The slope of the bed must replicate the 
natural upstream and downstream stream gradient in the vicinity of the road 
crossing. 

 
7.3.2.4  Fill Materials: Fill materials should be comprised of material to 
maximize the probability that fill materials will remain in place for all flows or be 
replaced as deposition occurs as streamflow recedes.  The design must 
demonstrate the ability (by choosing fill material using size analysis of streambed 
material in the adjacent stream reaches if stream hydraulics are replacated, or by 
using guidance provided in WDFW 2003) to maintain the engineered streambed 
in the design configuration over the life of the project. 

 
7.3.2.5  Water Depth: Water depth and velocity in the culvert must replicate the 
natural stream depth and water velocity upstream and downstream of the road 
crossing. 

 
7.4  Streambed Simulation Design Method 
 

7.4.1  Description and Purpose – Streambed Simulation Design Method 
 
This method is a design process that is intended to mimic the natural upstream and 
downstream processes within a culvert or under a bridge.  Fish passage, sediment 
transport, and debris conveyance within the culvert are designed to function as they 
would in a natural channel.  Determination of the high and low fish passage design flows, 
design water velocity, and design water depth is not required for this option since the 
stream hydraulic characteristics within the culvert or beneath the bridge are designed to 
mimic the stream conditions upstream and downstream of the road crossing.  The 
structures for this design method are typically open-bottomed arches or boxes but could 
have buried floors in some cases, or a variety of bridges that span the stream channel.  
This method utilizes streambed materials that are similar to the adjacent stream channel.  
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Streambed simulation requires a greater level of information on hydrology and 
geomorphology (topography of the stream channel) and a higher level of engineering 
expertise than the Embedded Pipe Design method (see Section 7.3).  In general, 
streambed simulation should provide sufficient channel complexity to provide passage 
conditions similar to that which exists in the adjacent natural stream, including sufficient 
depth, velocity and resting areas.   
 

7.4.2  Specific Criteria and Guidelines – Streambed Simulation Design Method 
 

7.4.2.1  Channel Width: The minimum culvert bed width must be greater than 
bankfull channel width, and of sufficient vertical clearance to allow ease of 
maintenance activities.  There are many cases where greater widths may be 
required, based on the objective of providing a stable structure that will allow 
ecological function to continue.  For example, if a channel is not fully entrenched, 
some allowance for overbank flow may need to be provided.  Similarly, for 
braided or meandering channels or other unconfined channel shapes, the flood 
plain must be allowed to function as a flow conveyance.  If a stream is not fully 
entrenched, the minimum culvert bed width should be at least 1.3 times the 
bankfull channel width.  
 
7.4.2.2  Channel Vertical Clearance: The minimum vertical clearance between 
the culvert bed and ceiling should be more than 6 feet, to allow access for debris 
removal.  Smaller vertical clearances may be used if a sufficient inspection and 
maintenance plan is provided with the design that ensures that the culvert will be 
free of debris during the passage season. 
 
7.4.2.3  Channel Slope: The slope of the reconstructed streambed within the 
culvert should approximate the average slope of the adjacent stream from 
approximately ten channel widths upstream and downstream of the site in which it 
is being placed, or in a stream reach that represents natural conditions outside the 
zone of the road crossing influence.  For purposes of maintaining streambed 
integrity within the road crossing, the maximum slope of streambed simulation 
where closed bottom culverts are used should not exceed 6%.  Design detail 
and/or a long term maintenance plan should be included that reflects how the 
streambed within the culvert will be maintained in its design condition over time.  

  
7.4.2.4  Embedment: If a culvert is used, the bottom of the culvert should be 
buried into the streambed not less than 30% and not more than 50% of the culvert 
height, and a minimum of 3 feet.  For bottomless culverts the footings or 
foundation must be designed for the largest anticipated scour depth.  The ability 
(using size analysis of streambed material in the adjacent stream reaches, or by 
using guidance provided in WDFW 2003) to maintain the engineered streambed 
in the design configuration over the life of the project must be demonstrated by 
the design. 
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7.4.2.5  Maximum Length of Road Crossing: The length for streambed 
simulation should be less than 150 feet.  If the length is greater than 150 feet, a 
bridge should be considered. 

 
7.4.2.6  Fill Materials: Fill materials should be comprised of materials of similar 
size composition to natural bed materials that form the natural stream channels 
adjacent to the road crossing.  The design must demonstrate long term stability of 
the passage corridor, through assessment of hydraulic conditions through the 
passage corridor over the fish passage design flow range, and through assessment 
of the ability of the stream to deliver sufficient transported bed material to 
maintain the integrity of the streambed over time.  Larger material may be used to 
assist in grade retention and to provide resting areas for migratory fish. 
 
7.4.2.7 Water Depth and Velocity: Water depth and velocity must closely 
resemble those that exist in the adjacent stream, as described in Section 7.4.2.3, or 
those listed in Section 7.5.2.6.  To provide resting zones, special care should be 
used to provide areas of greater than average depth and lower than average 
velocity throughout the length of the streambed simulation, reasonably replicating 
those found in the adjacent stream.  Hydraulic controls to maintain depth at low 
flows may be required. 

 
7.5  Hydraulic Design Method 
 

7.5.1  Design and Purpose – Hydraulic Design Method 
 
The hydraulic design method is a design process that matches the hydraulic performance 
of a culvert with the swimming abilities of a target species and age class of fish.  It is 
only suitable in streams with sufficiently low gradient to provide the hydraulic conditions 
found in Table 8.5.  This method targets distinct species of fish and therefore does not 
account for ecosystem requirements of non-target species.  There are significant errors 
associated with estimation of hydrology and fish swimming speeds that are resolved by 
making conservative assumptions in the design process.  Determination of the high and 
low fish passage design flows, water velocity, and water depth is required for this option.  
The hydraulic design method requires hydrologic data analysis, open channel flow 
hydraulic calculations, and information on the swimming ability and behavior of the 
target group of fish.  This design method may be applied to the design of new and 
replacement culverts and may be used to evaluate the effectiveness of retrofits of existing 
culverts. 
 

7.5.2  Specific Criteria and Guidelines – Hydraulic Design Method 
 

7.5.2.1  Culvert Width and Vertical Clearance: The minimum culvert width 
and vertical clearance between the culvert bed and ceiling should be more than 6 
feet, to allow access for debris removal.  Smaller vertical clearances may be used 
if a sufficient inspection and maintenance plan is provided with the design that 
ensures that the culvert will be free of debris during the passage season. 
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7.5.2.2  Culvert Slope: The slope of the reconstructed streambed within the 
culvert should not exceed 125% of the approximate average slope of the adjacent 
stream from approximately 10 channel widths upstream and downstream of the 
site in which it is being placed, or in a stream reach that represents natural 
conditions outside the zone of the road crossing influence.  If embedment of the 
culvert is not possible, the maximum slope should not exceed 0.5%. 
 
7.5.2.3  Embedment: Where physically possible, the bottom of the culvert should 
be buried into the streambed a minimum of 20% of the height of the culvert below 
the elevation of the tailwater control point downstream of the culvert, and the 
minimum embedment must be at least 1 foot.  
 
7.5.2.4  Fish Passage Design Velocity: The fish passage design high flow (see 
Section 3.3) for adult fish passage is used to determine the maximum water 
velocity within the culvert. 
 
7.5.2.5  Fish Passage Design Depth: The fish passage design low flow (see 
Section 3.2) for fish passage is used to determine the minimum depth of water 
within a culvert.  Hydraulic controls may be required to maintain depth at low 
flows. 
 
7.5.2.6  Average Water Velocity: The maximum average water velocity in the 
culvert refers to the calculated average of velocity within the barrel of the culvert 
at the fish passage design high flow.  In most instances, upstream juvenile fish 
passage requirements should also be considered in design.  Juvenile fish passage 
analysis should include calculating average water velocity for the 50% 
exceedence flow for the time period corresponding to juvenile upstream passage.  
Use Table 7-1 to determine the maximum average water velocity allowed. 

 
Table 7-1.  Maximum Allowable Average Culvert Velocity 

Culvert 
Length (ft) 

 

Maximum Average Velocity (ft/s) 
Chinook, Steelhead, 

Sockeye, and  
Coho Adults 

Pink and Chum 
Adults 

Juvenile Salmonids 

<60 6.0 5.0 1.0 
60-100 5.0 4.0 1.0 
100-200 4.0 3.0 1.0 
200-300 3.0 2.0 1.0 

>300 2.0 2.0 1.0 
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7.5.2.7  Minimum Water Depth: Minimum water depth at the low fish passage 
design flow should be: 1.0 feet for adult steelhead, Chinook, coho, and sockeye 
salmon; 0.75 feet for pink and chum salmon; and 0.5 feet for all species of 
juvenile salmon, as measured in the centerline of the culvert.  The minimum depth 
within the culvert barrel is calculated at fish passage design low flow. 
 
7.5.2.8  Maximum Hydraulic Drop: Hydraulic drops between the water surface 
in the culvert and the water surface in the adjacent channel should be avoided in 
all cases.  This includes the culvert inlet and outlet.  Where physical conditions 
preclude embedment and the streambed is stable (e.g., culvert installation on 
bedrock) the hydraulic drop at the outlet of a culvert must not exceed the limits 
specified in Table 10-1 if juvenile fish are present and require upstream passage, 
or 1 foot if juvenile fish are not present or do not require upstream passage. 

 
7.6  Retrofitting Culverts 
 

7.6.1  Description and Purpose – Retrofitting Culverts 
 
For future planning and budgeting at the state and local government levels, redesign and 
replacement of substandard stream crossings may contribute substantially to the recovery 
of salmon stocks throughout the state, if better access to underutilized habitat is provided.  
Many existing stream crossings can be improved for fish passage by cost-effective 
means. The decision to replace or improve a crossing should fully consider actions that 
will result in the greatest net benefit for fish passage.  If a particular stream crossing 
causes substantial fish passage problems that hinder the conservation and recovery of 
salmon in a watershed, complete redesign and replacement is warranted.  The extent of 
the needed fish passage improvement work depends on the severity of fisheries impacts, 
the remaining life of the structure, and the status of salmonid stocks in a particular stream 
or watershed.   
 
For work at any stream crossing, site constraints need to be taken into consideration when 
selecting options.  Some typical site constraints are ease of structure maintenance, 
construction windows, site access, equipment, and material needs and availability.  
Consolidation and/or decommissioning of roads and reclamation and restoration of the 
roadbed can sometimes be the most cost effective option.  Consultations with NMFS 
biologists can aid in selecting priorities and alternatives. 
 

7.6.2  Specific Criteria and Guidelines – Retrofitting Culverts 
 

Where existing culverts are being modified or retrofitted to improve fish passage, the 
hydraulic requirements specified in Section 7.5 should be the design objective for the 
improvements.  However, it is acknowledged that the conditions that cause an existing 
culvert to impair fish passage may also limit the remedies for fish passage improvement.  
Therefore, short of culvert replacement, the Section 7.5 criteria and guidelines should be 
the goal for improvement but not necessarily the required design threshold.  Fish passage 
through existing non-embedded culverts may be improved through the use of gradient 
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control weirs downstream of the culvert, interior baffles or weirs, or, in some cases, fish 

ladders.  However, these measures are not a substitute for good fish passage design for 
new or replacement culverts.  The following guidelines should be used: 
 

7.6.2.1  Hydraulic Controls: Hydraulic controls in the channel upstream and/or 
downstream of a culvert may be used to provide a continuous low flow path 
through the culvert and stream reach.  They may be used to facilitate fish passage 
by accomplishing adequate depth and water velocity within the culvert, to 
concentrate low flows, to provide resting pools upstream and downstream of the 
culvert, and to prevent erosion of bed and banks. 
 
7.6.2.2  Approach Pool: An approach pool should be provided that is at least 1.5 
times the stream depth, or a minimum of 2 feet deep, which ever is deeper. 
 
7.6.2.3  Baffles: Baffles may provide incremental fish passage improvement in 
culverts (if the culvert has excess hydraulic capacity) that cannot be made 
passable by other means.  However, baffles may increase the potential for 
clogging and debris accumulation within the culvert and require special design 
considerations specific to the baffle type.  Culverts that are too long or too high in 
gradient require resting pools, or other forms of velocity refuge spaced at 
increments along the culvert length.  Baffle installations must only be installed 
after approval by NMFS engineers on a site-specific basis, and generally only for 
interim use until a permanent passage solution is employed.  A suitable inspection 
and maintenance plan must be provided (i.e., inspected prior to each passage 
season and after any flood event greater than a 2-year exceedence flow, with 
subsequent debris removal as needed).  The baffle design configuration must 
demonstrate that it can provide successful fish passage over the range of fish 
passage design flows. If an inspection and maintenance plan is implemented and 
successful, and good fish passage is documented, baffles may be approved for 
permanent installation. 
 
7.6.2.4  Fishways (see Section 4 and Section 10): Fishways may be required for 
some situations where excessive drops occur at the culvert outlet, or for some 
steep stream gradient situations, or to maintain channel integrity if an undersized 
culvert has been removed.  Fishways require specialized site-specific design for 
each installation and as such, a NMFS fish passage specialist must be contacted 
prior to ESA consultation. 
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7.7  Miscellaneous Culverts/Road Crossings 
 

7.7.1  Specific Criteria and Guidelines – Miscellaneous Culverts/Road Crossings 
 

7.7.1.1  Trash Racks: Trash racks should not be used near the culvert inlet.  
Accumulated debris may lead to severely restricted fish passage and potential 
injuries to fish.  Where trash racks cannot be avoided in culvert installations, they 
must only be installed above the water surface indicated by bankfull flow.  A 
minimum of 9 inches clear spacing should be provided between trashrack vertical 
members.  If trash racks are used, a long term maintenance plan must be provided 
along with the design, to allow for timely clearing of debris. 
 
7.7.1.2  Livestock Fences: Livestock fences should not be used across the culvert 
inlet.  Accumulated debris may lead to severely restricted fish passage and 
potential injuries to fish.  Where fencing cannot be avoided, it should be removed 
during adult salmon upstream migration periods.  Otherwise, a minimum of 9 
inches clear spacing should be provided between pickets, up to the high flow 
water surface.  If fencing is used, a long term maintenance plan must be provided 
along with the design, to allow for timely clearing of debris.  Cattle fences that 
rise with increasing flow are highly recommended. 
 
7.7.1.3  Lighting: Natural or artificial supplemental lighting should be considered 
in new or replacement culverts that are over 150 feet in length.  Where 
supplemental lighting is required, the spacing between light sources should not 
exceed 75 feet.  Available research results indicate that different species of 
anadromous salmonids respond differently to lighting conditions (COE 1976), and 
NMFS engineering staff should be specifically contacted if a culvert greater than 
150 feet in length is under consideration. 
 
7.7.1.4  In-Stream Work Windows: NMFS and State Fish and Wildlife officials 
commonly set instream work windows in each watershed.  Work in the active 
stream channel must not be performed outside of the instream work windows. 
 
7.7.1.5  Temporary Crossings: Temporary crossings, placed in salmonid streams 
for water diversion during construction activities, must meet all of the guidelines 
in this document.  However, if it can be shown that the location of a temporary 
crossing in the stream network is not a fish passage concern at the time of the 
project, then the construction activity only needs to minimize erosion, sediment 
delivery, and impact to surrounding riparian vegetation. 
 
7.7.1.6  Installation: Culverts must be installed only in a dewatered site, with a 
sediment control and flow routing plan acceptable to NMFS.  
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7.7.1.7  Riparian Restoration: The work area must be fully restored upon 
completion of construction with a mix of native, locally adapted, riparian 
vegetation.  Use of species that grow extensive root networks quickly should be 
emphasized.  Sterile, non-native hybrids may be used for erosion control in the 
short term if planted in conjunction with native species.  
 
7.7.1.8  Construction Disturbances: Construction disturbance to the riparian 
area must be minimized and the activity must not adversely impact fish migration 
or spawning. 

 
7.7.1.9  Presence of Salmonids:  If salmonid are likely to be present, salvage 
operations must be conducted by qualified personnel prior to construction.  If 
these salmonids are listed as threatened or endangered under the ESA, consult 
directly with NMFS biologists to acquire an ESA take permit to gain 
authorization for these activities.  Care should be taken to ensure salmonids are 
not chased under banks or logs that will be removed or dislocated by construction.  
Any stranded salmonids are to be returned to a suitable location in a nearby live 
stream, and as specified in the ESA take permit, if applicable. 
 
7.7.1.10  Pumps:  If pumps are used to temporarily divert a stream (to facilitate 
construction), an acceptable fish screen (see Section 11) must be used to prevent 
entrainment or impingement of small fish.  At no time must construction or 
construction staging activity disrupt continuous streamflow downstream of the 
construction site. 
 
7.7.1.11  Wastewater: Unacceptable wastewater associated with project activities 
must be disposed of off-site in a location that will not drain directly into any 
stream channel. 
 
7.7.1.12  Flood Capacity: Regardless of the design option used, to minimize the 
risk of the environmental consequences of structural failure, all road crossings 
must be designed to withstand the 100-year peak flood flow, including 
consideration of debris loading likely to be encountered during flooding.  Stream 
crossings or culverts located in areas where there is significant risk of inlet 
plugging by flood-borne debris should be designed to pass the 100-year peak 
flood without exceeding the top of the culvert inlet (headwater-to-diameter ratio is 
less than one).  This is to ensure a low risk of channel degradation, stream 
diversion, and failure over the life span of the crossing.  Hydraulic capacity must 
compensate for expected deposition in the culvert bottom. 
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7.7.1.13  Other Hydraulic Considerations: Besides the upper and lower flow 
limit, other hydraulic effects need to be considered, particularly when installing a 
culvert.  Water surface elevations in the stream reach must exhibit gradual flow 
transitions, both upstream and downstream of the road crossing.   

 
Within the culvert, abrupt changes in water surface and velocity, hydraulic jumps, 
turbulence, and drawdown at the upstream flow entrance must be avoided in 
design.  A continuous low flow channel must be maintained during construction 
throughout the entire stream reach affected by the road crossing construction.  In 
addition, especially in retrofits, hydraulic controls may be necessary to provide 
resting pools, concentrate low flows, prevent erosion of stream bed or banks, and 
allow passage of bedload material.  Hydraulic control devices may be required to 
avoid headcutting.  Culverts and other structures should be aligned with the 
stream, with no abrupt changes in flow direction upstream or downstream of the 
crossing.  This can often be accommodated by changes in road alignment or slight 
elongation or enlargement of the culvert.  Where elongation would be excessive, 
this must be weighed against better crossing alignment and/or modified transition 
sections upstream and downstream of the crossing.  In crossings that are 
unusually long compared to streambed width, natural sinuosity of the stream will 
be lost and sediment transport problems may occur even if the slopes remain 
constant.  Such problems should be anticipated and mitigated in the project 
design. 
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8.  TIDE GATES (WORK IN PROGRESS) 
 

Design standards for fish passage through tide gates are in the developmental stage.  If 
you are interested in the current status, please call Larry Swenson at 503-230-5448. 
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9.  COLUMBIA AND SNAKE RIVER FISH PASSAGE FACILITIES 
 
9.1  Introduction – Columbia and Snake River Fish Passage Facilities  
 
The following criteria and guidelines are specially adapted to Columbia and Snake River 
upstream and downstream fish passage facilities.  The guidelines and criteria in this 
section apply at mainstem hydroelectric projects.  This section is intended as a starting 
point for future fish passage facilities designs, and is based on experience at COE 
mainstem hydroelectric dams on the Lower Columbia and Snake Rivers.   
 
Criteria are specific standards for fishway design, maintenance, or operation that cannot 
be changed without a written waiver from NMFS.  For the purposes of this document, a 
criterion is preceded by the word ―must.‖  In general, a specific criterion can not be 
changed unless there is site-specific biological rationale for doing so.  An example of 
biological rationale that could lead to criterion waiver is a determination or confirmation 
by NMFS biologists that the smallest fry-sized fish will likely not be present at a 
proposed screen site.  Therefore, the juvenile fish screen approach velocity criterion of 
0.4 ft/s could be increased to match the smallest life stage expected at the screen site.  A 
guideline is a range of values or a specific value for fishway design, maintenance or 
operation that may change when site-specific conditions are factored into the conceptual 
fishway design.  For the purposes of this document guidelines are preceded by the word 
―should.‖  Guidelines should be followed in the fishway design until site-specific 
information indicates that a different value would provide better fish passage conditions 
or solve site-specific issues.  An example of site-specific rationale that could lead to a 
modified guideline is when the maximum river depth at a site is 3 feet, as compared to 
the design guideline for a fishway entrance depth of 6 feet.  In this example, safe and 
timely fish passage could be provided by modifying the guideline to match the depth in 
the river.  It is the responsibility of the applicant to provide compelling evidence in 
support of any proposed waiver of criteria or modification of a guideline for NMFS 
approval early in the design process, well in advance of a proposed Federal action.  
 
9.2  Mainstem Upstream Passage 
 

9.2.1  Description and Purpose – Mainstem Upstream Passage 
 
Each mainstem fish ladder system is designed with a specific number (and location) of 
primary entrances (typically at each shore, and at the powerhouse/spillway interface), a 
defined hydraulic capacity, and specific operations of auxiliary water, entrance, and exit 
facilities.  For a number of reasons, ladder entrance operations may evolve and not be 
consistent with that envisioned in the design phase.  Ladder entrances are perhaps the 
most important feature of the adult fish ladder system.  If entrances are improperly 
located or designed, excessive upstream fish passage delay may occur.  While this 
document primarily focuses on design criteria and guidelines, operations of fish passage 
facilities are a vital and overlapping link.  The criteria and guidelines in this sub-section 
are intended to reinforce what NMFS believes are appropriate ladder entrance operations.   
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9.2.2  Specific Criteria and Guidelines – Mainstem Upstream Passage 
 

9.2.2.1  Attraction Flows:  Total attraction flow discharged from adult fishway 
entrances should be either a minimum of 3% of mean annual river flow, or the 
attraction flow approved in the original design memorandum phase prior to 
construction.  Total ladder attraction flow and entrance location are important 
design parameters to assure safe, efficient, and timely upstream passage. 
  
Unless approved by NMFS, adult ladder total entrance attraction flow (gravity 
ladder flow from forebay, plus auxiliary water flow) must not be reduced from 
original design levels.  
 
9.2.2.2  Ladder Entrances: Unless specifically stated in the original design, all 
ladder entrances must be designed to be operated continuously during fish 

passage season in accordance with ladder entrance attraction flow criteria listed 
below.  
 
9.2.2.3  Auxiliary Water Systems: Auxiliary water systems must include 
sufficient back-up hydraulic capacity to ensure continued operation consistent 
with design criteria.  
 
9.2.2.4  Ladder Entrance Attraction Flow Criteria: Adjustable weir gate crest 
elevations at primary entrances must be submerged at a minimum depth of 8 feet 
(relative to tailwater water surface elevation), with a head differential of 1.0 to 2.0 
feet.  These two parameters have evolved to become the standard for determining 
whether mainstem hydro project fish ladder entrances are discharging at, or 
above, the minimum satisfactory ladder attraction flow.  However, if this criteria 
cannot be satisfied at one or more ladder entrances (as is the case at some 
mainstem hydro projects), an hydraulic investigation should be initiated to 
determine whether some entrances are discharging excessive attraction flow, 
while others fail to satisfy minimum attraction flow criteria.  In these cases, it 
should be determined whether different ladder entrance combinations of head 
differential and weir submergence can be implemented to provide the minimum 
equivalent attraction flow (e.g., provided by 8-foot weir submergence and 1 foot 
of entrance head) at each ladder entrance.  For instance, if the weir depth at one 
entrance is reduced by 25% and the differential is increased to remain within 
criterion listed above, the equivalent attraction flow can still be provided.  
Analysis findings should be coordinated with all parties before implementation.   
 
All other ladder design and operational features must comply with Section 4. 
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9.3  Mainstem Juvenile Screen and Bypass  
 

9.3.1  Description and Purpose – Mainstem Juvenile Screen and Bypass 
 
Turbine intake screens and vertical barrier screens at mainstem Columbia and Snake 
River hydroelectric dams are an exception to design criteria for conventional screens 
referenced in Section 11.  Turbine intake screens are considered partial screens, because 
they do not screen the entire turbine discharge.  They are high-velocity screens, meaning 
approach velocities are much higher than allowed for conventional screens.  Turbine 

intake screens were retrofitted at many mainstem Columbia and Snake River 
powerhouses (which cannot be feasibly screened using conventional screen criteria) to 
protect fish from turbine entrainment to the extent possible.  
 

9.3.2  Specific Criteria and Guidelines – Mainstem Juvenile Screen and Bypass 
 
Dewatering screen systems must adhere to the criteria and guidelines provided in Section 
11.  The following turbine intake screen and vertical barrier screen design criteria are the 
product of extensive research and development: 
  

9.3.2.1 Turbine Intake Screens :  
 Dimensions/Orientation: Existing intake screens are either 20 or 40 feet 

long and are located in the bulkhead slot of each turbine.  They are 
lowered into the intake, and then rotated to the correct operating 
inclination.   

 Materials: The turbine intake screen face must be stainless steel bar 
screen, with maximum clearance between bars equal to1.75 mm. 

 Cleaning: The turbine intake screen must have an approved and proven 
screen cleaning device, which may be adjusted for desired cleaning 
frequency.  

 Porosity: Turbine intake screen porosity must be determined on the basis 
of physical hydraulic modeling 

 
9.3.2.2  Maximum Approach Velocity: Maximum approach velocity (normal to 
the screen face) for turbine intake screens must be 2.75 ft/s.  Above this velocity 
threshold, injury rates increase. 
 
9.3.2.3  Stagnation Point: The stagnation point (point where the component of 
velocity along the turbine intake screen face is 0 ft/s) must be at a location where 
the submerged screen intercepts between 40% to 43% of turbine intake flow, and 
must be within 5 feet of the leading edge of the screen. 
 
9.3.2.5  Gatewell Flow: Gatewell flow must be approximately 10% of intercept 
flow (which is flow above the intake screen stagnation point), and approximately 
4% of turbine flow.  
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9.4  Vertical Barrier Screens  
 

9.4.1  Description and Purpose – Vertical Barrier Screens 
 
Vertical barrier screens (VBS) pass nearly all flow entering the gatewell from the intake 
screen and intake ceiling apex zone.  Fish pass upward along the VBS, then accumulate 
in the upper gatewell, near an orifice that is designed to pass them safely into the juvenile 
bypass system.   
 
9.4.2  Specific Criteria and Guidelines – Vertical Barrier Screens 
 

9.4.2.1  Velocity Distribution:  
 Hydraulic modeling must be used to ensure the greatest possible uniform 

velocity distribution across the entire VBS.  Note that this criterion 
assumes that operating gate position has a significant influence over VBS 
velocity flow distribution, and is one of the design issues to be reconciled 
through use of the physical model. 

 Variable-porosity stacked panels must be developed through physical 
hydraulic modeling, to achieve uniform velocity distribution and minimize 
turbulence in the upper gatewell. 

 
9.4.2.2  Materials and Orientation: Where gatewell flow is increased by a flow 
vane at the gatewell entrance, VBS should be constructed of stainless steel bar 
screens with bars oriented horizontally, and a maximum clearance between bars 
of 1.75 mm. 
 
9.4.2.3  Cleaning/Debris Removal: A screen cleaner and debris removal system 
must be features of each VBS with a gatewell flow increaser vane.  Horizontal 
orientation of the screen bars facilitates debris removal. 
 
9.4.2.4  Through-Screen Velocity: Average VBS through-screen velocity must 
be a maximum of 1.0 ft/s, unless field testing is conducted to prove sufficiently 
low fish descaling/injury rates at a specific site.  
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10.  UPSTREAM JUVENILE FISH PASSAGE  
 
10.1 Introduction – Upstream Juvenile Fish Passage 
 
Upstream juvenile fish passage is necessary at some passage sites, where inadequate 
conditions exist downstream for rearing fish.  In a ladder that uses only a portion of the 
river flow for upstream fish passage, juvenile passage may require special and separate 
provisions from those designed to optimize adult passage.  However, adult fish passage 
should never be compromised to accommodate juvenile passage.  
 
Criteria are specific standards for fishway design, maintenance, or operation that cannot 
be changed without a written waiver from NMFS.  For the purposes of this document, a 
criterion is preceded by the word ―must.‖  In general, a specific criterion can not be 
changed unless there is site-specific biological rationale for doing so.  An example of 
biological rationale that could lead to criterion waiver is a determination or confirmation 
by NMFS biologists that the smallest fry-sized fish will likely not be present at a 
proposed screen site.  Therefore, the juvenile fish screen approach velocity criterion of 
0.4 ft/s could be increased to match the smallest life stage expected at the screen site.  A 
guideline is a range of values or a specific value for fishway design, maintenance or 
operation that may change when site-specific conditions are factored into the conceptual 
fishway design.  For the purposes of this document guidelines are preceded by the word 
―should.‖  Guidelines should be followed in the fishway design until site-specific 
information indicates that a different value would provide better fish passage conditions 
or solve site-specific issues.  An example of site-specific rationale that could lead to a 
modified guideline is when the maximum river depth at a site is 3 feet, as compared to 
the design guideline for a fishway entrance depth of 6 feet.  In this example, safe and 
timely fish passage could be provided by modifying the guideline to match the depth in 
the river.  It is the responsibility of the applicant to provide compelling evidence in 
support of any proposed waiver of criteria or modification of a guideline for NMFS 
approval early in the design process, well in advance of a proposed Federal action.  After 
a decision to provide passage at a particular site has been made, the following design 
criteria and guidelines are applicable, in addition to those described throughout Section 3. 
 
10.2  Design – Upstream Juvenile Fish Passage 
 
As discussed in Section 4.2, it is recommended that a 1.0 to 1.5 foot hydraulic drop from 
entrance pool to tailwater is used for fishway entrance design.  Attraction of adult 
salmonids to a fishway entrance is compromised with decreased head drop at a fishway 
entrance, unless all of the streamflow is passed through the entrance.  Fishway attraction 
(i.e., fishes’ ability to locate the fishway entrance downstream of the dam) is the critical 
design parameter for an upstream passage facility.  Previously, many of the fishway 
entrances on the Columbia River operated with 0.5 foot of hydraulic drop (measured 
from the entrance pool water surface to tailwater surface).  After extensive laboratory and 
field studies, it was conclusively determined that higher velocities, which directly relate 
to the amount of hydraulic drop through the entrance, provide better attraction of adult 
salmonids than did lower velocities.  This determination resulted in making hydraulic 
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adjustments to fishway entrances so that they operated with 1.0 to 1.5 feet of hydraulic 

drop, instead of 0.5 feet.  Subsequent radio telemetry studies verified that passage times 
decreased as a result.  Thus, there is a clear basis for designing entrance pool to tailwater 
differentials between 1.0 to 1.5 feet for adult salmonid passage.  
 
Within the Northwest Region of NMFS (which includes the states of Washington, 
Oregon, and Idaho), there are varying requirements for juvenile passage.  NMFS will 
consider the appropriate design requirements as applicable.  Lower required hydraulic 

drop between pools is not going to provide an obstacle to adult fish, provided that the 
facility satisfies entrance design requirements of Section 4.2.  When juvenile fish passage 
is required, the fishway should meet the guidelines listed in Table 10-1.  However, the 
fishway entrance must operate per the guidelines and criteria listed in Section 4.4 when 
adult salmonids are present. 
 

10.2.1  General Criteria and Guidelines – Upstream Juvenile Passage 
 
Given the reported swimming speeds for juvenile coho salmon and observed leaping 
capabilities, submerged ports or pipes should be avoided when designing passage 
facilities for juvenile fish, except for inlet and outlet conditions.  Fishways should be 
designed as pool and chute or roughened channel, with drops not to exceed the criteria 
listed in Table 10.1.  In addition to the hydraulic drop, calm water in the pools and a low 
velocity just upstream of the weir crest is important.  Weirs should be designed as sharp 
crested, where the head over the weir is two times the breadth. 
 
Table 10-1.  Juvenile Upstream Fish Passage Guidelines 

Upstream Juvenile Fish Passage Guidelines 
Fish Size 

(mm) 
Maximum hydraulic drop 

over fishway weir (ft) 
Maximum hydraulic  

drop at fishway  
entrance and exit (ft) 

Velocity for swimming 
distances less  

than 1 foot, (ft/s) 
45 to 65 0.7 0.13 1.5 to 2.5 
80 to 100 1 0.33 3 to 4.5 

 
Powers (1993) indicated that pool volume criteria such as described in Section 4.5.3.5 are 
critical to ensuring appropriate passage conditions.  The pool volume criteria described in 
Section 4.5.3.5 defines a maximum turbulence threshold based on energy dissipation 
within the volume of a fishway pool.  If this threshold is exceeded, a turbulent barrier to 
adult fish may be created.  For optimal juvenile fish passage, this pool volume should be 
doubled. 
 
Hydraulic design for juvenile upstream passage should be based on representative flows 
in which juveniles typically migrate.  Recent research indicates that providing for 
juvenile salmon passage up to the 10% annual exceedence flow may cover the majority 
of flows in which juveniles have been observed moving upstream.  
 
In some situations, it may be feasible to operate a ladder entrance with a decreased 
hydraulic drop at times when adult salmon are not present and at 1 to 1.5 feet during the 
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adult salmon upstream migration.  The feasibility of doing this often entails making a 
judgment call on the timing of adult passage when often little or no information is 
available, and if it is available, it may change from year to year.  In other situations, it 
may be appropriate to provide multiple fishway entrances that operate independently, 
according to the desired hydraulic drop.  One entrance may operate to attract adult fish 
and convey the appropriate volume shape of attraction jet and velocities and another 
entrance may operate at a lower differential and convey flow over a weir. 
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11.  FISH SCREEN AND BYPASS FACILITIES 
 
11.1  Introduction – Fish Screen and Bypass Facilities 
 
This section provides criteria and guidelines to be used in the development of designs of 
downstream migrant fish screen facilities for hydroelectric, irrigation, and other water 
withdrawal projects.  The design guidance provided in this section applies to fishway 
designs after a decision to provide a passage facility has been made.  Unless directly 
specified herein, this guidance is not intended for use in evaluation of existing facilities, 
nor does it provide guidance on the application of the design for any particular site.  
Sections 1, 2, 3, and the Foreword of this document also apply to the guidelines and 
criteria listed in this section. 
 
In designing an effective fish screen facility, the swimming ability of the fish is a primary 
consideration.  Research has shown that swimming ability of fish varies and may depend 
upon a number of factors relating to the physiology of the fish, including species, size, 
duration of swimming time required, behavioral aspects, migrational stage, physical 
condition and others, in addition to water quality parameters such as dissolved oxygen 
concentrations, water temperature, lighting conditions, and others.  For this reason, screen 
criteria must be expressed in general terms. 
 
Several categories of screen designs are in use but are still considered as experimental 
technology by NMFS.  These include Eicher screens, modular inclined screens, coanda 
screens, and horizontal screens.  The process to evaluate experimental technology is 
described in Section 16.  Several of these experimental screen types have completed part 
or all of the experimental technology process, and may be used in specific instances when 
site conditions allow.  Design of these screens, or new conceptual types of experimental 
screens, may be developed through discussions with NMFS engineers on a case-by-case 
basis. 
 
Criteria are specific standards for fishway design, maintenance, or operation that cannot 
be changed without a written waiver from NMFS.  For the purposes of this document, a 
criterion is preceded by the word ―must.‖  In general, a specific criterion can not be 
changed unless there is site-specific biological rationale for doing so.  An example of 
biological rationale that could lead to criterion waiver is a determination or confirmation 
by NMFS biologists that the smallest fry-sized fish will likely not be present at a 
proposed screen site.  Therefore, the juvenile fish screen approach velocity criterion of 
0.4 ft/s could be increased to match the smallest life stage expected at the screen site.  A 
guideline is a range of values or a specific value for fishway design, maintenance or 
operation that may change when site-specific conditions are factored into the conceptual 
fishway design.  For the purposes of this document guidelines are preceded by the word 
―should.‖  Guidelines should be followed in the fishway design until site-specific 
information indicates that a different value would provide better fish passage conditions 
or solve site-specific issues.  An example of site-specific rationale that could lead to a 
modified guideline is when the maximum river depth at a site is 3 feet, as compared to 
the design guideline for a fishway entrance depth of 6 feet.  In this example, safe and 
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timely fish passage could be provided by modifying the guideline to match the depth in 
the river.  It is the responsibility of the applicant to provide compelling evidence in 
support of any proposed waiver of criteria or modification of a guideline for NMFS 
approval early in the design process, well in advance of a proposed Federal action.  After 
a decision to provide passage at a particular site has been made, the following design 
criteria and guidelines are applicable, in addition to those described throughout Section 3. 
 
11.2  Functional Screen Design 
 
A functional screen design should be developed that defines type, location, size, 
hydraulic capacity, method of operation, and other pertinent juvenile fish screen facility 
characteristics.  In the case of applications to be submitted to FERC and for consultations 
under the ESA, a functional design for juvenile (and adult) fish passage facilities must be 
developed and submitted as part of the FERC License Application or as part of the 
Biological Assessment for the facility.  It must reflect NMFS input and design criteria 
and be acceptable to NMFS.  Functional design drawings must show all pertinent 
hydraulic information, including water surface elevations and flows through various areas 
of the structures.  Functional design drawings must show general structural sizes, cross-
sectional shapes, and elevations.  Types of materials must be identified where they may 
directly affect fish.  The final detailed design must be based on the functional design, 
unless changes are agreed to by NMFS. 
 
11.3  Site Conditions  
 
To minimize risks to anadromous fish at some locations, NMFS may require 
investigation (by the project sponsors) of important and poorly defined site-specific 
variables that are deemed critical to development of the screen and bypass design.  This 
investigation may include factors such as fish behavioral response to hydraulic 
conditions, weather conditions (ice, wind, flooding, etc.), river stage/flow relationships, 
seasonal operational variability, potential for sediment and debris problems, resident fish 
populations, potential for creating predation opportunity, and other information.  The life 
stage and size of juvenile salmonids present at a potential screen site usually is not 
known, and may change from year to year based on flow and temperature conditions.  
Thus, adequate data to describe the size-time relationship requires substantial sampling 
efforts over a number of years.  For the purpose of designing juvenile fish screens, NMFS 
will assume that fry-sized salmonids and low water temperatures are present at all sites 
and apply the appropriate criteria listed below, unless adequate biological investigation 
proves otherwise.  The burden-of-proof is the responsibility of the owner of the diversion 
facility.  
 

Exhibit 32



NMFS Anadromous Salmonid Passage Facility Design July 2011 
 

88 

11.4  Existing Screens 
 

11.4.1  Acceptance Criteria and Guidelines for Existing Screens 
 
If a fish screen was constructed prior the establishment of these criteria, but constructed 
to NMFS criteria established August 21, 1989, or later, approval of these screens may be 
considered providing that all six of the following conditions are met: 
 
 11.4.1.1  The entire screen facility must function as designed. 
 

11.4.1.2  The entire screen facility has been maintained and is in good working 
condition. 
 
11.4.1.3  When the screen material wears out, it must be replaced with screen 

material meeting the current criterion stated in this document.  To comply with 
this condition, structural modifications may be required to retrofit an existing 
facility with new screen material.  
 
11.4.1.4  No mortality, injury, entrainment, impingement, migrational delay, or 
other harm to anadromous fish has been noted that is being caused by the facility; 
 
11.4.1.5  No emergent fry are likely to be located in the vicinity of the screen, as 
agreed to by NMFS biologists familiar with the site. 
 
11.4.1.6  When biological uncertainty exists, access to the diversion site by 
NMFS is permitted by the diverter for verification of the above criteria. 

 
11.5  Structure Placement  
 

11.5.1  Specific Criteria and Guidelines – Structure Placement: Streams and 
Rivers 
 

11.5.1.1  Instream Installation: Where physically practical and biologically 
desirable, the screen should be constructed at the point of diversion  with the 
screen face generally parallel to river flow.  However, physical factors may 
preclude screen construction at the diversion entrance.  Among these factors are 
excess river gradient, potential for damage by large debris, access for 
maintenance, operation and repair, and potential for heavy sedimentation.  For 
screens constructed at the bankline, the screen face must be aligned with the 
adjacent bankline and the bankline must be shaped to smoothly match the face of 
the screen structure to minimize turbulence and eddying in front, upstream, and 
downstream of the screen.  Adverse alterations to riverine habitat must be 
minimized.   
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11.5.1.2  Canal Installation: Where installation of fish screens at the diversion 
entrance is not desirable or impractical, the screens may be installed in the canal 
downstream of the entrance at a suitable location.  All screens installed 
downstream from the diversion entrance must be provided with an effective 
bypass system, as described in Sections 11.9 through 11.12, designed to collect 
and transport fish safely back to the river with minimum delay.  The screen 
location must be chosen to minimize the effects of the diversion on instream 
flows by placing the bypass outfall as close as biologically feasible (i.e., 
considering minimizing length and optimizing the hydraulics of the bypass pipe) 
and practically feasible to the point of diversion. 

 
11.5.1.3  Functionality: All screen facilities must be designed to function 
properly through the full range of stream hydraulic conditions as defined in 
Section 3 and in the diversion conveyance, and must account for debris and 
sedimentation conditions which may occur. 

 
11.5.2  Specific Criteria and Guidelines – Structure Placement: Lakes, 

Reservoirs, and Tidal Areas 
 

11.5.2.1  Intake Locations: Intakes must be located offshore where feasible to 
minimize fish contact with the facility.  When possible, intakes must be located in 
areas with sufficient ambient velocity to minimize sediment accumulation in or 
around the screen and to facilitate debris removal and fish movement away from 
the screen face.  Intakes in reservoirs should be as deep as practical, to reduce the 
numbers of juvenile salmonids that encounter the intake. 

 
11.5.2.2  Surface Outlets: If a reservoir outlet is used to pass fish from a 
reservoir, the intake must be designed to withdraw water from the most 
appropriate elevation based on providing the best juvenile fish attraction and 
appropriate water temperature control downstream of the project.  The entire 
range of forebay fluctuation must be accommodated in design.  Since surface 
outlet designs must consider a wide spectrum of site-specific hydraulic and fish 
behavioral conditions, NMFS engineers and biologists must be involved in 
developing an acceptable conceptual design for any surface outlet fish passage 
system before the design proceeds. 

 
 
11.6  Screen Hydraulics – Rotating Drum Screens, Vertical Screens, and Inclined 
Screens  
 

11.6.1  Specific Criteria and Guidelines – Screen Hydraulics 
 
11.6.1.1  Approach Velocity: The approach velocity must not exceed 0.40 ft/s 
for active screens, or 0.20 ft/s for passive screens.  Using these approach 
velocities will minimize screen contact and/or impingement of juvenile fish.  For 
screen design, approach velocity is calculated by dividing the maximum screened 
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flow amount by the vertical projection of the effective screen area.  An exception 
may be made to this definition of approach velocity for screen where a clear 
egress route minimizes the potential for impingement.  If this exception is 
approved be NMFS, the approach velocity is calculated using the entire effective 

screen area, and not a vertical projection.  For measurement of approach velocity, 
see Section 15.2. 

 
11.6.1.2  Effective Screen Area: The minimum effective screen area must be 
calculated by dividing the maximum screened flow by the allowable approach 

velocity.   
 

11.6.1.3  Submergence:  For rotating drum screens, the design submergence must 
not exceed 85%, nor be less than 65% of drum diameter.  Submergence over 85% 
of the screen diameter increases the possibility of entrainment over the top of the 
screen (if entirely submerged), and increases the chance for impingement with 
subsequent entrainment if fish are caught in the narrow wedge of water above the 
85% submergence mark.  Submerging rotating drum screens less than 65% may 
reduce the self-cleaning capability of the screen.  In many cases, stop logs may be 
installed downstream of the screens to achieve proper submergence.  If stop logs 
are used, they should be located at least two drum diameters downstream of the 
back of the drum. 
 
11.6.1.4  Flow Distribution: The screen design must provide for nearly uniform 
flow distribution (see Section 15.2) over the screen surface, thereby minimizing 
approach velocity over the entire screen face.  The screen designer must show 
how uniform flow distribution is to be achieved.  Providing adjustable porosity 
control on the downstream side of screens, and/or flow training walls may be 
required.  Large facilities may require hydraulic modeling to identify and correct 
areas of concern.  Uniform flow distribution avoids localized areas of high 
velocity, which have the potential to impinge fish. 

 
11.6.1.5  Screens Longer Than Six Feet:  

 Screens longer than 6 feet must be angled and must have sweeping 

velocity greater than the approach velocity.  This angle may be dictated by 
site-specific geometry, hydraulic, and sediment conditions.  Optimally, 
sweeping velocity should be at least 0.8 ft/s and less than 3 ft/s. 

 For screens longer than 6 feet, sweeping velocity must not decrease along 
the length of the screen.  

 
11.6.1.6  Inclined Screen Face: An inclined screen face must be oriented less 
than 45  vertically with the screen length (upstream to downstream) oriented 
parallel to flow, unless the inclined screen is placed in line with riverbank and 
reasonably matching the slope of the riverbank.  
 
11.6.1.7  Horizontal Screens: Horizontal screens have been evaluated as 
experimental technology, because they operate fundamentally different than 
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conventional vertically oriented screens.  This fundamental difference relates 
directly to fish safety, because when inadequate flow depth exists with vertically 
oriented screens, there is no potential for fish to get trapped over the screened 
surface.  In contrast, when water level on horizontal screens drops and most or all 
diverted flow goes through the screens, there is high likelihood that fish will 
become impinged and killed on the screened surface.  In addition, if depths 
become shallow and flow rate is high over a horizontal screen, the resulting cross-
section velocity may be too high to allow fish to swim away from the horizontal 
screen surface.   
 
Unless specified differently below, general screen and bypass criteria and 
guidelines specified in section 11 apply for horizontal screens as well.  Horizontal 
screens are considered biologically equivalent to conventional screens only if the 
following criteria and guidelines are achieved in design and operation: 

 
11.6.1.7.1  Design Development:  Since site-specific design 
considerations are required, NMFS engineers must be consulted 
throughout the development of the horizontal screen design. 

 
11.6.1.7.2  Hydrologic and Hydraulic Analysis:  The horizontal screen 
design process must include an analysis to verify that sufficient hydrologic 
and hydraulic conditions exist in the stream so as not to exacerbate a 
passage impediment in the stream channel (see Section 4.1), or in the off-
stream conveyance, including the screen and bypass.  This analysis must 
conclude that all criteria listed below can be achieved for the entire 
juvenile outmigration season, as defined by section 3.  If the criteria listed 
below cannot be maintained per this design analysis, a horizontal screen 
design must not be used at the site.  If this analysis concludes that removal 
of the bypass flow required for a horizontal screen from the stream 
channel results in inadequate passage conditions or unacceptable loss of 
riparian habitat, other screen design styles must be considered for the site 
and installed at the site if adverse effects are appreciably reduced.  
 
11.6.1.7.3  Screen Geometry:  Horizontal screens must be set at specific 
slopes and geometry consistent with prototypes approved by NMFS.   The 
screen design must include reference material for an example prototype 
that confirms the adequacy of the design. 
 
11.6.1.7.4  Site Limitation:  Horizontal screens must not be installed 
spanning the entire width of  stream or river channels, or in stream or river 
channels where hydraulic conditions on the screen cannot be maintained 
as specified below, or where the screen cannot be easily accessed for 
maintenance.  Upstream fish passage must not be impeded by installation 
of a horizontal screen.  In general, very few instream sites may be 
appropriate for installation of a horizontal screen.   
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11.6.1.7.5  Flow Regulation:  For a horizontal screen to be installed, the 
site must have a good headgate, capable of maintaining sufficiently 
consistent diversion rates to allow a horizontal screen and bypass to 
operate within these criteria and guidelines. 
 
11.6.1.7.6  Channel Alignment:  Horizontal screens must be installed 
such that the approaching conveyance channel is completely parallel and 
in line with the screen channel (no skew) such that uniform flow 
conditions exist at the upstream edge of the screen.   A straight channel 
should exist for at least twenty feet upstream of the leading edge of the 
horizontal screen, or up to two screen channel lengths if warranted by 
approach flow conditions in the conveyance channel.  Flow conditions that 
require a longer approach channel include turbulent flow, supercritical 
hydraulic conditions, or uneven hydraulic conditions in a channel cross 
section.  Horizontal screens must be installed such that a smooth hydraulic 
transition occurs from the approach channel to the screen channel (no 
abrupt expansion, contraction, or flow separation).   
 
11.6.1.7.7  Bypass Flow Depth:  For horizontal screens, the bypass flow 
must pass over the downstream end of the screen at a minimum depth of 
one foot.   
 
11.6.1.7.8  Bypass Flow Amount:  Bypass flow is used for transporting 
fish and debris across the plane of the screen and through the bypass 
conveyance back to the stream.  Bypass flow amounts must be sufficient 
to continuously provide the hydraulic conditions specified in this section, 
and bypass conditions specified in section 11.9.  In general, for diversion 
rates less than 100 cfs, about 15% of the total diverted flow should be used 
as bypass flow for horizontal screens.  For diversion rates more than 100 
cfs, about 10% of the total diverted flow should be used for bypass flow 
for horizontal screens.  Small horizontal screens may require up to 50% of 
the total diverted flow as bypass flow. The amount of bypass flow must be 
approved by NMFS engineers.   
 
11.6.1.7.9  Diversion Shut-off:  If  inadequate bypass flow exists at any 
time (per Sections 11.6.1.7.7 and 11.6.1.7.8), the horizontal screen design 
must include an automated means to shut off the diversion flow, or a 
means to route all diverted flow back to the originating stream.  
 
11.6.1.7.10  Sediment Removal:  The horizontal screen design must 
include means to simply and directly remove sediment accumulations 
under the screen, without compromising the integrity of the screen while 
water is being diverted. 
 
11.6.1.7.11  Screen Approach Velocity:  Screen approach velocity is 
calculated by dividing the maximum flow rate by the effective screen area, 
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and must be less than 0.25 ft/s and uniform  over the entire screen surface 
area (see section 15.2). The horizontal screen design must include 
approach velocity and sweeping velocity consistent with the prototype 
example submitted per 11.6.1.7.3.  Recent  prototype development has 
demonstrated that better self-cleaning of a horizontal screen is achieved 
when the ratio of sweeping velocity and approach velocity exceeds 20:1, 
and approach velocities are less than 0.1 ft/s.     If equipped with an 
automated mechanical screen cleaning system, screen approach velocity 
must be less than 0.4 ft/s and uniform  over the entire screen surface area 
(see section 15.2).   
 
11.6.1.7.12  Screen Sweeping Velocity:  For horizontal screens, sweeping 

velocity must be maintained or gradually increase for the entire length of 
screen (see section 11.9.1.8).   The design sweeping velocity must be 
consistent with the prototype example submitted per 11.6.1.7.3.   Higher 
sweeping velocities may be required to achieve reliable debris removal and 
to keep sediment mobilized.  Sweeping velocity should never be less than 
2.5 ft/s, or an alternate minimum velocity based on an assessment of 
sediment load in the water diversion system.   
 
11.6.1.7.13  Screen Cleaning:  For passive horizontal screens, approach 

velocity and sweeping velocity must work in tandem to allow self cleaning 
of the entire screen face and to provide good bypass conditions.  If the 
proposed design has not been demonstrated to have cleaning capability 
and hydraulic characteristics similar to a successful prototype, the screen 
design must include an automated screen cleaning system. 
 

11.6.1.7.14  Inspection, Maintenance and Monitoring: Daily inspection and 
maintenance must occur of the screen and bypass to maintain operations 
consistent with these criteria.  Post construction monitoring of the facility must 
occur for at least the first year of operation.  This monitoring must occur 
whenever water is diverted, and include a inspection log (in table form) of date 
and time, water depth at the bypass, debris present on screen (including any 
sediment retained in the screen openings), fish observed over the screen surface, 
operational adjustments made, maintenance performed and the observer’s name.  
A copy of the inspection log must be provided annually to the NMFS design 
reviewer, who will review operations and make recommendations for the next 
year of operation. 
 
.   

 
11.7  Screen Material 

 
11.7.1  Specific Criteria and Guidelines – Screen Material 
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11.7.1.1  Circular Screen Openings: Circular screen face openings must not 
exceed 3/32 inch in diameter.  Perforated plate must be smooth to the touch with 
openings punched through in the direction of approaching flow. 

 
11.7.1.2  Slotted or Rectangular Screen Openings: Slotted or rectangular screen 
face openings must not exceed 1.75 mm (approximately 1/16 inch) in the narrow 
direction.  

 
11.7.1.3  Square Screen Openings:  Square screen face openings must not 
exceed 3/32 inch on a side.  

 
11.7.1.4  Material: The screen material must be corrosion resistant and 
sufficiently durable to maintain a smooth uniform surface with long term use.   
 
11.7.1.5  Other Components: Other components of the screen facility (such as 
seals) must not include gaps greater than the maximum screen opening defined 
above. 
 
11.7.1.6  Open Area: The percent open area for any screen material must be at 
least 27%. 
 

11.8  Civil Works and Structural Features 
 

11.8.1  Specific Criteria and Guidelines – Civil Works and Structural Features 
 

11.8.1.1  Placement of Screen Surfaces: The face of all screen surfaces must be 
placed flush (to the extent possible) with any adjacent screen bay, pier noses, and 
walls to allow fish unimpeded movement parallel to the screen face and ready 
access to bypass routes.   
 
11.8.1.2  Structural Features:  Structural features must be provided to protect 
the integrity of the fish screens from large debris, and to protect the facility from 
damage if overtopped by flood flows.  A trash rack, log boom, sediment sluice, 
and other measures may be required. 

 
11.8.1.3  Civil Works: The civil works must be designed in a manner that 
prevents undesirable hydraulic effects (such as eddies and stagnant flow zones) 
that may delay or injure fish or provide predator habitat or predator access. 

 
11.9  Bypass Facilities  
 

11.9.1  Specific Criteria and Guidelines – Bypass Layout 
 
11.9.1.1  Bypass Location:  

 The screen and bypass must work in tandem to move out-migrating 
salmonids (including downstream migrant adult salmonids such as 

Exhibit 32



NMFS Anadromous Salmonid Passage Facility Design July 2011 
 

95 

steelhead kelts, if present) to the bypass outfall with a minimum of injury 
or delay.   

 The bypass entrance must be located so that it may easily be located by 
out-migrants.   

 The bypass entrance and all components of the bypass system must be of 
sufficient size and hydraulic capacity to minimize the potential for debris 
blockage.   

 Screens greater than or equal to 6 feet in length must be constructed with 
the downstream end of the screen terminating at a bypass entrance.  
Screens less than or equal to 6 feet in length may be constructed 
perpendicular to flow with a bypass entrance at either or both ends of the 
screen, or may be constructed at an angle to flow, with the downstream 
end terminating at the bypass entrance.   

 Some screen systems do not require a bypass system.  For example, an end 
of pipe screen located in a river, lake, or reservoir does not require a 
bypass system because fish are not removed from their habitat.  A second 
example is a river bank screen with sufficient hydraulic conditions to 
move fish past the screen face. 

 
11.9.1.2  Multiple Entrances: Multiple bypass entrances should be used if the 
sweeping velocity may not move fish to the bypass within 60 seconds, assuming 
fish are transported along the length of the screen face at a rate equaling sweeping 

velocity. 
 

11.9.1.3  Training Wall: A training wall must be located at an angle to the screen 
face, with the bypass entrance at the apex and downstream-most point.  For many 
facilities, the wall of the civil works opposite to the screen face may serve as a 
training wall.  For single or multiple vee screen configurations, training walls are 
not required, unless an intermediate bypass must be used. 

 
11.9.1.4  Secondary Screen: In cases where there is insufficient flow available to 
satisfy hydraulic requirements at the bypass entrance for the primary screens, a 
secondary screen may be required within the primary bypass.  The secondary 
bypass flow conveys fish to the bypass outfall location or other destination, and 
returns secondary screened flow for water use. 

 
11.9.1.5  Bypass Access: Access for inspection and debris removal must be 
provided at locations in the bypass system where debris accumulations may occur.   

 
11.9.1.6  Trash Racks: If trash racks are used, sufficient hydraulic gradient must 
be provided to route juvenile fish from between the trash rack and screens to the 
bypass. 

 
11.9.1.7  Canal Dewatering: The floor of the screen civil works must be 
designed to allow fish to be routed back to the river safely when the canal is 
dewatered.  This may entail using a small gate and drain pipe, or similar 
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provisions, to drain all flow and fish back to the river.  If this cannot be 
accomplished, an acceptable fish salvage plan must be developed in consultation 
with NMFS and included in the operation and maintenance plan. 

 
11.9.1.8  Bypass Channel Velocity: To ensure that fish move quickly through the 
bypass channel (i.e., the conveyance from the terminus of the screen to the bypass 
pipe), the rate of increase in velocity between any two points in the bypass 
channel should not decrease and should not exceed 0.2 ft/s per foot of travel. 

 
11.9.1.9  Natural Channels: Natural channels may be used as a bypass upon 
approval by NMFS engineers.  A consideration for utilizing natural channels as a 
bypass is the provision of off-stream habitat.  Requirements for natural channels 
include adequate depth and velocity, sufficient flow volume, protection from 
predation, and good water quality.   

 
11.9.2  Specific Criteria and Guidelines – Bypass Entrance 

 
11.9.2.1  Flow Control: Each bypass entrance must be provided with independent 
flow-control capability. 

  
11.9.2.2.  Minimum Velocity: The minimum bypass entrance flow velocity 
should be greater than 110% of the maximum canal velocity upstream of the 
bypass entrance.  At no point must flow decelerate along the screen face or in the 
bypass channel.  Bypass flow amounts should be of sufficient quantity to ensure 
these hydraulic conditions are achieved for all operations throughout the smolt 
out-migration period. 

 
11.9.2.3  Lighting: Ambient lighting conditions must be included upstream of the 
bypass entrance and should extend to the bypass flow control device.  Where 
lighting transitions cannot be avoided, they should be gradual, or should occur at 
a point in the bypass system where fish cannot escape the bypass and return to the 
canal (i.e., when bypass velocity exceeds swimming ability).   

 
11.9.2.4  Dimensions: For diversions greater than 3 cfs, the bypass entrance must 
extend from the floor to the canal water surface, and should be a minimum of 18 
inches wide.  For diversions of 3 cfs or less, the bypass entrance must be a 
minimum of 12 inches wide.  In any case, the bypass entrance must be sized to 
accommodate the entire range of bypass flow, utilizing the criteria and guidelines 
listed throughout Section 11.9. 

 
11.9.2.5  Weirs: For diversions greater than 25 cfs, weirs used in bypass systems 
should maintain a weir depth of at least 1 foot throughout the smolt out-migration 
period. 

 
11.9.3  Specific Criteria and Guidelines – Bypass Conduit and System Design  
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11.9.3.1  General: Bypass pipes and joints must have smooth surfaces to provide 
conditions that minimize turbulence, the risk of catching debris, and the potential 
for fish injury.  Pipe joints may be subject to inspection and approval by NMFS 
prior to implementation of the bypass.  Every effort should be made to minimize 
the length of the bypass pipe, while maintaining hydraulic criteria listed below. 

 
11.9.3.2  Bypass Flow Transitions: Fish should not be pumped within the bypass 
system.  Fish must not be allowed to free-fall within a pipe or other enclosed 
conduit in a bypass system.  Downwells must be designed with a free water 
surface, and designed for safe and timely fish passage by proper consideration of 
turbulence, geometry, and alignment.  

  
11.9.3.3  Flows and  Pressure: In general, bypass flows in any type of 
conveyance structure should be open channel.  If required by site conditions, 
pressures in the bypass pipe must be equal to or above atmospheric pressures.  
Pressurized to non-pressurized (or vice-versa) transitions should be avoided 
within the pipe.  Bypass pipes must be designed to allow trapped air to escape. 
 
11.9.3.4  Bends: Bends should be avoided in the layout of bypass pipes due to the 
potential for debris clogging and turbulence.  The ratio of bypass pipe center-line 
radius of curvature to pipe diameter (R/D) must be greater than or equal to 5.  
Greater R/D may be required for super-critical velocities (see Section 11.9.3.8). 

 
11.9.3.5  Access: Bypass pipes or open channels must be designed to minimize 
debris clogging and sediment deposition and to facilitate inspection and cleaning 
as necessary.  Long bypass designs  (eg. greater than 150 feet) may include access 
ports provided at appropriate spacing to allow for detection and removal of debris.  
Alternate means of providing for bypass pipe inspection and debris removal may 
be acceptable as well.  

 
11.9.3.6  Diameter/Geometry: The bypass pipe diameter or open channel bypass 
geometry should generally be a function of the bypass flow and slope, and should 
be chosen based on achieving the velocity and depth criteria in Sections 11.9.3.8 
and 11.9.3.9.  
 

Exhibit 32



NMFS Anadromous Salmonid Passage Facility Design July 2011 
 

98 

Table 11-1 provides examples for selecting the diameter of a bypass pipe based 
on diverted flow amount, assuming 1) bypass pipe slope of 1.3%; 2) Manning’s 
roughness of 0.009; and 3) other bypass pipe criteria (Section 11.9) are met.  
Bypass pipe hydraulics should be calculated for a given design to determine a 
suitable pipe diameter if the design deviates from the assumptions used to 
calculate pipe diameters in Table 11-1.   

  
Table 11-1.  Bypass Design Examples 

Diverted Flow 
(cfs) 

Bypass flow 
(cfs) 

Bypass Pipe 
Diameter (in) 

Bypass flow 
Depth (in) 

< 6 5% of diverted flow 10 2 ½ 
6 - 25 5% of diverted flow 10 4 

40 2.00 12 4 ¾ 
75 3.75 15 6 
125 6.25 18 7 ¼ 
175 8.75 21 8 ½ 
250 12.5 24 9 ½ 
500 25.0 30 12 
750 37.5 36 14 

> 1000 design with direct NMFS engineering involvement 
 
 

11.9.3.7  Flow: Design bypass flow should be about 5% of the total diverted flow 
amount, unless otherwise approved by NMFS.  Regardless of the bypass flow 
amount, hydraulic guidelines and criteria in Sections 11.9.3.8 and 11.9.3.9 apply. 

 
11.9.3.8  Velocity: The design bypass pipe velocity should be between 6 and 12 
ft/s for the entire operational range.  If higher velocities are approved, special 
attention to pipe and joint smoothness must be demonstrated by the design.  To 
reduce silt and sand accumulation in the bypass pipe, pipe velocity must not be 
less than 2 ft/s. 
 
11.9.3.9  Depth: The design minimum depth of free surface flow in a bypass pipe 
should be at least 40% of the bypass pipe diameter, unless otherwise approved by 
NMFS. 

 
11.9.3.10  Closure Valves: Closure valves of any type should not be used within 
the bypass pipe unless specifically approved based on demonstrated fish safety. 

 
11.9.3.11  Sampling Facilities: Sampling facilities installed in the bypass conduit 
must not in any way impair operation of the facility during non-sampling 
operations. 

 
11.9.3.12  Hydraulic Jump: There should not be a hydraulic jump within the 
pipe.  
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11.9.3.13  Spillways: Spillways upstream of the screen facility also act as a 
bypass system.  These facilities should also be designed to provide a safe passage 
route back to the stream, adhering to the bypass design principles described 
throughout Section 11.9 

 
11.9.4  Specific Criteria and Guidelines – Bypass Outfall 

 
11.9.4.1  Location:  

 Bypass outfalls must be located to minimize predation by selecting an 
outfall location free of eddies, reverse flow, or known predator habitat.  
The point of impact for bypass outfalls should be located where ambient 
river velocities are greater than 4.0 ft/s during the smolt out-migration.  
Predator control systems may be required in areas with high avian 
predation potential.  Bypass outfalls should be located to provide good 
egress conditions for downstream migrants. 

 Bypass outfalls must be located where the receiving water is of sufficient 
depth (depending on the impact velocity and quantity of bypass flow) to 
ensure that fish injuries are avoided at all river and bypass flows.  The 
bypass flow must not impact the river bottom or other physical features at 
any stage of river flow. 

 
11.9.4.2  Impact Velocity: Maximum bypass outfall impact velocity (i.e., the 
velocity of bypass flow entering the river) including vertical and horizontal 
velocity components should be less than 25.0 ft/s. 

 
11.9.4.3  Discharge and Attraction of Adult Fish: The bypass outfall discharge 
into the receiving water must be designed to avoid attraction of adult fish thereby 
reducing the potential for jumping injuries and false attraction.  The bypass outfall 
design must allow for the potential attraction of adult fish, by provision of a safe 
landing zone if attraction to the outfall flow can potentially occur. 

 
11.10 Debris Management 
 

11.10.1  Specific Criteria and Guidelines – Debris Management 
 

11.10.1.1  Inspection and Maintenance: A reliable, ongoing inspection, 
preventative maintenance, and repair program is necessary to ensure facilities are 
kept free of debris and that screen media, seals, drive units, and other components 
are functioning correctly during the outmigration period.  A written plan should 
be completed and submitted for approval with the screen design.   

 
11.10.1.2  Screen Cleaning (Active Screens): Active screens must be 
automatically cleaned to prevent accumulation of debris.  The screen cleaner 
design should allow for complete debris removal at least every 5 minutes, and 
operated as required to prevent accumulation of debris.  The head differential to 
trigger screen cleaning for intermittent type cleaning systems must be a maximum 
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of 0.1 feet over clean screen conditions or as agreed to by NMFS.  A variable 
timing interval trigger must also be used for intermittent type cleaning systems as 
the primary trigger for a cleaning cycle.  The cleaning system and protocol must 
be effective, reliable, and satisfactory to NMFS.   

 
11.10.1.3  Passive Screens: A passive screen should only be used when all of the 
following criteria are met:  

 The site is not suitable for an active screen, due to adverse site conditions.  
 Uniform approach velocity conditions must exist at the screen face, as 

demonstrated by laboratory analysis or field verification.  
 The debris load must be low. 
 The combined rate of flow at the diversion site must be less than 3 cfs. 
 Sufficient ambient river velocity must exist to carry debris away from the 

screen face. 
 A maintenance program must be approved by NMFS and implemented by 

the water user. 
 The screen must be frequently inspected with debris accumulations 

removed, as site conditions dictate. 
 Sufficient stream depth must exist at the screen site to provide for a water 

column of at least one screen radius around the screen face. 
 The screen must be designed to allow easy removal for maintenance, and 

to protect from flooding. 
 

11.10.1.4  Intakes: Intakes must include a trash rack in the screen facility design 
which must be kept free of debris.  In certain cases, a satisfactory profile bar 
screen design may substitute for a trash rack.  Based on biological requirements 
at the screen site, trash rack spacing may be specified that reduces the probability 
of entraining adult fish. 
 
11.10.1.5  Inspection: The completed screen and bypass facility must be made 
available for inspection by NMFS, to verify that the screen is being operated 
consistent with the design criteria. 

 
11.10.1.6  Evaluation: At some sites, screen and bypass facilities may be 
evaluated for biological effectiveness and to verify that hydraulic design 
objectives are achieved.  At the discretion of NMFS, this may entail a 
complete biological evaluation especially if waivers to screen and bypass 
criteria are granted, or merely a visual inspection of the operation if screen 
and bypass criteria is met in total. 

 
11.10.1.7  Sediment: Provision must be made to limit the build-up of sediment, 
where it may impact screen operations.   
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11.11  End of Pipe Screens (including pump intake screens) 
 

11.11.1  Specific Criteria and Guidelines – End of Pipe Screens 
 

11.11.1.1  Location: End of pipe screens must be placed in locations with 
sufficient ambient velocity to sweep away debris removed from the screen face, 
or designed in a manner to prevent debris re-impingement and provide for debris 
removal.   

 
11.11.1.2  Submergence: End of pipe screens must be submerged to a depth of at 
least one screen radius below the minimum water surface, with a minimum of one 
screen radius clearance between screen surfaces and natural or constructed 
features.  For approach velocity calculations, the entire submerged effective 

screen area may be used. 
 

11.11.1.3  Escape Route:  A clear escape route should exist for fish that approach 
the intake volitionally or otherwise.  For example, if a pump intake is located off 
of the river (such as in an intake lagoon), a conventional open channel screen 
should be placed in the intake channel or at the edge of the river to prevent fish 
from entering a lagoon. 
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12.  INFILTRATION GALLERIES (EXPERIMENTAL TECHNOLOGY)  
 
12.1  Introduction – Infiltration Galleries  
 
This section discusses the application and suitability for the installation of infiltration 
galleries.  In concept, infiltration galleries may provide suitable fish passage conditions at 
a diversion site.  However, if improperly sited, failure may occur that results in severe 
adverse habitat impacts and loss of habitat access in addition to the loss of the diversion.  
As such, any site proposed for an infiltration gallery must follow the experimental 
process described in Section 16.  The following section describes the guidelines and 
criteria that should be followed in the planning, design, operation, monitoring, and 
maintenance of infiltration galleries.   
 
The intent of these criteria is to build and operate infiltration galleries that provide at least 
the same level of fish protection as conventional screen facilities that meet NMFS screen 
criteria, as presented in Section 11.  Accordingly, infiltration galleries have similar design 
criteria to conventional screens, such as: screen dimensions, approach velocity, bypass 
facilities, ability to monitor head loss, ability to be self-cleaning, ability to be maintained, 
and owner agreements to maintain and operate the system within criteria.  These aspects 
are discussed in more detail in the following sections. 
 
Criteria are specific standards for fishway design, maintenance, or operation that cannot 
be changed without a written waiver from NMFS.  For the purposes of this document, a 
criterion is preceded by the word ―must.‖  In general, a specific criterion can not be 
changed unless there is site-specific biological rationale for doing so.  An example of 
biological rationale that could lead to criterion waiver is a determination or confirmation 
by NMFS biologists that the smallest fry-sized fish will likely not be present at a 
proposed screen site.  Therefore, the juvenile fish screen approach velocity criterion of 
0.4 ft/s could be increased to match the smallest life stage expected at the screen site.  A 
guideline is a range of values or a specific value for fishway design, maintenance or 
operation that may change when site-specific conditions are factored into the conceptual 
fishway design.  For the purposes of this document guidelines are preceded by the word 
―should.‖  Guidelines should be followed in the fishway design until site-specific 
information indicates that a different value would provide better fish passage conditions 
or solve site-specific issues.  An example of site-specific rationale that could lead to a 
modified guideline is when the maximum river depth at a site is 3 feet, as compared to 
the design guideline for a fishway entrance depth of 6 feet.  In this example, safe and 
timely fish passage could be provided by modifying the guideline to match the depth in 
the river.  It is the responsibility of the applicant to provide compelling evidence in 
support of any proposed waiver of criteria or modification of a guideline for NMFS 
approval early in the design process, well in advance of a proposed Federal action.  After 
a decision to provide passage at a particular site has been made, the following design 
criteria and guidelines are applicable, in addition to those described throughout Section 3. 
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12.2  Scope 
 
The term infiltration gallery, in this document, refers to a water collection system that is 
installed in the zone of surface water influence, for the purpose of conveying water to 
either a pumped or gravity-fed water distribution network (see Figure 12-1).  The 
infiltration gallery is intended to be a substitute for a surface-based diversion system that 
is normally installed above the bed of the stream.    
 

Figure 12-1.  Cross Section of an Example Infiltration Gallery 
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12.3  Selection of Appropriate Screen Technology 
 
Due to their location below the stream bed, infiltration galleries are prone to become 
ineffective due to plugging by sediments.  In addition to reducing the flow capacity of the 
facility, plugged galleries also increase the risk to small fish due to the creation of 
velocity hot spots.  Since very few existing infiltration galleries include effective self-
cleaning systems, it is a common practice to repair plugged galleries by digging them up 
and rebuilding them.  This process may create enormous disruption to the river habitat 
and to the diverters’ ability to divert water.  Therefore, the designer should select an 
infiltration gallery as the preferred diversion method only after a thorough review of the 
benefits and risks of using conventional screens indicates that an infiltration gallery may 
create less risk for fish and their habitat. 
 
12.4  Site Selection 
 
NMFS intends to only permit infiltration galleries at stream sites that exhibit sufficient 
natural fluvial processes to minimize sediment deposition on top of the infiltration gallery 
to the maximum practical extent.  The sealing of infiltration galleries with transported 
bedload sediments seems to be a common mode of failure.  Infiltration galleries should 
not be installed at sites where natural sedimentation occurs that would plug a gallery. 
 
12.5  Design: Infiltration Galleries 
 

12.5.1  Specific Criteria and Guidelines - Design 
 
12.5.1.1  Design Objectives: The infiltration gallery must be designed to: 

 Provide the same volume, rate, and  timing of water supply that the 
diverter  would be entitled to when using a surface-based diversion; 

 Withdraw water primarily from the portion of the stream located directly 
above the infiltration gallery; and 

 Provide at least the same level of fish protection as conventional screens. 
 

12.5.1.2  Minimum Depths and Velocities over Infiltration Galleries: 
Infiltration galleries should not be operated when the water depth above the river 
bed over any part of the infiltration gallery is less than 0.5 feet.  Use of temporary 
impoundments such as push-up berms and other dams to raise the water level is 
not permitted.  The minimum stream velocity at low flow should be 2 ft/s. 

  
12.5.1.3  Screen Material Opening:  Infiltration galleries installed with less than 
24 inches of gravel cover should meet juvenile fish screen criteria, as described in 
Section 11.  

      
12.5.1.4  Flow Direction:  Infiltration galleries should be designed to withdraw 
flow primarily from  the zone directly above the intake screen.   
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12.5.1.5 Imported Gravels: Rock used to backfill over the infiltration gallery 
must be designed and approved by the design engineer.  The backfill material 
selection must also be approved by NMFS. 

 
12.5.1.6  Induced Vertical Approach Velocity at the Stream Bed:  The 
maximum vertical interstitial velocity through the substrate, Vs , must not exceed 
0.05 ft/s when the substrate is new and/or after backwashing (see Figure 12-1).  
 
Vs is defined according to the following calculation: 

))(( eff

s
A

Q
V  

 
where: Vs   =   average vertical interstitial velocity through the gravel 

substrate 
     Q    =  diverted flow rate 

Aeff  =  plan view area of gravel substrate through which the flow is 
assumed to pass 

    =   porosity of gravel substrate 
 

12.5.1.7 Determination of Plugged Gallery: As with conventional screen 
technology, it is essential to be able to measure the head loss through the 
screening material (Section 11.7).  As a minimum, sufficient instrumentation must 
be installed to measure the hydraulic grade line (HGL) values, as shown 
schematically in Figure 12-1.  The gallery material must be backwashed when the 
head loss measurements indicate that Vs is greater than or equal to 0.10 ft/s.  If 
backwashing does not reduce Vs below 0.10 ft/s then the gallery must be shut 
down and repaired.  

 
12.5.1.8  Backwashing: All infiltration galleries must be designed to be capable 
of being backwashed.  Backwashing may be accomplished using air or water or 
both.  The backwash system must be designed to thoroughly clean all of the 
material in the Effective Cleaning Zone (Figure 12-1).  The Effective Cleaning 
Zone is the volume of filter medium that the designer has assumed contributes 
about 90% of the diverted flow rate. 

 
12.5.1.9  Limitations/Cessation of Use: 

 Infiltration galleries should not be constructed in areas where spawning 
may occur.   

 Should spawning occur within 10 feet of a portion of an infiltration 
gallery, then use of those portions of the infiltration galleries within 10 
feet of the redd should be discontinued for 90 days, or as directed by 
NMFS. 

 Instream excavation to repair infiltration galleries is not included in the 
scope of permitted work beyond 90 days from the date of commencement 
of initial instream construction, or the end of the approved work period, 
whichever is earlier, unless performed when there is no flowing water in 
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the creek.  This restriction does not apply to repairs that do not disturb the 
river bed or banks. 

 
 Failed infiltration galleries must not be replaced until the failure 

mechanism is identified, and a subsequent design is provided that 
eliminates future failures due to the identified failure mechanism.   

 Excavation for infiltration gallery repair must not be conducted, unless 
specifically approved by NMFS. 

 
12.5.1.10  Qualifications of Infiltration Gallery Designers: The design of 
infiltration galleries must be performed by an appropriately qualified engineer or 
engineering geologist, and the drawings should be signed by the designer and/or 
stamped with his/her seal.  The design of each infiltration gallery must be 
reviewed and approved by NMFS. 

 
12.5.1.11  Operations and Maintenance: Infiltration galleries must be operated 
and maintained in accordance with Section 14. 
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13.  TEMPORARY AND INTERIM PASSAGE FACILITIES 
 
Where construction and/or modifications to artificial impediments (e.g., dams) or 
upstream passage facilities are planned, upstream and downstream passage may be 
adversely impacted.  If possible, these activities should be scheduled for periods when 
migrating fish are not present, as specified in the in-water work period allowable for 
construction of facilities in streams.  However, this may not always be possible or 
advisable.  In these cases, an interim fish passage plan must be prepared and submitted to 
NMFS for approval, in advance of work in the field.  Criteria listed previously in this 
document also apply to the interim passage plan.  Where this is not possible, project 
owners must seek NMFS approval of alternate interim fish passage design criteria, and a 
final interim passage plan. 
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14.  OPERATIONS AND MAINTENANCE RESPONSIBILITIES   
 
Passage facilities at impediments must be operated and maintained properly for optimum, 
or even marginal, success.  The preceding criteria are intended for use in the design of 
passage facilities; however, failure to operate and maintain these facilities to optimize 
performance in accordance with design may result in compromised fish passage, and 
ultimate deterioration of the entire facility.  Therefore, NMFS requires facility operators 
to commit to long-term responsibility for operations, maintenance, and repair of fish 
facilities described herein, to ensure protection of fish on a sustained basis.  This includes 
immediate restoration of the passage facility (including repair of damage and 
sediment/gravel removal) after flooding, and prior to the arrival of migratory fish.  Where 
facilities are inadequately operated or maintained, and mortality of listed fish can be 
documented, the responsible party is liable to enforcement measures as described in 
Section 9 of the ESA. 
 
An operation and maintenance plan must be drafted and submitted to NMFS for approval.  
This plan must include a brief summary of operating criteria posted at the passage facility 
or otherwise made available to the facility operator.  Staff gages must be installed and 
maintained at critical areas throughout the facility in order to allow personnel to easily 
determine if the facility is being operated within the established design criteria.  
Comprehensive operation and maintenance plans for a group of projects (e.g., road 
maintenance plans for culverts, small screen facilities, etc.) will satisfy this criterion, so 
long as NMFS is in agreement with the operation and maintenance of passage facilities. 
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15.  POST-CONSTRUCTION EVALUATION 
 
15.1  Introduction – Post Construction Evaluation 
 
Post-construction evaluation is important to ensure that the intended results of the fishway 
design are accomplished and to assist in ensuring that mistakes are not repeated 
elsewhere.  If a post-construction evaluation may be required, NMFS will identify that 
need early in the design process.  Large facilities, experimental devices, and facilities that 
deviate widely from these previous guidelines or criteria are likely candidates for 
hydraulic and biological evaluation.  These evaluations are not intended to cause 
extensive retrofits of any given project unless the as-built installation does not reasonably 
conform to the design guidelines, or an obvious fish passage problem continues to exist.  
Over time, NMFS anticipates that the second and third elements of these evaluations may 
be abbreviated as commonly used designs are evaluated and fine-tuned to ensure optimal 
passage conditions. 
 
There are three parts to this evaluation: (1) verify that the fish passage system is installed 
in accordance with the approved design and that construction procedures are sound; (2) 
measure hydraulic conditions to ensure that the facility meets these guidelines and 
criteria, and (3) perform biological assessment to confirm that hydraulic conditions are 
resulting in successful passage.  NMFS technical staff may assist in developing a 
hydraulic or biological evaluation plan to fit site-specific conditions and species, but in 
any case, evaluation plans are subject to approval by NMFS.  
 
15.2  Evaluation of Juvenile Fish Screens 
 
Hydraulic evaluations of juvenile fish screens must include confirmation of uniform 
approach velocity and the requisite sweeping velocity over the entire screen face.  
Confirmation of approach and sweeping velocities must consist of a series of velocity 
measurements encompassing the entire screen face, divided into a grid with each grid 
section representing no more than 5% of the total diverted flow through the screen (i.e., at 
least 20 grid points must be measured).  The approach and sweeping velocity (parallel and 
perpendicular to the screen face) should be measured at the center point of each grid 
section, as close as possible to the screen face without entering the boundary layer 
turbulence at the screen face.  Uniformity of approach velocity is defined as being 
achieved when no individual approach velocity measurement exceeds 110% of the 
criteria.  In addition, velocities at the entrance to the bypass, bypass flow amounts, and 
total flow should be measured and reported.   
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15.3  Biological Evaluation 
 
Depending on the site and its potential for adverse biological impacts, detailed biological 
evaluations and/or monitoring may likely be required and are the responsibility of the 
project sponsor.  The need for and scale of biological evaluation may be identified by 
NMFS early in the design process.  If a passage facility will be encountered by the 
majority of the fish migration, and if waivers to the criteria are granted, biological 
evaluation will likely be required. 
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16.  EXPERIMENTAL FISH GUIDANCE DEVICES 
 
16.1  Introduction – Experimental Fish Guidance Devices 
 
NMFS believes that conventional fish passage facilities constructed to the criteria and 
guidelines described above are most appropriate for utilization in the protection of 
salmon and steelhead at all impediments.  However, the process described below 
delineates an approach whereby experimental fish passage devices can be evaluated and, 
if comparable performance is confirmed to the satisfaction of NMFS, installed in lieu of 
conventional passage facilities.  
 
16.2  Juvenile Fish Entrainment at Intakes  
 
The injury and death of juvenile fish at water diversion intakes have long been identified 
as a major source of overall fish mortality (Spencer1928; Hatton 1939; Hallock and 
Woert 1959; Hallock 1987).  Fish diverted into power turbines incur up to 40% or more 
immediate mortality, while also experiencing injury, disorientation, and delay of 
migration that may increase predation related losses (Bell 1991).  Fish entrained into 
agricultural and municipal water diversions may experience 100% mortality, particularly 
if no egress route back to the river is provided.  Diversion mortality may cause decline in 
fish populations, especially if instream habitat is unsuitable for any aspect of spawning, 
incubation, rearing or migration.  For the purposes of this document, diversion losses 
include turbine, irrigation, municipal, and all other potential fish losses related to human 
water use.  
 
Positive-exclusion barrier screens that screen the entire diversion flow have long been 
used to prevent or reduce entrainment of juvenile fish for diversions of up to 6000 cfs, 
and their designs are discussed in Section 11.  In recent decades, design improvements 
have been implemented to increase the biological effectiveness of positive-exclusion 
screen and bypass systems by taking advantage of known behavioral responses to 
hydraulic conditions.  Recent evaluations have consistently demonstrated high success 
rates (typically greater than 98%) at moving juvenile salmonids past intakes with a 
minimum of delay, loss, or injury.  For diversion flows over 6000 cfs, such as at 
Columbia River mainstem turbine intakes, submerged traveling screens or bar screens are 
commonly used.  These are not considered positive-exclusion screens in the context of 
this position statement.  In addition, large reservoirs often involve consideration of a 
surface outlet for fish passage, and may offer a superior route of passage as compared to 
a deep outlet with a positive exclusion screen 
 
The past few decades have also seen considerable effort in developing "startle" systems 
or other behavioral exclusion devices to elicit a taxis (response) by fish, with an ultimate 
goal of reducing entrainment.  This paper addresses research to be performed for types of 
fish passage devices not included in the preceding chapters of this document in order to 
prevent losses at intakes and other passage impediments and presents a position statement 
for reviewing and implementing future fish protection measures. 
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Entrainment, impingement, and delay/predation are the primary contributors to the 
mortality of juvenile migrating salmonids.  Entrainment occurs when fish are drawn into 
the diversion canal or turbine intake.  Impingement occurs when a fish is not able to 
avoid contact with a screen surface, trashrack, or debris at the intake.  This may cause 
bruising, descaling and other injuries.  
 
Impingement, if prolonged, repeated, or occurring at high velocities, also causes direct 
mortality.  Predation (which is the leading cause of mortality at some diversion sites) 
occurs when fish are preyed upon by aquatic or avian animals.  Delay at intakes increases 
predation by stressing or disorienting fish and/or by providing habitat for predators.  
 
Design criteria for Positive-exclusion screen and bypass systems (PESBS) (Section 11) 
have been developed, tested, and proven to minimize adverse impacts to fish at diversion 
sites.  Screens with small openings and fish-tight seals are positioned at a slight angle to 
flow.  This orientation allows fish to be guided to safety at the downstream end of the 
screen, while they resist being impinged on the screen face.  These screens are very 
effective at preventing entrainment (Pearce and Lee 1991).  Carefully designed bypass 

systems minimize fish exposure to screens and provide hydraulic conditions that safely 
return fish to the river, thereby preventing impingement (Rainey 1985).  The PESBS are 
designed to minimize entrainment, impingement, and delay/predation from the point of 
diversion through the facility to the bypass outfall.  
 
PESBS have been installed and evaluated at numerous facilities (Abernathy et al. 1989, 
1990; Rainey 1990; and Johnson 1988).  A variety of screen types (e.g., fixed-vertical, 
drum, fixed-inclined) and screen materials (e.g., woven cloth [mesh], perforated plate, 
profile wire) have proven effective, when used in the context of a satisfactory design for 
the specific site.  Facilities designed to previously referenced criteria consistently resulted 
in a guidance efficiencies of over 98% (Hosey 1990; Neitzel 1985, 1986,1990a,b,c,d; 
Neitzel 1991).  
 
The main detriment of PESBS is cost, because of the low velocity requirement and 
structure complexity.  At the headworks, the need to clean the screen, remove trash, 
control sediment, and provide regular maintenance (e.g., seasonal installation, replacing 
seals, etc.) also increases costs.  
 
16.3  Behavioral Devices  
 
There has been considerable effort since 1960 to develop less expensive behavioral 
devices as a substitute for conventional fish protection (EPRI 1986).  A behavioral 
device, as opposed to a conventional passage system, requires volitional taxis on the part 
of the fish to avoid entrainment.  Some devices were investigated with the hope of 
attracting fish to a desired area while others were designed to repel fish.  Most studies 
focused on soliciting a behavior response, usually noticeable agitation, from the fish.  

 

Exhibit 32



NMFS Anadromous Salmonid Passage Facility Design July 2011 
 

113 

Investigations of prototype startle-response devices document that fish guidance 
efficiencies are consistently much lower for these devices than for conventional screens.  
Experiments show that there may be a large behavioral variation in startle responses 
between individual fish of the same size and species.  Therefore, it cannot be predicted 
that a fish will always move toward or away from that stimuli.  Until shown conclusively 
in laboratory studies, it should not be assumed that fish can discern where a signal is 
coming from and what constitutes the clear path to safety.  
 
If juvenile fish respond to a behavioral device, limited size and swimming ability may 
preclude small fish from avoiding entrainment (even if they have the understanding of 
where to go and have the desire to get there).  Another concern is repeated exposure; fish 
may no longer react to a signal after an acclimation period.  In addition to vagaries in the 
response of an individual fish, behavior variations due to species, life stage, and water 
quality conditions can be expected.  

 
Another observation is that past field tests of behavioral devices have been deployed 
without consideration of how controlled ambient hydraulic conditions (i.e., the use of a 
training wall to create uniform flow conditions, while minimizing stagnant zones or 
eddies that may increase exposure to predation) may optimize fish guidance and safe 
passage away from the intake.  Failure to consider that hydraulic conditions may play a 
large role in guiding fish away from the intake is either the result of the desire to 
minimize costs or the assumption that behavioral devices may overcome the tendency for 
poor guidance associated with marginal hydraulic conditions.  The provision of 
satisfactory hydraulic conditions is a key element of PESBS designs.  

 
The primary motivation for selection of behavioral devices relates to cost, and possibly to 
ease maintenance issues with PESBS.  However, much of the cost in PESBS is related to 
construction of physical structures to provide hydraulic conditions that are known to 
optimize fish guidance.  Paradoxically, complementing the behavioral device with 
hydraulic control structures needed to optimize juvenile passage will compromise much 
of the cost advantage relative to PESBS.  

 
Currently few behavioral devices are being used for stand-alone fish protection in the 
field.  Those that have been installed and evaluated seldom show consistent guidance 
efficiencies over 60% (Vogel 1988; EPRI 1986).  The louver system is an example of a 
behavioral device with a poor record, particularly for fry-sized salmonids.  Entrainment 
rates were high, even with favorable hydraulic conditions, due to the presence of smaller 
fish (Vogel 1988; Cramer 1973; Bates 1961).  Due to their poor performance, most of 
these systems were eventually replaced by PESBS.   
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16.4  Process for Developing Experimental Fish Passage Technology  
 
Development of new passage concepts may have the potential to provide fish passage.  In 
general, the process for developing new upstream adult passage technology and gaining 
NMFS approval is the same as for downstream juvenile fish passage.  Some of these 
concepts are currently in development (e.g., stream simulation and roughened channel 
designs), and have existing field prototype installations that have been assessed to some 
degree. 
 
There is potential for future development of new passage devices that may safely pass 
fish at a rate comparable with conventional technology.  These new concepts are 
considered "experimental" until they have been through the process described herein and 
have been proven in a prototype evaluation validated by NMFS.  These prototype 
evaluations should occur over the foreseeable range of adverse hydraulic and water 
quality conditions (e.g., temperature, dissolved oxygen).  NMFS will not discourage 
research and development on experimental fish protection devices, but the following 
elements should be addressed during the process of developing experimental juvenile 
passage protection concepts:  
 

1. Earlier Research.  A thorough review of similar methods used in the past should 
be performed.  Reasons for substandard performances should be clearly identified.  

 
2. Study Plan.  A study plan should be developed and presented to NMFS for 

review and concurrence.  It is essential that tests occur over a full range of 
possible hydraulic, biological, and ecological conditions that the device is 
expected to experience.  Failure to receive study plan endorsement from NMFS 
may result in disputable results and conclusions.  

 
3. Laboratory Research.  Laboratory experiments under controlled conditions 

should be developed using species, size, and life stages intended to be protected.  
For behavioral devices, special attention must be directed at providing favorable 
hydraulic conditions and demonstrating that the device clearly induces the 
planned behavioral response.  Studies should be repeated with the same test fish 
to examine any acclimation to the guidance device.  

 
4. Prototype Units.  Once laboratory tests show high potential to equal or exceed 

success rates of conventional passage devices, it is appropriate to further examine 
the new device as a prototype under real field conditions.  Field sites must be 
appropriate to (1) demonstrate durable performance at all expected operational 
and natural variables, (2) evaluate the species, or an acceptable surrogate, that 
would be exposed to the device under full operation, and (3) avoid unacceptable 
risk to depressed or listed stocks at the prototype locations.  

 
5. Study Results.  Results of both laboratory tests and field prototype evaluations 

must demonstrate a level of performance equal to or exceeding that of 
conventional fish passage devices before NMFS may support permanent 
installations.   
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16.5  Conclusions  
 
Proven fish passage and protection facilities designs are available to provide successful 
passage at most fish passage impediments.  Periodically, major initiatives have been 
advanced to examine the feasibility of experimental passage systems.  Results were 
generally poor or inconclusive, with low guidance efficiencies attributable to the 
particular device used.  Often results were based on a small sample size, or varied with 
operational conditions.  In addition, unforeseen operational and maintenance problems 
(and safety hazards) were sometimes a byproduct.  Nevertheless, some of these passage 
systems have shown potential for success.  To further advance fish protection technology, 
NMFS will not oppose tests that proceed in accordance with the tiered process outlined 
above.  To ensure no further detriment to any fish resource, including delays in 
implementation of acceptable passage facilities, experimental field testing should occur 
simultaneous to design and development of conventional passage design for that site.  
This conventional system should be scheduled for installation in a reasonable time frame, 
independent of the experimental efforts.  In this manner, if the experimental guidance 
system once again does not prove to be as effective as proven conventional technology, a 
conventional passage design may be implemented without additional delay and detriment 
to the resource.   
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 Improving the Fingerling Protection System for Low-Head Dams 
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 Evaluation and Development of the Ice-Trash Sluiceway at The Dalles Dam as a 
Downstream Migrant Bypass 

 Fingerling Passage at Bonneville Powerhouse 
 Ejection of Fingerling in High-Velocity Jet 
 Fingerling Passage through John Day Spillway 
 Effect of Spillway Bucket Roughness on Fingerling 
 Transportation of Smolts and Related Studies in the Snake and Columbia Rivers 
 Evaluation of the Fingerling Bypass system Outfalls at McNary and John Day  

Dams 
 Effects of Atmospheric Gas Supersaturation on Survival of Fish and Evaluation  

of Proposed Solutions 
 Nitrogen Reduction, Fish Barge Water Supply 
 Slotted Bulkheads for Skeleton Power Units 
 Spillway Deflectors to Reduce Buildup of Nitrogen Saturation 
 Equilibrium with Packed Column Degassor 
 Feasibility of Using Siphons for Degassing Water 
 Special Drought Year Operation for Downstream Fish Migrants 

 
U.S. Army Corps of Engineers (COE). 1984. North Pacific Division Corps Of Engineers.  

Sixth Progress Report, Fish Passage Development and Evaluation Program. 
Portland, Oregon. 

Contents: 
 

Adult Anadromous Salmonid Passage Effectiveness Research 
1. The John Day Powerhouse Adult Fish Collection System  
Evaluations – 1979-1980 
2. Evaluation of Adult Fish Passage At Little Goose and Lower Granite Dams – 
1981. 
3. Evaluations of Adult Fish Passage At Ice Harbor and Lower Monumental 

Dams – 1982. 
4. Evaluation of Adult Fish Passage At Bonneville Dam 1982. 
5. Adult Salmonid Delay at John Day Dam – 1982-1983. 
 

Effects of River Flow and Spill On Juvenile Anadromous Salmonid Migrations. 
1. Migrational Characteristics of Juvenile Salmon and Steelhead in the Columbia 

River System – 1979-1983. 
2. Migration Patterns of Salmonid Smolts in the John Day Dam Forebay. 
3. Hydroacoustic Monitoring of Downstream Migrant Juvenile Salmonids at 

John Day Dam – 1981. 
4. Hydroacoustic Monitoring of Downstream Migrant Juvenile Salmonids at 

John Day and The Dalles Dam – 1982. 
5. Updated Compendium on the Success of Passage of Small Fish Through 

Turbines 
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Juvenile Salmonid Transportation 
1. Evaluation of Juvenile Fish Transportation and Related Research – 1979-

1983. 
2. Evaluating the Effects of Stress on the Viability of Chinook Salmon Smolts 

Transported from the Snake River to the Columbia River Estuary – 1983. 
3. Juvenile Salmonid Transport Operations – 1981-1983. 

 
Juvenile Salmonid Bypass Efficiency 

1. Research to Develop Passive Bar Screens for Guiding Juvenile Salmonids out 
of Turbine Intakes at Lower Head Dams on the Columbia and Snake River – 
1979. 

2. Evaluation of Submersible Traveling Screens, Cycling of Gatewells Orifice 
Operations, and the Ice-Trash Sluiceway System for Juvenile Fish Protection 
at the Bonneville First Powerhouse – 1981. 

3. Research to Develop an Improved Fingerling Protection System for John Day 
Dam – 1981-1982. 

4. Research to Develop an Improved Fingerling Protection System for Lower 
Granite Dam – 1981-1983. 

5. Effects of the Intermittent Operation of Submersible Traveling Screens on 
Juvenile Salmonids – 1982. 

6. Evaluation of the Juvenile Collection and Bypass system at Bonneville Dam – 
1983. 

7. Research to Develop The Dalles Dam Ice and Trash Sluiceway as a Juvenile 
Fish Bypass system – 1979-1981. 

8. Operating Criteria for the Bonneville Dam Ice and Trash Sluiceway when 
Operated as a Smolt Bypass – 1979-1981. 

9. A Hydroacoustic Evaluation of Downstream Migrating Salmonids at Ice 
Harbor Dam – 1982-1983. 

 
U.S. Army Corps of Engineers (COE). 1983. North Pacific Division Corps Of Engineers, 

Sixth Progress Report On Fisheries Engineering Research Program,1979-1983. 
Portland, Oregon.  

 
Contents: 

1. Evaluations of Adult Fish Passage at Bonneville Lock and Dam and John Day 
Dam.  D.M. Shew, Corps of Engineers, Portland District. 

2. Adult Salmonid Delay at John Day Dam (1984).  D.M. Damkaer and D.B. 
Dey. 

3. Evaluation of Transportation of Juvenile Salmonids and Related Research on 
the Columbia and Snake, 1984.  G.M. Mathews and D.L. Park, National 
Marine Fisheries Service. 

4. Survival of Chinook Salmon Smolts Passing Dams and Entering Seawater as 
Related to Stress Level and Smolt Quality.  T.C. Bjornn et al, Idaho 
Cooperative Fishery Research Unit. 

5.  Columbia River Salmonid Outmigration: McNary Dam Passage and 
Enhanced Smolt Quality.  C.B. Schreck and H.W. Li, Oregon Cooperative 
Fish Research Unit. 
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6. Evaluation of the Juvenile Collection and Bypass systems at Bonneville Dam, 
1984.  Krcma et al, National Marine Fisheries Service. 

7. Fish Guiding and Orifice Passage Efficiency Tests with Subyearling Chinook 
Salmon, McNary Dam, 1984.  G.A. Swan and R.F. Krcma, National Marine 
Fisheries Service. 

8. Development of an Improved Fingerling Protection System for Lower Granite 
Dam, 1984.  G.A. Swan and R.F. Krcma. 

 
U.S. Army Corps of Engineers (COE). 1993. North Pacific Division Corps Of Engineers.  

Seventh Progress Report, Fish Passage Development and Evaluation Program 
1984-1990. Portland, Oregon. 

 
Contents: 
 

Annual Progress Report 1985 
  
1. Evaluation of The Juvenile Collection and Bypass systems at Bonneville Dam 

– 1985.  M. Gessel et al. 
2. Studies to Evaluate Alternative Methods of Bypassing Juvenile Fish at The 

Dalles Dam – 1985.  B. Monk et al. 
3. Evaluation of The Rehabilitated Juvenile Fish Collection and Passage System 

at John Day Dam – 1985.  R. Krcma et al. 
4. Evaluation of Transportation of Juvenile Salmonids – 1985.  D. Park and G. 

Matthews. 
5. Continuing Studies to Improve and Evaluate Juvenile Fish Collection at 

Lower Granite Dam – 1985.  G. Swan and R Krcma. 
6. Hydroacoustic Evaluation of Fish Collection Efficiency at Lower Granite 

Dam in Spring 1985.  S. Kuehl and L. Johnson. 
7. Survival of Chinook Salmon Smolts Passing Dams and Entering Seawater as 

Related to Stress Level and Smolt Quality.  Idaho Cooperative Fish and 
Wildlife Research Unit. 

8. Evaluation of Adult Fish Passage at McNary Dam and John Day Dam.  R. 
Peters et al. 

9. Response of Chinook Salmon and Steelhead Trout Smolts to Three Flumes 
Tested at Lower Granite Dam, 1985.  J. Congleton  
and R. Ringe. 

 
 Annual Progress Report 1986 

1. Evaluation of the juvenile collection and bypass systems at Bonneville Dam – 
1986.  M Gessel et al. 

2. Studies to evaluate alternative methods of bypassing juvenile salmonids at 
The Dalles Dam – 1986.  B. Monk et al. 

3. Evaluation of the rehabilitated juvenile fish collection and passage system at 
John Day Dam – 1986.  D. Brege et al. 

4. Research to improve subyearling chinook salmon fish guiding efficiency at 
McNary Dam – 1986.  G. Swan and W. Norman. 
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5. Determine fish guiding efficiency of submersible traveling screens at Lower 
Monumental Dam – 1986. R. Ledgerwood. 

6. Initial study to evaluate existing juvenile fish collection at Little Goose Dam – 
1986 G. Swan et al. 

7. Hydroacoustic evaluation of fish guiding efficiency at Little Goose Dam – 
1986.  Parametrix, Inc. and Associated Fisheries Biologists, Inc. 

8. Evaluation of juvenile salmonid passage through the bypass system, turbine, 
and spillway at Lower Granite Dam – 1986.  D. Park and S. Achord. 

9. Evaluation of transportation of juvenile salmonids – 1986.  G. Matthews and 
D. Park. 

10. Survival of chinook salmon smolts with stress levels similar to those 
encountered at dams – 1986.  T. Bjornn, and J. Congleton. 

 
Annual Progress Report 1987 

1. Evaluation of juvenile salmonid survival through the second powerhouse 
turbines and downstream migrant bypass system at Bonneville Dam.  E. 
Dawley et al. 

2. Continuing studies to improve the bypass system at Bonneville Dam.  M. 
Gessel et al. 

3. Bonneville Dam Second Powerhouse fish guidance research;  velocity 
mapping studies.  A. Jensen. 

4. Hydroacoustic monitoring at Bonneville Second sluice chute and powerhouse.  
R. Magne. 

5. Research at McNary Dam to improve fish guiding efficiency of yearling and 
subyearling chinook salmon.  D. Brege et al. 

6. Evaluate the prototype juvenile bypass system at Ice Harbor Dam.  D. Brege et 
al. 

7. Hydroacoustic assessment of sluiceway effectiveness at Ice Harbor Dam.  
Biosonics, Inc. 

8. Fish guiding efficiency of submersible traveling screens at Lower Granite and 
Little Goose Dams.  R. Ledgerwood et al. 

9. Behavior and physiology studies in relation to yearling chinook salmon 
guidance at Lower Granite and Little Dams.  W. Muir et al. 

10. Evaluate improved collection, handling, and transport techniques designed to 
increase survival of juvenile salmon and steelhead.  G. Matthews. 

11. Survival of chinook salmon smolts with stress levels encountered at dams.  T. 
Bjornn. 

 
Annual Research Report 1988 

1. Update on A Compendium of the Success of Passage of Small Fish Through 
Turbines.  M. Bell. 

2. Update on Fisheries Handbook of Engineering Requirements and Biological 
Criteria.  M. Bell. 

3. Continuing studies to improve the juvenile bypass system at Bonneville Dam.  
M. Gessel et al. 

4. Hydroacoustic development at Bonneville First Powerhouse.  Biosonics, Inc. 
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5. Evaluation of juvenile salmonid survival through downstream migrant bypass 

systems, spillways, and turbines at Bonneville Dam.  E. Dawley. 
6. Survival of chinook salmon smolts with stress levels encountered at dams.  T. 

Bjornn. 
7. Evaluate improved collection, handling, and transport techniques designed to 

increase survival of juvenile salmon and steelhead.  J. Harmon et al. 
8. Evaluate causes for decreased survival of transported spring chinook salmon 

from Lower Granite Dam.  R. Pascho and D. Elliott. 
9. Hydroacoustic monitoring at Bonneville Second Powerhouse.  R. Magne. 
10. Measurement of low frequency sound at Bonneville, McNary, and Lower 

Granite Dams.  J. Anderson et al. 
11. An assessment of the relationship between smolt development and FGE at 

Bonneville Dam.  A. Giorgi et al. 
 
Annual Research Report 1989 

1. Continuing studies to improve and evaluate the juvenile bypass systems at 
Bonneville Dam.  M. Gessel. 

2. Evaluation of juvenile salmonid survival through downstream migrant bypass 

systems, spillways, and turbines at Bonneville Dam.  E. Dawley. 
3. Hydroacoustics and video monitoring at the Bonneville Dam Second 

Powerhouse.  R. Magne. 
4. Continuing studies to improve and evaluate juvenile fish collection at Lower 

Granite Dam.  J. Williams et al. 
5. Survival of chinook salmon smolts with stress levels encountered at Dams.  T. 

Bjornn. 
6. Evaluate improved collection, handling, and transport techniques designed to 

increase survival of juvenile salmon and steelhead.  G. Matthews. 
7. Impact of bacterial kidney disease on survival of spring/summer chinook 

salmon stocks.  R. Pascho and D. Elliott. 
8. Hydroacoustic evaluation of fish behavioral response to fixed bar screens at 

Lower Granite Dam.  Biosonics, Inc. 
9. Literature review and design criteria of behavioral fish guidance systems.  J. 

Anderson and B. Feist. 
 
U.S.D.A., Forest Service, 1999. Water Road Interaction Series. 
 
U.S. Fish and Wildlife Service. 1983-19__. Species Profiles: Life Histories and 

Environmental Requirements of Coastal Fishes and Invertebrates. U.S. Fish 
Wildlife Service, Biol. Rep.82(11). U.S. Army Corps of Engineers, TR EL-82-4. 

 
Vinsonhaler R. and D. Sutherland. 1964. Exploratory Tests of Velocity Selection as a 

Means of Guiding Juvenile Fish. Fish Passage Research Program, U.S. Bureau of 
Commercial Fisheries, Seattle, WA. 
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Vogel, D.A., K.R. Marine and J.G. Smith.  1990 or 1988.  A Summary of Upstream and 
Downstream Anadromous Salmonid Passage at Red Bluff Diversion Dam on the 
Sacramento River, California, U.S.A..  In: Proceedings of the International 
Symposium on fishways '90 in Gifu.  Gifu, Japan. 

 
Waples, R.S. 1991. Definition of ―Species‖ under the ESA: Application to Pacific 

Salmon.  U.S. Dep. Commer., NOAA Tech. Memo., NMFS, F/NWC-194, 29 
pages. 

 
Washington Department of Fish and Wildlife, 2000a. Fishway Guidelines for 

Washington State - Draft Report, K. Bates. Olympia, WA. 57 pp. 
 
Washington Department of Fish and Wildlife, 2000b. Fish Protection Screen Guidelines 

for Washington State - Draft Report. B. Nordlund, K. Bates. Olympia, WA 53 pp. 
 
Washington Department of Fish and Wildlife, 2003.  Design of Road Culverts for Fish 

Passage, K. Bates, B. Barnard, B. Heiner, J.P. Klavas, P.Powers and P. Smith, 
Olympia, WA 110 pp. 

 
Washington State Department of Transportation. 1998. Juvenile and Resident Salmonid 

Movement and Passage Through Culverts. Final Report. Rept. No. WA-RD 
457.1. 
(Available through the National Technical Information Service, Springfield, VA 
22616). 

 
Washington State Department of Transportation. 1997. Fish Passage Program 

Department of 
Transportation Inventory Final Report. G. Johnson (Project Leader) and nine 
others. 58 pages. 

 
Washington State Department of Transportation. 1996. Investigation of Culvert 

Hydraulics Related to Juvenile Fish Passage. Final Report. Rept. No. WA-RD 
388.1. (Available through the National Technical Information Service, 
Springfield, VA 22616 ) 

 
Weaver, W.E., and D.K. Hagans. 1994. Handbook for Forest and Ranch Roads. 

Mendocino County Resource Conservation District. 161 pages. 
 
Webb, P.W. 1978. Fast Start Performance and Body Form in Seven Species of Teleost 

Fish.  Journal of Experimental Biology 74:211-226, Ann Arbor, MI. 
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Weitkamp, D.E.  1997.  Designing a Fish Bypass to Minimize Predation Downstream of 
Dams. In Hydro Review,  Volume XVI, No. 4, pp. 120-127August 1997 

 
Wietkamp, L.A., T.C. Wainwright, G.J. Bryant, G.B. Milner, D.J. Teel, R.G. Kope, and 

R.S. 
 
Waples. 1995. Status Review of Coho Salmon from Washington, Oregon, and California. 
 
U.S. Dep. Commer., NOAA Tech. Memo., NMFS-NWFSC-24, Northwest Fisheries 

Science Center, Seattle, Washington. 258 pages. 
 
Whitney, R., L. Calvin, M. Erho, and C. Coutant. 1997. Downstream passage for salmon 

at hydroelectric projects in the Columbia River basin: development, installation, 
and evaluation. ISAB 97-15. Northwest Power Planning Council, Portland, OR. 

 
Ziemer, G.L. 1961. Fish Transport in Waterways. Alaska Dept. of Fish and Game. 2 

pages. 
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Gregory J. Gregory J. Cavallo, P.G.Cavallo, P.G.
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Background: Delaware River Basin Background: Delaware River Basin 
CommissionCommissionCommissionCommission

Formed in 1961 as an 
Interstate Compact 
OrganizationOrganization
Encompasses 4 States and 2 
EPA Regions
Regulatory Authority for 
issues pertaining to water 
quality and quantity NonNon-- q y q y
Tidal Delaware River has 
been included on the Section 
303(d) lists of impaired

TidalTidal

NonNon--
TidalTidal

303(d) lists of impaired 
waters (PCBs)
TMDL established for the 
Estuary in 2003 and Bay inEstuary in 2003 and Bay in 
2006.

22
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PCBsPCBs
32

4

3 '

4 '
1

2 '

4

56

1 '
4 '

5 ' 6 '

Class of organic chemicals with a biphenyl base Class of organic chemicals with a biphenyl base 

565 6 

C ass o o ga c c e ca s t a b p e y baseC ass o o ga c c e ca s t a b p e y base
structure and 209 possible chlorine substitution structure and 209 possible chlorine substitution 
patterns.patterns.
Terminology:  Terminology:  AroclorsAroclors, congeners, homologs., congeners, homologs.
Properties:  Hydrophobic, tend to accumulate in Properties:  Hydrophobic, tend to accumulate in 
sediments and tissues.sediments and tissues.
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IntroductionIntroduction

Different methods are available for the analysis of Different methods are available for the analysis of ods a a a ab o a a ys s oods a a a ab o a a ys s o
PCBs:PCBs:

EPA Method 608EPA Method 608EPA Method 608EPA Method 608

EPA Method 1668, Revision AEPA Method 1668, Revision A

Substantial differences in analytical approaches Substantial differences in analytical approaches 
yield differences in both the type of results and yield differences in both the type of results and 
detection limits achieved detection limits achieved 

Data quality objectives drive method selectionData quality objectives drive method selectionData quality objectives drive method selectionData quality objectives drive method selection

44

Exhibit 33



DRBC ObjectivesDRBC Objectivesjj
Analyze PCBs in ambient and wastewater Analyze PCBs in ambient and wastewater 
samples with:samples with:samples with:samples with:

Information on PCB congener distributionInformation on PCB congener distribution
Reduced analytical uncertaintyReduced analytical uncertaintyReduced analytical uncertaintyReduced analytical uncertainty
Improved comparability between datasetsImproved comparability between datasets

Generate accurate PCB loading estimatesGenerate accurate PCB loading estimates

Provide low level PCB concentrationProvide low level PCB concentrationProvide low level PCB concentration Provide low level PCB concentration 
information for modeling purposesinformation for modeling purposes

Note: Water Quality Criterion Note: Water Quality Criterion -- 16 16 pgpg/L (/L (ppqppq))
55
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EPA Method 608EPA Method 608

Wastewater methodWastewater methodWastewater method Wastewater method 
Analyzes for PCBs as Analyzes for PCBs as AroclorsAroclors
(commercial mixtures)(commercial mixtures)(commercial mixtures)(commercial mixtures)
AA gas chromatographic (gas chromatographic (GC) method, GC) method, 
tili i h l tt ititili i h l tt itiutilizing a whole pattern recognition utilizing a whole pattern recognition 

approachapproach
Detection limit 0.065 Detection limit 0.065 ugug/L  (65,000 /L  (65,000 ppgg/L /L 
or ppt for or ppt for AroclorAroclor 1242)1242)

66
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IssuesIssuesIssuesIssues

Environmental samples are compared toEnvironmental samples are compared toEnvironmental samples are compared to Environmental samples are compared to 
an an unweatheredunweathered reference standard reference standard 

Single calibration standard added at Single calibration standard added at 
50ug/mL (50 ppm)50ug/mL (50 ppm)g/ ( pp )g/ ( pp )

Does not analyze for all 209 PCB Does not analyze for all 209 PCB 
( d )( d )congeners (compounds)congeners (compounds)

77
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Gas Chromatogram for Aroclor 1242

EPA Method 608
Source EPA:APPENDIX A TO PART 136 METHODSSource EPA:APPENDIX A TO PART 136  METHODS 
FOR ORGANIC CHEMICAL ANALYSIS OF MUNICIPAL 
AND INDUSTRIAL WASTEWATER

AroclorAroclor 1242 contains 157 individual PCB 1242 contains 157 individual PCB 
ddcompoundscompounds
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EPA Method 1668 Revision AEPA Method 1668 Revision AEPA Method 1668 Revision AEPA Method 1668 Revision A

Method applicable to water sediment andMethod applicable to water sediment andMethod applicable to water, sediment and Method applicable to water, sediment and 
tissue analysistissue analysis
Performance based High ResolutionPerformance based High ResolutionPerformance based High Resolution Performance based High Resolution 
GC/High Resolution MS methodGC/High Resolution MS method
M lti l i t lib ti t d d (5M lti l i t lib ti t d d (5 6)6)Multiple point calibration standard (5Multiple point calibration standard (5--6)6)

Lowest calibration point equivalent to 5 Lowest calibration point equivalent to 5 pgpg/L/L

Provides results for all 209 congenersProvides results for all 209 congeners
Detection limits in the singleDetection limits in the single pgpg/L range/L rangeDetection limits in the single Detection limits in the single pgpg/L range/L range

99
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AdvantagesAdvantagesgg
Identifies individual PCB compoundsIdentifies individual PCB compounds

C iti l h l ti th d lC iti l h l ti th d lCritical when evaluating weathered samples Critical when evaluating weathered samples 

Reduced analytical uncertaintyReduced analytical uncertainty
Better identification and characterization of Better identification and characterization of 
sourcessources
More accurate TMDLMore accurate TMDL

Comparability between samples and Comparability between samples and 
across mediaacross media

LongLong--term trend analysisterm trend analysisgg yy
Used for water quality modeling of homologsUsed for water quality modeling of homologs

1010
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Res ltsRes ltsResultsResults

In >1,000 samples collected from >90 In >1,000 samples collected from >90 
NPDES dischargers, detection limits NPDES dischargers, detection limits 
ranged from 1ranged from 1--3 3 pgpg/L per congener/L per congener

Detection limitsDetection limits four orders of magnitudefour orders of magnitudeDetection limits Detection limits four orders of magnitude four orders of magnitude 
lowerlower than EPA Method 608than EPA Method 608

Better characterization of loadings and Better characterization of loadings and 
trendstrends

1111
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Management BenefitsManagement BenefitsManagement BenefitsManagement Benefits
Prioritize PCB loading sources and trackPrioritize PCB loading sources and trackPrioritize PCB loading sources and track Prioritize PCB loading sources and track 
remedial effortsremedial efforts
Provide a basis for determiningProvide a basis for determiningProvide a basis for determining Provide a basis for determining 
effectiveness of pollutant reduction effectiveness of pollutant reduction 
initiativesinitiativesinitiativesinitiatives
A uniform and accurate analytical method A uniform and accurate analytical method 
provides for direct and candidprovides for direct and candidprovides for direct and candid provides for direct and candid 
communication between the regulated communication between the regulated 
community environmental community andcommunity environmental community andcommunity, environmental community and community, environmental community and 
the regulatory agenciesthe regulatory agencies 1212
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Management BenefitsManagement BenefitsManagement BenefitsManagement Benefits
Dynamic database was created which canDynamic database was created which canDynamic database was created which can Dynamic database was created which can 
be readily amended to include new be readily amended to include new 
information and transferred to anyinformation and transferred to anyinformation and transferred to any information and transferred to any 
Windows based operating systemWindows based operating system

Thi t h b t f d t t tThi t h b t f d t t tThis system has been transferred to state This system has been transferred to state 
agencies for their use.  PA and NJ have agencies for their use.  PA and NJ have 
i t t t i ith PCBi t t t i ith PCBintrastate issues with PCBsintrastate issues with PCBs

1313
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Ratio of Stage 1 penta-PCB loads to 2005 loads
(Total n=108)

1000
A ratio of <1 means the 2005 loadings
are less than the Stage 1 loadings

10

100

g g

n = 90 n = 18

1

10

9-
00

7

3-
00

6

3-
00

2

00
3A

9-
00

2

3-
01

5

3-
00

1

00
1A

6-
00

3

00
1A

00
1A

00
3A

7-
00

6

6-
00

1

7-
20

1

1-
02

9

00
1A

0-
00

1

44
1C

4-
00

1

3-
00

8

00
1A

7-
00

7

5-
00

1

00
2A

3-
01

7

3-
10

3

9-
00

1

6-
00

1

7-
00

1

8-
00

1

W
T

P
A

8-
00

1

1-
00

1

0-
00

2

2-
00

1

1-
00

1

9-
00

1

1-
00

4

4-
00

1

0-
00

1

3-
20

3

1-
00

1

9-
00

1

1-
00

2

66
2A

00
1A

3-
00

3

00
1A

2-
00

2

1-
01

6

1-
00

3

2-
00

1

00
2A(2
00

5/
20

03
)

0.1

N
J0

00
42

19

N
J0

00
53

63

P
A

00
13

32
3

N
J0

00
55

84
-0

P
A

00
12

62
9

P
A

00
11

53
3

P
A

00
13

32
3

N
J0

00
42

86
-0

N
J0

00
42

86

N
J0

00
42

78
-0

N
J0

02
51

78
-0

N
J0

00
43

91
-0

P
A

00
12

63
7

N
J0

02
48

56

P
A

00
12

63
7

P
A

00
13

08
1

N
J0

00
51

34
-0

N
J0

02
16

10

N
J0

00
49

95
-4

P
A

00
13

71
4

P
A

00
13

32
3

N
J0

00
52

40
-0

P
A

00
12

63
7

N
J0

02
75

45

N
J0

00
43

91
-0

N
J0

00
53

63

P
A

00
13

46
3

N
J0

02
44

49

N
J0

02
46

86

N
J0

02
40

07

N
J0

02
15

98

N
J0

00
50

02
-W

P
A

00
26

46
8

N
J0

02
16

01

N
J0

02
46

60

P
A

00
26

66
2

N
J0

02
74

81

D
E

00
21

53
9

D
E

00
00

05
1

P
A

00
27

29
4

D
E

00
20

32
0

P
A

00
13

46
3

P
A

00
26

67
1

P
A

00
26

68
9

D
E

00
50

91
1

N
J0

00
51

00
-6

N
J0

00
46

69
-0

P
A

00
13

32
3

N
J0

00
42

19
-0

N
J0

03
30

22

D
E

00
50

60
1

D
E

00
20

00
1

P
A

00
11

62
2

N
J0

00
52

66
-0

R
at

io
 

0.01

0.001

14

Exhibit 33



Total PCB Concentrations in Point Source Discharges
by Discharge Flow
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FOREWORD 

This water quality criteria update provides scientific recommendations to states and tribes 

authorized to establish water quality standards under the Clean Water Act (CWA), to protect 

aquatic life from acute and chronic effects of ammonia in freshwater ecosystems.  Under the 

CWA, states and tribes are to establish water quality criteria to protect designated uses.  State 

and tribal decision makers retain the discretion to adopt approaches on a case-by-case basis that 

differ from those used in these criteria when appropriate.  While this update constitutes United 

States Environmental Protection Agency (EPA) scientific recommendations regarding ambient 

concentrations of ammonia that protect freshwater aquatic life, this update does not substitute for 

the CWA or EPA’s regulations; nor is it a regulation itself.  Thus, it cannot impose legally 

binding requirements on EPA, states, tribes, or the regulated community, and might not apply to 

a particular situation based upon the circumstances.  EPA may change these criteria in the future, 

as new scientific information becomes available.  This document has been approved for 

publication by the Office of Science and Technology, Office of Water, U.S. Environmental 

Protection Agency.  Mention of trade names or commercial products does not constitute 

endorsement or recommendation for use. 
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EXECUTIVE SUMMARY 

EPA has updated the freshwater ammonia aquatic life ambient water quality criteria in 

accord with the provisions of Section 304(a) of the Clean Water Act to revise Ambient Water 

Quality Criteria (AWQC) from time to time in order to reflect the latest scientific knowledge.  

Literature searches for laboratory toxicity tests of ammonia on freshwater aquatic life, published 

from1985 to 2012, identified new studies containing acute and chronic toxicity data acceptable 

for criteria derivation.  The acute criterion dataset includes 12 species of aquatic animals 

Federally-listed as threatened, endangered or species of concern.  In the chronic dataset for 

ammonia, Federally-listed species are represented by three salmonid fish species in the genus 

Oncorhynchus, including sockeye salmon, rainbow trout/steelhead, and the subspecies Lahontan 

cutthroat trout.  Data were assessed from the perspective of EPA’s “Guidelines for Deriving 

Numerical National Water Quality Criteria for the Protection of Aquatic Organisms and Their 

Uses” (Stephan et al. 1985). 

The 1999 recommended aquatic life criteria for ammonia were based on the most 

sensitive endpoints known at the time: the acute criterion was based primarily on effects on 

salmonids (where present) or other fish, and the chronic criterion was based primarily on 

reproductive effects on the benthic invertebrate Hyalella or on survival and growth of fish early 

life stages (when present), depending on temperature and season. 

The 2013 recommended criteria of this document take into account data for several 

sensitive freshwater mussel species in the Family Unionidae that had not previously been tested.  

As noted in the 2009 draft ammonia criteria document, available data indicated that another 

freshwater mollusk taxon, non-pulmonate (gill-bearing) snails, are also sensitive to the effects of 

ammonia (EPA-822-D-09-001).  The 2013 criteria include additional data confirming the 

sensitivity of freshwater non-pulmonate snails.  Many states in the continental United States have 

freshwater unionid mussel fauna in at least some of their waters (Abell et al. 2000, Williams et 

al. 1993, Williams and Neves 1995).  Moreover, approximately one-quarter of approximately 

300 freshwater unionid mussel taxa in the United States are Federally-listed as endangered or 

threatened species.  Freshwater mussels are broadly distributed across the U.S., as are freshwater 

non-pulmonate snails, another sensitive invertebrate taxon, and both of these groups are now 

included in the ammonia dataset.  Thus, the 2013 freshwater acute and chronic aquatic life 

criteria for ammonia will more fully protect the aquatic community than previous criteria, and 
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are represented by a single (non-bifurcated) value each for acute and chronic criteria.  

The criteria magnitude is affected by pH and temperature.  After analysis of the new data, 

EPA determined that the pH and temperature relationships established in the 1999 ammonia 

criterion document still hold.  When expressed as total ammonia nitrogen (TAN), the effect 

concentrations for fish are normalized only for pH, reflecting the minimal influence of 

temperature on TAN toxicity to fish.  For invertebrates, TAN effect concentrations are 

normalized for both pH and temperature.  At water temperatures greater than 15.7°C, the 2013 

acute criterion magnitude is determined primarily by effects on freshwater unionid mussels.  At 

lower temperatures the acute criterion magnitude is based primarily on effects on salmonids and 

other fish.  Throughout the temperature range, the 2013 chronic criterion magnitude is 

determined primarily by the effects on freshwater mollusks, particularly unionid mussels. 

At an example pH of 7 and temperature of 20°C, the 2013 acute criterion magnitude is 17 

mg TAN/L and the chronic criterion magnitude is 1.9 mg TAN/L.  At pH 7 and 20°C the 2013 

acute criterion magnitude is 1.4-fold lower than the 1999 acute criterion magnitude.  At this pH 

and temperature, the 2013 chronic criterion magnitude is 2.4-fold lower than the 1999 chronic 

criterion magnitude.  See the Criterion Statements (pages 40-49) for the criterion concentrations 

at other pH and temperature conditions.  The decreases in acute and chronic criteria magnitudes 

below those of 1999 reflect the inclusion of the new data discussed above. 

The acute criterion duration represents a one-hour average.  The chronic criterion 

duration represents a 30-day rolling average with the additional restriction that the highest 4-day 

average within the 30 days be no greater than 2.5 times the chronic criterion magnitude.  These 

values are not to be exceeded more than once in 3 years on average. 
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Criterion 
Duration 

1999 AWQC 
Update Criteria 

Magnitude 

2009 Draft AWQC 
Update Criteriac 

Magnitude 

2013 AWQC 
Update Criteria 

Magnitude 

pH 8.0, 
(mg TAN/L) 

pH 7.0, 
T=20°C 

(mg TAN/L) 

pH 8.0, 
T=25°C 

(mg TAN/L) 

pH 7.0, 
T=20°C 

(mg TAN/L) 

pH 7.0, 
T=20°C 

(mg TAN/L) 

Acute 
(1-hr average) 5.6a 24a 2.9 19 17a 

Chronic 
(30-d rolling 
average) 

1.2 4.5b 0.26 0.91 1.9* 

*Not to exceed 2.5 times CCC or 4.8 mg TAN/L (at pH 7, 20°C) as a 4-day average within the 30-days, 
more than once in three years on average. 

Criteria frequency: Not to be exceeded more than once in three years on average. 
a Salmonids present 
b Based on renormalization of data to pH 7 and 20°C 
c Mussels present 
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ACRONYMS 

 

ACR  Acute-Chronic Ratio 
ASTM  American Society of Testing and Materials 
AWQC Ambient Water Quality Criteria 
CCC  Criterion Continuous Concentration 
CMC  Criterion Maximum Concentration 
CV  Chronic Value (expressed in this document as an EC20 or MATC) 
CWA  Clean Water Act 
ECx  Effect Concentration at X Percent Effect Level 
LCx  Lethal Concentration at X Percent Survival Level 
EPA  Environmental Protection Agency 
ESA  Endangered Species Act 
FACR  Final Acute-Chronic Ratio 
FAV  Final Acute Value 
FCV  Final Chronic Value 
GMACR Genus Mean Acute-Chronic Ratio 
GMAV Genus Mean Acute Value 
GMCV Genus Mean Chronic Value 
LOEC  Lowest Observed Effect Concentration 
MATC Maximum Acceptable Toxicant Concentration (expressed mathematically as the 

geometric mean of the NOEC and LOEC) 
NOEC  No Observed Effect Concentration 
SD  Sensitivity Distribution 
SMACR Species Mean Acute-Chronic Ratio 
SMAV  Species Mean Acute Value 
SMCV  Species Mean Chronic Value 
TAN  Total Ammonia Nitrogen 
TRAP EPA’s Statistical Program: Toxicity Relationship Analysis Program (Version 

1.21) 
WER  Water Effect Ratio 
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INTRODUCTION AND BACKGROUND 

National Ambient Water Quality Criteria (AWQC) are established by the United States 

Environmental Protection Agency (EPA) under the Clean Water Act (CWA).  EPA will review 

and from time to time revise 304(a) AWQC as necessary to ensure the criteria are consistent with 

the latest scientific information.  Section 304(a) aquatic life criteria serve as recommendations to 

states and tribes in defining ambient water concentrations that will protect against adverse 

ecological effects to aquatic life resulting from exposure to a pollutant found in water from direct 

contact or ingestion of contaminated water and/or food.  Aquatic life criteria address the CWA 

goals of providing for the protection and propagation of fish and shellfish.  When adopted into 

state standards, these criteria can become a basis for establishing permit limits and Total 

Maximum Daily Loads (TMDLs).  

EPA first published aquatic life criteria recommendations for ammonia in 1976, followed 

nine years later by the 1985 criteria revision, which used updated procedures and additional 

information.  The 1985 acute ammonia criterion was calculated from acute values expressed as 

unionized ammonia and normalized for pH (8.0) for all freshwater aquatic animals, and 

temperature (20°C) for freshwater fish only.  Because the fraction of total ammonia that is 

unionized varies with pH and temperature, the 1985 toxicity data normalizations with unionized 

ammonia were necessarily structured differently than the current document’s normalizations with 

total ammonia nitrogen.  Because the 1985 chronic toxicity dataset was more limited than is 

available now, the 1985 chronic criterion was calculated by dividing the Final Acute Value by an 

acute-chronic ratio (ACR).  The 1985 acute and chronic criteria concentrations were 19 and 1.2 

mg/L expressed as total ammonia nitrogen at pH 7 and temperature 20°C for salmonids or other 

coldwater species present (e.g., rainbow trout).  The durations for these criteria were one-hour 

(acute) and four-day (chronic) averaging periods.  The 1985 freshwater acute criterion dataset 

was composed of acute values from tests involving 41 species (29 fish and 12 invertebrate) 

representing 34 genera (18 fish and 16 invertebrate).  The data available for invertebrates at the 

time indicated they were not among the more acutely-sensitive organisms to ammonia.  

In 1999 EPA revised the 1985 freshwater ammonia criteria to incorporate newer data, 

better models, and improved statistical methods.  For its acute criterion, the revision included a 

re-examination of the temperature and pH relationships underlying the 1985 acute criterion, 

reworked from the perspective of total ammonia nitrogen rather than unionized ammonia.  For its 

Exhibit 34



 

2 

 

chronic criterion, EPA developed relationships for formulating a seasonal, pH- and temperature-

dependent relationship, in part because the chronic criterion was based on endpoints that might 

not be of concern during cold-season conditions (e.g., fish early life stages).  EPA analyzed all of 

the freshwater chronic data used in the 1985 criteria document as well as newer chronic data and 

was able to directly calculate a chronic criterion instead of calculating it from the acute criterion 

with an ACR.  EPA did not conduct a comprehensive literature search for and critical review of 

all of the acute toxicity data published after 1985, but focused on the chronic criteria, in response 

to scientific issues raised by the public.  Thus, the 1999 acute criterion relied on acute tests 

reported in Table 1 in the 1985 criteria document, supplemented by a limited number of newer 

studies relevant to the revised pH relationship. 

The 1999 criteria were based on the most sensitive endpoints known at the time: the acute 

criterion was based primarily on effects on fish throughout the temperature range, and the 

chronic criterion was based primarily on effects on benthic macroinvertebrates or fish early life 

stages (when present), depending on temperature and season.  For the 1999 acute criterion the 

effect concentrations for fish were normalized for pH only, reflecting the minimal influence of 

temperature on total ammonia toxicity to fish.  The 1999 acute criterion was not adjusted for 

temperature because invertebrates that were included in the dataset, mollusks included, were not 

among the species highly sensitive to ammonia, thus, the invertebrate temperature slope did not 

affect the formulation of the 1999 acute criterion.  The 1999 chronic criterion was adjusted for 

pH for fish and for pH and temperature for invertebrates.  The chronic averaging period was 

increased from a 4- to a 30-day average in the 1999 update; the rationale for this change was 

based on analysis of chronic data from fathead minnow laboratory tests of different exposure 

durations and exposure concentrations with “limited variability” (see detailed discussion in the 

Problem Formulation of this document under Chronic Measures of Effect).  For chronic toxicity, 

the 1999 updated dataset consisted of nine values representing four invertebrate and five fish 

genera.  Two of the four most chronically sensitive species were invertebrates (the benthic 

amphipod Hyalella azteca and the bivalve mollusk, Musculium transversum).  Missing were 

representative chronic values for the genus Oncorhynchus (salmonid) and an insect genus, 

although in both of these cases the calculation of the fifth percentile directly from the GMCVs in 

Table 5 of the 1999 update was deemed to adequately protect the freshwater aquatic community.  
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In 2004 EPA published a Federal Register Notice indicating its intent to re-evaluate the 

freshwater ammonia criteria and requesting new information on ammonia toxicity to freshwater 

mussel species in the Family Unionidae.  This action was taken in response to concerns from 

U.S. Fish and Wildlife Service (USFWS) and mussel researchers about the sensitivity of unionid 

mussels to ammonia (summarized by Augspurger et al. 2003).  The current document takes into 

account all such data, new toxicity data obtained by a search of the literature for all other species, 

and updated analyses of tests previously included in the 1999 document.  

In 2009, EPA published a draft ammonia criteria document that included all available 

new data on the toxicity of ammonia to freshwater mussels (EPA-822-D-09-001).  The draft 

2009 document incorporated new toxicity data in the acute and chronic dataset while retaining 

the relationships describing the influence of pH and temperature on ammonia toxicity established 

in the 1999 criteria.  The 2009 acute dataset represented 67 genera, including 12 species of 

freshwater mussels, compared to only 34 genera in the 1999 AWQC.  Freshwater bivalve 

mollusks and snails were the predominant groups of genera ranked in the lowest (most sensitive) 

quartile, and the four most acutely sensitive genera were all bivalves.  The 2009 chronic dataset 

incorporated two new fish species and new data for three freshwater mussel species, which 

represented two of the four most sensitive genera.  The draft 2009 criteria recommendations 

were bifurcated, with a set of acute and chronic criteria values for waters with mussels present 

that reflects their greater sensitivity to ammonia, and a different set of criteria values for waters 

where mussels are absent.  Including the new acceptable data for freshwater unionid mussels, the 

draft 2009 acute and chronic criteria magnitudes, respectively, were 19 and 0.91 mg TAN/L 

adjusted to pH 7.0 and 20°C. 

For this 2013 update, EPA conducted a new literature search for both acute and chronic 

toxicity data and reanalyzed data considered in the 1999 criteria and the 2009 draft.  EPA 

reviewed results from this literature search and reanalysis of previously considered data to 

identify data from laboratory toxicity tests that quantify the adverse effects of ammonia on 

freshwater aquatic life (amphibians, fishes, and macroinvertebrates), with particular attention 

given to tests conducted with freshwater unionid mussels and non-pulmonate snails, since such 

data were not available for many of these species previously.  While unionid mussel species are 

not prevalent in some waters, such as in the arid west, non-pulmonate snails are broadly 

distributed across the U.S.  Thus, considering that freshwater unionid mussels are among the 
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most sensitive genera in the dataset, and that all states have at least one freshwater unionid 

mussel or bivalve mollusk, or non-pulmonate snail species, another relatively sensitive mollusk 

group, native or present in at least some of their waters, EPA is recommending a single national 

acute and a single national chronic criterion be applied to all waters rather than different criteria 

based on the presence or absence of mussels. 

EPA also conducted a separate search and analysis of any relevant new data specific for 

freshwater mussels to evaluate whether the existing pH-acute TAN toxicity relationship 

established in the 1999 update document similarly applies to this group of invertebrates.  Based 

on the results of the literature review, EPA concludes that the same pH and temperature 

relationships used to account for the influence of these two abiotic factors on ammonia toxicity 

in the 1999 AWQC document are still applicable (e.g., see Additional Explanation and 

Justification Supporting the 2013 Temperature and pH-Dependent Calculations and Criteria 

Magnitudes section for additional details, pg. 50). 

 

PROBLEM FORMULATION 

Problem formulation provides a strategic framework for water quality criteria 

development by focusing the effects assessment on the most relevant chemical properties and 

endpoints.  The structure of this effects assessment is consistent with EPA’s Guidelines for 

Ecological Risk Assessment (U.S. EPA 1998)  

This ecological effects assessment defines scientifically-defensible water quality criteria 

values for ammonia under section 304(a)(1) of the Clean Water Act.  The goal of the Clean 

Water Act is to protect and restore the biological, chemical and physical integrity of waters of 

the U.S.  Clean Water Act Section 304(a)(1) requires EPA to develop criteria for water quality 

that accurately reflect the latest scientific knowledge.  These criteria are based solely on data and 

best professional scientific judgments on toxicological effects.  Criteria are developed following 

the guidance outlined in the Agency’s Guidelines for Deriving Numerical National Water 

Quality Criteria for the Protection of Aquatic Organisms and Their Uses (Stephan et al. 1985). 

Once Section 304(a) water quality criteria are finalized, states and authorized tribes may 

adopt the criteria into their water quality standards to protect designated uses of water bodies.  

States and tribes may also modify the criteria to reflect site-specific conditions or use other 
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scientifically-defensible methods to develop standards.  Water quality standards are subsequently 

approved by EPA. 

 

Overview of Stressor Sources and Occurrence 
Ammonia is considered one of the most important pollutants in the aquatic environment 

not only because of its highly toxic nature, but also its ubiquity in surface water systems (Russo 

1985).  Ammonia is produced for commercial fertilizers and other industrial applications using a 

reaction that converts atmospheric nitrogen to ammonia using hydrogen obtained from methane 

(natural gas) under high heat and pressure; the ammonia gas is then compressed under low 

temperature and stored in an anhydrous liquid form (Appl 1999).  In agriculture, ammonia is 

used both directly (in anhydrous form), as well as a precursor for other nitrogen-based fertilizers 

such as ammonium nitrate, ammonium phosphate, urea, and ammonium sulfate (Environment 

Canada 2010).  The agricultural industry uses approximately 90% of the U.S. annual domestic 

ammonia production (USGS 2004).  Ammonia also has numerous industrial applications, 

including use as a protective atmosphere and as a source of hydrogen in metal finishing and 

treating applications (e.g., nitriding; Appl 1999), as well as many other uses in the chemical 

industry including the production of pharmaceuticals (Karolyi 1968) and dyes (Appl 1999).  The 

petroleum industry utilizes ammonia for processing of crude oil and in corrosion protection (U.S. 

EPA 2004).  Ammonia is also used in the mining industry for metals extraction (U.S. EPA 

2004).  Natural sources of ammonia include the decomposition or breakdown of organic waste 

matter, gas exchange with the atmosphere, forest fires, animal waste, the discharge of ammonia 

by biota, and nitrogen fixation processes (Environment Canada 1997; Environment Canada 

2010; Geadah 1985).   

Ammonia can enter the aquatic environment via anthropogenic sources or discharges 

such as municipal effluent discharges, agricultural runoff, and natural sources such as nitrogen 

fixation and the excretion of nitrogenous wastes from animals.  While much of the early 

information regarding lethal concentrations of ammonia was driven by the consequences of 

ammonia buildup in aquaculture systems (i.e., fish culture ponds, hatchery raceways, and fish 

holding and transporting tanks), the introduction of ammonia into surface water systems from 

industrial processes, agricultural runoff, and sewage effluents has received considerable attention 

since the 1980s (Alabaster and Lloyd 1980; U.S. EPA 1985).  Many effluents have to be treated 
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extensively in order to keep the concentrations of ammonia in surface waters from being 

unacceptably high.  In 2011, there were approximately 4.7 million pounds (lbs.) of ammonia 

documented as discharged from all reporting industries to surface waters (U.S. EPA 2011).  In 

2010, industrial releases of ammonia to ten large aquatic ecosystems (e.g., Chesapeake Bay, 

Puget Sound, Great Lakes) were reported to total approximately 1.3 million lbs. (U.S. EPA 

2010).   

 

Environmental Fate and Transport of Ammonia in the Aquatic Environment 
Ammonia (NH3) is formed in the natural environment by the fixation of atmospheric 

nitrogen and hydrogen by diazotrophic microbes, such as cyanobacteria (Latysheva et al. 2012).  

Trace amounts are also produced by lightning (Noxon 1976).  Decomposition of manure, dead 

plants and animals by bacteria in the aquatic and terrestrial environments produce ammonia and 

other ammonium compounds through conversion of nitrogen during decomposition of tissues in 

a process called ammonification (ATSDR 2004; Sylvia 2005).  In the aquatic environment, 

ammonia is also produced and excreted by fish.  The chemical form of ammonia in water 

consists of two species, the more abundant of which is the ammonium ion (NH4
+) and the less 

abundant of which is the non-dissociated or unionized ammonia (NH3) molecule; the ratio of 

these species in a given aqueous solution is dependent upon both pH and temperature (Emerson 

et al. 1975; Erickson 1985; Thurston 1988; Whitfield 1974; Wood 1993).  Chemically, ammonia 

in an aqueous medium behaves as a moderately strong base with pKa values ranging from 

approximately 9 to slightly above 10 as a function of temperature and ionic strength (Emerson et 

al. 1975; Whitfield 1974).  In general, the ratio of unionized ammonia to ammonium ion in fresh 

water increases by 10-fold for each rise of a single pH unit, and by approximately two-fold for 

each 10°C rise in temperature from 0-30°C (Erickson 1985). Basically, as values of pH and 

temperature tend to increase, the concentration of NH3 increases and the concentration of NH4
+ 

decreases.   

The ionized ammonium ion (NH4
+) and unionized ammonia molecule (NH3) are 

interrelated through the chemical equilibrium NH4
+- OH-↔ NH3·H2O↔ NH3+H2O (Emerson et 

al. 1975; Russo 1985).  The concentration of total ammonia (often expressed on the basis of 

nitrogen as total ammonia nitrogen or TAN) is the sum of NH4
+ and NH3 concentrations.  It is 

total ammonia that is analytically measured in water samples.  To estimate the relative 
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concentrations of NH4
+ and NH3 from total ammonia, Emerson et al.'s (1975) formulas are 

recommended (Adams and Bealing 1994; Alabaster and Lloyd 1980; Richardson 1997; Russo 

1985).  Figure 1 (below) shows the chemical speciation of ammonia over a range of pH levels in 

ambient waters at 25°C.  It depicts the 10-fold increase in the ratio of unionized ammonia to 

ammonium ion in fresh water for each rise of a single pH unit as described above.  This increase 

in unionized ammonia with increased pH is one hypothesis explaining why toxicity of total 

ammonia increases as pH increases. 

 

 
Figure 1.  Fraction of Chemical Species of Ammonia Present with Change in pH (at 25°C). 
 

Each separate fraction of total ammonia can be calculated in freshwater from the 

Henderson-Hasselbach equation if the pH and pKa are known: 

 

NH4
+ = Total ammonia/(1+ antilog (pH-pKa)) = Total ammonia – NH3  (Wood 1993) 

 
and, 
 
pKa = 0.09018 + (2729.92/(273.2 + T)) (Emerson et al. 1975) 
 
where T is temperature in °C.  
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Mode of Action and Toxicity  
Ammonia is unique among regulated pollutants because it is an endogenously produced 

toxicant that organisms have developed various strategies to excrete, which is in large part by 

passive diffusion of unionized ammonia from internal organs, such as the gills in fish.  High 

external unionized ammonia concentrations reduce or reverse diffusive gradients and cause the 

buildup of ammonia in internal tissues and blood.  Unionized ammonia may cause toxicity to 

Nitrosomonas spp. and Nitrobacter spp. bacteria, inhibiting the nitrification process (Russo 

1985).  Bacterial inhibition can result in the increased accumulation of ammonia in the aquatic 

environment, thereby intensifying the toxicity to beneficial bacteria and aquatic animals (Russo 

1985). 

The toxic action of unionized ammonia on aquatic animals, particularly in sensitive fish, 

may be due to one or more of the following causes: (1) proliferation in gill tissues, increased 

ventilation rates and damage to the gill epithelium (Lang et al. 1987);  (2) reduction in blood 

oxygen-carrying capacity due to progressive acidosis (Russo 1985); (3) uncoupling oxidative 

phosphorylation causing inhibition of production and depletion of adenosine triphosphate (ATP) 

in the brain (Camargo and Alonso 2006); (4) and the disruption of osmoregulatory and 

circulatory activity disrupting normal metabolic functioning of the liver and kidneys (Arillo et. 

al.1981; Tomasso et al. 1980). 

Among invertebrates, studies testing ammonia toxicity to bivalves, and particularly 

studies with freshwater mussels in the family Unionidae, have demonstrated their sensitivity to 

ammonia (Augspurger et al. 2003; Wang et al. 2007a, b; Wang et al. 2008).  Toxic effects of 

unionized ammonia to both freshwater and marine bivalves include reduced opening of valves 

for respiration and feeding (Epifanio and Srna 1975); impaired secretion of the byssus, or 

anchoring threads in bivalves (Reddy and Menon 1979); reduced ciliary action in bivalves (U.S. 

EPA 1985); depletion of lipid and carbohydrate stores leading to metabolic alteration (Chetty 

and Indira 1995) as well as mortality (Goudreau et al. 1993).  These negative physiological 

effects may lead to reductions in feeding, fecundity, and survivorship, resulting in decreased 

bivalve populations (Alonso and Camargo 2004; Constable et al. 2003). 
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Assessment Endpoints 
Assessment endpoints are defined as “explicit expressions of the actual environmental value 

that is to be protected” and are defined by an ecological entity (species, community, or other 

entity) and its attribute or characteristics (U.S. EPA 1998).  Assessment endpoints may be 

identified at any level of organization (e.g., individual, population, community).  In the context 

of the Clean Water Act, aquatic life criteria for toxics are typically determined based on the 

results of toxicity tests with aquatic organisms in which unacceptable effects on growth, 

reproduction, or survival occurred.  This information is aggregated into a species sensitivity 

analysis that evaluates the impact on the aquatic community.  Criteria are designed to be 

protective of the vast majority of aquatic animal species in an aquatic community (i.e., 

approximately 95th percentile of tested aquatic animals representing the aquatic community).  As 

a result, health of the aquatic ecosystem may be considered as an assessment endpoint indicated 

by survival, growth, and reproduction.  To assess potential effects on the aquatic ecosystem by a 

particular stressor, and develop 304(a) aquatic life criteria under the CWA, EPA typically 

requires the following: 

 Acute toxicity test data (mortality, immobility, loss of equilibrium) for aquatic animals 

from a minimum of eight diverse taxonomic groups.  The diversity of tested species is 

intended to ensure protection of various components of an aquatic ecosystem.  The acute 

freshwater toxicity testing requirement is fulfilled with the following eight minimum data 

requirements:  

 the family Salmonidae in the class Osteichthyes  

 a second family in the class Osteichthyes, preferably a commercially or 

recreationally important warmwater species (e.g., bluegill, channel catfish, 

etc.) 

 a third family in the phylum Chordata (may be in the class Osteichthyes or 

may be an amphibian, etc.) 

 a planktonic crustacean (e.g., cladoceran, copepod, etc.) 

 a benthic crustacean (e.g., ostracod, isopod, amphipod, crayfish, etc.) 

 an insect (e.g., mayfly, dragonfly, damselfly, stonefly, caddisfly, 

mosquito, midge, etc.) 
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 a family in a phylum other than Arthropoda or Chordata (e.g., Rotifera, 

Annelida, Mollusca, etc.) 

 a family in any order of insect or any phylum not already represented 

 

 Chronic toxicity test data (longer-term survival, growth, or reproduction) are required for 

a minimum of three taxa in order to use acute to chronic ratios to estimate a chronic 

value, which involves having acceptable chronic toxicity data for the following: 

 at least one fish 

 at least one invertebrate 

 at least one chronic test being from an acutely-sensitive species   

However, since acceptable chronic values were available for ammonia for all eight 

minimum data requirements, the chronic criterion was derived following the same genus 

level sensitivity distribution (SD) approach used to calculate the acute criterion (see 1985 

Guidelines for additional detail). 

 

 The Guidelines also require at least one acceptable test with a freshwater alga or vascular 

plant.  If plants are among the aquatic organisms most sensitive to the material, results of 

a plant in another phylum should also be available.  The data available on the toxicity of 

ammonia to freshwater plants indicate that plants are approximately two orders of 

magnitude less sensitive than the aquatic animals tested.  Therefore, plant endpoints were 

not used in criteria derivation.  

 

Measures of Effect 
Each assessment endpoint requires one or more “measures of ecological effect,” which 

are defined as changes in the attributes of an assessment endpoint itself or changes in a surrogate 

entity or attribute in response to chemical exposure.  Ecological effect data are used as measures 

of direct and indirect effects to biological receptors.  The measures of effect selected represent 

the growth, reproduction, and survival of the organisms.   

The amount of toxicity testing data available for any given pollutant varies significantly, 

depending primarily on whether any major environmental issues are raised due to interpretation 
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of those data.  An in-depth evaluation of available data is performed by EPA to determine test 

acceptability.   

 

Acute measures of effect  

Acute measures of effect used for organisms in this document are the LC50 and EC50.  LC 

stands for “Lethal Concentration” and the LC50 is the concentration of a chemical that is 

estimated to kill 50% of the test organisms.  EC stands for “Effective Concentration” and the 

EC50 is the concentration of a chemical that is estimated to produce a specific effect in 50% of 

the test organisms.   

As part of the evaluation of new acute data for ammonia, studies submitted using 

glochidia, the larval life stage of freshwater mussels in the family Unionidae, were reviewed for 

acceptability for use in the ammonia criteria development.  In 2006 a new ASTM method was 

published for toxicity tests with glochidia.  However, at the time of the 2009 draft revised criteria 

for ammonia, EPA and external peer reviewers were concerned that information was unavailable 

to determine whether the tests with glochidia were ecologically relevant.  Specifically, the 

appropriate duration of the tests (24, 48, or 96 hrs) was uncertain because it was unclear how the 

tests of various durations related to the viability of this short parasitic life stage and its ability to 

successfully infect a fish host upon encountering the appropriate fish species.  Since that time, 

studies by Bringolf et al. (2013) have resulted in the recommendation of a maximum test 

duration of 24 hours for glochidia corresponding with the ecologically relevant endpoint of 

infectivity for this parasitic life stage.  EPA agreed with this recommendation and decided to 

include glochidia tests in the criterion dataset for test data with durations of up to 24 hours with 

survival of glochidia at the end of 24 hours of at least 90% in the control treatment.  In addition, 

to account for species of mussels whose glochidia might not be expected to be viable at 24 hours 

(i.e., potentially mantle lure strategists), EPA examined available tests with glochidia that were 

conducted for 24 hours that included testing for viability at 6, 12, and 18 hours.  If the viability 

was less than 90% at 24 hours in the control animals, then the next longest duration less than 24 

hours that had at least 90% survival in the control, was considered acceptable for use in deriving 

the ammonia criteria. 
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Chronic measures of effect 

Chronic measures of effect are EC20, NOEC, LOEC, and MATC.  EC20 values were used 

to estimate a low level of effect observed in chronic datasets that are available for ammonia (see 

U.S. EPA 1999).  EC20 is the concentration of a chemical that is estimated to result in a 20 

percent effect in a chronic endpoint (e.g., growth, reproduction, and survival) of the test 

organisms. 

The NOEC (i.e., “No-Observed -Effect-Concentration”) is the highest test concentration 

at which none of the observed effects are statistically different from the control.  The LOEC (i.e., 

“Lowest-Observed- Effect-Concentration”) is the lowest test concentration at which observed 

effects are found to be statistically different from the control.  The MATC is the calculated 

geometric mean of the NOEC and LOEC. 

For life-cycle (LC) and partial life-cycle (PLC) tests, the toxicological variables used in 

regression analyses were survival, embryo production, and embryo hatchability.  For early life-

stage (ELS) tests with fishes, the endpoints used were embryo hatchability, fry/larval survival, 

and fry/larval growth.  If ammonia reduced both survival and growth, the product of these 

variables (biomass) was analyzed (when possible), rather than analyzing them separately.  For 

other acceptable chronic and related (e.g., 28-day juvenile or adult) tests, the toxicological 

endpoints analyzed were survival, reproduction, hatchability, or growth as appropriate. 

Regression analysis was used, both to demonstrate that a concentration-effect relationship 

was present, and to estimate chronic values at a consistent level of effect.  Estimates of effect 

concentrations can generally be made with precision for a 50 percent reduction in response 

(EC50), but at low percent reductions such precision is decreased.  A major reduction, such as 50 

percent, is not consistent with the intent of establishing chronic criteria to protect the population 

from long-term effects.  In contrast, a concentration that causes a low level of reduction in 

response, such as an EC5 or EC10, is rarely statistically significantly different from the control 

treatment.  EPA selected EC20 values to be used to estimate a low level of effect that would be 

statistically different from control effects, yet not so severe as to be expected to cause chronic 

impacts at the population level (see U.S. EPA 1999).  For calculation of the chronic criterion, the 

EC20 point estimate was selected for use over a NOEC or LOEC as the measure of effect to use, 

as NOECs and LOECs are highly dependent on test concentrations selected.  Furthermore, point 

estimates provide additional information that is difficult to determine using NOEC and LOEC 

Exhibit 34



 

13 

 

effect measures, such as a measure of effect level across the range of tested concentrations, and 

the confidence intervals around those measures of effect. 

The typical assessment endpoints for aquatic life criteria are based on unacceptable 

effects on growth, reproduction, or survival of the assessed taxa.  These measures of effect on 

toxicological endpoints of consequence to populations are provided by results from the acute and 

chronic toxicity tests with aquatic plants and animals.  The toxicity values (i.e., measures of 

effect expressed as genus means) are used in the genus sensitivity distribution of the aquatic 

community to derive the aquatic life criteria.  Endpoints used in this assessment are listed in 

Table 1. 

 

Table 1.  Summary of Assessment Endpoints and Measures of Effect Used in Criteria 
Derivation for Ammonia. 
Assessment Endpoints for the Aquatic 
Community 

Measures of Effect 

Survival, growth, and reproduction of 
freshwater fish, other freshwater vertebrates, 
and invertebrates 

For acute effects: LC50 or EC50 
For chronic effects: EC20, NOEC and LOEC, 
calculated MATC 

Maintenance and growth of aquatic plants 
from standing crop or biomass 

Not relevant for ammonia because plants are 
substantially less sensitive than animals 

MATC = maximum acceptable toxicant concentration (geometric mean of NOEC and LOEC) 
NOEC = No observed effect concentration 
LOEC = Lowest observed effect concentration 
LC50 = Lethal concentration to 50% of the test population 
EC50/EC20 = Effect concentration to 50/20% of the test population 
 

Chronic averaging period of 30 days 

The 30-day averaging period for chronic effects has been retained from the 1999 chronic 

criterion, as is the restriction that the highest 4-day average within the 30 days may be no greater 

than 2.5 times the chronic concentration (CCC) more than once every three years on average.  

This is based on analysis of chronic data from fathead minnow laboratory tests of different 

exposure durations and starting with different age test organisms as summarized below and 

described in greater detail in the 1999 ammonia criteria update. 

The 1985 ammonia criteria document specified a CCC averaging period of 4 days as 

recommended in the 1985 Guidelines (Stephan et al. 1985), except that an averaging period of 30 

days could be used when exposure concentrations were shown to have "limited variability".  For 
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ammonia, the toxicity data on the fathead minnow demonstrate how long the averaging period 

should be when concentrations have limited variability, and what restriction applies in terms of 

the maximum concentration that can be reached and for how long within that averaging period.  

Based on 7-day tests, EC20s of 29.34 and 24.88 mg TAN/L were calculated from the data of 

Willingham (1987), adjusted to pH 7.  Chronic values of 20.32 mg TAN/L at pH 7 and 20.99 mg 

TAN/L similarly adjusted to pH 7 were reported by Camp Dresser and McKee (1997).  The 

geometric mean of the four values is 23.62 mg TAN/L.  This is approximately 2.5 times the 

geometric mean EC20 (i.e., 9.396 mg TAN/L at pH 7) for the 30-day early life-stage tests 

conducted on the same species by Swigert and Spacie (1983) and Mayes et al. (1986), [see also 

Appendix B].   

Thus, in the 1999 criteria document, EPA determined that because the mean chronic 

value from the shorter 7-day toxicity tests with slightly older (< 1 day old) fish is substantially 

higher than the mean chronic value from the longer 30-day ELS tests initiated with newly 

fertilized embryos, the CCC averaging period under this “limited variability” can be 30 days, as 

long as excursions above the CCC are restricted sufficiently to not exceed the mean chronic 

value from the 7-day tests.  As indicated in the 1999 AWQC document, a more rigorous 

definition of this excursion restriction is not possible with the data available, especially because 

the information is not available concerning the effects to fish or other animals of variations in 

ammonia concentration within a 7-day test period.  It is useful, however, to base the excursion 

restriction on a 4-day period, because this period is the default that already has to be considered 

in calculations of water quality-based effluent limits, and because it provides a substantial 

limitation of variability relative to the 7-day chronic values.  While it may be uncertain how 

much higher than the CCC the 4-day average can be, based on the fathead minnow test results 

summarized above, 2.5 -fold higher concentrations should be acceptable.  Other data and 

justification supporting the use of a longer averaging period for ammonia and the excursion 

restriction is provided in the 1999 AWQC document under Chronic Averaging Period (page 81). 

 

Ammonia toxicity data fulfilling minimum data requirements 

Table 2 provides a summary of the number of toxicity data currently available for genera 

and species that fulfill the 1985 Guidelines minimum requirements for calculation of acute and 

chronic criteria for freshwater species exposed to ammonia.   
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Table 2.  1985 Guidelines Minimum Data Requirements Summary Table Reflecting the 
Number of Species and Genus Level Mean Values Represented in the Acute and Chronic 
Toxicity Datasets for Ammonia in Freshwater. 
 Genus Mean 

Acute Value 
(GMAV) 

Species Mean 
Acute Value 

(SMAV) 

Genus Mean 
Chronic Value 

(GMCV) 

Species Mean 
Chronic Value 

(SMCV) 
Freshwater 
Family Salmonidae in the 
class Osteichthyes 

4 11 1 3 

Second family in the class 
Osteichthyes, preferably a 
commercially or 
recreationally important 
warmwater species 

22 33 6 7 

Third family in the phylum 
Chordata (may be in the class 
Osteichthyes or may be an 
amphibian, etc.) 

3 4 1 1 

Planktonic Crustacean 4 6 2 3 
Benthic Crustacean 6 8 1 1 
Insect 9 11 1 1 
Family in a phylum other than 
Arthropoda or Chordata (e.g., 
Rotifera, Annelida, or 
Mollusca) 

17 23 4 5 

Family in any order of insect 
or any phylum not already 
represented 

4 4 1a 1a 

Total 69 100 17 22 
a In the absence of other chronic data to fulfill this MDR for another phylum not already represented in the chronic 
dataset, the acute data for species within the phylum Annelida were used to calculate a surrogate chronic value, by 
applying a geometric mean ACR from the available invertebrate ACRs.   
 

Since the data available regarding the toxicity of ammonia to freshwater phytoplankton 

and vascular plants reported in the 1985 AWQC document indicate that aquatic plants appear to 

be two orders of magnitude less sensitive than the aquatic animals tested, it is assumed that any 

ammonia criterion appropriate for the protection of freshwater aquatic animals will also be 

protective of aquatic vegetation (U.S. EPA 1985, 1999, 2009).  The greater tolerance of these 

taxa to ammonia is due in part to the fact that ammonia is a readily available and energy-efficient 

source of nitrogen for plants; although ammonia can be toxic when present at high 

concentrations.  For example, the experimental data concerning the toxicity of ammonia to 
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freshwater phytoplankton show negative effects occurring in the green alga, Scenedesmus 

obliquus, ranging from approximately 26.88 to 70.14 mg TAN/L with regards to oxygen 

evolution and reduction in carbon dioxide photoassimilation (Abeliovich and Azov 1976).  

Additionally, ammonia caused growth inhibition and cell death of the green alga, Chlorella 

vulgaris, at concentrations ranging from 326 to 1,330 mg TAN/L (Przytocka-Jusiak 1976); and 

for another algal species, Ochromonas sociabilis, a concentration of 256 mg TAN/L was 

algicidal while a concentration of approximately half that (128 mg TAN/L) reduced population 

development (assuming pH 6.5 and 30˚C; see Bretthauer 1978).  Furthermore, Champ et al. 

(1973) investigated the effects of treating a Texas pond with a mean ammonia concentration of 

25.6 mg/L NH3 (unionized ammonia) for two weeks.  A diverse population of dinoflagellates, 

diatoms, desmids, and blue-green algae had been reduced by 95% at the end of the experiment.  

At the same time, the pond was virtually eradicated of all rooted aquatic vegetation.  Compared 

to the 2013 chronic criterion magnitude of 1.9 mg TAN/L, the results from these plant tests, 

which are considered as chronic effects according to the 1985 Guidelines, indicate that the 2013 

CCC for ammonia will be protective of aquatic plants. 

Much of the early work concerning the response of freshwater vegetation to high 

ammonia concentrations is not quantitative or the result of research exploring the possible use of 

ammonia as an aquatic herbicide (U.S. EPA 1985).  There is no new evidence to suggest that 

freshwater phytoplankton and vascular species are more sensitive to ammonia than invertebrates 

or fish.  Until such a time as those data are produced, EPA will continue to assume that any 

ammonia criterion appropriate for the protection of freshwater aquatic animals will also be 

protective of aquatic vegetation. 

 
Conceptual Model 

A conceptual model consists of a written description and diagram (U.S. EPA 1998) that 

illustrates the relationships between human activities, stressors, and ecological effects on 

assessment endpoints.  The conceptual model links exposure characteristics with the ecological 

endpoints important for management goals.  Under the CWA, these management goals are 

established by states and tribes as designated uses of waters of the United States (for example, 

aquatic life support).  In deriving aquatic life criteria, EPA is developing acceptable thresholds 
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for pollutants that, if not exceeded, are expected to protect designated uses.  A state and/or tribe 

may implement these criteria by adopting them into their respective water quality standards. 

 

Conceptual diagram 

Environmental exposure to ammonia, while ultimately determined by various site 

specific conditions and processes, occurs from human activities related to agricultural practices, 

urbanization and industrial processes, or from natural sources.  Point and non-point sources 

contribute to elevated concentrations in ambient surface water.  The environmental fate 

properties of ammonia indicate that direct discharge, runoff, groundwater transport, and 

atmospheric deposition represent the pathways of greatest transport to the ambient surface waters 

which serve as habitat for aquatic organisms.  These sources and transport mechanisms are 

depicted in the conceptual model below (Figure 2). The model also depicts exposure pathways 

for biological receptors of concern (e.g., aquatic animals) and the potential attribute changes (i.e., 

effects such as reduced survival, growth and reproduction) in the ecological receptors due to 

ammonia exposure. 

The conceptual model provides a broad overview of how aquatic organisms can 

potentially be exposed to ammonia.  Transport mechanisms and exposure pathways are not 

quantitatively considered in the derivation of aquatic life criteria, which are effects assessments, 

not risk assessments.  Derivation of criteria focuses on effects on survival, growth and 

reproduction of aquatic organisms.  However, the pathways, receptors, and attribute changes 

depicted in Figure 2 may be helpful for states and tribes as they adopt criteria into standards and 

need to evaluate potential exposure pathways affecting designated uses. 
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Figure 2:  Conceptual Model for Ammonia Effects on Aquatic Animals. 
(Available at: http://www.epa.gov/caddis/ssr_amm_int.html) 
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Analysis Plan 
During development of CWA section 304(a) criteria, EPA assembles all available 

toxicity test data and considers which data are relevant that also meet data quality acceptance 

standards for all genera.  Where data allow, two to four criterion values are developed (acute and 

chronic freshwater, acute and chronic saltwater).  If plants are the most sensitive relative to 

vertebrates and invertebrates, plant criteria are developed.  This criteria update document is 

specific to ammonia in fresh water, and thus, only two criterion values (freshwater acute and 

chronic) are derived in this document.  Available data indicate freshwater plants are not more 

sensitive to ammonia than freshwater animals, thus, plant criteria are not developed. Finally, 

ammonia does not bioaccumulate in aquatic animals, thus, final tissue values are not developed. 

These criteria are based on a sensitivity distribution (SD) comprised of ranked genus 

mean acute values (GMAVs), calculated from combined species mean acute values (SMAVs 

within each genus) for acceptable data.  SMAVs are calculated using the geometric mean for all 

acceptable measures of effect based on the results of toxicity tests within a given species (e.g., all 

EC50s from acceptable acute tests for Daphnia magna).  GMAVs are then calculated using the 

geometric means of all SMAVs within a given genus (e.g., all SMAVs for genus Daphnia, such 

as Daphnia pulex, Daphnia magna).  If only one SMAV is available for a genus, then the 

GMAV is represented by that value.  GMAVs are then rank-ordered by sensitivity from most 

sensitive to least sensitive.  The final acute value (FAV) is determined by regression analysis 

using a log-triangular fit based on the four most sensitive genera (reflected as GMAVs) in the 

data set to interpolate or extrapolate (as appropriate) to the 5th percentile of the distribution 

represented by the tested genera.  If there are 59 or more GMAVs, as is the case with ammonia, 

the four GMAVs closest to the 5th percentile of the distribution are used to calculate the FAV.  

The acute criterion magnitude is the FAV divided by two, in order to provide an acute criterion 

magnitude protective of nearly all individuals in 95% of all genera, since the effect endpoint is a 

50th percentile effect (e.g., LC50 or EC50) (see 1985 Guidelines, Section XI. Criterion, B.). 

Although the aquatic life criteria derivation process relies on selected toxicity endpoints 

from the sensitive species tested, it does not necessarily mean that the selected toxicity endpoints 

reflect the sensitivity of the most sensitive species existing in a given environment.  The intent of 

the eight minimum data requirements is to serve as a sample representative of the aquatic 

community.  These minimum data requirements represent different ecological, trophic, 
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taxonomic and functional differences observed in the natural aquatic ecosystem.  The use of the 

four most sensitive genera to determine the final criterion value is a censored statistical approach 

than improves estimation of the lower tail (most sensitive) of the distribution when the shape of 

the overall distribution, particularly in the less sensitive part of the distribution, is uncertain. 

The chronic criterion may be determined by one of two methods.  If all eight minimum data 

requirements are met with acceptable chronic test data (as is the case with ammonia), then the 

chronic criterion is derived using the same method used for the acute criterion.  Genus Mean 

Chronic Values (GMCVs) are derived from available Species Mean Chronic Values (SMCVs) 

and are then rank-ordered from least to most sensitive, and the Final Chronic Value (FCV) is 

calculated based on regression analysis of a censored distribution using the four most sensitive 

GMCVs, similar to calculation of the FAV.  Unlike the FAV, however, the FCV directly serves 

as the basis for the chronic criterion without further adjustment because the endpoint measured 

represents a low level (e.g., EC20 or NOEC) of effect (see 1985 Guidelines). 

In addition, whenever adequately justified, a state can develop a site-specific criterion in 

lieu of the use of a national recommended criterion (U.S. EPA 1983).  The site-specific criterion 

may include not only site-specific criterion concentrations, but also site-specific durations or 

averaging periods, site-specific frequencies of allowed excursions, and representative species 

present at a given site, where supported by sound science (U.S. EPA 1991).  The Revised 

Deletion Process for the Site-Specific Recalculation Procedure for Aquatic Life Criteria (U.S. 

EPA 2013) provides guidance on revising the taxonomic composition of the toxicity data set 

used for the sensitivity distribution upon which a site-specific criterion is based, in order to better 

reflect the assemblage of organisms that resides at the site.  For more information on criteria 

derivation, see: 

http://water.epa.gov/scitech/swguidance/waterquality/standards/upload/2009_01_13_criteria_8

5guidelines.pdf. 

The criteria presented are the Agency’s best estimate of maximum ambient 

concentrations of ammonia to protect most freshwater aquatic organisms from unacceptable 

short- or long-term effects.  Results of intermediate calculations such as Species Mean Acute 

Values (see in Appendix A) and chronic values (see in Appendix B) are specified to four 

significant figures to prevent rounding error in subsequent calculations, not to reflect the 

precision of the value.  All of the ammonia acute values (LC50s and EC50s) in Appendix A of this 
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document were converted to TAN acute values using the reported temperatures and pHs as 

described using an example in Appendix D (Conversion of Acute Results of Toxicity Tests).  

Similarly, all of the ammonia chronic values (EC20s) in Appendix B were converted to TAN 

chronic values as described in Appendix E (Conversion of Chronic Results of Toxicity Tests). 

 

EFFECTS ANALYSES FOR FRESHWATER AQUATIC ORGANISMS 

The acute and chronic ammonia toxicity data used here to update the acute and chronic 

criteria for ammonia (freshwater) were collected via literature searches of EPA’s ECOTOX 

database, EPA’s Ambient Aquatic Life Water Quality Criteria for Ammonia (U.S. EPA 1985, 

1998, 1999), data provided by the U.S. Fish and Wildlife Service and the National Oceanic and 

Atmospheric Administration (NOAA) National Marine Fisheries Service (collectively known as 

the Services), and EPA regional and field offices.  Relevant papers were identified, by title and 

abstract, and their data screened according to data quality criteria described in the 1985 

Guidelines.  All available, reliable acute and chronic toxicity values published since 1985 were 

incorporated into the appropriate ammonia AWQC tables and used to recalculate the CMC and 

the CCC, as outlined in detail in the 1985 Guidelines.  The most recent literature search covered 

the period from 1985 through October 2012. 

 

Acute Toxicity to Aquatic Animals 
All available data relating to the acute effects of ammonia on aquatic animals were 

considered in deriving the ammonia criteria and were subjected to a data quality review per the 

1985 Guidelines.  The acute effects concentrations are all normalized to pH 7.0 (for all 

organisms) and temperature 20°C (for invertebrates) as indicated via the equations provided in 

Appendix D.   The pH and temperature conditions to which these data are normalized were 

deemed to be generally representative of ambient surface water.  Data that were suitable for the 

derivation of a freshwater FAV are presented in Appendix A. 

The GMAVs ranked according to sensitivity, as well as the new (2013) and previous 

(1999) acute criterion values (CMCs), are shown in Figure 3.  The GMAVs represent LC50s or 

EC50s, whereas the CMC (the FAV/2) values represent concentrations that are expected to be 
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lethal to less than 50% of the individuals in either the fifth percentile genus, or, a sensitive 

commercially or recreationally important species (e.g., adult rainbow trout). 

For this 2013 AWQC document, results from acute toxicity tests that met test 

acceptability and quality (according to the 1985 Guidelines) were available for 44 species of fish, 

52 species of invertebrates and four species of amphibians.  This data includes ammonia toxicity 

test data on 52 new species of aquatic animals not previously included in the 1999 acute criterion 

dataset.  There are now 69 genera represented in the freshwater acute toxicity dataset for 

ammonia, and of the 69 genera (represented in Appendix A and listed according to sensitivity in 

Table 3), approximately half are invertebrates.  The acute dataset more than fulfills the eight 

minimum data requirements outlined in the 1985 Guidelines with between three and 22 genera 

represented for each taxa category specified (see Table 2 above).  The acute criterion dataset now 

includes 12 species of aquatic animals Federally-listed as threatened, endangered or species of 

concern.  Freshwater invertebrates in the Phylum Mollusca, particularly freshwater mussels in 

the family Unionidae, freshwater clams, and some non-pulmonate snails, are the predominant 

group of aquatic organisms ranked in the lowest quartile.  The four most acutely sensitive genera 

are all freshwater bivalve mussels (Table 3).  GMAVs for freshwater mollusks in general, are 

now among the most influential in the 2013 acute criterion dataset. 

Data for glochidia and juvenile life stages of freshwater unionid mussels were evaluated 

for acceptability based on the 1985 Guidelines, the approved ASTM protocol for toxicity testing 

with these life stages of unionid mussels (ASTM 2006), and recent studies on the most 

ecologically relevant toxicological endpoint(s) and exposure duration(s) for glochidia tests by 

Bringolf et al. (2013).  The acute unionid mussel dataset for ammonia now includes acceptable 

data for 11 genera, totaling 16 species of freshwater mussels, as well as two sensitive species of 

non-pulmonate snails.  Of these, four of the 18 mollusk species included in 2013 acute dataset 

are Federally-listed as threatened or endangered (as identified in Table 3).   

Nearly all states in the continental United States have freshwater unionid mussel fauna in 

at least some of their waters (Abell et al. 2000; Williams et al. 1993; Williams and Neves 1995).  

While the number of freshwater unionid mussel species is less and the distribution is sparse in 

the dry western states, even New Mexico and Arizona have at least one native mussel species 

(Williams et al. 1993).  Moreover, approximately one-quarter of nearly 300 freshwater unionid 

mussel taxa in the USA are Federally-listed as endangered, threatened or of special concern.  In 
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addition, non-pulmonate snails are relatively ubiquitous compared to mussels and of the 650 

freshwater snail species, 25 species are Federally-listed.  Every state in the continental U.S. has 

at least one family of non-pulmonate snail in at least some of their waters.  Thus, considering 

that freshwater unionid mussels are among some of the most sensitive genera in the dataset, and 

that all states have at least one freshwater unionid mussel or bivalve mollusk, or non-pulmonate 

snail species, another relatively sensitive mollusk group, native or present in at least some of 

their waters, EPA is recommending a single national acute criterion to be applied to all waters 

rather than different criteria based on the presence or absence of mussels.   

The most sensitive fish SMAV is for mountain whitefish, Prosopium williamsoni (SMAV 

of 51.93 mg TAN/L), representing one of the four genera of salmonids in the acute dataset, 

followed by the second most sensitive fish, the Lost River sucker (SMAV of 56.62 mg TAN/L), 

which is an endangered species (Table 3).  The mountain whitefish GMAV is ranked eighth most 

sensitive after seven more sensitive GMAVs for freshwater mussel species, thus, salmonids 

should be adequately protected by the new acute criterion.  The next most sensitive salmonid 

genus is Oncorhynchus, represented by data for six different species, three of which are 

threatened or endangered, with SMAVs ranging from 78.92 mg TAN/L for Cutthroat trout, O. 

clarkii, to 180.7 mg TAN/L for pink salmon, O. gorbuscha. The GMAV for Oncorhynchus 

(99.15 mg TAN/L) is ranked #25 in acute sensitivity rank at pH 7 and temperature 20°C (Table 

3). 

The four lowest GMAVs in this 2013 ammonia AWQC update are for invertebrate 

species (specifically, freshwater bivalve mollusks dominated by mussels in the family 

Unionidae).  Because the most sensitive GMAVs are all represented by invertebrate species, the 

CMC is both pH-dependent, in accordance with the acute pH-toxicity relationship for all aquatic 

organisms, and temperature-dependent, due to the invertebrate acute-temperature relationship. 
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Figure 3.  Ranked Freshwater Genus Mean Acute Values (GMAVs) with Criterion 
Maximum Concentrations (CMCs). 
 

Summaries of studies used in acute criterion determination 

Presented in this section are brief summaries of the results of acute toxicity tests that 

meet the data quality acceptability criteria and that are used directly for deriving the FAV (i.e., 

serve as the basis for the SMAV or GMAV of one of the most sensitive genera).  As per the 1985 

Guidelines, whenever there are 59 or more GMAVs in the acute criteria dataset, the FAV is 

calculated using the four GMAVs closest to the 5th percentile of the distribution.   

The four species and associated endpoints (SMAV or GMAV) used in calculating the 

acute criterion (sensitivity rank 2-5) are ranked below from most to least sensitive: 
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2.  Lasmigona subviridis, Green Floater (GMAV= 23.41 mg TAN/L) 

3. Epioblasma capsaeformis, Oyster mussel (GMAV= 31.14 mg TAN/L) 

4. Villosa iris, Rainbow Mussel (GMAV= 34.23 mg TAN/L) 

5. Lampsilis sp.  (GMAV=46.63 mg TAN/L) 

 

The most sensitive species Venustaconcha ellipsiformis (SMAV=23.12 mg TAN/L) is not 

included in the criteria numeric calculation, because it falls below the 5th percentile in sensitivity 

in the distribution of 69 genera included in the dataset. 

Summaries are provided on the basis of individual species or genera (in cases where more 

than one species is included in the calculation of the GMAV).  All values are provided in terms 

of total ammonia nitrogen (TAN), either as reported by the authors or as converted from the 

reported values for unionized ammonia, pH, and temperature (using the speciation relationship) 

applied in the 1999 AWQC document (i.e., Emerson et al. 1975).  In the special cases where the 

result of a test is considered an upper limit on an acute value, the value is ascribed a greater than 

(“>”) sign indicating as much.  

 

Lasmigona subviridis (green floater) 

The GMAV/SMAV for the green floater, a freshwater bivalve mollusk, of 23.41 mg 

TAN/L is based on the geometric mean of three 96-hr EC50s from tests using less than two-

month old juveniles as reported in Black (2001).  Test solutions were renewed after 48 hours.  

The mean pH and test temperature for two of the tests was 7.73 and 24°C, and for the third, 7.92 

and 24.8°C.  Control survival exceeded 90 percent in all three tests.  The reported EC50s at test 

temperature and pH expressed on the basis of TAN were 6.613, 6.613 and 3.969 mg TAN/L, 

respectively.  Adjusted to pH 7 and 20°C, the EC50s are 24.24, 24.24 and 21.84 mg TAN/L, 

respectively (Appendix A).  The GMAV for juvenile green floaters of 23.41 mg TAN/L 

represents the second lowest in the acute dataset, and the lowest of the four GMAVs used to 

calculate the FAV (Table 3). 

 

Epioblasma capsaeformis (oyster mussel) 

The GMAV/SMAV for the endangered oyster mussel (31.14 mg TAN/L) is the third 

lowest in the acute dataset (Table 3), and is based on the geometric mean of a 96-hr EC50 from a 
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renewal test using less than five-day old juveniles, and two 6-hr EC50s from static tests 

conducted with two-hour old glochidia (Wang et al. 2007b).  The mean pH and test temperature 

for all three tests was 8.5 and 20°C.  Control survival exceeded 90 percent in all tests.  The 

estimated measured EC50 for juvenile oyster mussels at test temperature and pH was 4.760 mg 

TAN/L, after adjusting the reported nominal EC50 by multiplying by a factor of 0.835 (i.e., 

measured total ammonia concentrations were 83.5 percent of nominal concentrations for 96 hour 

juvenile exposures).  The reported EC50s for glochidia were 3.4 and 5.0 mg TAN/L, respectively 

(no further adjustment necessary).  These EC50s normalized to pH 7 and 20°C are 53.63, 17.81 

and 31.61 mg TAN/L, for the two glochidia and juveniles respectively (Appendix A). 

 

Villosa iris (rainbow mussel) 

Ten EC50s from several studies (Goudreau et al. 1993; Scheller 1997; Mummert et al. 

2003; Wang et al. 2007b) using two different life stages (glochidia and juvenile) and range of 

ages within each life-stage were used to calculate the GMAV/SMAV for rainbow mussel 

(Appendix A).  All tests were either static or static renewal where concentrations were measured.  

The GMAV of 34.23 mg TAN/L is the fourth lowest in the acute dataset (Table 3), and is 

composed of individual EC50 values (expressed as TAN and normalized to pH 7 and 20°C) 

ranging from 12.62 to 99.28 mg TAN/L (Appendix A).  The difference in pH and test 

temperature among the 10 different tests ranged from 7.29 to 8.40 and 12.6 to 25.0°C, 

respectively.  Control survival exceeded 90 percent in all tests regardless of life-stage tested.  

The glochidia were not substantially more sensitive than the juveniles (less than a factor of 2 

difference). 

 

Mussels in Genus Lampsilis 

Freshwater unionid mussels within the Genus Lampsilis represent the most widely tested 

genus to date.  The GMAV of 46.63 mg TAN/L reflects the geometric mean of SMAVs for six 

species, two (Lampsilis abrupta and L. higginsii) which are endangered and a third (L. 

rafinesqueana) that is a Federal species of concern (Table 3).  The SMAVs for this genus range 

from 26.03 mg TAN/L (L. abrupta) to 69.97 mg TAN/L (L. rafinesqueana), and are composed 

of anywhere from one (L. abrupta) to fourteen (L. siliquoidea) individual EC50s (Appendix A).  

The range of EC50s used to calculate the FAV, normalized to pH 7 and 20°C across all species of 
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Lampsilis is from 24.30 to 160.5 mg TAN/L (see Appendix A).  The GMAV for Lampsilis is the 

fifth most sensitive in the acute dataset, and the highest of the four GMAVs used to calculate the 

FAV (Table 3).  Both glochidia and juvenile data were available for three of the six Lampsilis 

species, showing an inconsistent pattern of relative sensitivity.  

 

Table 3.  Ranked Genus Mean Acute Values. 
Table 3.  Ranked Genus Mean Acute Values 

Rank 
GMAV 

(mg TAN/L) Species 
SMAV 

(mg TAN/L) 

69 2515 Insect, 
Erythromma najas 2515 

68 994.5 Caddisfly, 
Philarctus quaeris 994.5 

67 735.9 Beetle, 
Stenelmis sexlineata 735.9 

66 686.2 

Crayfish, 
Orconectes immunis 1550 

Crayfish, 
Orconectes nais 303.8 

65 681.8 

Midge, 
Chironomus riparius 1029 

Midge, 
Chironomus tentans 451.8 

64 442.4 Mayfly, 
Drunella grandis 442.4 

63 387.0 Aquatic sowbug, 
Caecidotea racovitzai 387.0 

62 378.2 Isopod, 
Asellus aquaticus 378.2 

61 281.5 Threespine stickleback, 
Gasterosteus aculeatus 281.5 

60 246.5 

Mayfly, 
Callibaetis skokianus 364.6 

Mayfly, 
Callibaetis sp. 166.7 

59 233.0 Dragonfly, 
Pachydiplax longipennis 233.0 

58 222.2 Mottled sculpin, 
Cottus bairdii 222.2 

57 219.3 Western mosquitofish, 
Gambusia affinis 219.3 

56 218.7 Oligochaete worm, 
Lumbriculus variegatus 218.7 

55 216.5 Tubificid worm, 
Tubifex tubifex 216.5 

54 211.6 Marsh ramshorn snail, 
Planorbella  trivolvis 211.6 
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Table 3.  Ranked Genus Mean Acute Values 

Rank 
GMAV 

(mg TAN/L) Species 
SMAV 

(mg TAN/L) 

53 192.6 Scud, 
Hyalella azteca 192.6 

52 192.4 Stonefly, 
Skwala americana 192.4 

51 185.2 Mozambique tilapia, 
Oreochromis mossambicus 185.2 

50 181.8 

Amphipod, 
Crangonyx pseudogracilis 270.5 

Amphipod, 
Crangonyx sp. 122.2 

49 170.2 Tubificid worm, 
Limnodrilus hoffmeisteri 170.2 

48 164.5 Pouch snail, 
Physa gyrina 164.5 

47 164.0 Damselfly, 
Enallagma sp. 164.0 

46 162.6 Water flea, 
Chydorus sphaericus 162.6 

45 159.2 Fathead minnow, 
Pimephales promelas 159.2 

44 157.8 

Brook trout, 
Salvelinus fontinalis 156.3 

Lake trout, 
Salvelinus namaycush 159.3 

43 156.7 Shortnose sturgeon, 
Acipenser brevirostrum (LS) 156.7 

42 146.5 

White sucker, 
Catostomus commersonii 157.5 

Mountain sucker, 
Catostomus platyrhynchus 136.2 

41 143.9 

Water flea, 
Ceriodaphnia acanthine 154.3 

Water flea, 
Ceriodaphnia dubia 134.2 

40 142.9 Water flea, 
Simocephalus vetulus 142.9 

39 142.4 Channel catfish, 
Ictalurus punctatus 142.4 

38 138.0 Red swamp crayfish, 
Procambarus clarkii 138.0 

37 136.7 

Atlantic salmon, 
Salmo salar (LS) 183.3 

Brown trout, 
Salmo trutta 102.0 

36 134.8 

White perch, 
Morone americana 132.7 

White bass, 
Morone chrysops 144.0 
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Table 3.  Ranked Genus Mean Acute Values 

Rank 
GMAV 

(mg TAN/L) Species 
SMAV 

(mg TAN/L) 
Striped bass, 
Morone saxatilis 246.2 

Sunshine bass, 
Morone saxatilis x chrysops 70.22 

35 125.0 

Water flea, 
Daphnia magna 157.7 

Water flea, 
Daphnia pulicaria 99.03 

34 122.5 Clawed toad, 
Xenopus laevis 122.5 

33 119.5 Flatworm, 
Dendrocoelum lacteum 119.5 

32 117.1 Walleye, 
Sander vitreus 117.1 

31 115.9 Central stoneroller, 
Campostoma anomalum 115.9 

30 110.0 

Rainbow dace, 
Cyprinella lutrensis 196.1 

Spotfin shiner, 
Cyprinella spiloptera 83.80 

Steelcolor shiner, 
Cyprinella whipplei 80.94 

29 109.0 Dwarf wedgemussel, 
Alasmidonta heterodon (LS) 109.0 

28 109.0 Pink papershell, 
Potamilus ohiensis 109.0 

27 106.9 

Green sunfish, 
Lepomis cyanellus 150.8 

Pumpkinseed, 
Lepomis gibbosus 77.53 

Bluegill, 
Lepomis macrochirus 104.5 

26 106.3 Common carp, 
Cyprinus carpio 106.3 

25 99.15 

Golden trout, 
Oncorhynchus aguabonita 112.1 

Cutthroat trout, 
Oncorhynchus clarkii 78.92 

Pink salmon, 
Oncorhynchus gorbuscha 180.7 

Coho salmon, 
Oncorhynchus kisutch (LS) 87.05 

Rainbow trout, 
Oncorhynchus mykiss (LS) 82.88 

Chinook salmon, 
Oncorhynchus tshawytscha (LS) 82.39 

24 96.72 Topeka shiner, 
Notropis topeka (LS) 96.72 
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Table 3.  Ranked Genus Mean Acute Values 

Rank 
GMAV 

(mg TAN/L) Species 
SMAV 

(mg TAN/L) 

23 96.38 Leopard frog, 
Rana pipiens 96.38 

22 89.36 Long fingernailclam, 
Musculium transversum 89.36 

21 89.06 

Smallmouth bass, 
Micropterus dolomieu 150.6 

Largemouth bass, 
Micropterus salmoides 86.02 

Guadalupe bass, 
Micropterus treculii 54.52 

20 88.62 Great pond snail, 
Lymnaea stagnalis 88.62 

19 74.66 Guppy, 
Poecilia reticulata 74.66 

18 74.25 

Johnny darter, 
Etheostoma nigrum 71.45 

Orangethroat darter, 
Etheostoma spectabile 77.17 

17 72.55 Rio Grande silvery minnow, 
Hybognathus amarus 72.55 

16 71.56 

Spring peeper, 
Pseudacris crucifer 61.18 

Pacific tree frog, 
Pseudacris regilla 83.71 

15 71.25 

Mucket, 
Actinonaias ligamentina 63.89 

Pheasantshell, 
Actinonaias pectorosa 79.46 

14 70.73 Giant floater mussel, 
Pyganodon grandis 70.73 

13 69.36 Shortnose sucker, 
Chasmistes brevirostris 69.36 

12 68.54 Pagoda hornsnail, 
Pleurocera uncialis 68.54 

11 63.02 Golden shiner, 
Notemigonus crysoleucas 63.02 

10 62.15 Pebblesnail, 
Fluminicola sp. 62.15 

9 56.62 Lost River sucker, 
Deltistes luxatus(LS) 56.62 

8 51.93 Mountain whitefish, 
Prosopium williamsoni 51.93 

7 47.40 Atlantic pigtoe, 
Fusconaia masoni 47.40 

6 46.93 Pondshell mussel, 
Utterbackia imbecillis 46.93 

5 46.63 Pink mucket, 
Lampsilis abrupta (LS) 26.03 
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Table 3.  Ranked Genus Mean Acute Values 

Rank 
GMAV 

(mg TAN/L) Species 
SMAV 

(mg TAN/L) 
Plain pocketbook, 
Lampsilis cardium 50.51 

Wavy-rayed lampmussel, 
Lampsilis fasciola 48.11 

Higgin's eye, 
Lampsilis higginsii (LS) 41.90 

Neosho mucket, 
Lampsilis rafinesqueana (LS) 69.97 

Fatmucket, 
Lampsilis siliquoidea 55.42 

4 34.23 Rainbow mussel, 
Villosa iris 34.23 

3 31.14 Oyster mussel, 
Epioblasma capsaeformis (LS) 31.14 

2 23.41 Green floater, 
Lasmigona subviridis 23.41 

1 23.12 Ellipse, 
Venustaconcha ellipsiformis 23.12 

FAV = 33.52   

CMC = 17   
LS = Federally-listed as threatened or endangered species 

 

Chronic Toxicity to Freshwater Aquatic Animals 
Freshwater chronic toxicity data that meet the test acceptability and quality 

assurance/control criteria are presented in Appendix B.  All tests were conducted with measured 

concentrations of ammonia.  Ammonia chronic toxicity data are available for 21 species of 

freshwater organisms: ten invertebrate species (mussels, clam, snail, cladocerans, daphnid, and 

insect) and 11 fish species, including three Federally-listed salmonid species.  The chronic 

dataset includes data for three freshwater unionid mussel species, one freshwater non-pulmonate 

snail species, and two fish species not included in the 1999 criteria (see Appendix B).  It also 

includes an estimate of chronic effects for the Phylum Annelida, to meet the data requirement of 

a species in “a family in any order of insect or any phylum not already represented,” as described 

below. 

Each chronic test was reviewed to determine acceptability based on the dilution water, 

control mortality, experimental design, organism loading, etc., as consistent with ASTM 

standards, including for freshwater mussels via E2455-06 (ASTM 2006).  The concentration of 
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dissolved oxygen was also reviewed to determine acceptability based on the general limits 

specified in the 1999 AWQC document.  The mean measured dissolved oxygen concentration 

and the lower limit for dissolved oxygen concentration required to be protective varies based on 

taxa group.  The mean dissolved oxygen concentration for toxicity tests should be at least 6.5 

mg/L for salmonids, 6.0 mg/L for invertebrates, and the lower limit of dissolved oxygen should 

be 5.0 mg/L to be protective of both of these groups of organisms (U.S. EPA 1999).  

Based on the determination that the test methodology used was acceptable, the studies 

were evaluated to determine whether the ammonia caused a reduction in (a) survival (if over a 

period of at least seven days), (b) growth, or (c) reproduction.  If the test demonstrated reduction 

in any of these toxicological endpoints, the test could be accepted for use in calculating the 

chronic value (CV).  

Acceptable 28-day survival tests using juvenile freshwater mussels and juvenile 

freshwater snails and growth tests using juvenile freshwater snails were evaluated for inclusion 

in the derivation of the chronic aquatic life criterion when the test concentration caused a 

reduction in survival or growth of 20 percent or more of these types of organisms at those life 

stages.  Based on evaluation of the individual studies (Wang et al. 2007a; Wang et al. 2011), 

growth data for juvenile mussels was not used in the derivation of the chronic criterion due to 

uncertainty in method of measurement for the growth endpoint (see Effects Characterization for 

further discussion).   

All chronic data in individual studies were analyzed using regression analysis to 

demonstrate the presence of a concentration-effect relationship within the test.  For those studies 

that demonstrated a concentration-effect relationship, EPA used regression analysis to estimate 

the EC20.  

Sixteen GMCVs are presented in Appendix B and ranked according to sensitivity in 

Table 4.  The four lowest values were used to calculate the FCV, because values for fewer than 

59 genera exist.  EPA calculated the chronic criterion based on fifth percentile of the GMCVs in 

Table 4.  The GMCVs for the four most sensitive species are ranked below from most to least 

sensitive: 

 

1. Lampsilis spp, Wavy-rayed lamp mussel and Fatmucket (GMCV=2.126 mg TAN/L) 

2. Villosa iris, Rainbow mussel (GMCV= 3.501 mg TAN/L)  
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3. Lepomis spp., Bluegill and Green sunfish (GMCV= 6.920 mg TAN/L) 

4. Musculium transversum, Long fingernailclam (GMCV= 7.547 mg TAN/L) 

 

The chronic criterion magnitude is 1.9 mg TAN/L at 20°C and pH 7.  The four most 

sensitive species are predominantly mollusks although Lepomis species (bluegill and green 

sunfish) comprise the third most sensitive GMCV.  Figure 4 shows the GMCVs ranked 

according to sensitivity and shows the 2013 chronic criteria magnitude as well as the 1999 

criterion value (based on fish early life stages) for comparative purposes.  

 

 
Figure 4.  Ranked Freshwater Genus Mean Chronic Values (GMCVs) with Criterion 
Continuous Concentrations (CCCs). 
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Summaries of studies used in chronic criterion determination 

The following presents a species-by-species discussion of freshwater chronic data used in 

deriving the chronic criterion magnitude for ammonia.  All analyses were conducted in terms of 

TAN, either as reported by the authors or as converted from the reported values for unionized 

ammonia, pH, and temperature (using the speciation relationship in Emerson et al. 1975).  EC20 

values were adjusted to pH 7, and for invertebrates, also adjusted to a temperature of 20°C.  

SMCVs were used when data were available for only one species.  When data for more than one 

species in a taxon were available, GMCVs were calculated from the SMCVs.  All of the CVs 

(EC20 values), SMCVs, and GMCVs derived are tabulated and included in Appendix B.  For 

some of the new chronic data, authors reported EC20 values on the basis of TAN.  In such cases 

these reported CVs were normalized to pH 7 and 20°C (temperature normalization for 

invertebrates only), and utilized for the analysis.  The results of all intermediate calculations such 

as ECs, SMCVs and GMCVs are given to four significant figures to prevent round-off error in 

subsequent calculations, not to reflect the precision of the value.   

 

Lampsilis species 

Lampsilis fasciola (wavy-rayed lampmussel) 

Wang et al. (2007a) published results of the effect of ammonia on survival and growth of 

2-month old juvenile freshwater unionid mussels.  The 28-day juvenile test was part of a series 

of studies designed to refine the methods for conducting acute and chronic toxicity tests with 

early life stages of freshwater mussels.  Dissolved oxygen was maintained above 7.0 mg/L 

during the 28-day test.  Survival in the control treatment and lowest ammonia test concentration 

(0.13 mg TAN/L) were 100 and 83 percent, respectively.  Survival decreased to 30 percent at 

1.02 mg TAN/L, and zero at 1.98 mg TAN/L.  There was no concentration-response relationship 

for either length at 28 days or change in length after 28 days.  Using EPA’s TRAP model (see 

Appendix G), the survival EC20 for this freshwater unionid mussel species is 0.4272 mg TAN/L 

at test temperature (20°C) and pH (8.2), or 1.408 mg TAN/L when adjusted to pH 7 and 20°C 

(Appendix B). 
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Lampsilis siliquoidea (fatmucket) 

In a recent study, Wang et al. (2011) evaluated the influence of substrate on the 

sensitivity of two-month-old juvenile mussels to ammonia in 28-day water-only exposure and 

substrate exposure.  The methods used were similar to those in an earlier study (Wang et al. 

2007a) except for how the organisms were exposed.  In this study, the organisms were housed in 

a glass tube with a screen bottom that was suspended in a beaker.  The authors conducted two 

exposure conditions simultaneously for comparison of the water-only and substrate exposure.  

The organisms used in the water-only exposure were simply placed on the screen at the bottom 

of the tube.  The substrate treatment involved substrate that was screened, eliminating both large 

and small particles, with only particles between 300-500 microns retained, which is essentially 

the grain size of medium sand.  A layer of substrate was placed on the screen and the organisms 

were placed on top of the relatively inert substrate.  In the substrate treatment, the water actively 

flowed past the organisms and through the substrate.  Water chemistry was characterized before 

and after passing through the substrate and found not to be substantially altered.  Furthermore, 

the pH was maintained consistently at approximately pH 8.25 in overlying water and porewater. 

The survival response between the water-only and substrate treatments was similar with a 

reported LOEC of 0.53 mg TAN/L in the water-only and 0.88 mg TAN/L for the substrate 

treatment at the test pH 8.25 and temperature 20°C.   Mean control survival in both the water-

only and substrate treatments was 95% at the end of the 28-day exposures, which met 

acceptability requirements.  Dry weight measurements of the mussels increased by 165% in the 

water-only exposure compared to 590% increase in the substrate exposure suggesting that the 

presence of the substrate increased food availability, as noted by the authors.   

Using TRAP threshold sigmoid regression of the survival response results in an EC20 of 

0.5957 mg TAN/L for the water-only and EC20 0.8988 mg TAN/L for the substrate exposure at 

the test pH and temperature, or adjusted to pH 7 and 20°C, chronic values equivalent to 2.128 

and 3.211 mg TAN/L, respectively (Appendix B).  Based on the apparent improved health of the 

test organisms in the substrate exposures, and the lack of any significant alteration of water 

chemistry in the exposure, the SMCV 3.211 mg TAN/L, based on survival of juvenile fatmucket 

from the substrate exposures is used to calculate the CCC rather than the water-only exposure. 
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The geometric mean of SMCVs for fatmucket and wavy-rayed lamp mussel of 3.211 and 

1.408 mg TAN/L, respectively, results in a GMCV of 2.126 mg TAN/L for the genus Lampsilis 

(Table 4). 

 

Villosa iris (rainbow mussel) 

The effect of ammonia on survival and growth of this freshwater unionid mussel species 

was also reported in the study by Wang et al. (2007a).  Juvenile (2-month-old) rainbow mussels 

were tested via a 28-day test under similar conditions as described above.  Survival was ≥ 98 

percent up to the 0.81 mg TAN/L exposure, but fell to 15 percent at 1.67 mg TAN/L and zero 

percent at 3.45 and 7.56 mg TAN/L.  EPA’s TRAP was used to generate a chronic value for this 

species based on survival resulting in EC20 of 1.063 mg TAN/L at test temperature (20°C) and 

pH (8.2) – (Appendix G), or 3.501 mg TAN/L adjusted to pH 7.0.  Wang et al. (2007a) elected to 

exclude length estimates for concentrations above those where significant survival effects were 

measured (or in this case, 1.67 mg TAN/L).  As a result, growth data are available for only three 

effect concentrations, even though there was 15% survival at the 1.67 mg TAN/L treatment 

level.  Due to the uncertainties in the limited growth data for this test the growth data was not 

used in the calculation of the GMCV.   

The SMCV and GMCV for this freshwater unionid mussel species is 3.501 mg TAN/L 

when adjusted to pH 7 and 20°C (Appendix B). 

 

Lepomis species 

Lepomis cyanellus (green sunfish) 

Reinbold and Pescitelli (1982a) conducted a 31-day early life-stage (ELS) test that started 

with <24-hour-old embryos.  No information was reported concerning the DO concentration, but 

it averaged 70 to 76 percent of saturation (5.7 to 6.2 mg/L) in a similar test in the same report 

with another fish species at about the same temperature.  The weight data were not used in the 

calculation of an EC20 because of the greater weight of the fish in test chambers containing fewer 

fish, which indicated that weight was density-dependent.  Although overflows resulted in loss of 

fish from some chambers, survival was 96 percent in one of the chambers affected by overflow, 

indicating that the survival data were either adjusted or not affected by the overflows. Survival 

by the end of the test was reduced at test concentrations of 6.3 mg TAN/L and above.  TRAP 
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analysis of the survival data resulted in an EC20 of 5.840 mg TAN/L at pH 8.16 and 25.4°C (U.S. 

EPA 1999).  Adjusted to pH 7, the EC20 is 18.06 mg TAN/L (Appendix B). 

McCormick et al. (1984) conducted a 44-day ELS test starting with <24-hour-old 

embryos.  During this test, no effect was found on percent hatch, but survival and growth were 

both reduced at measured test concentrations of 14 mg TAN/L and above.  TRAP analysis using 

biomass resulted in an EC20 of 5.61 mg TAN/L at pH 7.9 and 22.0°C for the test (U.S. EPA 

1999).  Adjusted to pH 7, the EC20 calculated using the data as previously reported in U.S. EPA 

(1999) is 11.85 mg TAN/L (Appendix B). 

The pH-adjusted EC20s of 18.06 mg TAN/L from Reinbold and Pescitelli (1982a) and 

11.85 mg TAN/L from McCormick et al. (1984) agree well with one another.  It is possible that 

the second value is lower because it was based on survival and growth, whereas the first value 

was based only on survival.  The results of the tests were deemed acceptable for use in 

calculating a SMCV for the species, which is 14.63 mg TAN/L (Table 4) at pH 7.   

 

Lepomis macrochirus (bluegill) 

Similar to the studies summarized above for L. cyanellus, Smith et al. (1984) conducted a 

30-day ELS test starting with <28-hour old embryos of L. macrochirus.  No information was 

reported concerning the DO concentration, but the flow-rate was kept high during the test.  In 

this study, the authors found no significant reduction in percent hatch up to a test concentration 

of 37 mg TAN/L, but hatched larvae were deformed at this concentration and died within six 

days.  By the end of the test, both survival and growth were greatly reduced at measured test 

concentrations ranging from 3.75 to 18 mg TAN/L.  TRAP analysis of biomass resulted in 

calculation of an EC20 of 1.85 mg TAN/L at pH 7.76 and 22.5°C (U.S. EPA 1999).  The EC20 

adjusted to pH 7 is 3.273 mg TAN/L (Appendix B). 

The SMCV for the bluegill is 3.273 mg TAN/L, which, when calculated as a geometric 

mean with the SMCV of 14.63 mg TAN/L for green sunfish, results in a GMCV of 6.920 for the 

genus Lepomis (Table 4). 

 

Musculium transversum 

Anderson et al. (1978) conducted two 42-day tests of the effect of ammonia on survival 

of field-collected juvenile clams whose length averaged 2.2 mm.  The results of the two tests 
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were similar so the data were pooled for analysis.  Survival in the control treatment and low 

ammonia concentrations (<5.1 mg TAN/L) ranged from 79 to 90%, but decreased to zero at 18 

mg TAN/L.  TRAP analysis of the survival data resulted in a calculated EC20 of 5.820 mg 

TAN/L at 23.5°C and pH 8.15.  The EC20 is 22.21 mg TAN/L when adjusted to pH 7 and 20°C 

(Appendix B). 

Sparks and Sandusky (1981) conducted a test similar to Anderson et al. (1978) with field-

collected juvenile clams whose average length was 2.1 mm.  The test was conducted in the same 

laboratory and used test organisms from the same location in the Mississippi River as Anderson 

et al. (1978), but employed a feeding regime and food for the test that was deemed by the authors 

to be better suited to maintaining the health of fingernail clams during chronic toxicity testing.  

Survival in the control treatment was 92% and decreased with increasing concentration of 

ammonia to 17% at 18 mg TAN/L.  Effects on survival were evident at lower concentrations, 

resulting in an EC20 of only 1.23 mg TAN/L at 21.8°C and pH 7.80 when calculated using 

TRAP.  The EC20 adjusted to pH 7 and 20°C is 2.565 mg TAN/L (Appendix B).   

Although this latter EC20 determined for the test reported by Sparks and Sandusky (1981) 

is substantially lower than that obtained by Anderson et al. (1978), the difference is less than a 

factor of 10, and thus, the SMCV for this species (at pH 7 and 20°C) is the geometric mean of the 

two values, or 7.547 mg TAN/L (Table 4).   
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Table 4.  Ranked Genus Mean Chronic Values. 

Rank 
GMCV  

(mg TAN/L) Species 
SMCV  

(mg TAN/L) 

16 73.74 Stonefly, 
Pteronarcella badia 73.74 

15 53.75 

Water flea, 
Ceriodaphnia acanthina 64.10 

Water flea, 
Ceriodaphnia dubia 45.08 

14 41.46 Water flea, 
Daphnia magna 41.46 

13 29.17 Amphipod, 
Hyalella azteca 29.17 

12 21.36 Channel catfish, 
Ictalurus punctatus 21.36 

11 20.38 Northern pike, 
Esox lucius 20.38 

10 16.53 Common carp, 
Cyprinus carpio 16.53 

9 12.02 

Lahontan cutthroat trout, 
Oncorhynchus clarkii henshawi 

(LS)* 
25.83 

Rainbow trout, 
Oncorhynchus mykiss (LS) 6.663 

Sockeye salmon, 
Oncorhynchus nerka (LS) 10.09 

8 11.62 White sucker, 
Catostomus commersonii 11.62 

7 11.07 Smallmouth bass, 
Micropterus dolomieu 11.07 

6 9.187 Fathead minnow, 
Pimephales promelas 9.187 

5 7.828 Pebblesnail, 
Fluminicola sp. 7.828 

4 7.547 Long fingernailclam, 
Musculium transversum 7.547 

3 6.920 

Green sunfish, 
Lepomis cyanellus 14.63 

Bluegill, 
Lepomis macrochirus 3.273 

2 3.501 Rainbow mussel, 
Villosa iris  3.501 

1 2.126 

Fatmucket, 
Lampsilis siliquoidea 

3.211 

Wavy-rayed lamp mussel, 
Lampsilis fasciola 1.408 

FCV = 1.887 mg TAN/L   
CCC = 1.9 mg TAN/L   

LS= Federally-listed species as threatened or endangered 

LS* = Listed at the subspecies only for specific populations 
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The National Criteria for Ammonia in Fresh Water 
This ammonia criteria update document recommends an acute criterion magnitude of 17 

mg TAN/L and a chronic criterion magnitude of 1.9 mg TAN/L at pH 7 and 20°C, with the 

stipulation that the chronic criterion cannot exceed 4.8 mg TAN/L as a 4-day average.  All 

criteria magnitudes are recommended not to be exceeded more than once in three years on 

average.   

 

2013 Final Aquatic Life Criteria for Ammonia  
(Magnitude, Frequency, and Duration)  

(mg TAN/L) 
pH 7.0, T=20°C 

Acute 
(1-hour average) 17 

Chronic 
(30-day rolling average) 1.9* 

*Not to exceed 2.5 times the CCC as a 4-day average within 
the 30-days, i.e. 4.8 mg TAN/L at pH 7 and 20°C, more than 
once in three years on average. 
Criteria frequency: Not to be exceeded more than once in 
three years on average. 

 

The available data for ammonia indicate that, except possibly where an unusually 

sensitive species is important at a site, freshwater aquatic life will be protected if these criteria 

are met.  Tables 5a and 5b below provide the temperature and pH-dependent values of the CMC 

(acute criterion magnitude) and Table 6 provides the temperature and pH-dependent values of 

the CCC (chronic criterion magnitude) based on the following recommended criterion 

calculations derived for this update. 

 

Acute criterion calculations 

The one-hour average concentration of total ammonia nitrogen (in mg TAN/L) is not to 

exceed, more than once every three years on the average, the CMC (acute criterion magnitude) 

calculated using the following equation:  
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The 2013 CMC equation is predicated on the following: 

 

1. The lowest GMAV in this criterion update is for an invertebrate species; thus, the CMC is 

both pH- and temperature-dependent and varies with temperature according to the invertebrate 

acute temperature relationship.  The lowest GMAV is 23.12 mg TAN/L for Venustaconcha 

(Table 3).  The updated CMC (rounded to 4 significant figures) of 16.76 mg TAN/L at pH 7 and 

20°C is 27.5 percent lower than this value.  The CMC divided by the lowest GMAV is 0.7249.   

 

2. Where salmonids in the Genus Oncorhynchus are present, EPA’s recommended acute 

criterion magnitude is protective of the commercially and recreationally important adult rainbow 

trout, which becomes the most sensitive endpoint at lower temperatures (see footnotes pertaining 

to the 1999 FAV in Table 7 and Appendix A).  Vertebrate sensitivity to ammonia is independent 

of temperature, while invertebrate sensitivity to ammonia decreases as temperature decreases.  

Therefore, across all temperatures the CMC equals the lower of: a) 0.7249 times the temperature 

adjusted lowest invertebrate GMAV (for Ellipse 23.12 mg TAN/L times 0.7249, or 16.76 mg 

TAN/L at pH 7.0 and 20ºC), or (b) the FAV protective of adult rainbow trout (48.21 mg TAN/L) 

divided by two, or 24.10 mg TAN/L at pH 7.0 and across all temperatures, according to the 

following temperature relationship: 

 

   (       )     (      (             (        (    )))) 

 

Thus, the CMC increases with decreasing temperature as a result of increased invertebrate 

insensitivity until it reaches a plateau of 24.10 mg TAN/L at 15.7°C and below, where the most 

sensitive taxa is the temperature invariant rainbow trout (Table 5a; see also Oncorhynchus 

present line in Figure 5a).  
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3. Where Oncorhynchus species are absent, EPA retains all tested species in the order 

Salmoniformes as tested surrogate species representing untested freshwater fish resident in the 

U.S. from another order, but does not lower the criterion to protect them as commercially and 

recreationally important species.  The lowest GMAV for a freshwater fish is 51.93 mg TAN/L 

for mountain whitefish (Prosopium williamsoni) (Table 3). Therefore, in this case, the CMC 

equals the lower of: a) 0.7249 times the temperature adjusted lowest invertebrate GMAV (for 

Ellipse 23.12 mg TAN/L times 0.7249, or 16.76 mg TAN/L at pH 7.0 and 20ºC), or (b) 0.7249 

times the lowest freshwater fish GMAV (51.93 mg TAN/L at pH 7.0 and all temperatures), 

according to the following temperature relationship: 

 

   (       )            (                    (    )) 

 

Thus, the CMC increases with decreasing temperature as a result of increased invertebrate 

insensitivity until it reaches a plateau of 37.65 mg TAN/L at 10.2°C and below (51.93 mg 

TAN/L x 0.7249), where the most sensitive taxa switches to the temperature invariant fish genus 

Prosopium (Table 5b; see also Oncorhynchus absent line in Figure 5a).  Note: while the 

mountain whitefish (Prosopium williamsoni) is a species in the same family as Oncorhynchus 

species (i.e., Family: Salmonidae), it is also an appropriately sensitive surrogate species amongst 

all freshwater fish in the Class Actinopterygii.  

 

The CMC, where Oncorhynchus species are absent, extrapolated across both temperature and pH 

is as follows: 

 

             
      

            
 

      

            
    (                    (    )) 

 

4. When a threatened or endangered species occurs at a site and sufficient data indicate that it is 

sensitive at 1-hour average concentrations below the CMC, it is appropriate to consider deriving 

a site-specific criterion magnitude.  It should be noted that the dataset used to derive the 2013 
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ammonia criteria magnitudes included some threatened or endangered species, none of which 

were the most sensitive of the species tested. 

 

In summary, at pH 7 and 20°C the CMC is 17 mg TAN/L, as primarily determined by the 

sensitivity of invertebrates.  As temperature decreases to 15.7°C and below, invertebrates no 

longer are the most sensitive taxa, and thus in this range the CMC is 24 mg TAN/L. Where 

recreationally and/or commercially important Oncorhynchus species are not present, the CMC is 

determined according to statement three above.  Below 15.7°C, if Oncorhynchus species are not 

present the criterion continues to increase with decreasing temperature to 10.2°C and below, 

where the CMC is 38 mg TAN/L. 

 

 
Figure 5a.  2013 Acute Criterion Magnitudes Extrapolated Across a Temperature Gradient 
at pH 7. 
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Table 5a.  Temperature and pH-Dependent Values of the CMC (Acute Criterion Magnitude) – Oncorhynchus spp. Present.  
 

 Temperature (°C) 
pH 0-14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

6.5 33 33 32 29 27 25 23 21 19 18 16 15 14 13 12 11 9.9 
6.6 31 31 30 28 26 24 22 20 18 17 16 14 13 12 11 10 9.5 
6.7 30 30 29 27 24 22 21 19 18 16 15 14 13 12 11 9.8 9.0 
6.8 28 28 27 25 23 21 20 18 17 15 14 13 12 11 10 9.2 8.5 
6.9 26 26 25 23 21 20 18 17 15 14 13 12 11 10 9.4 8.6 7.9 
7.0 24 24 23 21 20 18 17 15 14 13 12 11 10 9.4 8.6 8.0 7.3 
7.1 22 22 21 20 18 17 15 14 13 12 11 10 9.3 8.5 7.9 7.2 6.7 
7.2 20 20 19 18 16 15 14 13 12 11 9.8 9.1 8.3 7.7 7.1 6.5 6.0 
7.3 18 18 17 16 14 13 12 11 10 9.5 8.7 8.0 7.4 6.8 6.3 5.8 5.3 
7.4 15 15 15 14 13 12 11 9.8 9.0 8.3 7.7 7.0 6.5 6.0 5.5 5.1 4.7 
7.5 13 13 13 12 11 10 9.2 8.5 7.8 7.2 6.6 6.1 5.6 5.2 4.8 4.4 4.0 
7.6 11 11 11 10 9.3 8.6 7.9 7.3 6.7 6.2 5.7 5.2 4.8 4.4 4.1 3.8 3.5 
7.7 9.6 9.6 9.3 8.6 7.9 7.3 6.7 6.2 5.7 5.2 4.8 4.4 4.1 3.8 3.5 3.2 3.0 
7.8 8.1 8.1 7.9 7.2 6.7 6.1 5.6 5.2 4.8 4.4 4.0 3.7 3.4 3.2 2.9 2.7 2.5 
7.9 6.8 6.8 6.6 6.0 5.6 5.1 4.7 4.3 4.0 3.7 3.4 3.1 2.9 2.6 2.4 2.2 2.1 
8.0 5.6 5.6 5.4 5.0 4.6 4.2 3.9 3.6 3.3 3.0 2.8 2.6 2.4 2.2 2.0 1.9 1.7 
8.1 4.6 4.6 4.5 4.1 3.8 3.5 3.2 3.0 2.7 2.5 2.3 2.1 2.0 1.8 1.7 1.5 1.4 
8.2 3.8 3.8 3.7 3.5 3.1 2.9 2.7 2.4 2.3 2.1 1.9 1.8 1.6 1.5 1.4 1.3 1.2 
8.3 3.1 3.1 3.1 2.8 2.6 2.4 2.2 2.0 1.9 1.7 1.6 1.4 1.3 1.2 1.1 1.0 0.96 
8.4 2.6 2.6 2.5 2.3 2.1 2.0 1.8 1.7 1.5 1.4 1.3 1.2 1.1 1.0 0.93 0.86 0.79 
8.5 2.1 2.1 2.1 1.9 1.8 1.6 1.5 1.4 1.3 1.2 1.1 0.98 0.90 0.83 0.77 0.71 0.65 
8.6 1.8 1.8 1.7 1.6 1.5 1.3 1.2 1.1 1.0 0.96 0.88 0.81 0.75 0.69 0.63 0.59 0.54 
8.7 1.5 1.5 1.4 1.3 1.2 1.1 1.0 0.94 0.87 0.80 0.74 0.68 0.62 0.57 0.53 0.49 0.45 
8.8 1.2 1.2 1.2 1.1 1.0 0.93 0.86 0.79 0.73 0.67 0.62 0.57 0.52 0.48 0.44 0.41 0.37 
8.9 1.0 1.0 1.0 0.93 0.85 0.79 0.72 0.67 0.61 0.56 0.52 0.48 0.44 0.40 0.37 0.34 0.32 
9.0 0.88 0.88 0.86 0.79 0.73 0.67 0.62 0.57 0.52 0.48 0.44 0.41 0.37 0.34 0.32 0.29 0.27 
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Table 5b.  Temperature and pH-Dependent Values of the CMC (Acute Criterion Magnitude) – Oncorhynchus spp. Absent.  
 

 Temperature (°C) 
pH 0-10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

6.5 51 48 44 41 37 34 32 29 27 25 23 21 19 18 16 15 14 13 12 11 9.9 
6.6 49 46 42 39 36 33 30 28 26 24 22 20 18 17 16 14 13 12 11 10 9.5 
6.7 46 44 40 37 34 31 29 27 24 22 21 19 18 16 15 14 13 12 11 9.8 9.0 
6.8 44 41 38 35 32 30 27 25 23 21 20 18 17 15 14 13 12 11 10 9.2 8.5 
6.9 41 38 35 32 30 28 25 23 21 20 18 17 15 14 13 12 11 10 9.4 8.6 7.9 
7.0 38 35 33 30 28 25 23 21 20 18 17 15 14 13 12 11 10 9.4 8.6 7.9 7.3 
7.1 34 32 30 27 25 23 21 20 18 17 15 14 13 12 11 10 9.3 8.5 7.9 7.2 6.7 
7.2 31 29 27 25 23 21 19 18 16 15 14 13 12 11 9.8 9.1 8.3 7.7 7.1 6.5 6.0 
7.3 27 26 24 22 20 18 17 16 14 13 12 11 10 9.5 8.7 8.0 7.4 6.8 6.3 5.8 5.3 
7.4 24 22 21 19 18 16 15 14 13 12 11 9.8 9.0 8.3 7.7 7.0 6.5 6.0 5.5 5.1 4.7 
7.5 21 19 18 17 15 14 13 12 11 10 9.2 8.5 7.8 7.2 6.6 6.1 5.6 5.2 4.8 4.4 4.0 
7.6 18 17 15 14 13 12 11 10 9.3 8.6 7.9 7.3 6.7 6.2 5.7 5.2 4.8 4.4 4.1 3.8 3.5 
7.7 15 14 13 12 11 10 9.3 8.6 7.9 7.3 6.7 6.2 5.7 5.2 4.8 4.4 4.1 3.8 3.5 3.2 2.9 
7.8 13 12 11 10 9.3 8.5 7.9 7.2 6.7 6.1 5.6 5.2 4.8 4.4 4.0 3.7 3.4 3.2 2.9 2.7 2.5 
7.9 11 9.9 9.1 8.4 7.7 7.1 6.6 3.0 5.6 5.1 4.7 4.3 4.0 3.7 3.4 3.1 2.9 2.6 2.4 2.2 2.1 
8.0 8.8 8.2 7.6 7.0 6.4 5.9 5.4 5.0 4.6 4.2 3.9 3.6 3.3 3.0 2.8 2.6 2.4 2.2 2.0 1.9 1.7 
8.1 7.2 6.8 6.3 5.8 5.3 4.9 4.5 4.1 3.8 3.5 3.2 3.0 2.7 2.5 2.3 2.1 2.0 1.8 1.7 1.5 1.4 
8.2 6.0 5.6 5.2 4.8 4.4 4.0 3.7 3.4 3.1 2.9 2.7 2.4 2.3 2.1 1.9 1.8 1.6 1.5 1.4 1.3 1.2 
8.3 4.9 4.6 4.3 3.9 3.6 3.3 3.1 2.8 2.6 2.4 2.2 2.0 1.9 1.7 1.6 1.4 1.3 1.2 1.1 1.0 0.96 
8.4 4.1 3.8 3.5 3.2 3.0 2.7 2.5 2.3 2.1 2.0 1.8 1.7 1.5 1.4 1.3 1.2 1.1 1.0 0.93 0.86 0.79 
8.5 3.3 3.1 2.9 2.7 2.4 2.3 2.1 1.9 1.8 1.6 1.5 1.4 1.3 1.2 1.1 0.98 0.90 0.83 0.77 0.71 0.65 
8.6 2.8 2.6 2.4 2.2 2.0 1.9 1.7 1.6 1.5 1.3 1.2 1.1 1.0 0.96 0.88 0.81 0.75 0.69 0.63 0.58 0.54 
8.7 2.3 2.2 2.0 1.8 1.7 1.6 1.4 1.3 1.2 1.1 1.0 0.94 0.87 0.80 0.74 0.68 0.62 0.57 0.53 0.49 0.45 
8.8 1.9 1.8 1.7 1.5 1.4 1.3 1.2 1.1 1.0 0.93 0.86 0.79 0.73 0.67 0.62 0.57 0.52 0.48 0.44 0.41 0.37 
8.9 1.6 1.5 1.4 1.3 1.2 1.1 1.0 0.93 0.85 0.79 0.72 0.67 0.61 0.56 0.52 0.48 0.44 0.40 0.37 0.34 0.32 
9.0 1.4 1.3 1.2 1.1 1.0 0.93 0.86 0.79 0.73 0.67 0.62 0.57 0.52 0.48 0.44 0.41 0.37 0.34 0.32 0.29 0.27 
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Chronic criterion calculations 

 The thirty-day rolling average concentration of total ammonia nitrogen (in mg TAN/L) is 

not to exceed, more than once every three years on the average, the chronic criterion magnitude 

(CCC) calculated using the following equation: 

 

             (
      

            
 

      

            
)  (              (      (   ))) 

 

 In addition, the highest four-day average within the 30-day averaging period should not 

be more than 2.5 times the CCC (e.g., 2.5 x 1.9 mg TAN/L at pH 7 and 20°C or 4.8 mg TAN/L) 

more than once in three years on average. 

 

The 2013 CCC equation is predicated on the following: 

 

1.  The lowest GMCV in this criteria update is for an invertebrate species; thus, the CCC is both 

pH- and temperature-dependent (based on the invertebrate chronic temperature relationship).  

The lowest GMCV is 2.126 mg TAN/L for Villosa iris (Table 4).  The updated CCC (rounded to 

4 significant figures) of 1.887 mg TAN/L at pH 7and 20°C is 11.2 percent lower than the lowest 

GMCV.  The CCC to lowest GMCV ratio is 0.8876.   

 

2.  The most sensitive freshwater fish to chronic ammonia exposure are early life stages of 

Lepomis with a GMCV of 6.920 mg TAN/L (Table 4).  At a pH of 7 and temperature of 7°C and 

below, the CCC plateaus (see Figure 5b) at 4.363 mg TAN/L, which is lower than the GMCV for 

Lepomis, the most sensitive fish, multiplied by the CCC to lowest GMCV ratio (or 6.920 mg 

TAN/L x 0.8876 = 6.142 mg TAN/L); thus, at pH 7, the CCC is expressed as: 

 

            (                (      (   ))) 

 

This function increases steadily with decreasing temperature (T), until it reaches a maximum at 

7°C, below which it remains constant (see Table 6; also shown graphically in Figure 5b).  The 

rationale for the 7°C plateau in extrapolated invertebrate sensitivities is described in detail in 
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Appendix M.  The assumption of invertebrate insensitivity to temperatures of 7°C and below is 

based on an interpretation of the empirical relationship between acute ammonia toxicity of 

invertebrates and temperature, first described by Arthur et al. (1987), and in Appendix M). 

 

3.  All new chronic fish data added to this update of the freshwater AWQC for ammonia are 

from early life-stage tests of the species (see new data for Oncorhynchus clarkii henshawi, 

Oncorhynchus mykiss, Esox lucius, and Cyprinus carpio in Appendix B), and since the new 

chronic criterion magnitude lies far below all chronic values for these fishes (as well as for 

Lepomis spp.), the early life stage of fish no longer warrants special consideration. 

 

4.  Where a threatened or endangered species occurs at a site and sufficient data indicate that it is 

sensitive at concentrations below the CCC, it is appropriate to consider deriving a site-specific 

criterion magnitude. 

 

In summary, at pH 7 and 20°C the CCC of 1.9 mg TAN/L is determined by the 

sensitivity of invertebrates.  As temperature decreases, invertebrate sensitivity to ammonia 

decreases until the CCC reaches a maximum of 4.4 mg TAN/L at pH 7 and temperature of 7°C 

and below. 

 

  

Exhibit 34



 

48 

 

 
Figure 5b.  2013 Chronic Criterion Magnitudes Extrapolated Across a Temperature 
Gradient at pH 7. 
 

Exhibit 34



 

49 

 

Table 6.  Temperature and pH-Dependent Values of the CCC (Chronic Criterion Magnitude). 
 

 Temperature (°C) 
pH 0-7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
6.5 4.9 4.6 4.3 4.1 3.8 3.6 3.3 3.1 2.9 2.8 2.6 2.4 2.3 2.1 2.0 1.9 1.8 1.6 1.5 1.5 1.4 1.3 1.2 1.1 
6.6 4.8 4.5 4.3 4.0 3.8 3.5 3.3 3.1 2.9 2.7 2.5 2.4 2.2 2.1 2.0 1.8 1.7 1.6 1.5 1.4 1.3 1.3 1.2 1.1 
6.7 4.8 4.5 4.2 3.9 3.7 3.5 3.2 3.0 2.8 2.7 2.5 2.3 2.2 2.1 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.2 1.1 
6.8 4.6 4.4 4.1 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.3 2.1 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.1 
6.9 4.5 4.2 4.0 3.7 3.5 3.3 3.1 2.9 2.7 2.5 2.4 2.2 2.1 2.0 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.2 1.1 1.0 
7.0 4.4 4.1 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.3 2.2 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.1 0.99 
7.1 4.2 3.9 3.7 3.5 3.2 3.0 2.8 2.7 2.5 2.3 2.2 2.1 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.2 1.1 1.0 0.95 
7.2 4.0 3.7 3.5 3.3 3.1 2.9 2.7 2.5 2.4 2.2 2.1 2.0 1.8 1.7 1.6 1.5 1.4 1.3 1.3 1.2 1.1 1.0 0.96 0.90 
7.3 3.8 3.5 3.3 3.1 2.9 2.7 2.6 2.4 2.2 2.1 2.0 1.8 1.7 1.6 1.5 1.4 1.3 1.3 1.2 1.1 1.0 0.97 0.91 0.85 
7.4 3.5 3.3 3.1 2.9 2.7 2.5 2.4 2.2 2.1 2.0 1.8 1.7 1.6 1.5 1.4 1.3 1.3 1.2 1.1 1.0 0.96 0.90 0.85 0.79 
7.5 3.2 3.0 2.8 2.7 2.5 2.3 2.2 2.1 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.2 1.1 1.0 0.95 0.89 0.83 0.78 0.73 
7.6 2.9 2.8 2.6 2.4 2.3 2.1 2.0 1.9 1.8 1.6 1.5 1.4 1.4 1.3 1.2 1.1 1.1 0.98 0.92 0.86 0.81 0.76 0.71 0.67 
7.7 2.6 2.4 2.3 2.2 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.1 1.0 0.94 0.88 0.83 0.78 0.73 0.68 0.64 0.60 
7.8 2.3 2.2 2.1 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.2 1.1 1.0 0.95 0.89 0.84 0.79 0.74 0.69 0.65 0.61 0.57 0.53 
7.9 2.1 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.2 1.1 1.0 0.95 0.89 0.84 0.79 0.74 0.69 0.65 0.61 0.57 0.53 0.50 0.47 
8.0 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.1 1.0 0.94 0.88 0.83 0.78 0.73 0.68 0.64 0.60 0.56 0.53 0.50 0.44 0.44 0.41 
8.1 1.5 1.5 1.4 1.3 1.2 1.1 1.1 0.99 0.92 0.87 0.81 0.76 0.71 0.67 0.63 0.59 0.55 0.52 0.49 0.46 0.43 0.40 0.38 0.35 
8.2 1.3 1.2 1.2 1.1 1.0 0.96 0.90 0.84 0.79 0.74 0.70 0.65 0.61 0.57 0.54 0.50 0.47 0.44 0.42 0.39 0.37 0.34 0.32 0.30 
8.3 1.1 1.1 0.99 0.93 0.87 0.82 0.76 0.72 0.67 0.63 0.59 0.55 0.52 0.49 0.46 0.43 0.40 0.38 0.35 0.33 0.31 0.29 0.27 0.26 
8.4 0.95 0.89 0.84 0.79 0.74 0.69 0.65 0.61 0.57 0.53 0.50 0.47 0.44 0.41 0.39 0.36 0.34 0.32 0.30 0.28 0.26 0.25 0.23 0.22 
8.5 0.80 0.75 0.71 0.67 0.62 0.58 0.55 0.51 0.48 0.45 0.42 0.40 0.37 0.35 0.33 0.31 0.29 0.27 0.25 0.24 0.22 0.21 0.20 0.18 
8.6 0.68 0.64 0.60 0.56 0.53 0.49 0.46 0.43 0.41 0.38 0.36 0.33 0.31 0.29 0.28 0.26 0.24 0.23 0.21 0.20 0.19 0.18 0.16 0.15 
8.7 0.57 0.54 0.51 0.47 0.44 0.42 0.39 0.37 0.34 0.32 0.30 0.28 0.27 0.25 0.23 0.22 0.21 0.19 0.18 0.17 0.16 0.15 0.14 0.13 
8.8 0.49 0.46 0.43 0.40 0.38 0.35 0.33 0.31 0.29 0.27 0.26 0.24 0.23 0.21 0.20 0.19 0.17 0.16 0.15 0.14 0.13 0.13 0.12 0.11 
8.9 0.42 0.39 0.37 0.34 0.32 0.30 0.28 0.27 0.25 0.23 0.22 0.21 0.19 0.18 0.17 0.16 0.15 0.14 0.13 0.12 0.12 0.11 0.10 0.09 
9.0 0.36 0.34 0.32 0.30 0.28 0.26 0.24 0.23 0.21 0.20 0.19 0.18 0.17 0.16 0.15 0.14 0.13 0.12 0.11 0.11 0.10 0.09 0.09 0.08 
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Additional explanation and justification supporting the 2013 temperature and pH-

dependent calculations and criteria magnitudes 

Part of a criterion magnitude derivation is the estimation of the CMC or CCC based on 

the set of toxicity values available for different genera.  The CMC or CCC estimate is intended to 

be equivalent to what would be obtained by simple inspection if many genera had been tested.  

Generally, the CMC or CCC is below the lowest value.  For small datasets (<19) it is assumed 

that the fifth percentile is lower than the lowest toxicity value.  Because the CMC is one half of 

the fifth percentile (i.e., FAV/2), it is frequently lower than the lowest GMAV even in large 

datasets.  Because the extrapolation procedure used to calculate the FAV or FCV/CCC is based 

on the slope of the four most sensitive genera, when there are data for less than 59 genera, if the 

genera vary widely in sensitivity, the extrapolated criterion value is further below the lowest 

value than if the criteria were tightly grouped.  This is statistically appropriate because when 

variance is high (i.e., values are widely spaced), the fifth percentile of the distribution would be 

expected to lie further below the lowest value of a small dataset than if the variance was low. 

This extrapolation procedure, while appropriate for criteria derivations across chemicals 

with different variances for genus sensitivities, is not necessarily appropriate when the genera are 

following different temperature or life stage dependencies.  Sensitivities can change with 

temperature or life stage, and as a result, the spread of the four lowest GMAVs or GMCVs, and 

the resulting degree of extrapolation to the fifth percentile of sensitivity, can also change.  Rather 

than develop separate sets of GMAVs and GMCVs for each temperature and re-computing 

iteratively the CMC or CCC from the four most sensitive GMAVs or GMCVs at each 

temperature-pH combination, the extrapolation approach described below was used. 

This issue of extrapolation to different temperatures and pH values with regard to chronic 

toxicity was addressed in the 1999 AWQC document for ammonia by first calculating the ratio 

of the CCC to the lowest GMCV, and then applying that ratio to subsequent criteria calculations 

for all possible pH and temperature combinations.  The rationale of this approach was that it 

offered a degree of extrapolation that was modest and reasonable given the relatively low 

number of tested genera, and that it was a preferable approach to the alternative procedure of 

calculating CCCs directly from new sets of GMCVs for each pH-temperature combination, as 

each combination could result in different degrees of extrapolation, some of which could be 

more than 50 percent below the lowest GMCV. 
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In the 1999 AWQC document, the temperature extrapolations for the CCC determination 

described above were conducted separately for adult fish, fish early life stages, and invertebrates.  

This was because fish GMCVs are not affected by temperature, and because the most sensitive 

fish species was an early life stage of Lepomis.  As a consequence, even though the lowest 

GMCV at 20°C was for an invertebrate, as temperature decreases, invertebrates, but not fish, 

become less sensitive to ammonia, and below 14.6°C, fish genera become the most sensitive.  

However, the above scenario is not applicable now because at the new recommended CCC (1.9 

mg TAN/L), invertebrate genera are the most sensitive across the entire temperature range. 

In the 1999 AWQC document, the most sensitive GMAVs were for fish, and because the 

sensitivities of fish to ammonia did not vary with temperature, no temperature extrapolation was 

performed.  In contrast, the lowest GMAVs in this document are for invertebrates, and as a 

consequence, the temperature extrapolation procedure is similarly applied to the CMC as well as 

the CCC. 

For the reassessment of the pH-TAN acute toxicity relationship, EPA has determined that 

the current pH-TAN acute toxicity relationship equation effectively represents the pH-TAN 

toxicity relationship for L. siliquoidea (as determined by Wang et al. 2008), as well as for other 

invertebrates, Potamopyrgus antipodarum (snail), Macrobrachium rosenbergii (freshwater 

shrimp), and H. azteca (amphipod), as tested by Hickey and Vickers (1994), Straus et al. (1991), 

and Borgmann and Borgmann (1997), respectively. Also, for the reassessment of the 

temperature-TAN acute toxicity relationship, EPA similarly determined that the current 

temperature-TAN acute toxicity relationship equation effectively represents the temperature-

TAN toxicity relationship for other invertebrates, P. antipodarum (snail), Branchiura sowerbyi 

(oligochaete), and Viviparus bengalensis (snail) as tested by Hickey and Vickers (1994) and 

Sarkar (1997), respectively. 

 

Protection of downstream waters 

EPA regulations at 40 CFR 131.10(b) provide that “[i]n designating uses of a water body 

and the appropriate criteria for those uses, the state shall take into consideration the water quality 

standards of downstream waters and ensure that its water quality standards provide for the 

attainment and maintenance of the water quality standards of downstream waters.”  In cases 

where downstream waters are characterized by higher pH and/or temperature, or harbor more 
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sensitive species, ammonia criteria more stringent than those required to protect in-stream uses 

may be necessary in order to ensure that water quality standards provide for the attainment and 

maintenance of the water quality standards of downstream waters. 

 

Considerations for site-specific criteria derivation 

At water temperatures above 15.7°C, the 2013 acute criteria magnitude is based on 

effects to freshwater unionid mussels.  However, when the temperature is below 15.7°C, and 

salmonids are present (even when mussels or other sensitive mollusk species are present), 

salmonid sensitivity determines the acute criterion (regardless of pH), similar to the 1999 acute 

criterion, which was based on effects on salmonids (i.e., adult rainbow trout).  Where unionid 

mussels and other sensitive related mollusk species are absent, the commercially and 

recreationally important adult rainbow trout is the most sensitive species.  Site-specific criteria 

derivation must take into account the temperature at the site.  As an example, the acute criterion 

magnitude at pH 7 and temperature 20°C cannot exceed 24 mg TAN/L (the rainbow trout SMAV 

of 48.21 mg TAN/L, divided by two, used in this 2013 update as being representative of the most 

sensitive fish in general). 

The 1999 chronic criterion (CCC) magnitude was based on the effects on fish early life 

stages, whereas based on the new data, the 2013 CCC magnitude is based on the effects on 

sensitive invertebrate genera, including unionid mussels.  When mussels are present, the 2013 

CCC magnitude is protective of fish early life stages regardless of temperature.  See Appendix N 

for additional information on site-specific criteria for ammonia. 

 

EFFECTS CHARACTERIZATION 

The purpose of this section is to characterize the potential effects of ammonia on aquatic 

life considering available test data and to describe additional lines of evidence not used directly 

in the criteria calculations, but which support the 2013 aquatic life criteria values.  This section 

will also provide a summary of the uncertainties and assumptions, as well as provide 

explanations for decisions regarding data acceptability and usage in the effects assessment.  In 

addition, this section will describe substantive differences between the 1999 ammonia AWQC 

and the 2013 update resulting from the incorporation of the latest scientific knowledge. 
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All acceptable acute and chronic values for freshwater aquatic animal species, including 

those from the 1999 AWQC document (re-normalized to pH 7 and 20°C in the case of 

invertebrates), are presented in Appendices A (acute) and B (chronic).  These tables include new 

acute and chronic ammonia toxicity data for freshwater mussels in the Family Unionidae and 

reflect the latest science informing the determinations regarding acceptable test conditions and 

associated data for glochidia and juvenile mussels.   

 

Freshwater Acute Toxicity Data 
Acute toxicity data for freshwater mussels and non-pulmonate (gill-bearing) snails 

Prior to publishing the 2009 draft ammonia AWQC, concerns had been raised about the 

appropriateness of using data obtained from tests conducted with the parasitic glochidia life-

stage of freshwater unionid mussels.  Glochidia of different species have different life history 

strategies for finding an appropriate fish host; glochidia may be free living in the water column 

(and potentially exposed to pollutants) for a duration ranging from seconds to days, depending 

on the particular species.  EPA concluded it was useful to consider potential adverse effects on 

glochidia, because effects of chemicals on this early life stage of mussels could potentially have 

broad impacts on mussel populations.  In order for the toxicity test results with glochidia to be 

ecologically relevant, the duration of the acute toxicity test must be comparable to the duration of 

the free-living stage of the glochidia prior to attaching to a host.  Supported by research 

conducted by Bringolf et al. (2013) demonstrating the appropriate duration of exposure for this 

life stage, acceptable acute toxicity data for glochidia with an exposure duration of 24 hours or 

less have been included in this 2013 AWQC Update, with the stipulation that control survival for 

the time period used is at least 90%. 

In addition to the four sensitive bivalve mollusk species in Table 7, there are three other 

unionid mussel species among the seven genera found to be most acutely sensitive to ammonia 

as well as two non-pulmonate snail species are ranked tenth and twelfth in sensitivity.  These 

GMAVs represent mollusk toxicity data that were not in the 1999 acute criteria dataset. 

New test data for the ellipse (Venustaconcha ellipsiformis), the most sensitive species 

tested, was not directly used in the acute criterion calculation because the methodology used 

calculated the acute value using the second through fifth most sensitive species to approximate 

effects for a 5th percentile of species as noted in the effects assessment.  The GMAV for ellipse 
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(23.12 mg TAN/L at pH 7 and 20°C) is greater than the acute criterion of 17 mg TAN/L and thus 

provides additional evidence supporting the protectiveness of the calculated acute criterion 

(Table 3).  

Available data on non-pulmonate snails show that they are another taxon within the 

Phylum Mollusca sensitive to ammonia in freshwater ecosystems.  The calculated GMAV of 

62.15 mg TAN/L for Fluminicola sp. (pebblesnail) is the tenth most sensitive in the acute dataset 

(Table 3).  Another non-pulmonate snail species Pleurocera uncialis (pagoda hornsnail) was 

ranked 12th in acute sensitivity.  The LC50 for P. uncialis (reported in Goudreau et al. 1993), 

normalized to pH 7 and 20°C, is 68.54 mg TAN/L (Appendix A).  To date, few studies have 

been attempted with this group of species; additional testing would improve understanding of 

their relative sensitivity to ammonia compared to other aquatic animals. 

The draft 2009 acute criterion magnitude recommended for waters with mussels present 

was slightly higher than the 2013 acute criteria (19 vs. 17 mg TAN/L at pH 7, T 20°C) due to a 

number of differences in the data used in the CMC derivations.  In response to comments 

received on the 2009 draft criteria, EPA removed the six invasive species from the acute dataset 

for ammonia; one of the invasive species removed from the dataset was Asiatic clam, which had 

been ranked as the fourth most sensitive GMAVs in the 2009 draft AWQC.  Because the acute 

dataset for ammonia is extensive and contains toxicity data for other bivalves that are native 

North American species, the Asiatic clam was not needed as a bivalve surrogate.  Also in the 

2013 CMC, the most sensitive GMAV used to derive the CMC is for Lasmigona subviridis 

(green floater mussel) (GMAV=23.41 mg TAN/L) which is lower than the lowest GMAV (32.73 

mg TAN/L) in the draft 2009 CMC used in the derivation of the CMC.  Based on new scientific 

information regarding determination of test acceptability, EPA included acceptable data for 

glochidia (mussel larvae) and Hyalella azteca, which added five GMAVs for derivation of the 

CMC.  Since the number of GMAVs is a factor in the equation used to derive the CMC, a change 

to the number of GMAVs results in a change in the resulting FAV and CMC. 
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Table 7.  Comparison of the Four Taxa Used to Calculate the FAV and CMC in the 1999, 2009 Draft and 2013 AWQC. 

1999 Update CMC Magnitude 2009 Draft Update CMC Magnitude 2013 Final CMC Magnitude 

Species 

pH 8.0, 
T=25°C 

(mg TAN/L) 

pH 7.0, 
T=20°C 

(mg TAN /L) Species 

pH 8.0, 
T=25°C 

(mg TAN/L) 

pH 7.0, 
T=20°C 

(mg TAN/L) Species 

pH 7.0, 
T=20°C 

(mg TAN/L) 
Oncorhynchus sp. 
(salmonids), includes:  
O. aquabonita, O. clarkii, 

O. gorbuscha, O. kisutch, 

O. mykiss, and  
O. tshawytscha 

21.95 99.15 Oyster mussel, 
Epioblasma capsaeformis 

6.037 39.24 

Lampsilis sp. 
(Unionidae), includes: 
L. abrupta, L. cardium,  

L. fasciola, L. higginsii, L. 

rafinesqueana, and  
L. siliquoidea 

46.63 

Orangethroat darter,  
Etheostoma spectabile 17.96 74.25 Asiatic clam, 

Corbicula fluminea 6.018 39.12 Rainbow mussel, 
Villosa iris 34.23 

Golden shiner,  
Notemigonus crysoleucas 

 
14.67 

 
63.02 

Lampsilis sp. 
(Unionidae), includes: 
L. abrupta, L. cardium,  

L. fasciola, L. higginsii,  

L. rafinesqueana, and  
L. siliquoidea 

 
5.919 

 
38.48 

Oyster mussel, 
Epioblasma capsaeformis 

 
31.14 

Mountain whitefish,  
Prosopium williamsoni 

12.11 51.93 Rainbow mussel, 
Villosa iris 5.036 32.73 Green floater, 

Lasmigona subviridis 
23.41 

FAV1 11.23 48.21 FAV 5.734 37.27 FAV 33.52 

CMC 5.6 24 CMC 2.9 19 CMC 17 

                                                 
1 The FAV in the 1999 AWQC document of 11.23 mg TAN/L at pH 8 was lowered to the geometric mean of these seven LC50 values at the time in order to 
protect large rainbow trout which were shown in Thurston and Russo (1983) to be measurably more sensitive than other life stages.  The FAV prior to adjusting 
it to protect the commercially and recreationally important adult rainbow trout was calculated to be 14.32 mg TAN/L (CMC = 7.2 mg TAN/L) at pH 8.  This 
FAV based on protection of adult rainbow trout at pH 7 is 48.21 mg TAN/L (see also Appendix A in this document). 
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Freshwater Chronic Toxicity Data 
Use of 28-day juvenile unionid mussel data 

EPA decided that growth data from 28-day tests with juvenile unionid mussels presented 

in the Wang et al. studies from 2007 and 2011 would not be used in calculating the 2013 chronic 

criterion.  The decision not to use the growth data was based on the uncertainty in the test 

methods for assessing the growth endpoint and the need, as stated by the authors, for additional 

research “to optimize feeding conditions, to conduct longer-term exposures (e.g., 90 d), and to 

compare growth effect to potential reproductive effect in partial life-cycle exposure” (Wang et al. 

2011).  The growth endpoint showed a high degree of variability, and the test methods for 

assessing growth, based on substrate or water-only exposures, are currently being evaluated.  For 

these reasons, the survival data for 28-day juvenile mussels were used in the calculation of the 

CCC and not the growth data. Appendix G provides the TRAP EC20s for survival for rainbow 

mussel and both Lampsilis species, and a comparison to the growth of fatmucket mussel from 

28-day tests reported by Wang et al. (2007a, 2011), which shows the additional uncertainty in the 

concentration-response relationship based on growth. 

 

28-day toxicity data for freshwater snails 

As noted in the 2009 draft ammonia criteria document, non-pulmonate snails have been 

demonstrated to be sensitive to ammonia in freshwater ecosystems, in addition to other taxa 

within the Phylum Mollusca.  Besser et al. (2010) data from a repeat test with pebblesnail 

(referred to in this document as Besser 2011) support the conclusion that non-pulmonate snails 

may be slightly less sensitive to ammonia than freshwater mussels.  Additional toxicity tests are 

recommended for non-pulmonate snails and other freshwater mollusks to further substantiate the 

findings from the 28-day tests summarized in Appendices H and I.  The calculated EC20 values 

using TRAP for P. idahoensis, F. aldrichi, and T. serptenticola, and the recommended 28-day 

ammonia survival effects concentration of <7.667 mg TAN/L for P. canaliculata, are considered 

representative of non-pulmonate snail sensitivity in general and are included in Appendix C for 

the purpose of comparison. 

Based on the 28-day toxicity test results for the gill-bearing, non-pulmonate snail species 

(Appendices B and C), EPA concludes that the overall sensitivity of this particular group of snail 

species (Sub-class Prosobranchia, Order Neotaenioglossa) appears high.  Furthermore, the 
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sensitivity of juvenile and adult mixed-age non-pulmonate snails to ammonia may be greater 

than that of their air-breathing, pulmonate counterparts such as L. stagnalis. 

Although the GMCV for Fluminicola species is not ranked as one of the four most 

sensitive used to calculate the FCV, the value is ranked the 5th most sensitive in the chronic 

criterion dataset.  The 28-day growth EC20 for this freshwater non-pulmonate snail species, 

calculated using EPA’s TRAP, is 2.281 mg TAN/L at test pH (8.22) and temperature (20.1°C), 

or 7.828 mg TAN/L after adjustment to pH 7 and 20°C (see Appendix B).  Appendix H includes 

a summary of the 28-day toxicity test results for Fluminicola species which are acceptable for 

use quantitatively in the chronic dataset.  The TRAP output for this test is provided in Appendix 

H. 

 

28-day toxicity data for Hyalella azteca: Minimum Data Requirement Number 5 

Literature data indicate that the response of Hyalella azteca is influenced not only by pH, 

but also by sodium concentration in the dilution water.  Borgmann and Borgmann (1997) 

demonstrated that increasing sodium decreased the toxicity of ammonia to Hyalella, and applied 

these findings to explain differences in toxicity observed by Ankley et al. (1995), which were 

originally attributed to water hardness.  Further unpublished experiments by EPA’s Office of 

Research and Development confirm Borgmann’s assertion that sodium concentration plays a key 

role in determining the acute response of Hyalella to ammonia (personal communication, D.R. 

Mount, EPA, ORD).  Because sodium is not known to affect ammonia toxicity to other species, 

this criterion does not consider sodium concentration, and this variation is not explicitly 

addressed.  For purposes of deriving a GMAV for Hyalella, tests were selected that had a 

moderate sodium concentration (e.g., “moderately hard” water tests from Ankley et al. 1995, see 

Appendix A), and tests with extremely low sodium concentrations were excluded (e.g., “soft” 

water tests from Ankley et al. 1995; data from Whiteman et al. 1996, see Appendix J).  The 

available acute data for ammonia did not include tests conducted in natural waters with a sodium 

concentration below about 3 mg/L; at that sodium concentration, the acute values for Hyalella 

were near the FAV reported in this document.  Whether acute toxicity of ammonia to Hyalella 

would occur below the FAV in waters with less than 3 mg/L sodium is unknown (Appendix H).   

For the 2013 chronic criterion, EPA re-evaluated the available data for Hyalella azteca 

based on recent research regarding the appropriate test conditions, including water chemistry 
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(e.g., appropriate concentrations for specific ions such as chloride) and feeding regimes.  The 

concentrations of sodium are important to H. azteca health as discussed previously and the 

sodium concentrations in the chronic test used in the CCC represent approximately the mid-

range of U.S. waters.  Based on this re-evaluation, EPA determined that certain tests met the new 

recommended conditions that would support healthy test organisms, and accepted those data for 

use in the calculation of the CCC.  The specific tests used were from Borgmann (1994); details 

on these tests are included in Appendix H under Chronic Toxicity Tests with Juvenile Hyalella 

azteca.  As a result of inclusion of acceptable H. azteca data, the minimum data requirement 

(MDR) for a benthic crustacean is fulfilled for the chronic criterion provided in this document.  

The GMCV of 29.17 mg TAN/L ranks Hyalella azteca as the thirteenth (of 16) most sensitive 

GMCV. 
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Reconsideration of the chronic toxicity data available for aquatic insects: Minimum Data 

Requirement Number 6 

EPA chose not to include a chronic value for the stonefly, Pteronarcella badia, from 

Thurston et al. (1984a) in the 1999 AWQC update document because this aquatic insect species 

is relatively insensitive.  Upon further consideration, EC20s for 30-day nymph mortality were 

calculated for field collected Pteronarcella badia for two separate partial life cycle tests in 

consecutive years, in order to develop a GMCV for insects to fulfill the sixth minimum data 

requirement (MDR), and to clearly specify the expected lack of sensitivity of insects to ammonia 

based on available data.  EC20s were calculated for each test, and, as the authors themselves 

noted, the results were variable between the two tests.  The normalized EC20 for the test 

conducted with P. badia collected from the Gallatin R. was 207.0 mg TAN/L, and was 26.27 mg 

TAN/L for the test conducted with P. badia collected from the Rocky River (Appendix B).  The 

geometric mean for these two tests is 73.74 mg TAN/L.  It is not known if these tests were 

conducted using the most sensitive life stage; however, the authors did note that the length of 

individuals used in both tests was similar.  EPA used the two EC20s based on 30-day nymph 

mortality to calculate a GMCV of 73.74 mg TAN/L for this species.  The stonefly is listed as 

sixteenth GMCV in chronic sensitivity, fulfilling the sixth MDR.  Additional data on insect 

sensitivity to ammonia would be useful in confirming the conclusion that insects are relatively 

insensitive to ammonia in freshwater environments, given the limited data available.   

 

New chronic toxicity data for salmonid species and derivation of a GMCV for 

Oncorhynchus: Minimum Data Requirement Number 1 

Chronic values from two additional studies with Oncorhynchus species (salmonids) are 

included in this AWQC document that were not included in the 1999 document (see Appendix H 

for more detailed descriptions of the results from these studies).  Koch et al. (1980) exposed 

Lahontan cutthroat trout (Oncorhynchus clarkii henshawi), an endangered species, for 103 days 

in an ELS test.  There were no successful hatches at exposure levels of 148 mg TAN/L or higher 

and no significant mortality at exposure levels below 32.9 mg TAN/L.  Regression analysis of 

the survival data resulted in a calculated EC20 value of 17.89 mg TAN/L at 13.7°C and pH 7.57. 

The EC20 value is 25.83 mg TAN/L when adjusted to pH 7 (Appendix B). 
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The results of a more recent 90-day ELS test using a wild strain of rainbow trout exposed 

to ammonia were reported by Brinkman et al. (2009), and are included in this criteria document.  

The test was initiated with newly fertilized embryos exposed under flow-through conditions 

through hatch, swim-up, and early fry development.  Survival, growth and biomass of swim-up 

fry were significantly reduced at 16.8 mg TAN/L compared to controls, but unaffected at 7.44 

mg TAN/L.  The EC20 calculated for biomass using TRAP and normalized to pH 7 is 15.60 mg 

TAN/L (Appendix B). 

In the 1999 AWQC document, the results of six chronic tests conducted with ammonia 

for Oncorhynchus mykiss and Oncorhynchus nerka were included in Table 5 of that document as 

“acceptable” chronic tests for criteria development.  A GMCV was not derived for 

Oncorhynchus at that time, however, because of the degree of variability among test results, as 

well as a preponderance of “greater than” or “less than” values, preventing the calculation of 

definitive SMCVs within the genus.  The results of these chronic tests were only used at that 

time to assess the appropriateness of the CCC.   

For this 2013 document, these six studies and the data from the two additional studies 

summarized above, have been re-evaluated and re-considered for inclusion in deriving a new 

chronic criterion for ammonia in order to consider and include all available, reliable toxicity test 

information for this recreationally, commercially and ecologically important taxon.  The data 

were re-examined with specific consideration of whether unbounded (greater or less than) values 

add relevant information to determination of final SMCVs for Oncorhynchus clarkii, O. mykiss, 

and O. nerka.  A decision rule was developed for evaluating chronic values (EC20s) for potential 

use in deriving an SMCV for a salmon species.  In developing the decision rule, it was noted that 

“greater than” values for concentrations of low magnitude, and “less than” values for 

concentrations of high magnitude do not add significant information to the analysis.  That is, if a 

researcher only tested very low concentrations and found no chronic effects or very high 

concentrations and found 100% response for a chronic endpoint, those data do not significantly 

enhance understanding of the toxicity of ammonia. Conversely, if a researcher only tested very 

low concentrations and found significant chronic effects, indicating the test material was highly 

toxic, or relatively high concentrations and found incomplete response for a chronic endpoint, 

indicating low toxicity of the materials, those data do significantly enhance understanding of the 

toxicity of ammonia.  Thus, the decision rule was applied as follows: “greater than” (>) low CVs 
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and “less than” (<) high CVs were not used in the calculation of the SMCV; but “less than” (<) 

low CVs and a “greater than” (>) high CVs were included in the SMCV. 

Following this decision rule, the SMCV for O. clarkii is the normalized EC20 of 25.83 mg 

TAN/L from Koch et al. (1980).  The SMCV for O. mykiss is 6.663 mg TAN/L at pH 7, which is 

the geometric mean of the <3.246 mg TAN/L value from Calamari et al. (1977, 1981), the 

<3.515 mg TAN/L value from Solbe and Shurben (1989), the >11.08 mg TAN/L value from 

Thurston et al. (1984b), and the 15.60 mg TAN/L value from Brinkman et al. (2009).  With 

respect to the SMCV for O. mykiss, both the Calamari et al. (1977, 1981) and the Solbe and 

Shurben (1989) values are low “less than” values, indicating demonstrated toxicity at low 

concentrations of ammonia, while the Thurston et al. (1984b) value is a relatively high “greater 

than” value, indicating lower toxicity to O. mykiss in this test, compared to the Calamari (1977, 

1981) and Solbe and Shurben (1989) values with respect to the SMCV for O. mykiss.  Finally, 

the SMCV for O. nerka is <10.09 mg TAN/L (Rankin 1979), and has been included as a 

relatively low “less than” value, indicating relative sensitivity to the effects of ammonia in this 

test.  The <48 mg TAN/L value (at pH 7) from Thurston et al. (1978) re-calculated for O. clarkii 

(see Appendix C; value represents the geometric mean of four values) and the <45.50 mg TAN/L 

value from Burkhalter and Kaya (1977) for O. mykiss (retained in Appendix B) are not included 

in the SMCV calculations because they are high “less than” values, and do not add important 

information to the analyses.  The new GMCV for Oncorhynchus in this 2013 Update document 

is 12.02 mg TAN/L, which is the geometric mean of the three SMCVs for Oncorhynchus clarkii 

(25.83 mg TAN/L), O. mykiss (6.663 mg TAN/L), and O. nerka (<10.09 mg TAN/L) (Appendix 

B), resulting in Oncorhynchus as being seventh most sensitive GMCV (Table 4). 

 

Another order of insect or a phylum not already represented: Minimum Data Requirement 

Number 8 

For the MDR identified earlier as “#8,” “another order of insect or a phylum not already 

represented,” there are no additional chronic toxicity data for any freshwater animal that would 

fulfill this MDR in the chronic dataset (the acute dataset fulfills all eight MDRs).  Therefore, 

EPA developed a surrogate ammonia CV for the Phylum Annelida by using the geometric mean 

acute value from the four available genera (Dendrocoelus, Limnodrilus, Lumbriculus, and 

Tubifex) and applying an ACR from other invertebrate groups.  There is less than a factor of two 
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difference between the GMAVs for the most (Dendrocoelus, 119.5 mg TAN/L) and least 

(Lumbriculus, 218.7 mg TAN/L) sensitive genus (see Table 3).  A surrogate chronic value was 

derived by dividing the GMAV for all four annelids (176.2 mg TAN/L) by a geometric mean 

species level invertebrate acute to chronic ratio (6.320), represented by pelagic crustaceans 

(cladocerans), a benthic crustacean (amphipod) and prosobranch snail (see Appendix F Acute-

Chronic Ratios).  The resulting surrogate CV for Phylum Annelida is 27.88 mg TAN/L (at pH 7 

and 20°C). 

 

Protection of Endangered Species 
The dataset for ammonia is particularly extensive and includes data representing species 

that are Federally-listed as threatened or endangered by the U.S. Fish and Wildlife Service and/or 

NOAA National Marine Fisheries Service.  Summaries are provided here describing the data for 

the listed species and demonstrating that the 2013 ammonia criteria update is protective of these 

species, based on best available scientific data. 

 

Key acute toxicity data for listed species 

The acute criterion dataset for ammonia now includes 12 aquatic species that are 

Federally-listed as threatened, endangered or of concern.   

For unionid mussels, the 2013 criterion acute dataset includes acceptable data for 16 

freshwater species across 11 genera.  Of these, five of the mussel species are Federally-listed as 

threatened or endangered (as identified in Table 3).  The oyster mussel (Epioblasma 

capsaeformis) is a Federally-listed species and is the third most sensitive in the acute dataset 

with a GMAV, based on a single SMAV, of 31.14 mg TAN/L.  The SMAV/2 for the oyster 

mussel is approximately 16 mg TAN/L, similar to the 2013 acute criterion value of 17 mg 

TAN/L.  The SMAV/2 is a value considered statistically indistinguishable from control mortality 

or effect based on analysis of 219 acute toxicity tests on a range of chemicals, as described in the 

Federal Register on May 18, 1978 (43 FR 21506-18).  Thus, the magnitude of acute effects to 

this species at the SMAV/2 are not expected to significantly impact the species, because it is 

expected to be statistically indistinguishable from effects to control (unexposed) organisms.  

Furthermore, the acute criterion specifies that this concentration should not be exceeded for more 

than one hour once every three years on average, providing further protection through the 
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limitation of any excursions above the criterion.  Thus, the 2013 recommended CMC for 

ammonia of 17 mg TAN/L should be protective of oyster mussels.  In waters where this listed 

species is present, a site-specific criterion could be considered using the SMAV for that species 

as the FAV from which to derive the CMC. 

The Lampsilis GMAV of 46.63 mg TAN/L reflects the geometric mean of SMAVs for 

six mussel species, two (L. abrupta and L. higginsii) of which are endangered and a third (L. 

rafinesqueana) that is a Federal species of concern (Table 3).  The SMAVs for this genus range 

from 26.03 mg TAN/L (L. abrupta) to 69.97 mg TAN/L (L. rafinesqueana) (Appendix A).  

Given the range of sensitivity within this genus with listed species at both the most and least 

sensitive ends of the range, the CMC of 17 mg TAN/L should be protective of the genus as a 

whole, with SMCVs/2 ranging from 13 to 34 mg TAN/L.  Again, the acute criterion specifies 

that a concentration of 17 mg TAN/L should not be exceeded for more than one hour once every 

three years on average, providing further protection of species, through the limitation of any 

excursions above the criterion.  In waters where the listed species are present, a site-specific 

criterion could be considered using the SMAV for that species as the FAV from which to derive 

the CMC. 

Also among the ten most sensitive GMAVs in the acute dataset is the GMAV for the 

endangered Lost River sucker (Deltistes luxatis) endemic to the Klamath Basin of northern 

California and southern Oregon (Appendix A).  The reported LC50s at test temperature 20°C and 

pH 8.0 were 10.35 and 16.81 mg TAN/L for larval and juvenile fish, expressed as total ammonia 

(Appendix A).  The LC50s normalized to pH 7 and 20°C are 44.42 and 72.18 mg TAN/L, 

respectively (Appendix A).  The GMAV for Lost River sucker is calculated as the geometric 

mean of the two normalized LC50s, or 56.62 mg TAN/L (Table 3), with an SMAV/2, or expected 

low mortality level, of approximately 28 mg TAN/L, significantly above the CMC.  Lost River 

sucker represents the ninth most sensitive genus in the acute dataset, and second most sensitive 

fish species (following mountain whitefish which is the most sensitive fish GMAV), and thus is 

expected to be protected by the CMC of 17 mg TAN/L. 

The second most acutely sensitive salmonid genus (after Prosopium, represented by the 

mountain whitefish, Prosopium williamsoni, acute sensitivity rank 8) is Oncorhynchus, 

represented by data for six different species, three of which are threatened or endangered, with 

SMAVs ranging from 78.92 mg TAN/L for Cutthroat trout, O. clarkii, to 180.7 mg TAN/L for 
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pink salmon, O. gorbuscha.  The GMAV for Oncorhynchus (99.15 mg TAN/L) is ranked #25 in 

acute sensitivity (Table 3).  All SMAV/2 values for the threatened or endangered species tested 

in this genus are significantly above the acute criterion magnitude.  Thus, the acute criterion is 

expected to be protective of threatened and endangered salmonid species. 

 

Key chronic toxicity data for listed species 

In the chronic dataset for ammonia, the Federally-listed species are represented by three 

salmonid species in the genus Oncorhynchus, including sockeye salmon, rainbow trout, and the 

subspecies Lahontan cutthroat trout.  The GMCV for Oncorhynchus of 12.02 mg TAN/L 

includes the three SMCVs ranging from 6.663 (rainbow trout) to 25.83 mg TAN/L (Lahontan 

cutthroat trout) (Table 4).  The CCC for ammonia of 1.9 mg TAN/L is expected to be protective 

of this genus as a whole.  At pH 7, the CCC is 3.5 times lower than the chronic value for the 

most sensitive tested listed salmonid species, O. mykiss, which includes populations of rainbow 

trout and steelhead trout.  

In addition, three other studies provide useful information with which to assess the 

protectiveness of the CCC for threatened and endangered fish species (data included in Appendix 

C).  All three studies indicate that the chronic criterion is expected to be protective of the 

endangered or listed species tested by the researchers, as described below. 

Meyer and Hansen (2002) conducted a 30-day toxicity test with late-stage larvae (0.059 

g) of Lost River suckers (Deltistes luxatus) at pH 9.5.  The exposure duration and pH were 

chosen to represent the period of combined elevated unionized ammonia concentrations and 

elevated pH that occur during cyanobacterial blooms in surface waters of Upper Klamath Lake, 

which have been shown to last for several weeks to a month.  Survival decreased significantly at 

1.23 and 2.27 mg TAN/L, whereas the highest NOEC for all endpoints (survival, growth, body 

ions, and swimming performance) was 0.64 mg TAN/L.  Control survival was > 90 percent.  The 

calculated LOEC of 1.23 mg TAN/L at test pH and temperature when normalized to pH 7 

corresponds to a value of 25.31 mg TAN/L, again, substantially higher than the 2013 chronic 

criterion value (Appendix C). 

In order to determine if whole effluent toxicity testing is protective of threatened and 

endangered fish species, Dwyer et al. (2005) conducted 7-day chronic toxicity tests with 

Ceriodaphnia dubia (neonates, <24 h old) and fathead minnow larvae (Pimephales promelas, 
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<24 h) in addition to the following six threatened and endangered fish species: bonytail chub 

(Gila elegans), spotfin chub (Erimonax, formerly Cyprinella, monachus), Cape Fear shiner 

(Notropis mekistocholas), gila topminnow (Poeciliopsis occidentalis), Colorado pikeminnow 

(Ptychocheilus lucius), and razorback sucker (Xyrauchen texanus).  The age of the six threatened 

and endangered fish species used during the 7-day ammonia exposures ranged from <1 to 7 days.  

The combined effect on test species survival and growth were determined as EC25 values.  The 

six endangered species, presented in the same order as they are listed above, have reported EC25 

values of: 11.0, 15.8, 8.80, 24.1, 8.90 and 13.4 mg TAN/L; or 23.24, 33.37, 18.59, 50.91, 18.80 

and 28.30 mg TAN/L when adjusted to a pH of 7.0 (Appendix C).  These values are all 

substantially higher than the 2013 chronic criterion concentration value of 1.9 mg TAN/L.  

Based on the results, the two species typically used for whole effluent toxicity testing (C. dubia 

and P. promelas) were more sensitive to ammonia and are protective of the six listed fish species 

when used as surrogate test species.  

Fairchild et al. (2005) conducted 28-day toxicity tests with early life stages of Colorado 

pikeminnow (Ptychocheilus lucius) and razorback sucker (Xyrauchen texanus), and compared 

the results of those tests with a test using a surrogate fish species, the fathead minnow 

(Pimephales promelas).  Effect concentrations based on the survival and growth endpoints of the 

fathead minnow and razorback sucker tests were not different; however, growth was the more 

sensitive endpoint for the Colorado pikeminnow test.  The 28-day growth LOEC for the 

Colorado pikeminnow was 8.60 mg TAN/L, or 29.75 mg TAN/L at pH 7, substantially greater 

than the 2013 chronic criterion.  The 28-day survival LOEC for the razorback sucker was 13.25 

mg TAN/L, or 46.58 mg TAN/L at pH 7.  Both endangered fish species exhibited similar 

sensitivity to ammonia as the fathead minnow (LOEC of 32.71 mg TAN/L at pH 7; see 

Appendix C).  The same can be said for the Lost River sucker, which indicates that these 

particular endangered fish species are expected to be protected by the CCC value calculated in 

this 2013 AWQC Update. 

 

Comparison of 1999, 2009, and 2013 Criteria Values 
Table 8 provides a comparison of the four most sensitive taxa used to calculate the CCC 

in this 2013 AWQC Update document compared to the four most sensitive taxa used to calculate 

the CCC in the 1999 AWQC document. 
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The 2013 CCC is about twice the magnitude of the draft 2009 CCC recommended for 

waters with mussels present (1.9 vs. 0.91 mg TAN/L, respectively, at pH 7, T=20°C) as a result 

of differences in the data used in the CCC derivations.  Based on a new study by Wang et al. 

(2011) described in the Effects Analysis section under Summaries of Studies Used in Chronic 

Criterion Determination, pg. 34, above, the lowest GMCV for the mussel genus Lampsilis 

increased from 1.154 mg TAN/L in the 2009 draft AWQC to 2.216 mg TAN/L in the 2013 

AWQC.  As a result, compared to the four lowest GMCVs in the 2009 draft CCC, the four 

lowest GMCVs in the 2013 CCC have a smaller range of variation in values (2.216 to 7.547 mg 

TAN/L) which decreases the uncertainty of the 5th percentile GMCV estimation.  Also in the 

2009 draft CCC, there were only 13 GMCVs in the dataset used to derive the CCC while in the 

2013 CCC, there are 16 GMCVs used to derive the CCC, because of the addition of the GMCVs 

for Hyalella azteca, the insect Pteronarcella badia, and salmonids (Oncorhynchus spp.).  The 

new GMCVs affect the chronic species sensitivity distribution.  The cumulative probability (P) 

decreases as a function of the increased number of GMCVs and results in an increase in the 

FCV. 
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Table 8.  Comparison of the Four Taxa Used to Calculate the FCV and CCC in the 1999 Update, 2009 Draft and the 2013 
AWQC. 

1999 Update CCC Magnitude 2009 Draft Update CCC Magnitude 2013 Final CCC Magnitude 

Species 

pH 8.0, 
T=25°C 

(mg 
TAN/L) 

pH 7.0, 
T=20°C 

(mg 
TAN/L) Species 

pH 8.0, 
T=25°C 

(mg 
TAN/L) 

pH 7.0, 
T=20°C 

(mg 
TAN/L) Species 

pH 7.0, 
T=20°C 

(mg 
TAN/L) 

Fathead minnow, 
Pimephales promelas 3.09 7.503 Long fingernailclam, 

Musculium transversum 
<2.260 7.552 Long fingernailclam, 

Musculium transversum 7.547 

Lepomis sp. 
(Centrarchidae), includes: 
Bluegill sunfish,  
L. macrochirus, and 
Green sunfish,  
L. cyanellus 

2.85 6.92 

Lepomis sp. 
(Centrarchidae), includes: 
Bluegill sunfish,  
L. macrochirus, and 
Green sunfish,  
L. cyanellus  

2.852 6.924 

Lepomis sp. 
(Centrarchidae), includes: 
Bluegill sunfish,  
L. macrochirus, and 
Green sunfish,  
L. cyanellus 

6.92 

Long fingernailclam, 
Musculium transversum <2.26 7.547 Rainbow mussel, 

Villosa iris 
<0.9805 3.286 Rainbow mussel, 

Villosa iris 3.501 

Amphipod,  
Hyalella azteca 

<1.45 4.865 

Lampsilis sp. 
(Unionidae), includes: 
Wavy-rayed lamp mussel, 
L. fasciola and 
Fatmucket, L. siliquoidea 

<0.3443 1.154 

Lampsilis sp. 
(Unionidae), includes: 
Wavy-rayed lamp mussel, 
L. fasciola and 
Fatmucket, L. siliquoidea  

2.216 

CCC 1.2 4.5 CCC 0.26 0.91 CCC 1.9 
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Comparison of statistical approaches to develop the chronic criterion: EC20 vs. MATC 

In this 2013 ammonia criteria update, the CCC is based on a 20 percent reduction in 

survival, growth, or reproduction, which is a risk management decision made by EPA in 1999 

and also retained for this document.  When an EC20 was not provided in a study, the EPA’s 

TRAP program was used to estimate the EC20 as the basis for the GMCV and included the 

resultant CCC derivation of 1.9 mg TAN/L.  An alternative chronic measure of effect that is 

commonly used is the MATC, which is the geometric mean of the NOEC and LOEC.  In the case 

of the current ammonia dataset, using MATCs to derive the chronic criteria would result in an 

FCV of 1.972 and CCC of 2.0 mg TAN/L.  This comparison demonstrates that, for the current 

ammonia chronic dataset, the use of TRAP to estimate EC20 values does not result in a 

significant difference from the MATC, another statistical approach frequently used to develop 

chronic effects assessments and criteria. 

The concentrations of TAN affecting freshwater animals in this 2013 AWQC update are 

normalized to pH 7.0 for all aquatic organisms and 20°C for invertebrates.  In contrast, the 

concentrations of TAN affecting freshwater animals in the 1999 AWQC were normalized to pH 

8.0 for all organisms and temperature 25°C for invertebrates.  The current pH (7) and 

temperature (20°C) used are considered to more closely reflect ambient pH and temperatures 

found generally in surface waters in the U.S.  The acute and chronic criterion values can be 

adjusted to reflect local pH and temperature using the values in Tables 5a, 5b, and 6 derived 

from the equations presented in The National Criteria for Ammonia in Fresh Water section 

(pages 40-49).   

 

UNUSED DATA 

For this 2013 criteria update document, EPA considered and evaluated all available data 

that could possibly be used to derive the new acute and chronic criteria for ammonia in fresh 

water.  A substantial amount of those data were associated with studies that did not meet the 

basic QA/QC requirements described in the 1985 Guidelines (see Stephan et al. 1985).  In such 

cases, EPA further scrutinized those studies where either: (1) the study included tests with a 

species associated with one of the four most sensitive GMAVs or GMCVs used to derive the 

2013 criterion; or (2) the study provided results of tests where the normalized acute or chronic 

Exhibit 34



 

69 

 

value for the test was within a factor of approximately two of the fourth ranked most sensitive 

GMAV or GMCV, and thus might be considered potentially influential to the acute or chronic 

criterion.  For each study that was potentially influential, but did not meet the additional data 

quality requirements for its use in deriving criteria for ammonia, the study and its results were 

included in Appendix J (acute studies) and K (chronic studies), and a rationale is provided for its 

exclusion.  A list of all other studies considered but removed from consideration for use in 

deriving the criteria is provided in Appendix L with a code (and in some cases comments) 

indicating the reason(s) for exclusion. 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals. 

 
Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Insect (8th-10th instar), 
Erythromma najas 

Ammonium 
chloride 4 d R,U 7.5 25 589 1618     Beketov 2002 

Insect (8th-10th instar), 
Erythromma najas 

Ammonium 
chloride 4 d R,U 8.7 25 168 4163     Beketov 2002 

Insect (8th-10th instar), 
Erythromma najas 

Ammonium 
chloride 4 d R,U 9.1 25 49.2 2361 2515 2515 Beketov 2002 

                      
Caddisfly, 
Philarctus quaeris 

Ammonium 
chloride 4 d F,M 7.8 21.9 296.5 1032     Arthur et al. 1987 

Caddisfly, 
Philarctus quaeris 

Ammonium 
chloride 4 d F,M 7.8 13.3 561.7 958.4 994.5 994.5 West 1985; Arthur et al. 

1987 
                      
Beetle, 
Stenelmis sexlineata 

Ammonium 
chloride 4 d F,M 8.7 25 29.7 735.9 735.9 735.9 Hazel et al. 1979 

                      
Crayfish, 
Orconectes immunis 

Ammonium 
chloride 4 d F,M 7.9 17.1 488.1 1367     Arthur et al. 1987 

Crayfish (adult), 
Orconectes immunis 

Ammonium 
chloride 4 d F,M 8.2 4.6 999.4 1757 1550   West 1985; Arthur et al. 

1987 
                      
Crayfish (2.78 cm), 
Orconectes nais 

Ammonium 
chloride 4 d F,M 8.3 26.5 23.15 303.8 303.8 686.2 Evans 1979 

                      
Midge (10 d old, 2-3 instar), 
Chironomus riparius 

Ammonium 
chloride 4 d R,M 7.7 21.7 357.7 1029 1029   Monda et al. 1995  

                      
Midge, 
Chironomus tentans 

Ammonium 
chloride 4 d S,M 6.69 23 430 443.0     Besser et al. 1998 

Midge, 
Chironomus tentans 

Ammonium 
chloride 4 d S,M 7.56 23 564 1439     Besser et al. 1998 

Midge (2nd instar), 
Chironomus tentans 

Ammonium 
chloride 4 d F,M 6.5 25 371 415.1     Schubauer-Berigan et al. 

1995 

Exhibit 34



 

87 

 

Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Midge (2nd instar), 
Chironomus tentans 

Ammonium 
chloride 4 d F,M 8.1 25 78.1 614.0     Schubauer-Berigan et al. 

1995 
Midge (2nd instar), 
Chironomus tentans 

Ammonium 
chloride 4 d F,M 6.5 25 368 411.7     Schubauer-Berigan et al. 

1995 
Midge (2nd instar), 
Chironomus tentans 

Ammonium 
chloride 4 d F,M 8.1 25 50.5 397.0 451.8 681.8 Schubauer-Berigan et al. 

1995 
 
Mayfly (middle to late instar), 
Drunella grandis 

Ammonium 
chloride 4 d F,M 7.84 12.8 259.1 455.5     Thurston et al. 1984b 

Mayfly (middle to late instar), 
Drunella grandis 

Ammonium 
chloride 4 d F,M 7.84 13.2 195.6 355.6     Thurston et al. 1984b 

Mayfly (middle to late instar), 
Drunella grandis 

Ammonium 
chloride 4 d F,M 7.85 12 319 534.5 442.4 442.4 Thurston et al. 1984b 

                      
Aquatic sowbug, 
Caecidotea racovitzai 

(previously Asellus racovitzai) 

Ammonium 
chloride 4 d F,M 7.8 22 148.8 522.3     Arthur et al. 1987 

Aquatic sowbug (adult), 
Caecidotea racovitzai 

Ammonium 
chloride 4 d F,M 8 4 357.8 407.7     West 1985; Arthur et al. 

1987 
Aquatic sowbug, 
Caecidotea racovitzai 

Ammonium 
chloride  4 d F,M 7.81 11.9 176 272.2 387.0 387.0 Thurston et al. 1983 

                      
Isopod (adult), 
Asellus aquaticus 

Ammonium 
chloride 4 d F,M 7.05 12 2.60 575.2     Dehedin et al. 2012 

Isopod (adult), 
Asellus aquaticus 

Ammonium 
chloride 4 d F,M 7.05 12 1.25 276.6     Dehedin et al. 2012 

Isopod (adult), 
Asellus aquaticus 

Ammonium 
chloride 4 d F,M 7.05 12 1.70 376.1     Dehedin et al. 2012 

Isopod (adult), 
Asellus aquaticus 

Ammonium 
chloride 4 d F,M 7.05 18 2.61 603.8     Dehedin et al. 2012 

Isopod (adult), 
Asellus aquaticus 

Ammonium 
chloride 4 d F,M 7.05 18 1.40 323.9     Dehedin et al. 2012 

Isopod (adult), 
Asellus aquaticus 

Ammonium 
chloride 4 d F,M 7.05 18 1.95 451.1     Dehedin et al. 2012 

Isopod (adult), 
Asellus aquaticus 

Ammonium 
chloride 4 d F,M 7.05 24 1.00 246.6     Dehedin et al. 2012 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Isopod (adult), 
Asellus aquaticus 

Ammonium 
chloride 4 d F,M 7.05 24 1.00 246.6     Dehedin et al. 2012 

Isopod (adult), 
Asellus aquaticus 

Ammonium 
chloride 4 d F,M 7.05 24 2.00 493.1 378.2 378.2 Dehedin et al. 2012 

                      
Threespine stickleback 
(juvenile-adult, 32-60 mm), 
Gasterosteus aculeatus 

Ammonium 
chloride 4 d S,M 7.1 23.3 198.1 216.5     Hazel et al. 1971 

Threespine stickleback 
(juvenile-adult, 32-60 mm), 
Gasterosteus aculeatus 

Ammonium 
chloride 4 d S,M 7.15 15 577 667.4     Hazel et al. 1971 

Threespine stickleback 
(juvenile-adult, 32-60 mm), 
Gasterosteus aculeatus 

Ammonium 
chloride 4 d S,M 7.25 23.3 203.8 264.0     Hazel et al. 1971 

Threespine stickleback 
(juvenile-adult, 32-60 mm), 
Gasterosteus aculeatus 

Ammonium 
chloride 4 d S,M 7.5 15 143.9 261.1     Hazel et al. 1971 

Threespine stickleback 
(juvenile-adult, 32-60 mm), 
Gasterosteus aculeatus 

Ammonium 
chloride 4 d S,M 7.5 23.3 78.7 142.8     Hazel et al. 1971 

Threespine stickleback 
(juvenile-adult, 32-60 mm), 
Gasterosteus aculeatus 

Ammonium 
chloride 4 d S,M 7.5 23.3 115.4 209.5     Hazel et al. 1971 

Threespine stickleback 
(juvenile-adult, 32-60 mm), 
Gasterosteus aculeatus 

Ammonium 
chloride 4 d S,M 7.5 15 259 470.0 281.5 281.5 Hazel et al. 1971 

                      
Mayfly, 
Callibaetis skokianus 

Ammonium 
chloride 4 d F,M 7.7 10.8 263.5 307.2     Arthur et al. 1987 

Mayfly, 
Callibaetis skokianus 

Ammonium 
chloride 4 d F,M 7.9 13.3 211.7 432.7 364.6   West 1985; Arthur et al. 

1987 
                      
Mayfly (middle to late instar), 
Callibaetis sp. 

Ammonium 
chloride 4 d F,M 7.81 11.9 107.8 166.7 166.7 246.5 Thurston et al. 1984b 

                      

Exhibit 34



 

89 

 

Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Dragonfly (<233 d old), 
Pachydiplax longipennis 

Ammonium 
chloride 4 d F,M 8 12 76.92 170.1     Diamond et al. 1993 

Dragonfly (<140 d old), 
Pachydiplax longipennis 

Ammonium 
chloride 4 d F,M 8 20 74.37 319.2 233.0 233.0 Diamond et al. 1993 

                      
Mottled sculpin (1.8 g, 5.4 cm), 
Cottus bairdii 

Ammonium 
chloride 4 d F,M 8.02 12.4 49.83 222.2 222.2 222.2 Thurston and Russo 1981 

                      
Western mosquitofish, 
Gambusia affinis -  4 d S,U 7.75 19 129.6 352.9     Wallen et al. 1957 

Western mosquitofish, 
Gambusia affinis  - 4 d S,U 8.2 19.5 34.54 217.7     Wallen et al. 1957 

Western mosquitofish, 
Gambusia affinis  - 4 d S,U 8.5 23 14.64 165.0     Wallen et al. 1957 

Western mosquitofish, 
Gambusia affinis  - 4 d S,U 8 24 42.53 182.6 219.3 219.3 Wallen et al. 1957 

                      
Oligochaete worm, 
Lumbriculus variegatus 

Ammonium 
chloride 4 d S,M 7.56 23 286 729.5     Besser et al. 1998 

Oligochaete worm, 
Lumbriculus variegatus 

Ammonium 
chloride 4 d S,M 6.69 23 302 311.1     Besser et al. 1998 

Oligochaete worm (10-25 mm), 
Lumbriculus variegatus 

Ammonium 
chloride 4 d R,M 8.2 15 13.66 56.88     Hickey and Vickers 1994 

Oligochaete worm (adult), 
Lumbriculus variegatus  - 4 d F,M 6.5 25 100 111.9     Schubauer-Berigan et al. 

1995 
Oligochaete worm (adult), 
Lumbriculus variegatus  - 4 d F,M 6.5 25 200 223.8     Schubauer-Berigan et al. 

1995 
Oligochaete worm (adult), 
Lumbriculus variegatus  - 4 d F,M 8.1 25 34 267.3     Schubauer-Berigan et al. 

1995 
Oligochaete worm (adult), 
Lumbriculus variegatus  - 4 d F,M 8.1 25 43.5 342.0 218.7 218.7 Schubauer-Berigan et al. 

1995 
                      
Tubificid worm, 
Tubifex tubifex 

Ammonium 
chloride 4 d S,U 8.2 12 66.67 216.5 216.5 216.5 Stammer 1953 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Marsh ramshorn snail, 
Planorbella trivolvis  

(previously Helisoma trivolvis) 

Ammonium 
chloride 4 d F,M 7.9 22 47.73 200.7     Arthur et al. 1987 

Marsh ramshorn snail, 
Planorbella  trivolvis 

Ammonium 
chloride 4 d F,M 8.2 12.9 63.73 223.0 211.6 211.6 Arthur et al. 1987 

                      
Scud (7-14 d old), 
Hyalella azteca 

Ammonium 
chloride 4 d R,M 8.3 25 39.8 461.2     Ankley et al. 1995 

Scud (7-14 d old), 
Hyalella azteca 

Ammonium 
chloride 4 d R,M 7.31 25 64 135.1     Ankley et al. 1995 

Scud (7-14 d old), 
Hyalella azteca 

Ammonium 
chloride 4 d R,M 6.43 25 105 114.6 192.6 192.6 Ankley et al. 1995 

                      
Stonefly, Little golden stonefly 
(middle to late instar), 
Skwala americana 

Ammonium 
chloride 4 d F,M 7.81 13.1 109.3 186.7     Thurston et al. 1984b 

Stonefly, Little golden stonefly 
(middle to late instar), 
Skwala americana 

Ammonium 
chloride 4 d F,M 7.76 13.8 119.6 198.3 192.4 192.4 Thurston et al. 1984b 

                      
Mozambique tilapia (juvenile), 
Oreochromis mossambicus 

Ammonium 
chloride 4 d R,U 7.2 28 151.5 185.2 185.2 185.2 Rani et al. 1998 

                      
Amphipod (4-6 mm), 
Crangonyx pseudogracilis 

Ammonium 
chloride 4 d S,U 7.5 12 43.36 40.54     Prenter et al. 2004 

Amphipod, 
Crangonyx pseudogracilis 

Ammonium 
chloride 4 d F,M 8 4 199.5 227.3     West 1985; Arthur et al. 

1987 
Amphipod, 
Crangonyx pseudogracilis 

Ammonium 
chloride 4 d F,M 8 12.1 216 481.7     West 1985; Arthur et al. 

1987 
Amphipod, 
Crangonyx pseudogracilis 

Ammonium 
chloride 4 d F,M 8 13.3 115.3 284.1     West 1985; Arthur et al. 

1987 
Amphipod, 
Crangonyx pseudogracilis 

Ammonium 
chloride 4 d F,M 8 24.9 25.1 161.7     West 1985; Arthur et al. 

1987 
Amphipod, 
Crangonyx pseudogracilis 

Ammonium 
chloride 4 d F,M 8.2 13 81.6 287.9 270.5   West 1985; Arthur et al. 

1987 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Amphipod (13 d), 
Crangonyx sp. 

Ammonium 
chloride 4 d F,M 8 12 79.23 175.3     Diamond et al. 1993 

Amphipod (8-42 d), 
Crangonyx sp. 

Ammonium 
chloride 4 d F,M 8 20 19.83 85.13 122.2 181.8 Diamond et al. 1993 

                      
Tubificid worm (30-40 mm), 
Limnodrilus hoffmeisteri - 4 d F,M 7.9 11.5 96.62 170.2 170.2 170.2 Williams et al. 1986 

                      
Pouch snail, 
Physa gyrina 

Ammonium 
chloride 4 d F,M 8 4 114.9 131.0     West 1985; Arthur et al. 

1987 
Pouch snail, 
Physa gyrina 

Ammonium 
chloride 4 d F,M 8.2 5.5 85.13 161.3     West 1985; Arthur et al. 

1987 
Pouch snail, 
Physa gyrina 

Ammonium 
chloride 4 d F,M 8.1 12.1 76.29 205.9     West 1985; Arthur et al. 

1987 
Pouch snail, 
Physa gyrina 

Ammonium 
chloride 4 d F,M 8.2 12.8 50.25 174.4     West 1985; Arthur et al. 

1987 
Pouch snail, 
Physa gyrina 

Ammonium 
chloride 4 d F,M 8 13.3 62.39 153.7     West 1985; Arthur et al. 

1987 
Pouch snail, 
Physa gyrina 

Ammonium 
chloride 4 d F,M 8 24.9 26.33 169.7 164.5 164.5 West 1985; Arthur et al. 

1987 
                      
Damselfly (8-10 mm), 
Enallagma sp.  - 4 d F,M 7.9 11.5 93.1 164.0 164.0 164.0 Williams et al. 1986 

                      
Water flea (<24 hr), 
Chydorus sphaericus 

Ammonium 
chloride 4 d S,M 8 20 37.88 162.6 162.6 162.6 Dekker et al. 2006 

                      
Fathead minnow (larva, 14 d), 
Pimephales promelas -  4 d S,U 7.6 20 37.56 79.59     Markle et al. 2000 

Fathead minnow, 
Pimephales promelas 

Ammonium 
chloride 4 d S,M 7.52 20.25 36.73 68.17     EA Engineering 1985 

Fathead minnow, 
Pimephales promelas 

Ammonium 
chloride 4 d S,M 7.48 19.85 40.93 72.10     EA Engineering 1985 

Fathead minnow, 
Pimephales promelas 

Ammonium 
chloride 4 d S,M 7.52 20.25 37.49 69.59     EA Engineering 1985 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Fathead minnow, 
Pimephales promelas 

Ammonium 
chloride 4 d S,M 7.48 19.85 41.79 73.61     EA Engineering 1985 

Fathead minnow, 
Pimephales promelas 

Ammonium 
chloride 4 d S,M 7.48 19.85 43.49 76.61     EA Engineering 1985 

Fathead minnow (4-6 d old), 
Pimephales promelas 

Ammonium 
chloride 4 d R,M 8.01 25 14.4 63.00     Buhl 2002 

Fathead minnow, 
Pimephales promelas 

Ammonium 
chloride 4 d R,M 8 20 5.389 23.13     Diamond et al. 1993 

Fathead minnow, 
Pimephales promelas 

Ammonium 
chloride 4 d R,M 8 20 6.1 26.19     Diamond et al. 1993 

Fathead minnow (1.9 g), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.9 3.4 229.7 818.4     West 1985; Arthur et al. 

1987 
Fathead minnow (1.8 g), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 8.1 12.1 56.07 291.3     West 1985; Arthur et al. 

1987 
Fathead minnow (1.6 g), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 8 17.1 52.22 224.2     West 1985; Arthur et al. 

1987 
Fathead minnow (1.7 g), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 8.1 26.1 29.23 151.8     West 1985; Arthur et al. 

1987 
Fathead minnow, 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 8.05 14 47.29 223.2     DeGraeve et al. 1980 

Fathead minnow (4-5 mo), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.46 6 97.27 166.4     DeGraeve et al. 1987 

Fathead minnow (4-5 mo), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.46 10 101.7 174.0     DeGraeve et al. 1987 

Fathead minnow (4-5 mo), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.41 15 76.58 122.0     DeGraeve et al. 1987 

Fathead minnow (4-5 mo), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.41 20 78.22 124.6     DeGraeve et al. 1987 

Fathead minnow (4-5 mo), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.45 20 66.94 112.9     DeGraeve et al. 1987 

Fathead minnow (4-5 mo), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.4 25 81.81 128.5     DeGraeve et al. 1987 

Fathead minnow (4-5 mo), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.41 25 91.4 145.6     DeGraeve et al. 1987 

Fathead minnow (4-5 mo), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.44 30 64.12 106.6     DeGraeve et al. 1987 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Fathead minnow 
(0.28 g, 26.6 mm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 8.14 22 25.16 141.2     Mayes et al. 1986 

Fathead minnow 
(10 mm length), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.9 20.6 28.9 103.0     Nimmo et al. 1989 

Fathead minnow (10 mm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 8.2 6.2 7.322 46.15     Nimmo et al. 1989 

Fathead minnow (10 mm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.8 20.1 18.73 55.68     Nimmo et al. 1989 

Fathead minnow (10 mm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.8 19.8 32.12 95.49     Nimmo et al. 1989 

Fathead minnow (25 mm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 8.1 19.6 24.89 129.3     Nimmo et al. 1989 

Fathead minnow (25 mm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 8.2 6.2 11.56 72.86     Nimmo et al. 1989 

Fathead minnow (25 mm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 8.1 5.8 19.94 103.6     Nimmo et al. 1989 

Fathead minnow (25 mm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 8.1 5.8 21.44 111.4     Nimmo et al. 1989 

Fathead minnow (25 mm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.7 20.1 32.25 80.61     Nimmo et al. 1989 

Fathead minnow 
(15 mm, 0.0301 g), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 8.46 4.1 18.54 193.5     Reinbold and Pescitelli 

1982b 

Fathead minnow 
(16 mm, 0.0315 g), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 8.02 23.9 19.55 87.16     Reinbold and Pescitelli 

1982b 

Fathead minnow 
(19 mm, 0.0629 g), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 8.26 4.6 30.57 216.5     Reinbold and Pescitelli 

1982b 

Fathead minnow 
(21 mm, 0.0662 g), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 8.16 25.2 17.65 102.9     Reinbold and Pescitelli 

1982b 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Fathead minnow 
(5.2 cm, 1.1 g), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.7 21.65 63.02 157.5     Sparks 1975 

Fathead minnow (0.2 g), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.78 25.9 40.85 117.3     Swigert and Spacie 1983 

Fathead minnow (0.5 g), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.8 25.6 42.65 126.8     Swigert and Spacie 1983 

Fathead minnow 
(1.9 g, 5.2 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.83 11.8 45.71 143.4     Thurston et al. 1981c 

Fathead minnow 
(1.9 g, 5.2 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.82 12 62.72 193.3     Thurston et al. 1981c 

Fathead minnow 
(1.9 g, 5.2 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 6.51 13 260 192.9     Thurston et al. 1981c 

Fathead minnow 
(1.9 g, 5.2 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 9.03 13.2 5.94 169.6     Thurston et al. 1981c 

Fathead minnow 
(1.9 g, 5.2 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 8.51 13.5 18.88 216.9     Thurston et al. 1981c 

Fathead minnow 
(1.9 g, 5.2 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.01 13.8 145.9 147.2     Thurston et al. 1981c 

Fathead minnow 
(0.09 g, 2.0 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.91 16.3 51.55 187.1     Thurston et al. 1983 

Fathead minnow 
(0.09 g, 2.1 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.89 13.1 50.2 175.6     Thurston et al. 1983 

Fathead minnow 
(0.13 g, 2.3 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.64 13.6 58.4 132.1     Thurston et al. 1983 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Fathead minnow 
(0.19 g, 2.6 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.68 13.5 64.7 156.3     Thurston et al. 1983 

Fathead minnow 
(0.22 g, 2.7 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 8.03 22.1 47.6 216.3     Thurston et al. 1983 

Fathead minnow 
(0.22 g, 2.9 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 8.06 22 42.6 205.0     Thurston et al. 1983 

Fathead minnow 
(0.26 g, 3.0 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.67 13.9 58.8 139.7     Thurston et al. 1983 

Fathead minnow 
(0.31 g, 3.0 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 8.05 13 74.65 352.4     Thurston et al. 1983 

Fathead minnow 
(0.31 g, 3.1 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 8.05 13.6 66.48 313.8     Thurston et al. 1983 

Fathead minnow 
(0.35 g, 3.1 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.94 19.1 42.3 162.3     Thurston et al. 1983 

Fathead minnow 
(0.42 g, 3.0 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.76 19 50.28 139.3     Thurston et al. 1983 

Fathead minnow 
(0.42 g, 3.6 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.66 13.4 58.2 136.0     Thurston et al. 1983 

Fathead minnow 
(0.47 g, 3.2 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.87 15.8 58.91 198.7     Thurston et al. 1983 

Fathead minnow 
(0.47 g, 3.2 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.83 22 50.6 158.7     Thurston et al. 1983 

Fathead minnow 
(0.5 g, 3.8 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.91 18.9 49.3 178.9     Thurston et al. 1983 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Fathead minnow 
(0.8 g, 4.2 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.77 14.3 66.7 188.1     Thurston et al. 1983 

Fathead minnow 
(1.0 g, 4.6 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.77 14.1 72.71 205.1     Thurston et al. 1983 

Fathead minnow 
(1.4 g, 4.9 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 8.04 22.4 36.59 169.5     Thurston et al. 1983 

Fathead minnow 
(1.4 g, 5.0 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 8.08 21.4 44.8 224.0     Thurston et al. 1983 

Fathead minnow 
(1.4 g, 5.0 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 8.16 21.4 47.39 276.4     Thurston et al. 1983 

Fathead minnow 
(1.4 g, 5.1 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.88 21.7 50.9 174.8     Thurston et al. 1983 

Fathead minnow 
(1.4 g, 5.4 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.68 12.9 91.8 221.8     Thurston et al. 1983 

Fathead minnow 
(1.4 g, 5.5 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.63 13.2 89.85 199.9     Thurston et al. 1983 

Fathead minnow 
(1.5 g, 5.6 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.76 12.9 107.5 298.0     Thurston et al. 1983 

Fathead minnow 
(1.7 g, 5.2 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.84 21.7 55.43 177.0     Thurston et al. 1983 

Fathead minnow 
(2.1 g, 6.1 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.76 13.1 66.73 184.9     Thurston et al. 1983 

Fathead minnow 
(2.2 g, 6.2 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.74 12.8 52.2 139.7     Thurston et al. 1983 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Fathead minnow 
(2.3 g, 6.3 cm), 
Pimephales promelas 

Ammonium 
chloride 4 d F,M 7.91 15.9 47.43 172.1 159.2 159.2 Thurston et al. 1983 

                      
Brook trout (3.12 g, 7.2 cm), 
Salvelinus fontinalis 

Ammonium 
chloride 4 d F,U 7.86 13.6 45.21 149.7     Thurston and Meyn 1984 

Brook trout (3.40 g, 7.4 cm), 
Salvelinus fontinalis 

Ammonium 
chloride 4 d F,U 7.83 13.8 52.03 163.2 156.3   Thurston and Meyn 1984 

                      
Lake trout, siscowet (0.9 g), 
Salvelinus namaycush 

Ammonium 
chloride 4 d S,M  7.45 8.5 90.43 152.5     Soderberg and Meade 1992 

Lake trout, siscowet (0.9 g), 
Salvelinus namaycush 

Ammonium 
chloride 4 d S,M 7.45 8.5 110.2 185.9     Soderberg and Meade 1992 

Lake trout, siscowet (8 g), 
Salvelinus namaycush 

Ammonium 
chloride 4 d S,M 7.45 8.5 96.25 162.3     Soderberg and Meade 1992 

Lake trout, siscowet (8 g), 
Salvelinus namaycush 

Ammonium 
chloride 4 d S,M 7.45 8.5 83.11 140.1 159.3 157.8 Soderberg and Meade 1992 

                      
Shortnose sturgeon (fingerling), 
Acipenser brevirostrum 

Ammonium 
chloride 4 d S,M 7.05 18 149.8 156.7 156.7 156.7 Fontenot et al. 1998 

                      
White sucker (5.6 g), 
Catostomus commersonii 

Ammonium 
chloride 4 d F,M 7.8 3.6 89.57 266.3     West 1985; Arthur et al. 

1987 
White sucker (5.2 g), 
Catostomus commersonii 

Ammonium 
chloride 4 d F,M 8.1 11.3 60.86 316.1     West 1985; Arthur et al. 

1987 
White sucker (12.6 g), 
Catostomus commersonii 

Ammonium 
chloride 4 d F,M 8.2 12.6 40.85 257.4     West 1985; Arthur et al. 

1987 
White sucker (9.6 g), 
Catostomus commersonii 

Ammonium 
chloride 4 d F,M 8.2 15.3 43.01 271.0     West 1985; Arthur et al. 

1987 
White sucker (110 mm), 
Catostomus commersonii 

Ammonium 
chloride 4 d F,M 7.8 20.2 31.21 92.80     Nimmo et al. 1989 

White sucker (110 mm), 
Catostomus commersonii 

Ammonium 
chloride 4 d F,M 7.8 20.2 18.93 56.28     Nimmo et al. 1989 

White sucker (92 mm, 6.3 g), 
Catostomus commersonii 

Ammonium 
chloride 4 d F,M 8.16 15 30.28 176.6     Reinbold and Pescitelli 

1982c 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
White sucker (92 mm, 6.3 g), 
Catostomus commersonii 

Ammonium 
chloride 4 d F,M 8.14 15.4 29.65 166.3     Reinbold and Pescitelli 

1982c 
White sucker (11.4 g), 
Catostomus commersonii 

Ammonium 
chloride 4 d F,M 7.8 22.5 22.3 66.32 157.5   Swigert and Spacie 1983 

                      
Mountain sucker 
(63.3 g, 18.2 cm), 
Catostomus platyrhynchus 

Ammonium 
chloride 4 d F,U 7.67 12 66.91 159.0     Thurston and Meyn 1984 

Mountain sucker 
(45.3 g, 16.2 cm), 
Catostomus platyrhynchus 

Ammonium 
chloride 4 d F,U 7.69 13.2 47.59 117.0     Thurston and Meyn 1984 

Mountain sucker 
(47.8 g, 15.9 cm), 
Catostomus platyrhynchus 

Ammonium 
chloride 4 d F,U 7.73 11.7 51.62 135.8 136.2 146.5 Thurston and Meyn 1984 

                      
Water flea, 
Ceriodaphnia acanthina 

Ammonium 
chloride 2 d F,M 7.06 24 104.8 154.3 154.3   Mount 1982 

                      
Water flea (<24 hr), 
Ceriodaphnia dubia 

Ammonium 
chloride 2 d S,M 8.02 24.8 21.26 141.1     Andersen and Buckley 

1998 
Water flea (<24 hr), 
Ceriodaphnia dubia 

Ammonium 
chloride 2 d S,M 7.5 25 47.05 129.2     Bailey et al. 2001 

Water flea (<24 hr), 
Ceriodaphnia dubia 

Ammonium 
chloride 2 d S,M 7.5 25 56.84 156.1     Bailey et al. 2001 

Water flea (<24 hr), 
Ceriodaphnia dubia 

Ammonium 
chloride 2 d S,M 8.16 22 24.77 170.5     Black 2001 

Water flea (<24 hr), 
Ceriodaphnia dubia 

Ammonium 
chloride 2 d S,M 8.4 23 28.06 334.5     Black 2001 

Water flea (<24 hr), 
Ceriodaphnia dubia 

Ammonium 
chloride 2 d S,M 8.4 23 32.63 389.0     Black 2001 

Water flea (<24 hr), 
Ceriodaphnia dubia 

Ammonium 
chloride 2 d S,M 8 25 14.52 94.35     Scheller 1997 

Water flea, 
Ceriodaphnia dubia 

Ammonium 
chloride 2 d S,M 8.08 24.75 15.6 114.5     Andersen and Buckley 

1998 
Water flea, 
Ceriodaphnia dubia 

Ammonium 
hydroxide 2 d R,M 8.4 26.4 7.412 117.1     Cowgill and Milazzo 1991 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Water flea, 
Ceriodaphnia dubia 

Ammonium 
sulfate 2 d R,NR 7.4 23 48.59 97.89     Manning et al. 1996 

Water flea, 
Ceriodaphnia dubia 

Ammonium 
chloride 2 d R,M 7.8 25 33.98 152.9     Nimmo et al. 1989 

Water flea, 
Ceriodaphnia dubia 

Ammonium 
chloride 2 d R,M 8.2 7 16.65 35.72     Nimmo et al. 1989 

Water flea, 
Ceriodaphnia dubia 

Ammonium 
chloride 2 d S,M 7.85 23 28.65 119.5     Sarda 1994 

Water flea, 
Ceriodaphnia dubia 

Ammonium 
chloride 2 d S,M 7.85 23 28.77 120.0 134.2 143.9 Sarda 1994 

                      
Water flea (adult), 
Simocephalus vetulus 

Ammonium 
chloride 2 d F,M 8.3 17 31.58 188.5     West 1985; Arthur et al. 

1987 
Water flea (adult), 
Simocephalus vetulus 

Ammonium 
chloride 2 d F,M 8.1 20.4 21.36 114.7     Arthur et al. 1987 

Water flea, 
Simocephalus vetulus 

Ammonium 
chloride 2 d F,M 7.25 24.5 83.51 157.0     Mount 1982 

Water flea, 
Simocephalus vetulus 

Ammonium 
chloride 2 d F,M 7.06 24 83.51 122.9 142.9 142.9 Mount 1982 

                      
Channel catfish, 
Ictalurus punctatus 

Ammonium 
chloride 4 d S,U 8.7 22 10.56 172.9     Colt and Tchobanoglous 

1976 
Channel catfish, 
Ictalurus punctatus 

Ammonium 
chloride 4 d S,U 8.7 26 10.19 166.9     Colt and Tchobanoglous 

1976 
Channel catfish, 
Ictalurus punctatus 

Ammonium 
chloride 4 d S,U 8.7 30 10.88 178.1     Colt and Tchobanoglous 

1976 
Channel catfish, 
Ictalurus punctatus 

Ammonium 
chloride 4 d S,M 7.49 19.7 131.5 235.0     EA Engineering 1985 

Channel catfish, 
Ictalurus punctatus 

Ammonium 
chloride 4 d S,M 7.53 19.75 99.67 189.3     EA Engineering 1985 

Channel catfish (larvae, 1 d), 
Ictalurus punctatus 

Ammonium 
chloride 4 d R,M 8.2 23.8 13.03 82.10     Bader and Grizzle 1992 

Channel catfish (juvenile, 7 d), 
Ictalurus punctatus 

Ammonium 
chloride 4 d R,M 8.2 23.9 17.22 108.5     Bader and Grizzle 1992 

Channel catfish (3.5 g), 
Ictalurus punctatus 

Ammonium 
chloride 4 d F,M 7.8 19.6 44.71 132.9     West 1985; Arthur et al. 

1987 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Channel catfish (5.8 g), 
Ictalurus punctatus 

Ammonium 
chloride 4 d F,M 8 3.5 37.64 161.6     West 1985; Arthur et al. 

1987 
Channel catfish (6.4 g), 
Ictalurus punctatus 

Ammonium 
chloride 4 d F,M 8.1 14.6 24.94 129.5     West 1985; Arthur et al. 

1987 
Channel catfish, 
Ictalurus punctatus 

Ammonium 
chloride 4 d F,M 8.4 28 10.71 99.59     Colt and Tchobanoglous 

1978 
Channel catfish (3-11 mo), 
Ictalurus punctatus 

Ammonium 
chloride 4 d F,M 7.46 10 124.8 213.5     DeGraeve et al. 1987 

Channel catfish (3-11 mo), 
Ictalurus punctatus 

Ammonium 
chloride 4 d F,M 7.41 15 113.1 180.2     DeGraeve et al. 1987 

Channel catfish (3-11 mo), 
Ictalurus punctatus 

Ammonium 
chloride 4 d F,M 7.41 20 89.63 142.8     DeGraeve et al. 1987 

Channel catfish (3-11 mo), 
Ictalurus punctatus 

Ammonium 
chloride 4 d F,M 7.45 20 72.15 121.7     DeGraeve et al. 1987 

Channel catfish (3-11 mo), 
Ictalurus punctatus 

Ammonium 
chloride 4 d F,M 7.4 25 89.41 140.5     DeGraeve et al. 1987 

Channel catfish (3-11 mo), 
Ictalurus punctatus 

Ammonium 
chloride 4 d F,M 7.41 25 85.69 136.5     DeGraeve et al. 1987 

Channel catfish (3-11 mo), 
Ictalurus punctatus 

Ammonium 
chloride 4 d F,M 7.44 30 65.25 108.5     DeGraeve et al. 1987 

Channel catfish (<110 d), 
Ictalurus punctatus 

Ammonium 
chloride 4 d F,M 8 20 15.09 64.77     Diamond et al. 1993 

Channel catfish, 
Ictalurus punctatus 

Ammonium 
chloride 4 d F,M 7.94 23.8 33.1 127.0     Reinbold and Pescitelli 

1982d 
Channel catfish, 
Ictalurus punctatus 

Ammonium 
chloride 4 d F,M 7.98 23.8 30.49 126.1     Reinbold and Pescitelli 

1982d 
Channel catfish (4.5-10.8 g), 
Ictalurus punctatus 

Ammonium 
chloride 4 d F,M 8.08 28 44.44 222.2     Roseboom and Richey 1977 

Channel catfish (7.1-12.7 g), 
Ictalurus punctatus 

Ammonium 
chloride 4 d F,M 8.09 22 32.33 164.8     Roseboom and Richey 1977 

Channel catfish 
(14.3 mm, 19.0 g), 
Ictalurus punctatus 

Ammonium 
chloride 4 d F,M 7.93 20 74.35 277.4     Sparks 1975 

Channel catfish (0.5 g), 
Ictalurus punctatus 

Ammonium 
chloride 4 d F,M 7.8 25.7 32.85 97.67     Swigert and Spacie 1983 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Channel catfish, 
Ictalurus punctatus 

Ammonium 
chloride 4 d F,M 8 26 32.34 138.8     West 1985 

Channel catfish, 
Ictalurus punctatus 

Ammonium 
chloride 4 d F,M 8.1 17 40.83 212.1 142.4 142.4 West 1985 

                      
Red swamp crayfish (2.1 cm), 
Procambarus clarkii 

Ammonium 
chloride 4 d F,M 8 20 26.08 112.0     Diamond et al. 1993 

Red swamp crayfish (<2.5 cm), 
Procambarus clarkii 

Ammonium 
chloride 4 d F,M 8 12 76.92 170.1 138.0 138.0 Diamond et al. 1993 

                      
Atlantic salmon (4.8-9.2 cm), 
Salmo salar 

Ammonium 
sulfate 4 d S,M 6.4 1.8 123 87.86     Knoph 1992 

Atlantic salmon (4.8-9.2 cm), 
Salmo salar 

Ammonium 
sulfate 4 d S,M 6.4 1.8 133.9 95.64     Knoph 1992 

Atlantic salmon (4.8-9.2 cm), 
Salmo salar 

Ammonium 
sulfate 4 d S,M 6 2.1 297.2 195.1     Knoph 1992 

Atlantic salmon (4.8-9.2 cm), 
Salmo salar 

Ammonium 
sulfate 4 d S,M 6 2.1 341.1 223.9     Knoph 1992 

Atlantic salmon (4.8-9.2 cm), 
Salmo salar 

Ammonium 
sulfate 4 d S,M 6.05 2.5 400 264.4     Knoph 1992 

Atlantic salmon (4.8-9.2 cm), 
Salmo salar 

Ammonium 
sulfate 4 d S,M 6.05 2.5 491.7 325.0     Knoph 1992 

Atlantic salmon (4.8-9.2 cm), 
Salmo salar 

Ammonium 
sulfate 4 d S,M 6 7.3 581.5 381.7     Knoph 1992 

Atlantic salmon (4.8-9.2 cm), 
Salmo salar 

Ammonium 
sulfate 4 d S,M 6 7.3 587.6 385.7     Knoph 1992 

Atlantic salmon (4.8-9.2 cm), 
Salmo salar 

Ammonium 
sulfate 4 d S,M 6.45 7.4 171.3 124.4     Knoph 1992 

Atlantic salmon (4.8-9.2 cm), 
Salmo salar 

Ammonium 
sulfate 4 d S,M 6.45 7.4 214.4 155.7     Knoph 1992 

Atlantic salmon (4.8-9.2 cm), 
Salmo salar 

Ammonium 
sulfate 4 d S,M 6.45 12.5 230.6 167.4     Knoph 1992 

Atlantic salmon (4.8-9.2 cm), 
Salmo salar 

Ammonium 
sulfate 4 d S,M 6.45 12.5 248.3 180.3     Knoph 1992 

Atlantic salmon (4.8-9.2 cm), 
Salmo salar 

Ammonium 
sulfate 4 d S,M 6.05 12.5 403.5 266.7     Knoph 1992 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Atlantic salmon (4.8-9.2 cm), 
Salmo salar 

Ammonium 
sulfate 4 d S,M 6.05 12.5 451.5 298.5     Knoph 1992 

Atlantic salmon (4.8-9.2 cm), 
Salmo salar 

Ammonium 
sulfate 4 d S,M 6.05 17.1 356.1 235.4     Knoph 1992 

Atlantic salmon (4.8-9.2 cm), 
Salmo salar 

Ammonium 
sulfate 4 d S,M 6.05 17.1 373 246.6     Knoph 1992 

Atlantic salmon (1.5 g), 
Salmo salar 

Ammonium 
chloride 4 d S,M 7.45 8.5 60.29 101.7     Soderberg and Meade 1992 

Atlantic salmon (1.5 g), 
Salmo salar 

Ammonium 
chloride 4 d S,M 7.45 8.5 35.74 60.26     Soderberg and Meade 1992 

Atlantic salmon (36 g), 
Salmo salar 

Ammonium 
chloride 4 d S,M 7.45 8.5 118.2 199.3     Soderberg and Meade 1992 

Atlantic salmon (36 g), 
Salmo salar 

Ammonium 
chloride 4 d S,M 7.45 8.5 70.62 119.1 183.3   Soderberg and Meade 1992 

                      
Brown trout (1.20 g, 5.4 cm), 
Salmo trutta 

Ammonium 
chloride 4 d F,U 7.85 13.2 29.58 96.20     Thurston and Meyn 1984 

Brown trout (1.17 g, 5.3 cm), 
Salmo trutta 

Ammonium 
chloride 4 d. F,U 7.86 13.8 32.46 107.5     Thurston and Meyn 1984 

Brown trout (0.91 g, 4.9 cm), 
Salmo trutta 

Ammonium 
chloride 4 d F,U 7.82 14.2 33.3 102.6 102.0 136.7 Thurston and Meyn 1984 

                      
White perch (76 mm), 
Morone americana 

Ammonium 
chloride 4 d S,M 8 16 14.93 64.09     Stevenson 1977 

White perch (76 mm), 
Morone americana 

Ammonium 
chloride 4 d S,M 6 16 418.4 274.7 132.7   Stevenson 1977 

                      
White bass (4.4 g), 
Morone chrysops 

Ammonium 
chloride 4 d S,M 7.09 19.7 132.4 144.0 144.0   Ashe et al. 1996 

                      
Striped bass (20-93 mm), 
Morone saxatilis 

Ammonium 
chloride 4 d S,M 7.4 23.3 92.17 144.8     Hazel et al. 1971 

Striped bass (20-93 mm), 
Morone saxatilis 

Ammonium 
chloride 4 d S,M 7.5 23.3 73.45 133.3     Hazel et al. 1971 

Striped bass (20-93 mm), 
Morone saxatilis 

Ammonium 
chloride 4 d S,M 7.35 15 259.7 378.9     Hazel et al. 1971 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Striped bass (20-93 mm), 
Morone saxatilis 

Ammonium 
chloride 4 d S,M 7.5 15 182.3 330.7     Hazel et al. 1971 

Striped bass (20-93 mm), 
Morone saxatilis 

Ammonium 
chloride 4 d S,M 7.93 23.3 48.03 180.8     Hazel et al. 1971 

Striped bass (20-93 mm), 
Morone saxatilis 

Ammonium 
chloride 4 d S,M 7.5 23.3 125.9 228.5     Hazel et al. 1971 

Striped bass (20-93 mm), 
Morone saxatilis 

Ammonium 
chloride 4 d S,M 7.84 15 165.7 524.6     Hazel et al. 1971 

Striped bass (20-93 mm), 
Morone saxatilis 

Ammonium 
chloride 4 d S,M 7.5 15 354.9 644.0     Hazel et al. 1971 

Striped bass (126.6 g), 
Morone saxatilis 

Ammonium 
chloride 4 d S,M 8.3 21 12.86 98.43 246.2   Oppenborn and Goudie 

1993 
                      
Sunshine bass (larvae, 12 h), 
Morone saxatilis x chrysops 

Ammonium 
chloride 4 d S,M 8.5 18.7 3.903 43.99     Harcke and Daniels 1999 

Sunshine bass (367.2 g), 
Morone saxatilis x chrysops 

Ammonium 
chloride 4 d S,M 8.3 21 8.147 62.37     Oppenborn and Goudie 

1993 
Sunshine bass (42.7 g), 
Morone saxatilis x chrysops 

Ammonium 
chloride 4 d S,M 7 25 63.62 63.62     Weirich et al. 1993 

Sunshine bass (42.7 g), 
Morone saxatilis x chrysops 

Ammonium 
chloride 4 d S,M 7 25 83.06 83.06     Weirich et al. 1993 

Sunshine bass (42.7 g), 
Morone saxatilis x chrysops 

Ammonium 
chloride 4 d S,M 7 25 56.55 56.55     Weirich et al. 1993 

Sunshine bass (42.7 g), 
Morone saxatilis x chrysops 

Ammonium 
chloride 4 d S,M 7 25 65.39 65.39     Weirich et al. 1993 

Sunshine bass (42.7 g), 
Morone saxatilis x chrysops 

Ammonium 
chloride 4 d S,M 7 25 60.09 60.09     Weirich et al. 1993 

Sunshine bass (42.7 g), 
Morone saxatilis x chrysops 

Ammonium 
chloride 4 d S,M 7 25 64.51 64.51     Weirich et al. 1993 

Sunshine bass (42.7 g), 
Morone saxatilis x chrysops 

Ammonium 
chloride 4 d S,M 7 25 79.53 79.53     Weirich et al. 1993 

Sunshine bass (42.7 g), 
Morone saxatilis x chrysops 

Ammonium 
chloride 4 d S,M 7 25 86.6 86.60     Weirich et al. 1993 

Sunshine bass (42.7 g), 
Morone saxatilis x chrysops 

Ammonium 
chloride 4 d S,M 7 25 95.43 95.43     Weirich et al. 1993 
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Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Sunshine bass (42.7 g), 
Morone saxatilis x chrysops 

Ammonium 
chloride 4 d S,M 7 25 105.2 105.2 70.22 134.8 Weirich et al. 1993 

                      
Water flea, 
Daphnia magna 

Ammonium 
chloride 2 d S,M 8.5 20 26.34 296.9     Gersich and Hopkins 1986 

Water flea, 
Daphnia magna 

Ammonium 
chloride 2 d S,M 7.92 21 9.463 37.66     Gulyas and Fleit 1990 

Water flea, 
Daphnia magna 

Ammonium 
chloride 2 d S,M 8.2 25 20.71 197.5     Parkhurst et al. 1979, 1981 

Water flea, 
Daphnia magna 

Ammonium 
chloride 2 d R,U 8.34 19.7 51.92 419.1     Reinbold and Pescitelli 

1982a 
Water flea, 
Daphnia magna 

Ammonium 
chloride 2 d S,M 8.07 19.6 51.09 242.4     Russo et al. 1985 

Water flea, 
Daphnia magna 

Ammonium 
chloride 2 d S,M 7.51 20.1 48.32 89.74     Russo et al. 1985 

Water flea, 
Daphnia magna 

Ammonium 
chloride 2 d S,M 7.53 20.1 55.41 106.1     Russo et al. 1985 

Water flea, 
Daphnia magna 

Ammonium 
chloride 2 d S,M 7.5 20.3 43.52 80.98     Russo et al. 1985 

Water flea, 
Daphnia magna 

Ammonium 
chloride 2 d S,M 7.4 20.6 42.31 69.88     Russo et al. 1985 

Water flea, 
Daphnia magna 

Ammonium 
chloride 2 d S,M 8.09 20.9 41.51 227.9     Russo et al. 1985 

Water flea, 
Daphnia magna 

Ammonium 
chloride 2 d S,M 7.95 22 51.3 236.7     Russo et al. 1985 

Water flea, 
Daphnia magna 

Ammonium 
chloride 2 d S,M 8.15 22 37.44 252.8     Russo et al. 1985 

Water flea, 
Daphnia magna 

Ammonium 
chloride 2 d S,M 8.04 22.8 38.7 226.1 157.7   Russo et al. 1985 

                      
Water flea, 
Daphnia pulicaria 

Ammonium 
chloride 2 d F,M 8.05 14 34.5 99.03 99.03 125.0 DeGraeve et al. 1980 

                      
Clawed toad (embryo), 
Xenopus laevis 

Ammonium 
sulfate 4 d R,M 7.2 22 38.59 40.91     Schuytema and Nebeker 

1999a 
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Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Clawed toad (embryo), 
Xenopus laevis 

Ammonium 
sulfate 4 d R,M 7.2 22 119.6 126.8     Schuytema and Nebeker 

1999a 
Clawed toad (embryo), 
Xenopus laevis 

Ammonium 
nitrate 4 d R,M 7.2 24 32.37 39.55     Schuytema and Nebeker 

1999a 
Clawed toad (embryo), 
Xenopus laevis 

Ammonium 
sulfate 4 d R,M 7.2 24 60.71 74.17     Schuytema and Nebeker 

1999a 
Clawed toad 
(17 mg, Gosner Stage 26-27), 
Xenopus laevis 

Nitric acid 
ammonium salt 4 d R,M 7.15 22 101.4 117.2     Schuytema and Nebeker 

1999b 

Clawed toad 
(17 mg, Gosner Stage 26-27), 
Xenopus laevis 

Ammonium 
sulfate 4 d R,M 7.15 22 135.9 157.2     Schuytema and Nebeker 

1999b 

Clawed toad 
(21 mg, Gosner Stage 26-27), 
Xenopus laevis 

Ammonium 
chloride 4 d R,M 7.15 22 128.3 148.4     Schuytema and Nebeker 

1999b 

Clawed toad (embryo), 
Xenopus laevis 

Ammonium 
phosphate 4 d R,M 8.43 25 37.3 367.4     Tietge et al. 2000 

Clawed toad (embryo), 
Xenopus laevis 

Ammonium 
phosphate 4 d R,M 8.62 25 28.7 405.6 122.5 122.5 Tietge et al. 2000 

                      
Flatworm, 
Dendrocoelum lacteum 

Ammonium 
chloride 4 d S,U 8.2 18 22.37 119.5 119.5 119.5 Stammer 1953 

                      
Walleye, 
Sander vitreus 

Ammonium 
chloride 4 d F,U 8.08 18.2 17.43 87.13     Reinbold and Pescitelli 

1982a 
Walleye (22.6 g), 
Sander vitreus 

Ammonium 
chloride 4 d F,M 7.9 3.7 48.37 172.3     West 1985; Arthur et al. 

1987 
Walleye (19.4 g), 
Sander vitreus 

Ammonium 
chloride 4 d F,M 7.7 11.1 89.93 224.8     West 1985; Arthur et al. 

1987 
Walleye (13.4 g), 
Sander vitreus 

Ammonium 
chloride 4 d F,M 8.3 19 6.123 46.87     West 1985; Arthur et al. 

1987 
Walleye (3.0 g, 65.6 mm), 
Sander vitreus 

Ammonium 
chloride 4 d F,M 8.06 21.5 21.49 103.4 117.1 117.1 Mayes et al. 1986 

                      
Central stoneroller (2.1 g), 
Campostoma anomalum 

Ammonium 
chloride 4 d F,M 7.8 25.7 38.97 115.9 115.9 115.9 Swigert and Spacie 1983 
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Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
                      
Rainbow dace, 
Cyprinella lutrensis 

Ammonium 
chloride 4 d F,M 8.3 24 24.37 186.5     Hazel et al. 1979 

Rainbow dace, 
Cyprinella lutrensis 

Ammonium 
chloride 4 d F,M 9.1 24 6.502 206.1 196.1   Hazel et al. 1979 

                      
Spotfin shiner (31-85 mm), 
Cyprinella spiloptera 

Ammonium 
chloride 4 d F,M 7.95 26.5 18.52 72.39     Rosage et al. 1979 

Spotfin shiner (41-78 mm), 
Cyprinella spiloptera 

Ammonium 
chloride 4 d F,M 8.15 26.5 16.27 93.07     Rosage et al. 1979 

Spotfin shiner (0.5 g), 
Cyprinella spiloptera 

Ammonium 
chloride 4 d F,M 7.9 25.7 24.52 87.36 83.80   Swigert and Spacie 1983 

                      
Steelcolor shiner (0.5 g), 
Cyprinella whipplei 

Ammonium 
chloride 4 d F,M 7.9 25.7 22.72 80.94 80.94 110.0 Swigert and Spacie 1983 

                      
Dwarf wedgemussel 
(glochidia), 
Alasmidonta heterodon 

Ammonium 
chloride 1 d S,M 8.3 20 >14.24 c >109.0 >109.0 >109.0 Wang et al. 2007b 

                      
Pink papershell (glochidia), 
Potamilus ohiensis 

Ammonium 
chloride 1 d S,M 8.3 20 >14.24 c >109.0 >109.0 >109.0 Wang et al. 2007b 

                      
Green sunfish 
(larvae, 9 d swim up fry), 
Lepomis cyanellus 

Ammonium 
chloride 4 d F,U 8.28 26.2 8.43 62.07     Reinbold and Pescitelli 

1982a 

Green sunfish, 
Lepomis cyanellus 

Ammonium 
chloride 4 d F,M 7.84 12.3 33.09 105.7     Jude 1973 

Green sunfish (62.5 mg), 
Lepomis cyanellus 

Ammonium 
chloride 4 d F,M 7.2 22.4 142.9 174.5     McCormick et al. 1984 

Green sunfish (62.5 mg), 
Lepomis cyanellus 

Ammonium 
chloride 4 d F,M 6.61 22.4 254.5 197.0     McCormick et al. 1984 

Green sunfish (62.5 mg), 
Lepomis cyanellus 

Ammonium 
chloride 4 d F,M 7.72 22.4 55.79 144.3     McCormick et al. 1984 

Green sunfish (62.5 mg), 
Lepomis cyanellus 

Ammonium 
chloride 4 d F,M 8.69 22.4 9.24 148.6 150.8   McCormick et al. 1984 
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Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
                      
Pumpkinseed (4.13-9.22 g), 
Lepomis gibbosus 

Ammonium 
chloride 4 d F,M 7.77 12 9.11 25.69     Jude 1973 

Pumpkinseed, 
Lepomis gibbosus 

Ammonium 
chloride 4 d F,M 7.77 14 48.09 135.6     Thurston 1981 

Pumpkinseed, 
Lepomis gibbosus 

Ammonium 
chloride 4 d F,M 7.77 14.5 42.02 118.5     Thurston 1981 

Pumpkinseed, 
Lepomis gibbosus 

Ammonium 
chloride 4 d F,M 7.71 15.7 48.54 87.54 77.53   Thurston 1981 

                      
Bluegill, 
Lepomis macrochirus 

Ammonium 
chloride 4 d S,M 7.51 20.35 40.41 73.88     EA Engineering 1985 

Bluegill, 
Lepomis macrochirus 

Ammonium 
chloride 4 d S,M 7.51 20.35 41.96 76.72     EA Engineering 1985 

Bluegill, 
Lepomis macrochirus 

Ammonium 
chloride 4 d S,M 7.52 20.65 41.9 78.36     EA Engineering 1985 

Bluegill, 
Lepomis macrochirus 

Ammonium 
chloride 4 d S,M 7.51 20.35 44.3 80.98     EA Engineering 1985 

Bluegill, 
Lepomis macrochirus 

Ammonium 
chloride 4 d S,M 7.52 20.65 42.63 79.73     EA Engineering 1985 

Bluegill, 
Lepomis macrochirus 

Ammonium 
chloride 4 d S,M 7.52 20.65 44.1 82.48     EA Engineering 1985 

Bluegill (1.7 cm), 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 8 20 21.56 92.54     Diamond et al. 1993 

Bluegill, 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 8 12 25.12 107.9     Diamond et al. 1993 

Bluegill 
(20.0-70.0 mm, young of year), 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 8.11 18.5 16.73 88.57     Emery and Welch 1969 

Bluegill 
(20.0-70.0 mm, young of year), 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 8.24 18.5 42.01 286.1     Emery and Welch 1969 

Bluegill 
(20.0-70.0 mm, young of year), 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 8.75 18.5 12.7 227.4     Emery and Welch 1969 
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Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Bluegill 
(20.0-70.0 mm, young of year), 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 9.05 18.5 6.581 193.8     Emery and Welch 1969 

Bluegill 
(20.0-70.0 mm, young of year), 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 9.19 18.5 3.755 135.0     Emery and Welch 1969 

Bluegill 
(20.0-70.0 mm, young of year), 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 9.62 18.5 0.7859 44.84     Emery and Welch 1969 

Bluegill 
(20.0-70.0 mm, young of year), 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 9.85 18.5 1.346 89.70     Emery and Welch 1969 

Bluegill, 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 8.6 24 5.509 75.01     Hazel et al. 1979 

Bluegill (5.2 cm), 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 7.9 24.25 33.06 117.8     Lubinski et al. 1974 

Bluegill (0.38 g, 26.3 mm), 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 8.1 22 19.39 100.7     Mayes et al. 1986 

Bluegill (19 mm, 0.0781 g), 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 8.4 4 14.64 136.1     Reinbold and Pescitelli 

1982b 
Bluegill (22 mm, 0.1106 g), 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 8.12 25 23.37 126.2     Reinbold and Pescitelli 

1982b 
Bluegill (28 mm, 0.250 g), 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 8.16 4.5 12.55 73.19     Reinbold and Pescitelli 

1982b 
Bluegill (30 mm, 0.267 g), 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 8.09 24.8 17.22 87.75     Reinbold and Pescitelli 

1982b 
Bluegill (217 mg), 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 8 22 12.75 54.74     Roseboom and Richey 1977 

Bluegill (342 mg), 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 8.2 28 14.81 93.31     Roseboom and Richey 1977 

Bluegill (646 mg), 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 7.93 22 24.08 90.66     Roseboom and Richey 1977 

Bluegill (72 mg), 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 8.07 22 8.846 43.38     Roseboom and Richey 1977 

Bluegill, 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 7.6 21.7 44.03 93.31     Smith et al. 1984 
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Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Bluegill (4.8 cm, 1.1 g), 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 7.85 22.05 59.93 194.9     Sparks 1975 

Bluegill (0.9 g), 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 7.8 24.2 33.88 100.7     Swigert and Spacie 1983 

Bluegill (0.9 g), 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 7.6 26.5 58.69 124.4     Swigert and Spacie 1983 

Bluegill (1.2 g), 
Lepomis macrochirus 

Ammonium 
chloride 4 d F,M 7.8 26.6 37.52 111.6 104.5 106.9 Swigert and Spacie 1983 

                      
Common carp (206 mg), 
Cyprinus carpio 

Ammonium 
chloride 4 d R,M 7.72 28 51.78 133.9     Hasan and MacIntosh 1986 

Common carp (299 mg), 
Cyprinus carpio 

Ammonium 
chloride 4 d R,M 7.72 28 48.97 126.6     Hasan and MacIntosh 1986 

Common carp (4-5 cm), 
Cyprinus carpio 

Ammonium 
chloride 4 d R,M 7.4 28 45.05 70.78 106.3 106.3 Rao et al. 1975 

                      
Golden trout (0.09 g, 24 cm), 
Oncorhynchus aguabonita 

Ammonium 
chloride 4 d F,M 8.06 13.2 23.3 112.1 112.1   Thurston and Russo 1981 

                      
Cutthroat trout (3.6 g), 
Oncorhynchus clarkii 

Ammonium 
chloride 4 d F,M 7.7 10 17.3 43.24     Thurston et al. 1981a 

Cutthroat trout (3.6 g), 
Oncorhynchus clarkii 

Ammonium 
chloride 4 d F,M 7.7 10 29.1 72.73     Thurston et al. 1981a 

Cutthroat trout (4.1 g), 
Oncorhynchus clarkii 

Ammonium 
chloride 4 d F,M 7.7 10 19.3 48.24     Thurston et al. 1981a 

Cutthroat trout (4.1 g), 
Oncorhynchus clarkii 

Ammonium 
chloride 4 d F,M 7.7 10 26.3 65.73     Thurston et al. 1981a 

Cutthroat trout (3.4 g), 
Oncorhynchus clarkii 

Ammonium 
chloride 4 d F,M 7.78 12.2 32.57 93.49     Thurston et al. 1978 

Cutthroat trout (3.3 g), 
Oncorhynchus clarkii 

Ammonium 
chloride 4 d F,M 7.8 12.4 36.55 108.7     Thurston et al. 1978 

Cutthroat trout (1.0 g), 
Oncorhynchus clarkii 

Ammonium 
chloride 4 d F,M 7.8 12.8 37.75 112.2     Thurston et al. 1978 

Cutthroat trout (1.0 g), 
Oncorhynchus clarkii 

Ammonium 
chloride 4 d F,M 7.81 13.1 43.72 132.3 78.92   Thurston et al. 1978 
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Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Pink salmon (late alevins), 
Oncorhynchus gorbuscha 

Ammonium 
sulfate 4 d S,M 6.4 4.3 230.5 164.6     Rice and Bailey 1980 

Pink salmon (fry), 
Oncorhynchus gorbuscha 

Ammonium 
sulfate 4 d S,M 6.4 4.3 277.7 198.3 180.7   Rice and Bailey 1980 

                      
Coho salmon (6 g), 
Oncorhynchus kisutch 

Ammonium 
chloride 4 d F,M 8.1 17.2 11.59 60.20     Buckley 1978 

Coho salmon, 
Oncorhynchus kisutch 

Ammonium 
chloride 4 d F,M 7 15 82.02 82.02     Wilson 1974; Robinson-

Wilson and Seim 1975 
Coho salmon, 
Oncorhynchus kisutch 

Ammonium 
chloride 4 d F,M 7 15 84.43 84.43     Wilson 1974; Robinson-

Wilson and Seim 1975 
Coho salmon, 
Oncorhynchus kisutch 

Ammonium 
chloride 4 d F,M 7.5 15 50.65 91.90     Wilson 1974; Robinson-

Wilson and Seim 1975 
Coho salmon, 
Oncorhynchus kisutch 

Ammonium 
chloride 4 d F,M 7.5 15 52.76 95.73     Wilson 1974; Robinson-

Wilson and Seim 1975 
Coho salmon, 
Oncorhynchus kisutch 

Ammonium 
chloride 4 d F,M 8 15 21.63 92.84     Wilson 1974; Robinson-

Wilson and Seim 1975 
Coho salmon, 
Oncorhynchus kisutch 

Ammonium 
chloride 4 d F,M 8 15 22 94.44     Wilson 1974; Robinson-

Wilson and Seim 1975 
Coho salmon, 
Oncorhynchus kisutch 

Ammonium 
chloride 4 d F,M 8.5 15 9.093 102.5 87.05   Wilson 1974; Robinson-

Wilson and Seim 1975 
                      
Rainbow trout (0.5-3.0 g), 
Oncorhynchus mykiss 

Ammonium 
sulfate 4 d S,U 7.95 15 51.06 199.6     Qureshi et al. 1982 

Rainbow trout 
(McConaughy strain, 251 mg), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d S,M 6.84 12 112 98.86     Buhl and Hamilton 2000 

Rainbow trout, 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d S,M 7.55 15 34.23 67.04     Craig and Beggs 1979 

Rainbow trout (0.80 g), 
Oncorhynchus mykiss  - 4 d S,M 6.95 14.7 163.6 156.9     Environment Canada 2004 

Rainbow trout (0.60 g), 
Oncorhynchus mykiss  - 4 d S,M 6.97 14.5 144 140.3     Environment Canada 2004 

Rainbow trout (0.63 g), 
Oncorhynchus mykiss  - 4 d S,M 7.02 15.4 146.7 149.4     Environment Canada 2004 
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Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Rainbow trout (0.80 g), 
Oncorhynchus mykiss  - 4 d S,M 7.02 14.6 159 161.8     Environment Canada 2004 

Rainbow trout (0.80 g), 
Oncorhynchus mykiss  - 4 d S,M 7.03 15.1 156.6 160.9     Environment Canada 2004 

Rainbow trout (0.90 g), 
Oncorhynchus mykiss  - 4 d S,M 7.18 15.1 141.6 169.2     Environment Canada 2004 

Rainbow trout (2.01 g), 
Oncorhynchus mykiss  - 4 d S,M 7.45 15.1 104.4 176.0     Environment Canada 2004 

Rainbow trout (1.30 g), 
Oncorhynchus mykiss  - 4 d S,M 7.47 14.7 72.65 126.1     Environment Canada 2004 

Rainbow trout (0.78 g), 
Oncorhynchus mykiss  - 4 d S,M 7.47 14.5 79.67 138.3     Environment Canada 2004 

Rainbow trout (0.40 g), 
Oncorhynchus mykiss  - 4 d S,M 7.51 14.2 73.71 135.8     Environment Canada 2004 

Rainbow trout (1.64 g), 
Oncorhynchus mykiss  - 4 d S,M 7.54 14.6 75.3 145.2     Environment Canada 2004 

Rainbow trout (1.13 g), 
Oncorhynchus mykiss  - 4 d S,M 7.59 13.9 59.4 123.9     Environment Canada 2004 

Rainbow trout (1.50 g), 
Oncorhynchus mykiss  - 4 d S,M 7.87 15.1 42.9 144.7     Environment Canada 2004 

Rainbow trout (1.38 g), 
Oncorhynchus mykiss  - 4 d S,M 7.93 15.2 41.15 155.0     Environment Canada 2004 

Rainbow trout (0.90 g), 
Oncorhynchus mykiss  - 4 d S,M 7.97 15.2 36.17 145.4     Environment Canada 2004 

Rainbow trout (1.00 g), 
Oncorhynchus mykiss  - 4 d S,M 7.98 15.1 35.29 145.9     Environment Canada 2004 

Rainbow trout (1.30 g), 
Oncorhynchus mykiss  - 4 d S,M 8.03 14.9 23.03 104.6     Environment Canada 2004 

Rainbow trout (1.26 g), 
Oncorhynchus mykiss  - 4 d S,M 8.04 14.3 25.84 119.7     Environment Canada 2004 

Rainbow trout (1.60 g), 
Oncorhynchus mykiss  - 4 d S,M 8.34 15.3 19.15 158.5     Environment Canada 2004 

Rainbow trout (1.30 g), 
Oncorhynchus mykiss  - 4 d S,M 8.39 15.3 12.05 109.9     Environment Canada 2004 

Rainbow trout (1.11 g), 
Oncorhynchus mykiss  - 4 d S,M 8.4 14.9 12.84 119.4     Environment Canada 2004 
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Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Rainbow trout (1.40 g), 
Oncorhynchus mykiss  - 4 d S,M 8.44 14.7 14.41 144.7     Environment Canada 2004 

Rainbow trout (0.90 g), 
Oncorhynchus mykiss  - 4 d S,M 8.46 14.5 11.82 123.4     Environment Canada 2004 

Rainbow trout (1.26 g), 
Oncorhynchus mykiss  - 4 d S,M 8.47 14.3 17.2 183.0     Environment Canada 2004 

Rainbow trout (1.01 g), 
Oncorhynchus mykiss  - 4 d S,M 8.93 14.2 4.8 117.0     Environment Canada 2004 

Rainbow trout (1.44 g), 
Oncorhynchus mykiss  - 4 d S,M 8.93 15 5.4 131.6     Environment Canada 2004 

Rainbow trout (1.42 g), 
Oncorhynchus mykiss  - 4 d S,M 9.46 14.6 1.6 79.03     Environment Canada 2004 

Rainbow trout, 
Oncorhynchus mykiss  - 4 d S,M 7.5 15 38.37 69.63     Holt and Malcolm 1979 

Rainbow trout (129 mm), 
Oncorhynchus mykiss 

Phosphoric acid, 
Diammonium 

salt 
4 d F,U 7 15 207.5 207.5     Blahm 1978 

Rainbow trout (1.7-1.9 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,U 7.4 14.5 20.03 31.47     Calamari et al. 1981 

Rainbow trout, 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,U 7.4 14.5 46.31 72.77     Calamari et al. 1981 

Rainbow trout (8-10 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,U 7.4 14.5 55.07 86.53     Calamari et al. 1981 

Rainbow trout (129 mm), 
Oncorhynchus mykiss 

Phosphoric acid, 
Diammonium 

salt 
4 d F,U 8 15 70 300.5     Blahm 1978 

Rainbow trout (10.9 g), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.7 3.6 38.52 96.27     West 1985; Arthur et al. 

1987 
Rainbow trout (14.0 g), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.7 9.8 55.15 137.8     West 1985; Arthur et al. 

1987 
Rainbow trout (22.4 g), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.9 16.2 15.23 54.24     West 1985; Arthur et al. 

1987 
Rainbow trout (10.3 g), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.9 11.3 30.15 107.4     West 1985; Arthur et al. 

1987 
Rainbow trout (3.3 g), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 8.3 18.7 12.75 97.57     West 1985; Arthur et al. 

1987 
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Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 
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TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Rainbow trout (53 mm, 1.48 g), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.95 10 35.14 137.3     Broderius and Smith Jr. 

1979 
Rainbow trout (stage 8), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.4 14.4 40.99 64.40     Calamari et al. 1977 

Rainbow trout, 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 8.05 14 22.9 108.1     DeGraeve et al. 1980 

Rainbow trout (45 mm, 0.86 g), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 8.16 14.2 23.39 136.4     Reinbold and Pescitelli 

1982b 
Rainbow trout 
(119 mm, 20.6 g), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 8.28 12.8 15.4 113.4     Reinbold and Pescitelli 

1982b 

Rainbow trout 
(115 mm, 18.1 g), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 8.34 5 17.32 143.3     Reinbold and Pescitelli 

1982b 

Rainbow trout (42 mm, 0.61 g), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 8.43 3 11.86 116.8     Reinbold and Pescitelli 

1982b 
Rainbow trout (52 mm, 1.47 g), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 8.5 14.9 10.09 113.7     Reinbold and Pescitelli 

1982b 
Rainbow trout (44 mm, 0.76 g), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 8.6 3.3 15.27 207.9     Reinbold and Pescitelli 

1982b 
Rainbow trout (6.3 g, 8.1 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.44 12.8 32.49 54.00     Thurston and Russo 1983 

Rainbow trout (8.0 g, 8.9 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.5 14.5 24.2 43.91     Thurston and Russo 1983 

Rainbow trout 
(29.8 g, 13.1 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.59 12.7 32.62 68.03     Thurston and Russo 1983 

Rainbow trout 
(28.0 g, 13.1 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.6 13 23.8 50.43     Thurston and Russo 1983 

Rainbow trout 
(24.5 g, 12.7 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.6 12.9 25.14 53.27     Thurston and Russo 1983 

Rainbow trout 
(2596 g, 57.0 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.62 7.9 20.53 44.93f     Thurston and Russo 1983 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Rainbow trout  
(15.1 g, 10.7 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.62 14.4 28.62 62.64     Thurston and Russo 1983 

Rainbow trout 
(29.6 g, 13.3 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.63 12.9 25.65 57.06     Thurston and Russo 1983 

Rainbow trout 
(1496 g, 48.5 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.64 9.8 25.82 58.38f     Thurston and Russo 1983 

Rainbow trout 
(18.9 g, 11.6 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.64 13.1 29.28 66.21     Thurston and Russo 1983 

Rainbow trout 
(558 g, 37.0 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.64 10 31.85 72.02     Thurston and Russo 1983 

Rainbow trout 
(1698 g, 50.9 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.65 9.8 19.46 44.73f     Thurston and Russo 1983 

Rainbow trout 
(22.8 g, 12.3 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.65 13.2 28.64 65.84     Thurston and Russo 1983 

Rainbow trout 
(12.3 g, 10.2 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.65 14.3 29.02 66.71     Thurston and Russo 1983 

Rainbow trout 
(513 g, 35.9 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.66 9.8 25.95 60.65     Thurston and Russo 1983 

Rainbow trout 
(22.6 g, 12.3 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.66 13.6 28.27 66.07     Thurston and Russo 1983 

Rainbow trout 
(26.0 g, 13.0 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.66 12.8 33.97 79.39     Thurston and Russo 1983 

Rainbow trout 
(14.8 g, 10.5 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.67 14 27.3 64.87     Thurston and Russo 1983 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Rainbow trout 
(38.0 g, 14.4 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.68 13 33.15 80.11     Thurston and Russo 1983 

Rainbow trout 
(1122 g, 45.6 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.69 10.4 17.75 43.62f     Thurston and Russo 1983 

Rainbow trout 
(1140 g, 46.4 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.69 10.7 20.18 49.59f     Thurston and Russo 1983 

Rainbow trout 
(152 g, 23.4 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.69 10.7 25.62 62.96     Thurston and Russo 1983 

Rainbow trout 
(23.6 g, 13.2 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.69 13.4 27.51 67.60     Thurston and Russo 1983 

Rainbow trout (9.5 g, 9.4 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.9 12.7 20.03 71.36     Thurston and Russo 1983 

Rainbow trout (4.3 g, 7.1 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.71 11.5 30.22 76.83     Thurston and Russo 1983 

Rainbow trout (4.0 g, 7.0 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.71 11.4 32.02 81.40     Thurston and Russo 1983 

Rainbow trout 
(248 g, 25.2 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.74 10.4 25.76 68.95     Thurston and Russo 1983 

Rainbow trout 
(25.8 g, 13.6 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.75 11.8 31.53 85.87     Thurston and Russo 1983 

Rainbow trout (8.1 g, 9.3 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.75 12.3 33.94 92.43     Thurston and Russo 1983 

Rainbow trout 
(380 g, 32.4 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.76 10 22.44 62.19     Thurston and Russo 1983 

Rainbow trout 
(42.0 g, 16.0 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.77 13.6 31.81 89.71     Thurston and Russo 1983 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Rainbow trout (1.7 g, 5.7 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.79 12.4 41.97 122.6     Thurston and Russo 1983 

Rainbow trout 
(11.2 g, 10.0 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.8 9.7 23.65 70.32     Thurston and Russo 1983 

Rainbow trout (5.7 g, 8.4 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.8 13.3 42.02 124.9     Thurston and Russo 1983 

Rainbow trout (2.3 g, 6.1 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.8 12.4 47.87 142.3     Thurston and Russo 1983 

Rainbow trout (8.0 g, 9.5 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.82 13.2 33.67 103.7     Thurston and Russo 1983 

Rainbow trout (4.6 g, 7.4 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.83 13.5 33.55 105.2     Thurston and Russo 1983 

Rainbow trout (6.7 g, 8.6 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.84 12.2 24.54 78.38     Thurston and Russo 1983 

Rainbow trout (9.0 g, 9.3 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.84 12.9 32.3 103.2     Thurston and Russo 1983 

Rainbow trout (1.8 g, 5.7 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.84 13.8 33.09 105.7     Thurston and Russo 1983 

Rainbow trout (4.3 g, 7.1 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.84 13 38.69 123.6     Thurston and Russo 1983 

Rainbow trout (0.47 g, 4.0 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.85 12.5 29.77 96.81     Thurston and Russo 1983 

Rainbow trout (2.5 g, 6.0 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.85 13.1 31.55 102.6     Thurston and Russo 1983 

Rainbow trout (0.61 g, 4.3 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.85 13.1 33.59 109.2     Thurston and Russo 1983 

Rainbow trout (1.02 g, 4.9 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.85 12.3 33.99 110.5     Thurston and Russo 1983 

Rainbow trout (9.4 g, 9.6 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.85 16.1 34.17 111.1     Thurston and Russo 1983 

Rainbow trout (0.33 g, 3.6 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.86 13 20.7 68.55     Thurston and Russo 1983 

Rainbow trout (0.33 g, 3.6 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.86 13.4 23.71 78.52     Thurston and Russo 1983 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Rainbow trout (0.47 g, 4.0 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.86 12.7 28.77 95.27     Thurston and Russo 1983 

Rainbow trout (1.7 g, 5.8 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.86 14.1 34.95 115.7     Thurston and Russo 1983 

Rainbow trout 
(48.6 g, 15.2 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.86 10.2 35.31 116.9     Thurston and Russo 1983 

Rainbow trout (0.15 g, 2.7 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.87 12.9 16.81 56.69     Thurston and Russo 1983 

Rainbow trout (0.18 g, 2.9 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.87 12.9 18.99 64.04     Thurston and Russo 1983 

Rainbow trout (0.23 g, 3.2 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.87 13.1 19.08 64.34     Thurston and Russo 1983 

Rainbow trout (7.0 g, 8.8 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.87 12.2 20.02 67.51     Thurston and Russo 1983 

Rainbow trout (0.18 g, 2.9 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.87 13 21.15 71.32     Thurston and Russo 1983 

Rainbow trout (2.6 g, 6.2 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.87 12.1 31.8 107.2     Thurston and Russo 1983 

Rainbow trout (11.1 g, 9.9 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.87 13 34.32 115.7     Thurston and Russo 1983 

Rainbow trout (0.12 g, 2.4 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.88 12.8 11.07 38.02     Thurston and Russo 1983 

Rainbow trout (0.14 g, 2.6 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.88 12.9 15.91 54.64     Thurston and Russo 1983 

Rainbow trout (0.23 g, 3.2 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.88 13.4 19.43 66.73     Thurston and Russo 1983 

Rainbow trout 
(52.1 g, 15.5 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.88 10 28.6 98.22     Thurston and Russo 1983 

Rainbow trout (1.8 g, 5.9 cm), 
Oncorhynchus mykiss 

Ammonium 
sulfate 4 d F,M 7.89 12.4 36.73 128.5     Thurston and Russo 1983 

Rainbow trout (0.06 g, 1.7 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.9 13.4 19.44 69.26     Thurston and Russo 1983 

Rainbow trout (0.06 g, 1.7 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.7 13.9 28.54 71.33     Thurston and Russo 1983 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Rainbow trout (7.9 g, 9.2 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.9 11.9 22.65 80.69     Thurston and Russo 1983 

Rainbow trout (9.7 g, 9.7 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.9 13 35.75 127.4     Thurston and Russo 1983 

Rainbow trout (9.3 g, 9.0 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.9 13 37.41 133.3     Thurston and Russo 1983 

Rainbow trout (0.08 g, 2.0 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.91 13.1 12.68 46.01     Thurston and Russo 1983 

Rainbow trout (0.06 g, 1.7 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.91 13 20.99 76.17     Thurston and Russo 1983 

Rainbow trout (7.1 g, 8.4 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.91 19 25.36 92.03     Thurston and Russo 1983 

Rainbow trout (10.1 g, 9.8 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.91 19.1 26.44 95.95     Thurston and Russo 1983 

Rainbow trout (1.7 g, 5.8 cm), 
Oncorhynchus mykiss 

Phosphoric acid, 
Diammonium 

salt 
4 d F,M 7.94 12.8 26.49 101.6     Thurston and Russo 1983 

Rainbow trout (2.1 g, 6.2 cm), 
Oncorhynchus mykiss 

Ammonium 
sulfate 4 d F,M 7.94 12.5 39.25 150.6     Thurston and Russo 1983 

Rainbow trout (0.15 g, 2.7 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.95 12.5 19.75 77.19     Thurston and Russo 1983 

Rainbow trout (8.6 g, 8.9 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.96 19.2 23.21 92.42     Thurston and Russo 1983 

Rainbow trout (2.1 g, 6.2 cm), 
Oncorhynchus mykiss 

Phosphoric acid, 
Diammonium 

salt 
4 d F,M 7.98 12.5 27.02 111.7     Thurston and Russo 1983 

Rainbow trout (1.01 g, 4.6 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 8.06 13.2 33.64 161.8     Thurston and Russo 1983 

Rainbow trout (0.36 g, 3.4 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 8.08 12.8 23.05 115.2     Thurston and Russo 1983 

Rainbow trout (1.7 g, 5.9 cm), 
Oncorhynchus mykiss 

Ammonium 
bicarbonate 4 d F,M 8.1 13.9 18.14 94.23     Thurston and Russo 1983 

Rainbow trout (1.8 g, 5.8 cm), 
Oncorhynchus mykiss 

Ammonium 
bicarbonate 4 d F,M 8.12 13.6 17.34 93.61     Thurston and Russo 1983 

Rainbow trout (2596 g), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.62 7.9 21.6 47.27     Thurston et al. 1981a 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Rainbow trout (2080 g), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.67 7.7 17 40.40     Thurston et al. 1981a 

Rainbow trout (293 g), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.71 8.5 20.7 52.62     Thurston et al. 1981a 

Rainbow trout (230 g), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.72 8.2 10.5 27.15     Thurston et al. 1981a 

Rainbow trout (244 g), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.72 8.1 19.8 51.20     Thurston et al. 1981a 

Rainbow trout (230 g), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.74 8.3 22.3 59.69     Thurston et al. 1981a 

Rainbow trout (247 g), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.74 8.1 28 74.94     Thurston et al. 1981a 

Rainbow trout (18 g), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.86 9.6 19.3 63.91     Thurston et al. 1981a 

Rainbow trout (21 g), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.86 9.7 31.6 104.6     Thurston et al. 1981a 

Rainbow trout (4.6 g, 7.3 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.75 12.7 32.09 87.39     Thurston et al. 1981b 

Rainbow trout (5.7 g, 8.0 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.75 12.5 36.97 100.7     Thurston et al. 1981b 

Rainbow trout (5.0 g, 7.6 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.76 12.5 39.08 108.3     Thurston et al. 1981b 

Rainbow trout (5.7 g, 8.0 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.79 12.9 40.88 119.4     Thurston et al. 1981b 

Rainbow trout (4.0 g, 7.2 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.83 12.8 36.49 114.5     Thurston et al. 1981b 

Rainbow trout (9.5 g, 9.4 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 6.51 14.1 157.4 116.8     Thurston et al. 1981c 

Rainbow trout (9.5 g, 9.4 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 6.8 14.1 94.05 80.83     Thurston et al. 1981c 

Rainbow trout (9.5 g, 9.4 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.3 14 74.2 102.2     Thurston et al. 1981c 

Rainbow trout (9.5 g, 9.4 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 8.29 14.1 13.85 104.0     Thurston et al. 1981c 

Rainbow trout (9.5 g, 9.4 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 8.82 13.9 3.95 80.02     Thurston et al. 1981c 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Rainbow trout (9.5 g, 9.4 cm), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 9.01 14.5 2.51 69.50     Thurston et al. 1981c 

Rainbow trout (juvenile), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 7.2 10 174 212.6     Wicks and Randall  2002 

Rainbow trout 
(40.0 g; swimming fish), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 6.97 16.6 32.38 31.56     Wicks et al. 2002 

Rainbow trout 
(40.0 g; resting fish), 
Oncorhynchus mykiss 

Ammonium 
chloride 4 d F,M 6.97 16.6 207 201.7 82.88   Wicks et al. 2002 

                      
Chinook salmon (1.0-7 g), 
Oncorhynchus tshawytscha Ammonia 4 d S,M 7.96 7 28.03 111.6     Servizi and Gordon 1990 

Chinook salmon 
(14.4 g, 11.9 cm), 
Oncorhynchus tshawytscha 

Ammonium 
chloride 4 d F,U 7.87 13.5 18.47 62.29     Thurston and Meyn 1984 

Chinook salmon 
(15.3 g, 12.1 cm), 
Oncorhynchus tshawytscha 

Ammonium 
chloride 4 d F,U 7.82 12.2 27.23 83.90     Thurston and Meyn 1984 

Chinook salmon 
(18.1 g, 12.7 cm), 
Oncorhynchus tshawytscha 

Ammonium 
chloride 4 d F,U 7.84 12.3 24.74 79.02 82.39 99.15 Thurston and Meyn 1984 

                      
Topeka shiner (adult, 29 mo), 
Notropis topeka 

Ammonium 
chloride 4 d F,M 7.85 24.6 21.40 69.59     Adelman et al. 2009 

Topeka shiner  
(juvenile, 16 mo), 
Notropis topeka 

Ammonium 
chloride 4 d F,M 8.05 25.0 18.70 88.27     Adelman et al. 2009 

Topeka shiner 
(juvenile, 15 mo), 
Notropis topeka 

Ammonium 
chloride 4 d F,M 8.09 13.2 28.90 147.3 96.72 96.72 Adelman et al. 2009 

                      
Leopard frog (embryo), 
Rana pipiens 

Ammonium 
chloride 4 d F,M 8 20 31.04 133.3     Diamond et al. 1993 

Leopard frog (8 d), 
Rana pipiens 

Ammonium 
chloride 4 d F,M 8 12 16.23 69.69 96.38 96.38 Diamond et al. 1993 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
                      
Long fingernailclam, 
Musculium transversum 

Ammonium 
chloride 4 d F,M 8.1 14.6 32.83 109.0     West 1985; Arthur et al. 

1987 
Long fingernailclam, 
Musculium transversum 

Ammonium 
chloride 4 d F,M 8.2 5.4 38.18 71.74     West 1985; Arthur et al. 

1987 
Long fingernailclam, 
Musculium transversum 

Ammonium 
chloride 4 d F,M 8.6 20.5 6.429 91.24 89.36 89.36 West 1985; Arthur et al. 

1987 
                      
Smallmouth bass 
(26-29 mm, 264-267 mg), 
Micropterus dolomieu 

Ammonium 
chloride 4 d F,M 7.16 22.3 123.4 144.3     Broderius et al. 1985 

Smallmouth bass 
(26-29 mm, 264-267 mg), 
Micropterus dolomieu 

Ammonium 
chloride 4 d F,M 6.53 22.3 359.9 269.2     Broderius et al. 1985 

Smallmouth bass 
(26-29 mm, 264-267 mg), 
Micropterus dolomieu 

Ammonium 
chloride 4 d F,M 7.74 22.3 39.3 105.2     Broderius et al. 1985 

Smallmouth bass 
(26-29 mm, 264-267 mg), 
Micropterus dolomieu 

Ammonium 
chloride 4 d F,M 8.71 22.3 7.56 126.0 150.6   Broderius et al. 1985 

                      
Largemouth bass 
(0.086-0.322 g), 
Micropterus salmoides 

Ammonium 
chloride 4 d F,M 8.04 28 19.59 90.72     Roseboom and Richey 1977 

Largemouth bass 
(2.018-6.286 g), 
Micropterus salmoides 

Ammonium 
chloride 4 d F,M 7.96 22 20.48 81.56 86.02   Roseboom and Richey 1977 

                      
Guadalupe bass (6.5 g), 
Micropterus treculii 

Ammonium 
chloride 4 d S,M/ 8 22 12.7 54.52 54.52 89.06 Tomasso and Carmichael 

1986 
                      
Great pond snail (25-30 mm), 
Lymnaea stagnalis  - 4 d F,M 7.9 11.5 50.33 88.62 88.62 88.62 Williams et al. 1986 

                      
Guppy (0.13 g, 2.03 cm), 
Poecilia reticulata 

Ammonium 
chloride 4 d S,U 7.5 27.55 5.929 10.76     Kumar and Krishnamoorthi 

1983 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Guppy (8.0 mm), 
Poecilia reticulata  - 4 d S,U 7.22 25 129.4 161.8     Rubin and Elmaraghy 1976 

Guppy (8.25(6.3-11.0) mm), 
Poecilia reticulata  - 4 d S,U 7.45 25 75.65 127.6     Rubin and Elmaraghy 1976 

Guppy (8.70(6.8-10.6) mm), 
Poecilia reticulata  - 4 d S,U 7.45 25 82.95 139.9 74.66 74.66 Rubin and Elmaraghy 1976 

                      
Johnny darter (38 mm), 
Etheostoma nigrum 

Ammonium 
chloride 4 d F,M 7.9 20.6 28.9 103.0     Nimmo et al. 1989 

Johnny darter (38 mm), 
Etheostoma nigrum 

Ammonium 
chloride 4 d F,M 8 20.1 24.61 105.7     Nimmo et al. 1989 

Johnny darter (38 mm), 
Etheostoma nigrum 

Ammonium 
chloride 4 d F,M 8.2 6.2 6.937 43.72     Nimmo et al. 1989 

Johnny darter (38 mm), 
Etheostoma nigrum 

Ammonium 
chloride 4 d F,M 8.1 5.8 11.47 59.57     Nimmo et al. 1989 

Johnny darter (38 mm), 
Etheostoma nigrum 

Ammonium 
chloride 4 d F,M 8.1 5.8 13.46 69.93     Nimmo et al. 1989 

Johnny darter (38 mm), 
Etheostoma nigrum 

Ammonium 
chloride 4 d F,M 8 20.1 15.63 67.08 71.45   Nimmo et al. 1989 

                      
Orangethroat darter, 
Etheostoma spectabile 

Ammonium 
chloride 4 d F,M 8.1 22 16.12 83.74     Hazel et al. 1979 

Orangethroat darter, 
Etheostoma spectabile 

Ammonium 
chloride 4 d F,M 8.4 21 7.65 71.12 77.17 74.25 Hazel et al. 1979 

                      
Rio Grande silvery minnow 
(3-5 d old), 
Hybognathus amarus 

Ammonium 
chloride 4 d R,M 8 25 16.9 72.55 72.55 72.55 Buhl 2002 

                      
Spring peeper (embryo), 
Pseudacris crucifer 

Ammonium 
chloride 4 d F,U 8 12 17.78 76.33     Diamond et al. 1993 

Spring peeper, 
Pseudacris crucifer 

Ammonium 
chloride 4 d F,U 8 20 11.42 49.04 61.18   Diamond et al. 1993 

                      
Pacific tree frog (embryo), 
Pseudacris regilla 

Ammonium 
nitrate 4 d R,M 6.7 22 41.19 33.36     Schuytema and Nebeker 

1999a 

Exhibit 34



 

123 

 

Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Pacific tree frog (embryo), 
Pseudacris regilla 

Ammonium 
chloride 4 d R,M 6.7 22 60.44 48.95     Schuytema and Nebeker 

1999a 
Pacific tree frog (embryo), 
Pseudacris regilla 

Ammonium 
sulfate 4 d R,M 6.7 22 103.1 83.53     Schuytema and Nebeker 

1999a 
Pacific tree frog 
(90 mg, Gosner Stage 26-27), 
Pseudacris regilla 

Nitric acid 
ammonium salt 4 d R,M 7.3 22 136.6 188.1     Schuytema and Nebeker 

1999b 

Pacific tree frog 
(60 mg, Gosner Stage 26-27), 
Pseudacris regilla 

Ammonium 
sulfate 4 d R,M 7.3 22 116.4 160.2 83.71 71.56 Schuytema and Nebeker 

1999b 

                      
Mucket (glochidia), 
Actinonaias ligamentina 

Ammonium 
chloride 1 d S,M 8.6 20 6.141c 83.61     Wang et al. 2007b 

Mucket (glochidia), 
Actinonaias ligamentina 

Ammonium 
chloride 1 d S,M 8.4 20 8.099 c 75.29     Wang et al. 2007b 

Mucket (glochidia), 
Actinonaias ligamentina 

Ammonium 
chloride 1 d S,M 8.3 20 5.073 c 38.84     Wang et al. 2007b 

Mucket (glochidia), 
Actinonaias ligamentina 

Ammonium 
chloride 1 d S,M 8.3 20 8.900 c 68.13 63.89   Wang et al. 2007b 

                      
Pheasantshell (juvenile), 
Actinonaias pectorosa 

Ammonium 
chloride 4 d S,M 7.9 25 14.06 75.80     Keller 2000 

Pheasantshell (juvenile), 
Actinonaias pectorosa 

Ammonium 
chloride 4 d S,M 7.95 25 14.08 83.30 79.46 71.25 Keller 2000 

                      
Giant floater mussel (adult), 
Pyganodon grandis 

Ammonium 
chloride 4 d S,M 7.71 25 18.84 72.49     Scheller 1997 

Giant floater mussel (adult), 
Pyganodon grandis 

Ammonium 
chloride 4 d S,M 7.5 25 25.13 69.02 70.73 70.73 Scheller 1997 

                      
Shortnose sucker (0.53-2.00 g), 
Chasmistes brevirostris 

Ammonium 
chloride 4 d F,M 8 20 11.42 49.04     Saiki et al. 1999 

Shortnose sucker, 
Chasmistes brevirostris 

Ammonium 
chloride 4 d F,M 8 20 22.85 98.09 69.36 69.36 Saiki et al. 1999 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Pagoda hornsnail (adult), 
Pleurocera uncialis 

Ammonium 
chloride 4 d R,M 8.1 22 11.18 68.54 68.54 68.54 Goudreau et al. 1993 

                      
Golden shiner, 
Notemigonus crysoleucas 

Ammonium 
chloride 4 d S,M 7.5 19.6 89.61 162.6     EA Engineering 1985 

Golden shiner, 
Notemigonus crysoleucas 

Ammonium 
chloride 4 d S,M 7.55 19.5 73.85 144.6     EA Engineering 1985 

Golden shiner (8.7 g), 
Notemigonus crysoleucas 

Ammonium 
chloride 4 d F,M 7.5 24.5 34.73 63.02 63.02 63.02 Swigert and Spacie 1983 

                      
Pebblesnail (1.8 mm), 
Fluminicola sp. 

Ammonium 
chloride 4 d F,M 8.25 20.2 >8.801 >62.15 >62.15 >62.15 Besser 2011 

                      
Lost River sucker (0.49-0.80 g), 
Deltistes luxatus 

Ammonium 
chloride 4 d F,M 8 20 16.81 72.18     Saiki et al. 1999 

Lost River sucker (larvae), 
Deltistes luxatus 

Ammonium 
chloride 4 d F,M 8 20 10.35 44.42 56.62 56.62 Saiki et al. 1999 

                      
Mountain whitefish 
(177 g, 27.0 cm), 
Prosopium williamsoni 

Ammonium 
chloride 4 d F,U 7.68 12.1 11.3 27.31     Thurston and Meyn 1984 

Mountain whitefish 
(56.9 g, 19.1 cm), 
Prosopium williamsoni 

Ammonium 
chloride 4 d F,U 7.84 12.4 25.47 81.35     Thurston and Meyn 1984 

Mountain whitefish 
(63.0 g, 20.4 cm), 
Prosopium williamsoni 

Ammonium 
chloride 4 d F,U 7.8 12.3 21.2 63.04 51.93 51.93 Thurston and Meyn 1984 

                      
Atlantic pigtoe (glochidia), 
Fusconaia masoni 

Ammonium 
chloride 6 h S,M 7.6 24.9 15.9 47.40 47.40 47.40 Black 2001 

                      
Pondshell mussel (juvenile), 
Utterbackia imbecillis 

Ammonium 
chloride 4 d S,M 7.9 24 8.235 40.87     Keller 2000 

Pondshell mussel (juvenile), 
Utterbackia imbecillis 

Ammonium 
chloride 4 d S,M 8.35 25 3.269 41.75     Keller 2000 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Pondshell mussel (juvenile), 
Utterbackia imbecillis 

Ammonium 
chloride 4 d S,M 7.9 25 9.355 50.45     Keller 2000 

Pondshell mussel  
(8 d old juvenile), 
Utterbackia imbecillis 

Ammonium 
chloride 4 d R,M 7.8 24 14.29 59.19     Wade et al. 1992 

Pondshell mussel  
(<2 d old juvenile), 
Utterbackia imbecillis 

Ammonium 
chloride 4 d R,M 8.16 25 5.254 46.38     Black 2001 

Pondshell mussel  
(<2 d old juvenile), 
Utterbackia imbecillis 

Ammonium 
chloride 4 d R,M 8.17 25 5.781 52.03     Black 2001 

Pondshell mussel  
(<2 d old juvenile), 
Utterbackia imbecillis 

Ammonium 
chloride 4 d R,M 8.29 25 8.845 100.5     Black 2001 

Pondshell mussel  
(<2 d old juvenile), 
Utterbackia imbecillis 

Ammonium 
chloride 4 d R,M 8 25.1 2.734 17.91     Black 2001 

Pondshell mussel (glochidia), 
Utterbackia imbecillis 

Ammonium 
chloride 1 d S,M 8.02 25 7.395 49.90 46.93 46.93 Black 2001 

                      
Pink mucket  
(2 mo old juvenile), 
Lampsilis abrupta 

Ammonium 
chloride 4 d R,M 8.3 20 1.921d 14.71     Wang et al. 2007b 

Pink mucket  
(2 mo old juvenile), 
Lampsilis abrupta 

Ammonium 
chloride 4 d F,M 8.4 20 2.8 26.03 26.03   Wang et al. 2007a 

                      
Plain pocketbook  
(3-5 d old juvenile), 
Lampsilis cardium 

Ammonium 
chloride 4 d S,M 8.2 20.5 23.50e 154.4     Newton et al. 2003 

Plain pocketbook  
(3-5 d old juvenile), 
Lampsilis cardium 

Ammonium 
chloride 4 d S,M 8.2 21.2 23.70e 165.0     Newton et al. 2003 

Plain pocketbook   
(1-2 d old juvenile), 
Lampsilis cardium 

Ammonium 
chloride 4 d F,M 7.6 21.2 23.1 54.07     Newton and Bartsch 2007 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Plain pocketbook  
(1-2 d old juvenile), 
Lampsilis cardium 

Ammonium 
chloride 4 d F,M 7.1 21.2 38.9 47.19 50.51   Newton and Bartsch 2007 

                      
Wavy-rayed lampmussel  
(2-5 d old juvenile), 
Lampsilis fasciola 

Ammonium 
chloride 4 d R,M 7.83 12.6 14.9 25.31     Mummert et al.  2003 

Wavy-rayed lampmussel  
(<5 d old juvenile), 
Lampsilis fasciola 

Ammonium 
chloride 4 d R,M 8.5 20 6.179d 69.63     Wang et al. 2007b 

Wavy-rayed lampmussel 
(glochidia), 
Lampsilis fasciola 

Ammonium 
chloride 1 d S,M 8.3 20 7.743 c 59.28     Wang et al. 2007b 

Wavy-rayed lampmussel 
(glochidia), 
Lampsilis fasciola 

Ammonium 
chloride 1 d S,M 8.4 20 5.518 c 51.30 48.11   Wang et al. 2007b 

                      
Higgin's eye  
(1-2 d old juvenile), 
Lampsilis higginsii 

Ammonium 
chloride 4 d F,M 7.6 21.2 19.5 45.64     Newton and Bartsch 2007 

Higgin's eye  
(1-2 d old juvenile), 
Lampsilis higginsii 

Ammonium 
chloride 4 d F,M 7.1 21.2 31.7 38.46 41.90   Newton and Bartsch 2007 

                      
Neosho mucket  
(<5 d old juvenile), 
Lampsilis rafinesqueana 

Ammonium 
chloride 4 d R,M 8.3 20 9.185d 70.31     Wang et al. 2007b 

Neosho mucket  
(<5 d old juvenile), 
Lampsilis rafinesqueana 

Ammonium 
chloride 4 d R,M 8.4 20 9.269d 86.17     Wang et al. 2007b 

Neosho mucket (glochidia), 
Lampsilis rafinesqueana 

Ammonium 
chloride 1 d S,M 8.3 20 7.387 c 56.55 69.97   Wang et al. 2007b 

                      
Fatmucket (juvenile), 
Lampsilis siliquoidea 

Ammonium 
chloride 4 d S,M 8.3 24 1.275 13.60     Myers-Kinzie 1998 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 

Fatmucket (3 mo old juvenile), 
Lampsilis siliquoidea 

Ammonium 
chloride, 

ammonium 
hydroxide 

4 d F,M 8.35 20 8.80 74.25     Miao et al. 2010 

Fatmucket (2 mo old juvenile), 
Lampsilis siliquoidea 

Ammonium 
chloride 4 d R,M 8.1 20 4.092d 21.26     Wang et al. 2007b 

Fatmucket (2 mo old juvenile), 
Lampsilis siliquoidea 

Ammonium 
chloride 4 d F,M 8.2 20 4.6 28.99     Wang et al. 2007a 

Fatmucket (7 d old juvenile), 
Lampsilis siliquoidea 

Ammonium 
chloride, 

ammonium 
hydroxide 

4 d F,M 7.6 20.5 11 24.30     Wang et al. 2008 

Fatmucket (7 d old juvenile), 
Lampsilis siliquoidea 

Ammonium 
chloride, 

ammonium 
hydroxide 

4 d F,M 8.1 20.6 5.2 28.39     Wang et al. 2008 

Fatmucket (7 d old juvenile), 
Lampsilis siliquoidea 

Ammonium 
chloride, 

ammonium 
hydroxide 

4 d F,M 8.5 20.6 3.4 40.27     Wang et al. 2008 

Fatmucket (7 d old juvenile), 
Lampsilis siliquoidea 

Ammonium 
chloride, 

ammonium 
hydroxide 

4 d F,M 9 20.6 0.96 27.51     Wang et al. 2008 

Fatmucket (7 d old juvenile), 
Lampsilis siliquoidea 

Ammonium 
chloride, 

ammonium 
hydroxide 

4 d F,M 6.6 19.6 88 65.59     Wang et al. 2008 

Fatmucket (7 d old juvenile), 
Lampsilis siliquoidea 

Ammonium 
chloride, 

ammonium 
hydroxide 

4 d F,M 8.1 19.4 11 54.37     Wang et al. 2008 

Fatmucket (<5 d old juvenile), 
Lampsilis siliquoidea 

Ammonium 
chloride 4 d R,M 8.5 20 8.350d 94.09     Wang et al. 2007b 

Fatmucket (glochidia), 
Lampsilis siliquoidea 

Ammonium 
chloride 1 d S,M 8.4 20 9.790 c 91.01     Wang et al. 2007b 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Fatmucket (glochidia), 
Lampsilis siliquoidea 

Ammonium 
chloride 1 d S,M 8.2 20 13.35 c 84.14     Wang et al. 2007b 

Fatmucket (glochidia), 
Lampsilis siliquoidea 

Ammonium 
chloride 1 d S,M 8.4 20 11.57 c 107.6     Wang et al. 2007b 

Fatmucket (glochidia), 
Lampsilis siliquoidea 

Ammonium 
chloride 1 d S,M 8.5 20 >14.24 c 160.5     Wang et al. 2007b 

Fatmucket (glochidia), 
Lampsilis siliquoidea 

Ammonium 
chloride 1 d S,M 8.3 20 6.497 c 49.74     Wang et al. 2007b 

Fatmucket (glochidia), 
Lampsilis siliquoidea 

Ammonium 
chloride 1 d S,M 8.3 20 8.772 c 66.77 55.42 46.63 Wang et al. 2007b 

                      
Rainbow mussel  
(2 mo old juvenile), 
Villosa iris 

Ammonium 
chloride 4 d R,M 8.4 20 2.505d 23.29     Wang et al. 2007b 

Rainbow mussel  
(2 mo old juvenile), 
Villosa iris 

Ammonium 
chloride 4 d R,M 8.3 20 8.935d 68.40     Wang et al. 2007b 

Rainbow mussel  
(5 d old juvenile), 
Villosa iris 

Ammonium 
chloride 4 d S,M 8.18 25 7.81 71.66     Scheller 1997 

Rainbow mussel  
(<5 d old juvenile), 
Villosa iris 

Ammonium 
chloride 4 d R,M 8.1 20 5.261d 27.33     Wang et al. 2007b 

Rainbow mussel  
(2-5 d old juvenile), 
Villosa iris 

Ammonium 
chloride 4 d R,M 7.29 12.6 20.6 15.17     Mummert et al. 2003 

Rainbow mussel  
(<3 d old juvenile), 
Villosa iris 

Ammonium 
chloride 4 d S,M 8.18 25 7.07 64.87     Scheller 1997 

Rainbow mussel  
(< 24 h old glochidia), 
Villosa iris 

Ammonium 
chloride 1 d S,M 7.94 20.0 3.290 12.62   Scheller 1997 

Rainbow mussel (glochidia), 
Villosa iris 

Ammonium 
chloride 1 d S,M 8.4 20 10.68 c 99.28   Wang et al. 2007b 
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Appendix A.  Acute Toxicity of Ammonia to Aquatic Animals 

Species Chemical Name Duration Methodsa pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Total Ammoniab 

(mg TAN/L) 
adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 

SMAV 
(mg 

TAN/L) 

GMAV 
(mg 

TAN/L) Reference 
Rainbow mussel  
(<1 h old glochidia), 
Villosa iris 

Ammonium 
chloride 1 d R,M 8.1 22 3.570 21.89   Goudreau et al. 1993 

Rainbow mussel  
(<1 h old glochidia), 
Villosa iris 

Ammonium 
chloride 1 d R,M 8.1 22 4.278 26.23 34.23 34.23 Goudreau et al. 1993 

                      
Oyster mussel  
(<5 d old juvenile), 
Epioblasma capsaeformis 

Ammonium 
chloride 4 d R,M 8.5 20 4.760d 53.63     Wang et al. 2007b 

Oyster mussel (glochidia), 
Epioblasma capsaeformis 

Ammonium 
chloride 6 h R,M 8.5 20 5.0 c 17.81     Wang et al. 2007b 

Oyster mussel (glochidia), 
Epioblasma capsaeformis 

Ammonium 
chloride 6 h R,M 8.5 20 3.4 c 31.61 31.14 31.14 Wang et al. 2007b 

                      
Green floater (<2 d old 
juvenile), 
Lasmigona subviridis 

Ammonium 
chloride 4 d R,M 7.73 24 6.613 24.24     Black 2001 

Green floater (<2 d old 
juvenile), 
Lasmigona subviridis 

Ammonium 
chloride 4 d R,M 7.73 24 6.613 24.24     Black 2001 

Green floater (<2 d old 
juvenile), 
Lasmigona subviridis 

Ammonium 
chloride 4 d R,M 7.92 24.8 3.969 21.84 23.41 23.41 Black 2001 

                      
Ellipse (glochidia), 
Venustaconcha ellipsiformis 

Ammonium 
chloride 1 d S,M 8.1 20 4.550 c 23.12 23.12 23.12 Wang et al. 2007b 

 

a S = static, R = renewal, F = flow-through, and NR= not reported (uncertain) exposure types; M = measured and U = unmeasured tests. 

b Acute values are normalized to pH 7 (all organisms) and temperature 20°C (invertebrates) as per the equations provided in this document (see also 1999 AWQC document for the basis of 
the pH- and temperature-dependence of ammonia toxicity and Appendix D for an example calculation). 
c The EC50s reported in this study were based on nominal concentrations.  Percent nominal concentrations of measured ammonia concentrations on exposure days 0 and 2 declined from 104 
to 44.  EC50s based on measured concentrations were estimated from the reported EC50s based on nominal concentrations by multiplying by 0.890 for the 24 hr test; this factor is the average 
of the percent nominal concentrations of measured concentrations from ammonia measurements made on exposure day 0 (i.e., 104) and estimated for day 1 (i.e, 74) of the study. 
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d The EC50s reported in this study were based on nominal concentrations.  Percent nominal concentrations of measured ammonia concentrations on exposure days 0 and 4 declined from 104 
to 63.  EC50s based on measured concentrations were estimated from the reported EC50s based on nominal concentrations by multiplying by 0.835 or the average of the percent nominal 
concentrations of measured concentrations from ammonia measurements made on exposure days 0 and 4 in the study.  
e EC50 values based on sediment porewater concentrations.  Note: these EC50s were not used to calculate the SMAV for the species. 
f This small subset of LC50s for adult rainbow trout from Thurston and Russo (1983) was used as the basis for the FAV calculated in the 1999 AWQC document. The FAV in the 1999 
AWQC document of 11.23 mg TAN/L at pH 8 was lowered to the geometric mean of these five LC50 values at the time in order to protect large rainbow trout, which were shown to be 
measurably more sensitive than other life stages.  The FAV prior to adjusting it to protect the commercially and recreationally important adult rainbow trout was calculated to be 14.32 mg 
TAN/L (CMC = 7.2 mg TAN/L) at pH 8.  This FAV based on protection of adult rainbow trout at pH 7 is 48.21 mg TAN/L (see Table 7 in this document). Because several equivalent LC50s 
representing different ages and life-stages have been added to the current (updated) acute criteria dataset, it no longer seems appropriate to lower the SMAV for rainbow trout based on only 
these five LC50s considering the several other additional acute values which now exist.  

Note: Each SMAV was calculated from the associated bold-face number(s) in the preceding column. 
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Appendix B.  Chronic Toxicity of Ammonia to Aquatic Animals. 
 

Appendix B.  Chronic Toxicity of Ammonia to Aquatic Animals 

Species Test and Effect pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Chronic valuea 

Adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 
(mg TAN/L) 

SMCV 
(mg 

TAN/L) 

GMCV 
(mg 

TAN/L) Reference 
Stonefly, 
Pteronarcella badia 30-d Juv Survival 8.04 12.1 133.8 207.0     Thurston et al. 1984b 

Stonefly, 
Pteronarcella badia 24-d Juv Survival 7.81 13.2 21.66 26.27 73.74 73.74 Thurston et al. 1984b 

                  
Water flea, 
Ceriodaphnia acanthina 7-d LC Reproduction 7.15 24.5 44.90 64.10 64.10   Mount 1982 

                  
Water flea, 
Ceriodaphnia dubia 7-d LC Reproduction 7.80 25.0 15.20 38.96     Nimmo et al. 1989 

Water flea, 
Ceriodaphnia dubia 7-d LC Reproduction 8.57 26.0 5.800 52.15 45.08 53.75 Willingham 1987 

                  
Water flea, 
Daphnia magna 21-d LC Reproduction 8.45 19.8 7.370 36.27     Gersich et al. 1985 

Water flea, 
Daphnia magna 21-d LC Reproduction 7.92 20.1 21.70 47.40 41.46 41.46 Reinbold and Pescitelli 

1982a 
                  
Amphipod, 
Hyalella azteca 28-d PLC Biomass 8.04 25.0 8.207 29.17 29.17 29.17 Borgmann 1994 

                  
Channel catfish, 
Ictalurus punctatus 30-d ELS Weight 7.80 25.8 12.20 22.66     Reinbold and Pescitelli 

1982a 
Channel catfish, 
Ictalurus punctatus 30-d Juv Survival 8.35 27.9 5.020 21.15     Colt and Tchobanoglous 

1978 
Channel catfish, 
Ictalurus punctatus 30-d ELS Biomass 7.76 26.9 11.50 20.35 21.36 21.36 Swigert and Spacie 1983 

                  
Northern pike (fertilized), 
Esox lucius 52-d ELS Biomass 7.62 8.70 13.44 20.38 20.38 20.38 Harrahy et al. 2004 

                  
Common carp (fertilized), 
Cyprinus carpio 28-d ELS Weight 7.85 23.0 8.360 16.53 16.53 16.53 Mallet and Sims 1994 
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Appendix B.  Chronic Toxicity of Ammonia to Aquatic Animals 

Species Test and Effect pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Chronic valuea 

Adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 
(mg TAN/L) 

SMCV 
(mg 

TAN/L) 

GMCV 
(mg 

TAN/L) Reference 
                  
Lahontan cutthroat trout (fertilized), 
Oncorhynchus clarkii henshawi 103-d ELS Survival 7.57 13.7 17.89 25.83 25.83   Koch et al. 1980 

                  
Rainbow trout (fertilized), 
Oncorhynchus mykiss 42-d ELS Survival 7.50 10.0 <33.6 <45.5     Burkhalter and Kaya 1977 

Rainbow trout, 
Oncorhynchus mykiss 72-d ELS Survival 7.40 14.5 2.600 3.246     Calamari et al. 1977, 1981 

Rainbow trout (fertilized), 
Oncorhynchus mykiss 73-d ELS Survival 7.52 14.9 <2.55 <3.515     Solbe and Shurben 1989 

Rainbow trout, 
Oncorhynchus mykiss 5-year LC 7.70 7.5-

10.5 >6.71 >11.08     Thurston et al. 1984a 

Rainbow trout, 
Oncorhynchus mykiss 90-d ELS Survival 7.75 11.4 8.919 15.60 6.663   Brinkman et al. 2009 

                  
Sockeye salmon, 
Oncorhynchus nerka 

62-d Embryos 
Hatchability 8.42 10.0 <2.13 <10.09 10.09 12.02 Rankin 1979 

                  
White sucker (3 d old embryo), 
Catostomus commersonii 30-d ELS Biomass 8.32 18.6 2.900 >11.62 11.62 11.62 Reinbold and Pescitelli 

1982a 
                  
Smallmouth bass, 
Micropterus dolomieu 32-d ELS Biomass 6.60 22.3 9.610 8.650     Broderius et al. 1985 

Smallmouth bass, 
Micropterus dolomieu 32-d ELS Biomass 7.25 22.3 8.620 9.726     Broderius et al. 1985 

Smallmouth bass, 
Micropterus dolomieu 32-d ELS Biomass 7.83 22.3 8.180 15.77     Broderius et al. 1985 

Smallmouth bass, 
Micropterus dolomieu 32-d ELS Biomass 8.68 22.3 1.540 11.31 11.07 11.07 Broderius et al. 1985 

                  
Fathead minnow (embryo-larvae), 
Pimephales promelas 28-d ELS Survival 8.00 24.8 5.120 12.43     Mayes et al. 1986 

Fathead minnow (embryo-larvae), 
Pimephales promelas 32-d ELS Biomass 7.95 25.5 7.457 16.87     Adelman et al. 2009 

Fathead minnow, 
Pimephales promelas 30-d ELS Biomass 7.82 25.1 3.730 7.101     Swigert and Spacie 1983 
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Appendix B.  Chronic Toxicity of Ammonia to Aquatic Animals 

Species Test and Effect pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Chronic valuea 

Adjusted to pH 7 
(all organisms) 

 and 20°C 
(invertebrates) 
(mg TAN/L) 

SMCV 
(mg 

TAN/L) 

GMCV 
(mg 

TAN/L) Reference 
Fathead minnow, 
Pimephales promelas LC Hatchability 8.00 24.2 1.970 4.784 9.187 9.187 Thurston et al. 1986 

                  
Pebblesnail (1.81 mm, juvenile), 
Fluminicola sp. 

28-d Juv Change in 
Length 8.22 20.1 2.281 7.828 7.828 7.828 Besser 2011 

                  
Long fingernailclam, 
Musculium transversum 42-d Juv Survival 8.15 23.5 5.820 22.21     Anderson et al. 1978 

Long fingernailclam, 
Musculium transversum 42-d Juv Survival 7.80 21.8 1.230 2.565 7.547 7.547 Sparks and Sandusky 1981 

                  
Green sunfish, 
Lepomis cyanellus 30-d ELS Biomass 7.90 22.0 5.610 11.85     McCormick et al. 1984 

Green sunfish, 
Lepomis cyanellus 30-d ELS Survival 8.16 25.4 5.840 18.06 14.63   Reinbold and Pescitelli 

1982a 
                  
Bluegill, 
Lepomis macrochirus 30-d ELS Biomass 7.76 22.5 1.850 3.273 3.273 6.920 Smith et al. 1984 

                  
Rainbow mussel (2 mo old juvenile), 
Villosa iris 28-d Juv Survival 8.20 20.0 1.063 3.501 3.501 3.501 Wang et al. 2007a 

                  
Fatmucket (2 mo old juvenile), 
Lampsilis siliquoidea 28-d Juv Survival 8.25 20.0 0.8988 3.211 3.211  Wang et al. 20011 

                  
Wavy-rayed lamp mussel  
(2 mo old juvenile), 
Lampsilis fasciola 

28-d Juv Survival 8.20 20.0 0.4272 1.408 1.408 2.126 Wang et al. 2007a 

 
a The chronic value is an EC20 value calculated using EPA’s TRAP (Versions 1.0 or 1.21a).  Note: all chronic values were normalized to pH 7 (all organisms) and 20°C 
(invertebrates) as per the equations provided in this document (see also 1999 AWQC document for the basis of the pH- and temperature-dependence of ammonia toxicity and 
Appendix E for an example calculation). 
 
Note: Each SMCV was calculated from the associated bold-face number(s) in the preceding column. 
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Appendix C.  Other Chronic Ammonia Toxicity Data. 
 
Appendix C.  Other Chronic Ammonia Toxicity Data 

Species Test and Effect Methoda pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Chronic value 
Adjusted to pH 7 

(all organisms) and 
20°C (invertebrates) 

(mg TAN/L) Reference 
FRESHWATER INVERTEBRATES 

Pulmonate pondsnail 
(<1 wk post hatch), 
Lymnaea stagnalis 

28-d NOEC - 
Growth F,M 8.25 20.1 >8.00 >28.76 Besser et al. 2009 

Pulmonate pondsnail 
(<1 wk post-hatch), 
Lymnaea stagnalis 

28-d NOEC - 
Survival F,M 8.25 20.1 >8.00 >28.76 Besser et al. 2009 

Idaho springsnail 
(7-9 and 11-13 wk post hatch juvenile), 
Pyrgulopsis idahoensis 

28-d NOEC - 
Growth F,M 8.25 20.1 >8.00 >28.76 Besser et al. 2009 

Idaho springsnail 
(7-9 and 11-13 wk post hatch juvenile), 
Pyrgulopsis idahoensis 

28-d EC20 - Survival F,M 8.25 20.1 0.480 1.726 Besser et al. 2009 

Idaho springsnail 
(mixed-aged, adults), 
Pyrgulopsis idahoensis 

28-d EC20 - Survival F,M 8.26 20.8 3.24 12.39b Besser et al. 2009 

Pebblesnail (mixed-aged, field collected), 
Fluminicola sp. 28-d EC20 - Survival F,M 8.26 20.8 1.02 3.900c Besser et al. 2009 

Pebblesnail (small, field collected), 
Fluminicola sp. 

28-d MATC - 
Survival F,M 8.19 20.1 2.75 8.977d Besser 2011 

Ozark springsnail 
(mixed age, field collected), 
Fontigens aldrichi 

28-d EC20 - Survival F,M 8.26 20.8 0.61 2.332b Besser et al. 2009 

Bliss Rapids snail 
(mixed age, field collected), 
Taylorconcha serpenticola 

28-d EC20 - Survival F,M 8.26 20.8 3.42 13.08b Besser et al. 2009 
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Appendix C.  Other Chronic Ammonia Toxicity Data 

Species Test and Effect Methoda pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Chronic value 
Adjusted to pH 7 

(all organisms) and 
20°C (invertebrates) 

(mg TAN/L) Reference 
Silty hornsnail 
(mixed age, mature and field collected), 
Pleurocera canaliculata 

28-d EC20 - 
Survival;  
(Alt Effect Conc.) 

F,M 8.15 24.7 0.45 
(≤1.86) 

1.845 
(≤7.667)b, e GLEC 2011 

Wavy-rayed lamp mussel 
(2 mo old juvenile), 
Lampsilis fasciola 

28-d IC25 - Growth F,M 8.20 20.0 0.5700 1.878 Wang et al. 2007a 

Fatmucket (2 mo old juvenile), 
Lampsilis siliquoidea 28-d IC25 - Growth F,M 8.20 20.0 0.4400 1.450 Wang et al. 2007a 

Rainbow mussel (2 mo old juvenile), 
Villosa iris 28-d IC25 - Growth F,M 8.20 20.0 0.7300 2.406 Wang et al. 2007a 

Water flea, (<24 hr), 
Ceriodaphnia dubia 

7-d;  
3 broods in control 
IC25 Reproduction 

R,U 7.90 25.0 1.300 3.790 Dwyer et al. 2005 

FRESHWATER VERTEBRATES 
Cutthroat trout (3.3 g), 
Oncorhynchus clarkii 29-d LC50 F,M 7.80 12.4 21.60 40.11 Thurston et al.  1978 

Cutthroat trout (3.4 g), 
Oncorhynchus clarkii 29-d LC50 F,M 7.78 12.2 21.40 38.78 Thurston et al.  1978 

Cutthroat trout (1.0 g), 
Oncorhynchus clarkii 36-d LC50 F,M 7.81 13.1 30.80 57.91 Thurston et al.  1978 

Cutthroat trout (1.0 g), 
Oncorhynchus clarkii 36-d LC50 F,M 7.80 12.8 32.20 59.79 Thurston et al.  1978 

Atlantic salmon, 
Salmo salar 

105-d Juv NOEC - 
Survival F,M 6.84 12.1 >32.29 >30.64 Kolarevic et al. 2012 

Lake trout, siscowet, 
Salvelinus namaycush 

60-d LOEC-  
Weight gain F,M 8.02 11.6 6.440 16.10 Beamish and Tandler 1990 

Brook trout (juvenile), 
Salvelinus fontinalis 

4-d Juv LOEC - 
Swimming Perf F,M 9.10 15.0 0.7765 10.86 Tudorache et al. 2010 

Bonytail chub 
(2 and 7 d post hatch), 
Gila elegans 

7-d IC25 - Growth R,U 7.90 25.0 11.00 23.24 Dwyer et al. 2005 
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Appendix C.  Other Chronic Ammonia Toxicity Data 

Species Test and Effect Methoda pH 
Temp. 

(˚C) 

Total 
Ammonia 

(mg 
TAN/L) 

Chronic value 
Adjusted to pH 7 

(all organisms) and 
20°C (invertebrates) 

(mg TAN/L) Reference 
Spotfin chub (<24 hr), 
Erimonax monachus 7-d IC25 - Growth R,U 7.90 25.0 15.80 33.37 Dwyer et al. 2005 

Cape Fear shiner (<24 hr), 
Notropis mekistocholas 7-d IC25 - Growth R,U 7.90 25.0 8.800 18.59 Dwyer et al. 2005 

Topeka shiner (adult), 
Notropis topeka 30-d EC20 - Survival F,M 7.94 23.9 10.85 24.21 Adelman et al. 2009 

Topeka shiner (juvenile, 11 mo), 
Notropis topeka 30-d EC20 - SGR F,M 8.07 12.4 6.483 17.45 Adelman et al. 2009 

Gila topminnow (<24, 48 and 72 hr), 
Poeciliopsis occidentalis 7-d IC25 - Growth R,U 7.90 25.0 24.10 50.91 Dwyer et al. 2005 

Fathead minnow (<24 hr), 
Pimephales promelas 7-d IC25 - Growth R,U 7.90 25.0 7.200 15.21 Dwyer et al. 2005 

Fathead minnow (4 d post hatch), 
Pimephales promelas 

28-d LOEC- 
Survival R,M 8.25 19.9 9.160 32.71 Fairchild et al. 2005 

Colorado pikeminnow 
(5 and 6-d post hatch), 
Ptychocheilus lucius 

7-d IC25 - Growth R,U 7.90 25.0 8.900 18.80 Dwyer et al. 2005 

Colorado pikeminnow (juvenile, 8 d), 
Ptychocheilus lucius 28-d LOEC- Growth R,M 8.23 19.9 8.600 29.75 Fairchild et al. 2005 

Razorback sucker (7 d post hatch), 
Xyrauchen texanus 7-d IC25 - Growth R,U 7.90 25.0 13.40 28.30 Dwyer et al. 2005 

Razorback sucker (9 d), 
Xyrauchen texanus 

28-d LOEC- 
Survival R,M 8.24 19.9 13.25 46.58 Fairchild et al. 2005 

Lost River sucker (late-stage larva), 
Deltistes luxatus 

30-d LOEC-
Survival F,M 9.43 22.3 1.230 25.31 Meyer and Hansen 2002 

Green frog (Stage 24-26), 
Rana clamitans 

103-d NOEC- 
Growth R,M 8.70 24.0 >2.20 >16.74 Jofre and Karasov 1999 

 

a R = renewal and F = flow-through exposure types; M = measured and U = unmeasured tests. 
b Not used in the calculation of the SMCV because of the uncertainty of the chronic value, but included here as weight of evidence supporting the sensitivity of non-pulmonate 
snail species in general as determined by 28-day toxicity tests (see Additional 28-day Toxicity test Data for Freshwater Snails in Appendix I for more detail). 
c Not used in the calculation of the SMCV because of the uncertainty of the chronic value, but included here as weight of evidence supporting the sensitivity of non-pulmonate 
snail species in general as determined by 28-day toxicity tests (see Chronic Toxicity Test Data: 28-day Tests with Juvenile and Adult Pebblesnails in Appendix H for more detail). 
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d Not used in the calculation of the SMCV because of low control survival (75 percent) for this size class. 
e Value represents a 28-day ammonia survival effects concentration used in place of the EC20 due to the high degree of temporal variability in measured total ammonia 
concentrations in the test, as well as the unequal response among test replicates near this concentration (see Additional 28-day Toxicity test Data for Freshwater Snails in Appendix 
I for more detail). 
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Appendix D.  Conversion of Acute Results of Toxicity Tests. 

 

All of the ammonia acute values (LC50s and EC50s) in Appendix A of this document were 

converted to TAN acute values using the reported temperatures and pHs, and using the pKa 

relationship from Emerson et al. (1975).  Conversions were dependent on the form of ammonia 

the acute values were expressed, e.g., unionized ammonia (UIA), unionized ammonia expressed 

as nitrogen (UIA-N), total ammonia (TA) and total ammonia nitrogen (TAN).  After acute values 

were converted to TAN they were then normalized to pH 7 using the pH relationship developed 

in the 1999 AWQC document.  Following the adjustment to pH 7, the TAN acute values were 

further normalized to a temperature of 20°C for invertebrates only, following recommendations 

in the 1999 AWQC document.  It is worth noting here that while the relationship between pH 

and ammonia toxicity was first addressed in the 1985 criteria document, it was not fully 

developed until the 1999 AWQC update document.  Detailed information regarding the 

development and parameterization of the pH-ammonia toxicity equations (acute and chronic) can 

be found in the 1999 AWQC document (pH-Dependence of Ammonia Toxicity – U.S. EPA 

1999).  In contrast to the pH-toxicity relationship, which applies to both vertebrates and 

invertebrates, the temperature-ammonia toxicity relationship only applies to invertebrates. Based 

on the results of the 1999 reanalysis of this relationship, it was determined that ammonia toxicity 

for invertebrates decreases with decreasing temperature to a temperature of approximately 7°C, 

below which the relationship ends (U.S. EPA 1999). 

The conversion procedure for acute toxicity values is illustrated here using the data for 

the flatworm, Dendrocoelum lacteum, which is the first species listed in Table 1 in the 

1984/1985 criteria document and was the species chosen to illustrate the conversion procedure in 

Appendix 3 of the 1999 AWQC document: 

 

Acute value (AV) = 1.40 mg unionized ammonia (UIA) or NH3/L 

Test pH = 8.20 

Test Temperature = 18.0°C 
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Step 1. 

Equation 3 in the 1999 criterion document, and the Emerson et al. (1975) equation from 

page 7 of this document, is used to calculate the pKa at 18 °C: 

 

pKa = 9.464905 

 

Step 2. 

The AV in terms of total ammonia (TA) is calculated as: 

 

[NH3]/[NH+
4] = 10(pH-pK) = 0.0543369 

 

Step 3. 

The Wood (1993) equation from page 7 (Equation 2 in the 1999 AWQC document) is 

rearranged to obtain the acute value for TA: 

 

TA = [NH3] + [NH+
4] = [NH3] + [NH3]/(10(pH-pKa)) 

 

TA = [NH3] + [NH+
4] = [NH3] + [NH3]/0.0543369 

 
= 27.1652 mg TA/L 

 

Step 4. 

The AV for TA is converted to the AV for TAN (AVt) as follows: 

AVt/AV = (14 mg TAN/mmol) / (17 mg TA/mmol) = 14/17 

AVt = (27.1652 mg TA/L) x (14 mg TAN/17 mg TA) 

= 22.3713 mg TAN/L 
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Step 5. 

The AV in terms of TAN, or AVt, is converted from test pH 8.2 to pH 7 using the 

equation for describing the pH-dependence of acute values (modified from Equation 11 

in the 1999 AWQC document for normalization to pH 7)2: 

 

      
   

(
      

             
 

      
            

)
  

 

AVt,7 = (AVt)/(0.158673) = 140.990 mg N/L 

 

Step 6. (temperature adjustment for invertebrates only) 

 

The AV in terms of TAN at pH 7, or AVt,7, is converted from this concentration at test 

temperature to a standard test temperature of 20°C using the equation shown below 

(Equation 5 in the 1999 AWQC document)3: 

 

log(AVt,7,20) = log(AVt,7) - [-0.036(18°C - 20°C)] 

= 119.451 mg N/L 

 

Because this is the only species in this genus for which data are in Table 1 in the 1984/1985 

criteria document, 119.5 mg TAN/L is the GMAV for the genus Dendrocoelum in Table 3 of this 

update document. 
  

                                                 
2 The equation provided here should be applicable from pH 6 to 9, although uncertainty might exist at the lower end 
of this range for certain species.  Extrapolation below pH 6 is not advisable because of the increasing scatter of the 
data from the common regression line at lower pH, and extrapolation above pH 9 is not advisable because of 
inadequate knowledge about the effect of the inhibition of ammonia excretion at high pH on results of toxicity tests 
(Russo et al. 1988). 
3 Note: Based on the 1999 reanalysis of the relationship between temperature and ammonia toxicity, when test 
temperature is less than 7°C, T should be set equal to 7, to reflect the plateau of the temperature-toxicity relationship 
at these temperatures. 
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Appendix E.  Conversion of Chronic Results of Toxicity Tests. 

 

As in the previous appendix with the acute results of toxicity tests, all of the ammonia 

chronic values (EC20s) in Appendix B of this document were first converted to TAN at test 

temperature and pH using the pKa relationship from Emerson et al. (1975).  Once all the chronic 

values were converted to total ammonia nitrogen, these values were then adjusted to pH 7 using 

the pH relationship developed in the 1999 AWQC document.  After the adjustment to pH 7, the 

TAN chronic values were further normalized to a temperature of 20°C for invertebrates only, as 

per the recommendations in the 1999 AWQC document.  The conversion procedure is illustrated 

here using the data for the amphipod species Hyalella azteca. 

 

Chronic value (CV) = EC20 of 8.207 mg TAN/L 

Test pH = 8.04 

Test Temperature = 25.0°C 

 

Steps 1 through 4.  

 

(Not required in this case as CV is already expressed in terms of TAN.   For more details 

regarding these steps, see Appendix D). 

 

Step 5. 

The CV in terms of TAN, or CVt, is converted from test pH 8.04 to pH 7 using the 

equation for describing the pH dependence of chronic values (modified from Equation 12 

in the 1999 AWQC document for normalization to pH 7)4: 

 

 

      
   

(
      

             
 

      
            

)
  

 
                                                 
4 See footnote 3 in Appendix D. 
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CVt,7 = (CVt)/(0.38855) = 21.13 mg TAN/L 

 

Step 6. (Temperature adjustment for invertebrates only) 

 

The CV in terms of TAN at pH 7, or CVt,7, is converted from this concentration at test 

temperature to a standard test temperature of 20°C using the equation shown below (Equation 5 

in the 1999 AWQC document)5: 

 

log(CVt,7,20) = log(CVt,7) - [-0.028(25°C - 20°C)] 

= 29.17 mg TAN/L 

 

Because this is the only species in this genus for which data in appendix B are available, 

29.17 mg TAN/L is the GMCV for the genus Hyalella reported in Table 4 of this update 

document. 

  

                                                 
5 See footnote 4 in Appendix D. 
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Appendix F.  Acute-Chronic Ratios (ACRs). 

 

The CCC was calculated directly from chronic values (EC20s ) in Appendix B using the 

standard fifth percentile procedure provided in the 1985 Guidelines (Stephan et al. 1985).  As a 

result, acute-chronic ratios (ACRs) are not necessary for the derivation of the new chronic 

criterion presented in this document.  It is still worthwhile, however, for EPA to provide 

recommended ACRs for predicting chronic sensitivity of untested species using measured or 

estimated acute values for other related efforts (e.g., developing Biological Evaluations in 

support of National Endangered Species Act Consultations on EPA 304(a) criteria 

recommendations, or when an ACR(s) is allowed to derive site-specific criteria for ammonia in 

fresh water).  Table F.1 below presents ACRs for all species with chronic values that were used 

in the derivation of a GMCV and for which comparable acute values were found, as well as for a 

few additional species of special interest, such as threatened and endangered species. All acute 

and chronic values were adjusted to pH 7 and to 20°C (in the case of invertebrates).  For each 

species or genera where more than a single ACR was calculated, Species and Genus Mean 

Acute-Chronic Ratios (SMACRs and GMACRs, respectively) were also calculated as the 

geometric mean value of individual ACRs and SMACRs.  (Note: in the case of a single ACR 

within a Genus, the ACR is the SMACR.)  Additionally, taxon-specific ACRs (TSACRs) were 

calculated where practical and for purpose of comparison at the taxonomic level of Family and 

Class.   

The ACRs for freshwater aquatic invertebrates range from 2.406 to 49.45 (a factor of 21; 

see Table F.1).  Likewise, the ACRs for fish range from 3.437 to 36.53 (factor of 11).  The broad 

range in values can probably be explained because of the different kinds of chronic tests (life-

cycle, ELS, 28-d juvenile mussel or snail) and toxicological endpoints (survival, growth, or 

reproduction) upon which they are based.  The ACR of 36.53 for fathead minnow, for example, 

was based on hatchability from the life-cycle test of Thurston et al. (1986), whereas the early 

life-stage tests with fathead minnow of Mayes et al. (1986) and Swigert and Spacie (1983) gave 

ACRs of 11.35 and 17.17.  The range of ACRs based on chronic values from the two early life-

stage tests is small, and it is perhaps not surprising that a life-cycle test gave a higher ACR than 

the early life-stage tests.  As another example illustrating the variability among ACRs from 

different kinds of tests and using different toxicological endpoints, but this time comparing 
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amongst different species of invertebrates, the ACR of 49.45 for Lampsilis fasciola was based on 

survival from a 28-day test involving two month-old juveniles (Wang et al. 2007a,b), whereas 

the life-cycle tests with the two species of cladocerans (Ceriodaphnia acanthina and C. dubia) 

are based on adverse effects on reproduction with ACRs of 2.406 (Mount 1982) and 3.924 

(Nimmo et al. 1989), respectively (Table F.1).   

The ACRs for bivalve mollusks in general are larger compared to other freshwater 

aquatic animal taxa and range from 9.028 to 49.45.  The ACRs for other freshwater invertebrates 

range from 2.406 to 15.81.  The ACRs for fishes, in contrast, are quite varied even within species 

or genera.  For example, the ACRs for Lepomis sp. range from 3.437 to 28.51 despite having 

been based on ELS tests and using biomass or survival as the toxicological endpoint. 

Figure F.1 depicts SMACRs in relation to SMAVs to determine whether there is a trend.  

Only the weak trend of decreasing SMACR with increasing SMAV is apparent; primarily due to 

the comparatively large SMACRs for freshwater bivalve mollusks.   

In general TSACRs for most freshwater aquatic animals (excluding bivalve mollusks) are 

within the relatively small range of 5.113 to 15.81 at the Class level, and may be acceptable for 

use when certain taxon-specific chronic toxicity data are not available.  Perhaps not surprisingly, 

the CCC (2.1 mg TAN/L) calculated as the quotient of the FAV of 32.99 mg TAN/L (at pH 7 

and 20°C) and geometric mean ACR for the Family Unionidae (15.52) agrees well with the CCC 

calculated directly from available chronic data (see Appendix B and Figure 4). 
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Table F.1.  Species, Genus and Taxon-Specific ACRs for Freshwater Aquatic Animals Exposed to Ammonia. 
 

Table F.1.  Species, Genus and Taxon-specific ACRs for Freshwater Aquatic Animals Exposed to Ammonia 

Species Scientific Name  
Acute and Chronic  
Test Endpoint pH Temp 

Normalized 
Values Reference ACR SMACR GMACR 

TSACR 
(Family) 

TSACR 
(Class) 

Class Gastropoda (Family: Lithoglyphidae) 

Fluminicola sp. 
LC50 8.25 20.2 >62.15 

Besser 2011 7.940 7.940 7.940 7.940 7.940 
EC20 - Change in Length 8.22 20.1 7.828 

Class Bivalvia (Families Unionidae and Pasidiidae) 

Lampsilis fasciola 
EC50 8.50 20.0 69.63 Wang et al. 2007b 

49.45 49.45 
21.13 

15.52 
25.68 

EC20 - Survival 8.20 20.0 1.408 Wang et al. 2007a 

Lampsilis siliquoidea 
EC50 8.20 20.0 28.99 Wang et al. 2007a 

9.028 9.028 
EC20 - Survival 8.25 20.0 3.211 Wang et al. 2011 

Villosa iris 

EC50 8.40 20.0 23.29 Wang et al. 2007b 
11.40 11.40 11.40 

 EC50 8.30 20.0 68.40 Wang et al. 2007b 
EC20 - Survival 8.20 20.0 3.501 Wang et al. 2007a 

Musculium transversum 
EC50 8.10 14.6 109.0 West 1985; Arthur et al. 1987 

42.50 42.50 42.50 42.50 
EC20 - Survival 7.80 21.8 2.565 Sparks and Sandusky 1981 

Class Branchiopda (Family: Daphniidae) 

Ceriodaphnia acanthina 
EC50 7.06 24.0 154.3 

Mount 1982 2.406 2.406 
3.073 

5.113 5.113 

EC20 - Reproduction 7.15 24.5 64.10 

Ceriodaphnia dubia 
EC50 7.80 25.0 152.9 

Nimmo et al. 1989 3.924 3.924 
EC20 - Reproduction 7.80 25.0 38.96 

Daphnia magna 

EC50 8.50 20.0 296.9 Gersich and Hopkins 1986 
8.186 

8.507 8.507 
EC20 - Reproduction 8.45 19.8 36.27 Gersich et al. 1985 
EC50 8.34 19.7 419.1 

Reinbold and Pescitelli 1982a 8.841 
EC20 - Reproduction 7.92 20.1 47.40 

Class Malacostraca (Family: Dogielinotidae) 

Hyalella azteca 
EC50 8.30 25.0 461.2 Ankley et al. 1995 

15.81 15.81 15.81 15.81 15.81 
EC20 - Biomass 8.04 25.0 29.17 Borgmann 1994 
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Table F.1.  Species, Genus and Taxon-specific ACRs for Freshwater Aquatic Animals Exposed to Ammonia 

Species Scientific Name  
Acute and Chronic  
Test Endpoint pH Temp 

Normalized 
Values Reference ACR SMACR GMACR 

TSACR 
(Family) 

TSACR 
(Class) 

Class Actinopterygii (Families Salmonidae, Catostomidae, Cyprinidae, Ictaluridae and Centrarchidae) 

Oncorhynchus clarkii LC50 7.81 13.1 132.3 Thurston et al. 1978 
5.122 5.122 

5.518 5.518 

8.973 

O. clarkii henshawi EC20 - Survival 7.57 13.7 25.83 Koch et al. 1980 

Oncorhynchus mykiss 

LC50 7.40 14.5 31.47 Calamari et al. 1981 
9.696 

5.945 
EC20 - Survival 7.40 14.5 3.246 Calamari et al. 1977, 1981 
LC50 7.67 7.7 40.40 Thurston et al. 1981a 

3.646 
EC20 - 5 yr Life Cycle 7.70 7.5-

10.5 >11.08 Thurston et al. 1984a 

Catostomus commersoni 

LC50 8.16 15.0 176.6 
Reinbold and Pescitelli 1982c 

14.75 14.75 14.75 14.75 LC50 8.14 15.4 166.3 
EC20 - Biomass 8.32 18.6 11.62 Reinbold and Pescitelli 1982a 

Notropis topeka 
LC50 8.09 13.2 147.3 Adelman et al. 2009 

(EC20 from Appendix C) 8.437 8.437 8.437 

10.96 

EC20 - Growth Rate 8.07 12.4 17.45 

Pimephales promelas 

LC50 7.76 19.0 139.3 

Thurston et al. 1983, 1986 36.53 

19.24 19.24 

LC50 7.83 22.0 158.7 
LC50 7.91 18.9 178.9 
LC50 7.94 19.1 162.3 
LC50 8.06 22.0 205.0 
LC50 8.03 22.1 216.3 
EC20 - LC Hatchability 8.00 24.2 4.784 
LC50 8.14 22.0 141.2 

Mayes et al. 1986 11.35 
EC20 - Survival 8.00 24.8 12.43 
LC50 7.78 25.9 117.3 

Swigert and Spacie 1983 17.17 LC50 7.80 25.6 126.8 
EC20 - Biomass 7.82 25.1 7.101 

Cyprinus carpio 
LC50 7.72 28.0 133.9 Hasan and MacIntosh 1986 

8.100 8.100 8.100 
EC20 - Growth: Weight 7.85 23.0 16.53 Mallet and Sims 1994 

Ictalurus punctatus 
LC50 7.80 25.7 97.67 

Swigert and Spacie 1983 4.800 4.800 4.800 4.800 
EC20 - Biomass 7.76 26.9 20.35 

Lepomis cyanellus 

LC50 7.72 22.4 144.3 
McCormick et al. 1984 12.18 

6.468 13.58 13.59 EC20 - Biomass 7.90 22.0 11.85 
LC50 8.28 26.2 62.07 Reinbold and Pescitelli 1982a 3.437 
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Table F.1.  Species, Genus and Taxon-specific ACRs for Freshwater Aquatic Animals Exposed to Ammonia 

Species Scientific Name  
Acute and Chronic  
Test Endpoint pH Temp 

Normalized 
Values Reference ACR SMACR GMACR 

TSACR 
(Family) 

TSACR 
(Class) 

EC20 -  Survival 8.16 25.4 18.06 

Lepomis macrochirus 
LC50 7.60 21.7 93.31 

Smith et al. 1984 28.51 28.51 
EC20 - Biomass 7.76 22.5 3.273 

Micropterus dolomieui 

LC50 (pH 6.5) 6.53 22.3 269.2 

Broderius et al. 1985 

31.12 

13.61 13.61 

EC20 (pH 6.5) - Biomass 6.60 22.3 8.650 
LC50 (pH 7.0) 7.16 22.3 144.3 

14.84 
EC20 (pH 7.0) - Biomass 7.25 22.3 9.726 
LC50 (pH 7.5) 7.74 22.3 105.2 

6.670 
EC20 (pH 7.5) - Biomass 7.83 22.3 15.77 
LC50 (pH 8.5) 8.71 22.3 126.0 

11.14 
EC20 (pH 8.5) - Biomass 8.68 22.3 11.31 
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Figure F.1.  SMACRs by SMAV Rank. 
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Appendix G.  Results of the Regression Analyses of New Chronic Data for Unionid 
Mussels. 
 

This appendix provides the figures generated using EPA’s TRAP program that was used 

to calculate EC20s for the new chronic ammonia toxicity studies conducted with unionid mussels.  

In the figures that follow, circles denote measured responses and solid lines denote estimated 

regression lines.  The model-estimated EC20 values and corresponding 95% confidence limits are 

provided with each figure, as well as the pH and water temperature at which the test was 

conducted.  Per the text on page 32 in Chronic Toxicity to Freshwater Aquatic Animals and as 

discussed in greater detail on page 56 in Effects Characterization, EPA decided that while 28-

day survival EC20s from these tests using juvenile freshwater mussels are acceptable for 

derivation of a chronic aquatic life criterion for ammonia, EC20s based on growth responses from 

these tests are not.  The decision not to use the growth data from these tests was based on the 

uncertainty in the test methods for assessing the growth endpoint and the need for additional 

research “to optimize feeding conditions, to conduct longer-term exposures (e.g., 90 d), and to 

compare growth effect to potential reproductive effect in partial life-cycle exposure” (Wang et al. 

2011).  Additionally, the growth response during these tests show a high degree of variability, 

and the test methods for assessing growth, based on substrate or water-only exposures, are 

currently being evaluated – see Figure below depicting the growth response of juvenile 

fatmucket in the 28-day tests reported in Wang et al. (2011). 
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Juvenile Fatmucket, 28-Day Survival, Wang et al. 2011
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Juvenile Wavy-rayed Lampmussel, 28-Day Survival, Wang et al. 2007a
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Juvenile Rainbow Mussel, 28-Day Survival, Wang et al. 2007a
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Juvenile Fatmucket, 28-Day Growth, Wang et al. 2011
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Appendix H.  Detailed Descriptions of Select New Acute and Chronic Toxicity Test Data 
Used for Criteria Derivation. 
 

Acute Toxicity Test Data 

Venustaconcha ellipsiformis (ellipse) 

As noted above, the ellipse test data was not directly used in the acute criterion 

calculation, but the data is described here as additional evidence supporting the determined acute 

criterion value. The GMAV for the ellipse is based on the 24-hr EC50 reported for an acute 

toxicity test initiated with 2-hr old glochidia of the species (Wang et al. 2007b).  Glochidia were 

tested under static conditions at pH 8.1 and 20°C.  Survival of control animals after 24 hours was 

90 percent.  The estimated measured EC50 at test temperature and pH was 4.450 mg N/L, after 

adjusting the reported nominal EC50 by multiplying by a factor of 0.89 (i.e., measured total 

ammonia concentrations were 89 percent of nominal concentrations for 24 hour glochidia 

exposures).  The GMAV for this species is 23.12 mg TAN/L when adjusted to pH 7 and 20°C 

(Appendix A), and represents the lowest in the acute dataset (Table 3).  The acute criterion of 17 

mg TAN/L is considered protective of this species because the GMAV/2, a value used to 

estimate an effect level un-differentiable from controls (Federal Register on May 18, 1978 (43 

FR 21506-18), is approximately 12 mg TAN/L for the ellipse, which is close to the current 

criterion value, given the variability and uncertainty in such toxicity tests.  

 

Utterbackia imbecillis (pondshell mussel) 

The GMAV for pondshell mussel of 46.93 mg TAN/L is the sixth lowest in the acute 

dataset (Table 3). Although this GMAV is not one of the four used in calculating the FAV, the 

value is composed of individual EC50 values ranging from a comparatively low acute value of 

17.91 to 100.5 mg TAN/L (expressed as TAN and normalized to pH 7 and 20°C, Appendix A).  

This GMAV is based on several EC50s (numbering nine in total) from three different studies 

(Wade et al. 1992; Keller 2000; Black 2001).  This particular GMAV is based on tests with 

predominantly juvenile mussels of various ages, but also including a single test which employed 

glochidia (Appendix A).  The pH and test temperature for all nine tests was relatively uniform 

and ranged from 7.80 to 8.35 and 24.0 to 25.1°C, respectively.  Control survival exceeded 90 

percent in all tests regardless of life-stage tested.  
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Fusconaia masoni (Atlantic pigtoe) 

The GMAV for the Atlantic pigtoe represents the seventh lowest in the acute dataset, and 

lies just below the lowest GMAV for the most sensitive fish species, the mountain whitefish 

(Table 3). This GMAV is based on the 6-hr EC50 reported for an acute toxicity test initiated with 

2-hr old glochidia of the species (Black 2001).  Glochidia were tested under static conditions at 

pH 7.6 and 24.9°C.  Survival of control animals after 6 hours was 93 percent, falling to 87 

percent after 12 hours.  The EC50 at test temperature and pH was 15.90 mg TAN/L, or 47.40 mg 

TAN/L when adjusted to pH 7 and 20°C (Appendix A).   

 

Fluminicola sp. (pebblesnail)  

The GMAV of 62.15 mg TAN/L for Fluminicola is the tenth most sensitive in the acute 

dataset (Table 3).  As part of the study to evaluate the chronic sensitivity of pebblesnails 

(Gastropoda: Hydrobiidae) to ammonia via 28-day water only toxicity tests (see additional 

details below under Chronic Toxicity Test Data: 28-day Tests with Juvenile and Adult 

Pebblesnails (Fluminicola species), Besser (2011) reported survival of ‘large’ snails (i.e., mean 

starting shell length of 1.81 mm) after 96 hours of exposure.  No mortality was observed in 

controls through the highest test concentration of 8.801 mg TAN/L where 32 of 40 snails (80 

percent) survived.  The mean pH and test temperature at this highest ammonia treatment level 

were 8.25 and 20.2°C, respectively.  Because only 20 percent mortality occurred at this test 

concentration, the EC50 at test temperature and pH is recorded in this document as > 8.801 mg 

TAN/L, or >62.15 mg TAN/L when adjusted to pH 7 and 20°C (Appendix A). 

 

Pleurocera uncialis (pagoda hornsnail) 

Another non-pulmonate snail species (pagoda hornsnail) was determined to be nearly as 

sensitive to ammonia as pebblesnail, the pagoda hornsnail, which was ranked 12th in acute 

sensitivity.  Goudreau et al. (1993) collected and acclimated (for six days) adult snails from 

Clinch River, Virginia prior to conducting a static renewal bioassay to determine a 96-hr LC50 

for this species.  The test was conducted in a walk-in experimental chamber set to a temperature 

of 22°C and using chlorine free laboratory dilution water at pH 8.1.  Survival of adult snails in 

the control treatment was 100 percent.  The reported LC50 at test temperature and pH was 11.18 
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mg TAN/L when expressed as total ammonia.  The LC50 normalized to pH=7 and 20°C is 68.54 

mg TAN/L (Appendix A).   

 

Deltistes luxatis (Lost River sucker) 

The endangered Lost River sucker is a freshwater fish species endemic to the Klamath 

Basin of northern California and southern Oregon (Appendix A).  The acute toxicity of ammonia 

was determined for larval and juvenile Lost River sucker as reported in Saiki et al. (1999).  

Larval tests were initiated when fish reared from spawned eggs were 35 days old, whereas the 

juvenile tests were initiated after the fish reached 3-7 months old.  All fish were exposed for 96 

hours under flow-through conditions at pH 8.0 and 20°C.  The reported LC50s at test temperature 

and pH were 10.35 and 16.81 mg/L for larval and juvenile fish, expressed as total ammonia 

nitrogen (Appendix A).  The LC50s normalized to pH 7 and 20°C are 44.42 and 72.18 mg 

TAN/L, respectively (Appendix A).  The GMAV for Lost River sucker is calculated as the 

geometric mean of the two normalized LC50s, or 56.62 mg TAN/L (Table 3).  Lost River sucker 

represents the ninth most sensitive genus in the acute dataset, and second most sensitive fish 

species (following mountain whitefish which was the most sensitive GMAV) and is expected to 

be protected by the CMC of 17 mg TAN/L. 

 

Chronic Toxicity Test Data 

28-day Tests with Juvenile and Adult Pebblesnails (Fluminicola species) 

The summary for 28-day tests recently conducted with Fluminicola sp. includes the 

results from repeat tests performed by Besser et al. in 2009 and 2010, the details of the latter of 

which are summarized in a memorandum to EPA in 2011 (this study referred to in this document 

as Besser 2011).   

Test organisms used in the Besser et al. (2009) 28-day survival tests with wild-caught 

(Snake River, Idaho) Fluminicola sp. included mixed-aged adult and young-adult organisms 

(from 6 to 12 months).  Mixed-age classes were used because the acclimation cultures produced 

only approximately 200 neonates for testing that were collected over a period of about four 

months.  Despite the fact that snails in the control treatment exhibited 100 percent survival, while 

snails exposed to the highest ammonia concentration (7.9 mg TAN/L) exhibited 0 percent 

survival, extreme variation between replicates at the highest test concentrations was observed 
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during the test, i.e., snails in replicates were either all alive or all dead in the 1.7 and 3.6 mg 

TAN/L treatments.  Based on the mean survivals for Fluminicola sp., the reported survival EC20 

for the species was estimated to be 1.02 mg TAN/L at test temperature (20.8°C) and pH (8.26), 

or 3.900 mg TAN/L when adjusted to pH 7 and 20°C (see Appendix C).  The EC20 reported for 

the test is not considered reliable, however, due to the variability in survival among replicates in 

the 1.7 and 3.6 mg TAN/L test concentrations; therefore, this data was not used in the derivation 

of the final ammonia CCC (i.e., the all-or-none response in the replicates of these two treatments, 

which, when averaged and used as means instead of analyzing the replicates separately in the 

regression, allows estimation of an EC20 that would otherwise be incalculable because of the 

variability between treatment replicates).  Thus, the upper limit CV for the test is uncertain.  The 

value clearly is a concentration below 7.9 mg TAN/L (at test temperature and pH), but the exact 

concentration could not be determined at the time. 

In an attempt to further define the 28-day ammonia survival effects threshold for 

Fluminicola sp., pebblesnails cultured in the laboratory at the USGS Columbia Environmental 

Research Center were tested in April 2010 via a similar 28-day test protocol (see Besser 2011).  

This 2010 test was conducted with two size classes of juvenile pebblesnails: small (mean shell 

length of 1.34 mm at the start of the test) and large (mean starting shell length of 1.81 mm).  

Both size groups were exposed in the same flow-through exposure system consisting of five 

ammonia concentrations (ranging from a nominal concentration of 0.5 to 8 mg N/L in 50 percent 

dilution series), plus a control, with four replicates of ten snails per replicate (or 40 small and 40 

large snails per treatment).  Mean measured TAN concentrations, pH, and temperature were 

maintained very close to target values throughout the test (i.e., mean measured ammonia 

concentrations were within 14 percent of nominal, mean treatment pH ranged from 8.18 to 8.26, 

and mean treatment water temperature ranged from 20.1 to 20.2°C).  Survival was measured 

after 4 and 28 days.  Survival of snails after 28 days in the small size group was lower overall 

(75 percent in the control and 60-68 percent in the nominal 0.5 to 2 mg TAN/L test concentration 

range) in relation to that of the large size group (93-100 percent in both the control and low 

ammonia test concentration).  For both size groups, snail survival differed among test 

concentrations and was substantially lower than controls in the two highest ammonia 

concentrations (4.0 and 8.0 mg TAN/L nominal), however, due to the lower control survival of 

the small size group (<80 percent), the data for this group is not used quantitatively in the 
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derivation of the final ammonia CCC and is instead presented in Appendix C as other chronic 

data. 

Because the survival of the large size group of snails was acceptable in controls and snail 

length different among concentrations according to concentration-response, change in length for 

the large size group was analyzed further for inclusion in the derivation of the CCC.  (Note: 

attempts to model concentration-response curves for survival in the large size group using TRAP 

software were not as informative because partial mortality was limited to only one treatment 

(i.e., 28-day survival ranged from 98 to 100 percent in the nominal 0.5, 1 and 2 mg TAN/L test 

concentrations, only 10 percent in the 4 mg TAN/L nominal test concentration, and zero percent 

at the highest nominal test concentration of 8 mg TAN/L).  The growth EC20 for this freshwater 

non-pulmonate snail species calculated using EPA’s TRAP (threshold sigmoid model with full 

convergence) is 2.281 mg TAN/L at test pH (8.22) and temperature (20.1°C), or; 7.828 mg 

TAN/L after adjustment to pH 7 and 20°C (see Appendix B).  The TRAP output for this test is 

provided below to support the use of the growth-based EC20 for this particular species and test.    
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Chronic Toxicity Tests with Juvenile Hyalella azteca  

Borgmann (1994) conducted four sets of experiments on H. azteca using different 

dilution water types and life-stages of test organisms.  One set of experiments consisted of tests 

that began with <1-week-old organisms, all of which utilized weekly renewals and dechlorinated 

tap water originating from Lake Ontario.  Of the three tests, one lasted four weeks and the other 

two lasted 10 weeks, the latter of which produced data on both survival and reproduction, as 

described in detail in the 1999 AWQC document (U.S. EPA 1999).  At the time, the results of 

the two 10-week tests were deemed sufficiently similar such that the results were analyzed 

together and subsequently used as the basis for the pH and temperature adjusted EC20 of <1.45 

mg TAN/L (at pH 8 and temperature 25°C ) reported in Table 5 of the 1999 AWQC document 

(U.S. EPA 1999).  Since then, however, EPA has re-evaluated the results of the three tests in 

light of the recent extensive research that has been undertaken to elucidate the specific water 

Large Pebblesnail, 28-Day Growth, Besser et al. 2011
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ionic composition and feeding requirements necessary to ensure the health of this particular 

freshwater aquatic test organism for use in long-term toxicity testing.  During the EPA’s re-

evaluation of these tests, it was concluded that while the ionic composition of the water used for 

testing (dechlorinated city tap water originating from Lake Ontario) was acceptable, the results 

of the two 10-week chronic tests should not be used for deriving AWQC for the following 

reasons: 

 Low control survival observed after 10 weeks of exposure (only 66.3%), possibly linked 

to inadequate food and feeding level that was employed, particularly after the first four 

weeks of testing; 

 Poor control reproduction observed after 10 weeks of exposure; and  

 The fact that the ammonia concentrations increased substantially in critical test 

treatments (e.g., the 0.1 mM ammonia treatment) during the final 3 weeks of testing 

(weeks 7 – 10). 

 

However, four week data for these two tests, in combination with data from the third 

four-week test with the same life stage, were not affected by these limitations.  The measured 

total ammonia concentrations and mean pH (8.04) reported for the “Tap water (young)” tests in 

Table 1 of Borgmann (1994) reflect the analytical measurements combined from all three tests 

conducted with this life stage (i.e., <1 wk old H. azteca).  Likewise, the pooled results for 

survival (from Figure 1a) and wet weight (from Table 4) reflect the observations (weekly for 

survival and after four weeks for wet weight) from the three respective tests, and thus, represent 

observations stemming from six test replicates per treatment when combined.  Using these data 

up through the first four weeks of exposure, as well as the water temperature of 25°C 

(maintained via an incubator) at which all sets of experiments in the study were run, a 28-day 

EC20 of 29.17 mg N/L (based on biomass and normalized to pH 7 and 20°C) was calculated for 

H. azteca for the study (Appendix B).  These data were deemed sufficient to derive an SMCV for 

the species (as an upper limit), which is subsequently used here for chronic criterion 

development.  This decision was largely predicated on the fact that: 

 The ion composition of the water used in this test was acceptable; 

 The control survival for the tests up through the first four weeks was good (88.4%); and 

Exhibit 34



 

161 

 

 The feeding level during the first four weeks of testing was acceptable (as judged via the 

growth performance of the test organisms during this timeframe. 

 

New Chronic Data for Non-salmonid Fish Species 

Cyprinus carpio (common carp) 

Mallet and Sims (1994) conducted a 28-day early life-stage test starting with eggs 

approximately 6 hours post-fertilization.  Mean pH and temperature for the test were 7.85 and 

23°C, respectively.  The measured DO concentrations reported for the test ranged from 79 to 94 

percent of saturation.  Ammonia had no effect on hatching success at the highest concentration 

tested (19.6 mg TAN/L); although survival of the post-hatch stages was significantly reduced at 

this level compared to controls (average fry survival in the control treatment was 86 percent).  

Growth of fry was the most sensitive endpoint, and mean fry wet weights were inhibited at 

concentrations ≥10.4 mg TAN/L.  Even though the number of larvae in each replicate vessel was 

not made uniform on hatching, at least one vessel per concentration contained an equivalent 

stocking density (23 to 29 carp), so the mean wet weight of carp in the one selected replicate per 

concentration was analyzed using regression analysis.  The resulting EC20 value was 8.360 mg 

TAN/L at 23°C and pH 7.85, which is calculated to be 16.53 mg TAN/L at pH 7, with a GMCV 

sensitivity rank of ten (see Appendix B and Table 4).  

 

Esox lucius (northern pike) 

Harrahy et al. (2004) conducted a 52-day early life-stage test starting with newly-

fertilized northern pike embryos.  The mean dissolved oxygen concentration in test water ranged 

from 8.7 to 9.1 mg/L during the test.  There was no effect of ammonia on hatching success up to 

62.7 mg TAN/L, and larval survival of control fish was 100 percent.  A significant reduction in 

larval survival and growth was observed at concentrations of total ammonia ≥30.4 and 15.1 mg 

TAN/L, respectively, at pH 7.62 and 8.7°C.  The estimated EC20 value reported for biomass was 

13.44 mg TAN/L, which, normalized to pH 7 to support criteria development in this document, 

is 20.38 mg TAN/L (Appendix B).  The GMCV of 20.38 mg TAN/L for northern pike is 

included in Table 4 as the GMCV ranked 11th in sensitivity. 
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New Chronic Toxicity Data for Salmonid Species 

Chronic values for two additional studies with Oncorhynchus species are included in this 

AWQC document.  Koch et al. (1980) exposed Lahontan cutthroat trout (Oncorhynchus clarkii 

henshawi) for 103 days in an ELS test.  The measured dissolved oxygen concentrations for the 

entire study ranged from 7.0 to 8.9 mg/L, with an overall average of 7.9 mg/L.  Survival of 

embryos in the control treatment was 80 percent, with approximately 95 percent surviving 

through the fry stage, and 80 percent surviving as fingerlings up to day 94 of the test.  There 

were no successful hatches at exposure levels of 148 mg TAN/L or higher and no significant 

mortality at exposure levels below 32.9 mg TAN/L.  Regression analysis of the survival data 

using an arcsine transformation resulted in a calculated EC20 value of 17.89 mg TAN/L at 13.7°C 

and pH 7.57.  The EC20 value is 25.83 mg N/L when adjusted to pH 7 (Appendix B). 

The recent results of a 90-day ELS test using a wild strain of rainbow trout exposed to 

ammonia were reported by Brinkman et al. (2009).  The test was initiated with newly fertilized 

embryos (<24 h) exposed under flow-through conditions through hatch (28 days), swim-up (15 

days) and early fry development (52 days) to five concentrations of total ammonia with a control. 

Each treatment consisted for four replicates containing 20 embryos each (N = 100 embryos per 

treatment).  Mean pH and temperature of test water measured among treatments was 7.75 and 

11.4°C, respectively.  Hatch success and survival of sac fry were similar to controls for all 

ammonia concentrations, resulting in an unadjusted NOEC of >16.8 mg TAN/L.  Survival, 

growth and biomass of swim-up fry were significantly reduced at 16.8 mg TAN/L compared to 

controls, but unaffected at 7.44 mg N/L, resulting in a chronic value (MATC) of 11.2 mg 

TAN/L.  The EC20 calculated for biomass using TRAP and normalized to pH 7 is 15.60 mg 

TAN/L (Appendix B). 
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Appendix I.  Qualitative Weight-of-Evidence Test Data. 

 

Additional 28-day Toxicity Test data for Freshwater Mussels 

As part of the same study summarized above in the Effects Analyses to Freshwater 

Aquatic Organisms under Summaries of Studies Used in Chronic Criterion Determination (page 

34), Wang et al. (2007a) also attempted to determine the effect of ammonia on growth of 2-

month old juvenile rainbow mussel, fatmucket, and wavy-rayed lampmussel.  The 28-day tests 

were conducted following the same methods (see ASTM 2006).  The mean length of juvenile 

rainbow mussel and fatmucket exposed to the lowest ammonia concentrations tested was reduced 

by 13 and 12 percent compared to mean length of control animals, respectively, but increased by 

7 percent for the wavy-rayed lampmussel.  There was no consistent effect of ammonia, however, 

on either length at 28 days or change in length after 28 days for fatmucket and wavy-rayed 

lampmussel at test concentrations where survival was unaffected; only the 28-day test with 

rainbow mussel exhibited such a concentration- response for length and change in length.  For 

the reasons explained above under the section referenced, the growth endpoint was not used from 

these tests to derive the chronic criterion, and instead, the reported IC25 (inhibition concentration) 

estimated for these tests are included in Appendix C.  The reported growth IC25 for juvenile 

rainbow mussel, fatmucket, and wavy-rayed lampmussel from their respective 28-day tests were 

0.73, 0.44, and 0.57 mg TAN/L at test pH of 8.2 and temperature 20°C.  These values, when 

adjusted to pH 7 and 20°C, are 2.406, 1.450 and 1.878 mg TAN/L, respectively (see Appendix 

C). 

 

Additional 28-day Toxicity test Data for Freshwater Snails 

Besser et al. (2009), in a USGS study report completed for EPA, conducted 28-day flow-

through survival and growth tests with five species of snails, including four gill-bearing (non-

pulmonate) species and an air-breathing (pulmonate) species.  All tests were conducted in ASTM 

hard water (mean hardness and alkalinity of approximately 170 and 120 mg/L as CaCO3, 

respectively) with a pH range of 8.20-8.29 and a temperature range of 19-21°C during testing.  

Total ammonia nitrogen (mg TAN/L) concentrations in tests were measured weekly with the 

percent of nominal concentrations ranging from 83 to 101 percent.  Test results were based upon 
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the mean of the measured concentrations.  For all snail exposures, the effect of ammonia on 

growth was not determined for test species that were of mixed ages at test initiation (as explained 

further below); growth, however, was not as sensitive of an endpoint as survival for at least one 

(Pyrgulopsis idahoensis) of the two snail species (Lymnaea stagnalis and P. idahoensis) where 

both growth and survival were measured (see Appendix C). 

 

Fontigens aldrichi (Ozark springsnail) 

As part of the original study described above, Besser et al. (2009) also determined the 

effect of ammonia on survival of the non-pulmonate snail F. aldrichi.  Because F. aldrichi did 

not reproduce during culturing and acclimation, field-collected organisms of “older” (adult) 

mixed-ages were used for ammonia exposures.  F. aldrichi exposed to ammonia in the 28-day 

test exhibited approximately 94 percent survival at 0.45 mg TAN/L, but only 50 percent at 0.83 

mg TAN/L.  Similar to the 2009 adult pebblesnail study, the replicates associated with the latter 

0.83 mg TAN/L treatment in particular were characterized by high variability, and therefore, 

these data were not used quantitatively in the derivation of the final ammonia CCC.  In addition, 

field-collected F. aldrichi did not reproduce in captivity and animals in the control group did not 

grow during testing.  The reported EC20 for F. aldrichi was 0.61 mg TAN/L, or 2.332 mg TAN/L 

when adjusted to pH 7.0 and 20°C, and is presented as other chronic data in Appendix C. 

 

Pyrgulopsis idahoensis (Idaho springsnail) 

Two separate 28-day tests with the de-listed (from the Federal threatened and endangered 

species list) non-pulmonate snail species, P. idahoensis, were conducted which included 

exposing juvenile organisms that were 7-9 and 11-13 weeks post-hatch (organisms in each 

cohort tested as separate replicates in the same test; test identified as test #3 in the 2009 Besser et 

al. report), as well as a cohort of mixed-age adults for all subsequent tests (test identified as test 

#5 in Besser et al. 2009).  The older life stages were chosen for testing because of the high 

control mortality demonstrated in preliminary tests using 2-3 week post-hatch P. idahoensis.  

In the 28-day test with juveniles, snails in four of the five test concentrations exhibited 

≤44.4 percent survival, whereas control survival was 100 percent; the single exception being the 

snails in the middle test concentration of 1.8 mg TAN/L, which demonstrated only 62.5 percent 

survival.  The survival EC20 reported for the test was 0.48 mg TAN/L at 20.1°C and pH 8.25, or 
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1.726 mg TAN/L when adjusted to pH 7 and 20°C, however, due to the poor concentration-

response relationship exhibited in this test, this EC20 is highly uncertain, and therefore, the data 

are included in Appendix C as “other data” and are not used in the derivation of the CCC.   

The 28-day chronic test initiated with mixed-aged adult P. idahoensis (4 to 8 months of 

age), on the other hand, resulted in an EC20 reported for the test of 3.24 mg TAN/L, or 12.39 mg 

TAN/L when adjusted to pH 7 and 20°C (Appendix C).  Comparison of the juvenile and adult P. 

idahoensis survival results indicates that juveniles are possibly the more sensitive of the two life 

stages; however, due to the unreliability of the juvenile data, specifically the irregular survival 

concentration-response relationship, such an assertion is uncertain at this time and the CVs are 

not used quantitatively in the derivation of the CCC. 

 

Taylorconcha serpenticola (Bliss Rapids snail) 

A non-pulmonate snail species listed under the Endangered Species Act, Taylorconcha 

serpenticola, was exposed to ammonia in 28-day flow-through toxicity tests as described above.  

Because T. serpenticola did not reproduce or grow well during culturing and acclimation, field-

collected organisms of “older” (adult) mixed-ages were used.  Survival of snails in the control 

treatment was 100 percent, whereas survival of snails exposed to concentrations up to 3.6 mg 

TAN/L exceeded 80 percent.  Survival of snails exposed to the highest concentration tested (7.9 

mg TAN/L) was reduced to only 30 percent.  The survival EC20 reported for T. serpenticola in 

the test was 3.42 mg TAN/L at 20.8°C and pH 8.26, or 13.08 mg TAN/L at pH 7.0 and 20°C, but 

because these snails did not grow well preceding the test, the data are also considered “other 

data” and placed in Appendix C.   

 

Pleurocera canaliculata (silty hornsnail) 

EPA sponsored a study (GLEC 2011) to independently confirm the results of the 28-day 

juvenile and adult tests performed by the USGS, Columbia, MO laboratory (i.e., Besser et al. 

2009 and Besser 2011) with non-pulmonate snails.  The USGS test results indicated that 

specialized and Federally-listed non-pulmonate gill-bearing snails, such as the Idaho springsnail, 

Bliss Rapids snail and pebblesnail, are potentially: 1) sensitive to prolonged, 28-day ammonia 

exposure, and 2) as sensitive as ammonia-sensitive freshwater unionid mussel species to such 

exposure.  The EPA-sponsored study involved a 28-day flow-through toxicity test using a more 
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widely-distributed non-pulmonate snail species, P. canaliculata.  Two other non-pulmonate snail 

species were also selected based on distribution and generalized habitat preference; however, P. 

canaliculata was the only one of the three wild-caught snail species that were successfully held 

and maintained in the laboratory for subsequent testing.  Following a protocol similar to that 

used in the USGS studies, a 28-day toxicity test of mature, mixed-age P. canaliculata was 

conducted.  The test design consisted of five ammonia test concentrations (0.9, 1.9, 3.8, 7.5, and 

15 mg TAN/L, nominal) and one control, with four replicate chambers containing six snails each 

per test concentration (N=24 snails per treatment).  Test concentrations were based on the results 

of a 96-hr range finding test with the species, which provided a 96-hr EC50 of 9.66 mg TAN/L, 

or approximately 88 mg N/L at 20°C and pH 7.0.  The endpoint for the 28-day toxicity test was 

mortality or immobilization, measured daily, the results of which were used to calculate an EC20 

(at pH 7 and 20°C) of 1.845 mg TAN/L (Appendix C).  However, due to the high degree of 

temporal variability in the measured total ammonia concentrations, as well as the unequal 

response amongst replicates at the 1.9 mg TAN/L nominal test concentration, these data were not 

used quantitatively in the derivation of the final ammonia CCC; a 28-day ammonia survival 

effect concentration of <7.667 mg TAN/L was recommended as the CV for the species which 

supports the recent findings for the pebblesnails (1.8 mm) which were re-tested and reported to 

EPA via Besser (2011). 

 

(Note: The calculated EC20 values using TRAP for P. idahoensis, F. aldrichi, and T. 

serptenticola, and the recommended 28-day ammonia survival effects concentration of <7.667 

mg TAN/L for P. canaliculata, are deemed representative of non-pulmonate snail sensitivity in 

general and are included in Appendix C for the purpose of comparison.)   

 

Lymnaea stagnalis (pulmonate pondsnail) 

The effect of ammonia in a 28-day test on survival and growth of a third freshwater snail 

species, the air-breathing L. stagnalis, was also reported in Besser et al. (2009).  The tests with L. 

stagnalis utilized organisms that were <1 week post-hatch due to the abundance of young 

produced during culturing.  L. stagnalis exposed to ammonia in a 28-day flow-through test 

exhibited approximately 98 percent survival at the highest concentration tested (8.0 mg TAN/L).  

Because of the apparent negligible effect of ammonia on growth (i.e., the magnitude of the 
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growth reduction was so small, 6 percent at 1.8 mg TAN/L and only 16 percent at 8 mg TAN/L), 

only the CV of >8.0 mg TAN/L (for survival and growth) is reported in this document for the 

test, or >28.76 mg TAN/L when adjusted to pH 7 and 20°C.  Note: For the purposes of this 

document, the CV for this test species is included in Appendix C and was not used in the 

derivation of the CCC because of the uncertainty of this value (> 28.76 mg TAN/L) as an upper 

limit SMCV for the species.  

 

Chronic Toxicity Data for Other Salmonids 

A few other chronic toxicity tests produced applicable data for salmonid species that 

were excluded from Appendix B and subsequent SMCV and GMCV calculation because either 

the exposure did not include the appropriate life stage for the species, or the tests did not meet 

other general 1985 Guidelines requirements for use in calculating the CCC.  These tests are 

summarized below and shown in Appendix C. 

The effects of water temperature and ammonia on the swimming characteristics of brook 

charr (Salvelinus fontinalis) were investigated by Tudorache et al. (2010).  Juvenile brook charr 

were exposed to four ammonia concentrations in de-chlorinated tap water for 96 hours at pH 

9.10 and 15°C.  The following swimming characteristics were measured in a 4.5 m long raceway 

following this exposure: gait transition speed, maximum swimming speed, tail-beat amplitude, 

tail-beat frequency, maximum acceleration of bursts, number of bursts, distance of bursts, and 

total swimming distance.  The most sensitive swimming parameters (maximum swimming speed 

and maximum acceleration) had a reported LOEC of 0.7765 mg TAN/L, or 10.86 mg TAN/L 

when normalized to pH 7. 

The effects of long-term exposure of ammonia on the molecular response of Atlantic 

salmon (Salmo salar) parr were investigated by Kolarevic et al. (2012).  The juvenile fish were 

exposed for 105 days to three concentrations of total ammonia nitrogen (TAN) in a flow-through 

apparatus with two different feeding regimes: full and restricted.  Average water temperature 

during the exposure was 12.1°C with a pH of 6.84.  There was no effect of ammonia exposure on 

survival, resulting in a NOEC of 32.29 mg N/L (highest concentration tested) in the full feeding 

regime.  When normalized to pH 7, the CV for this test is >30.64 mg TAN/L. 

Beamish and Tandler (1990) exposed juvenile lake trout (Salvelinus namaycush) for 60 

days on two different diets and observed a significant reduction in rate of weight gain when total 
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ammonia was 6.44 mg TAN/L at pH 8.02 and temperature was 11.6°C.  Food intake by fish was 

initially decreased at this concentration of total ammonia, but was no different from controls by 

the end of the test.  The growth LOEC for the study, when adjusted to pH 7, was calculated to be 

16.10 mg TAN/L.  Note: this test was not included in the calculation of the CCC because it was 

not a true ELS having been initiated with juvenile fish.  

 

Chronic Toxicity Data for Threatened and Endangered Fish Species 

Meyer and Hansen (2002) conducted a 30-day toxicity test with late-stage larvae (0.059 

g) of Lost River suckers (Deltistes luxatus) at pH 9.43.  The exposure duration and pH were 

chosen to represent the period of combined elevated unionized ammonia concentrations and 

elevated pH that occur during cyanobacterial blooms in surface waters of Upper Klamath Lake, 

which have been shown to last for several weeks to a month.  Survival decreased significantly at 

1.23 and 2.27 mg TAN/L, whereas the highest NOEC for all endpoints (survival, growth, body 

ions, and swimming performance) was 0.64 mg TAN/L.  Most deaths in the 2.27 mg TAN/L 

exposure occurred during the first three days of the test, while mortality of larvae in the 1.230 

mg TAN/L treatment occurred gradually from days 2 to 24.  The 29 percent average mortality in 

the 0.64 mg TAN/L treatment was all due to an unexplained complete loss of one replicate 

between days 5 and 7 of the exposure.  Control survival was > 90 percent.  The calculated LOEC 

of 1.230 mg TAN/L total ammonia normalized to pH 7 corresponds to a value of 25.31 mg 

TAN/L, substantially higher than the 2013 chronic criterion value (Appendix C). 

Fairchild et al. (2005) conducted 28-day toxicity tests with early life stages of Colorado 

pikeminnow (Ptychocheilus lucius) and razorback sucker (Xyrauchen texanus), and compared 

the results of those tests with a test using a surrogate fish species, the fathead minnow 

(Pimephales promelas).  Tests were initiated 2 days after swim-up when the larvae were feeding 

exogenously (or at 8-day post hatch for Colorado pikeminnow, 9-day post hatch for razorback 

sucker, and 4-day post-hatch for fathead minnow).  Temperature, pH and dissolved oxygen over 

the 28-day test period averaged 19.9°C, 8.24, and 7.4 mg/L (80 percent saturation) over the 

course of the three studies.  Control mortality was 7 percent (fathead minnows and Colorado 

pikeminnow) or less (3 percent, razorback sucker) on day 28.  Effect concentrations based on the 

survival and growth endpoints of the fathead minnow and razorback sucker tests were not 

different; however, growth was the more sensitive endpoint for the Colorado pikeminnow test.  
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The 28-day growth LOEC for the Colorado pikeminnow was 8.60 mg N/L, or 29.75 mg TAN/L 

at pH 7, substantially greater than the 2013 chronic criterion.  The 28-day survival LOEC for the 

razorback sucker was 13.25 mg TAN/L, or 46.58 mg TAN/L at pH 7.  Both endangered fish 

species exhibited similar sensitivity to ammonia as the fathead minnow (LOEC of 32.71 mg 

TAN/L at pH=7; see Appendix C).  The same can be said for the Lost River sucker, which 

indicates that these particular endangered fish species will be protected by the CCC value 

calculated in this 2013 AWQC Update. 

Finally, Adelman et al. (2009) conducted both acute and chronic toxicity tests with 

ammonia on the endangered Topeka shiner (Notropis topeka) and compared those values to 

chronic studies with fathead minnows.  All tests used a flow-through dosing apparatus and deep 

well water with a total hardness and alkalinity of 210-230 mg/L CaCO3, and chloride 

concentration of 0.64-1.04 mg/L. Acute survival studies with Topeka shiner lasted 96 hours and 

were conducted on two different life-stages (juvenile and adult) and at two test temperatures, 

warm, 25°C (adult and juvenile), and cold, 13°C (juvenile only).  LC50s for total ammonia 

ranged from 18.7-21.4 mg TAN/L at 25°C and 28.9 mg TAN/L at 13°C; all acute studies were 

conducted at approximately pH 8.  Normalized to pH 7, the 96-hr LC50s were 69.59 – 88.27 mg 

TAN/L at 25°C and 147.3 mg TAN/L at 13°C, both substantially greater than the acute criterion 

value of 17 mg TAN/L, respectively (see Appendix A). 

Chronic studies with Topeka shiners started with both adults and juveniles, since 

embryos were not available, and lasted 30 days.  The results of the survival and growth studies 

with juvenile Topeka shiners were compared to a 30-day juvenile survival study and 32-day 

embryo-larval study conducted with fathead minnows in the same dilution water.  The authors 

interpreted the results of the relationship between the comparative studies using Topeka shiners 

versus fathead minnows to infer what an expected result for an embryo-larval study with Topeka 

shiner would be.  Reported MATC values (normalized to pH 8, according to USEPA 1999) were 

16.95 mg TAN/L for the 30-day juvenile fathead growth test and 8.62 mg TAN/L for the 32-day 

embryo-larval survival and growth test.  Using the relationship from the results obtained between 

juvenile Topeka shiners and juvenile (growth) and embryo-larval test using fathead minnows 

(growth and survival), a 32-day embryo-larval study with Topeka shiner might be expected to 

result in a chronic value that is approximately 51% more sensitive than the 30-day juvenile 

growth test with that species, or a chronic value of approximately 5.63 mg TAN/L (i.e., the 
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reported 30-day MATC of 11.10 mg TAN/L at pH 8 based on growth of juvenile Topeka shiners 

multiplied by a factor of 0.507).  Using EPA’s TRAP (version 1.21a) the 32-day biomass EC20 

for embryo-larval fathead minnow (measured from days 7-32), 30-day adult survival EC20 for 

Topeka shiner, and 30-day juvenile specific growth rate EC20 for Topeka shiner were 7.457, 

10.85, and 6.483 mg TAN/L at test temperatures (25.5, 23.9, and 12.4°C) and pH (7.95, 7.94, 

and 8.07), respectively.  When adjusted to pH 7, the EC20s for the respective tests are 16.87 mg 

TAN/L for the fathead minnow (Appendix B), and 24.21 and 17.45 mg TAN/L for the Topeka 

shiner (Appendix C), much higher than the 2013 chronic criterion. 

 

Chronic Toxicity Data for Amphibians 

In a long term chronic study by Jofre and Karasov (1999), pre-metamorphic (Gosner 

stage 24-26) green frog (Rana clamitans) tadpoles were exposed to ammonia for 103 days under 

renewal conditions.  Tadpoles were evaluated in two different experiments conducted in 

successive years.  In the 1997 (repeat) experiment, survival and growth were not statistically 

different from controls at the highest concentration tested, or 2.2 mg TAN/L at pH 8.7 and 24°C, 

although only approximately 50 percent of the frogs survived at this concentration compared to 

the controls (98 percent survival).  Survival was reduced to approximately 78 percent at 0.9416 

mg TAN/L at test temperature and pH (or 7.149 mg TAN/L at pH 7).  Growth, measured as total 

length, was no different between treatments.  The frogs grew from an average total length of 

approximately 7.5 mm at test initiation to approximately 50 mm in all treatments.  The NOEC 

for growth of green frog tadpoles in the study (which does not reflect an ELS or partial life cycle 

test) is >16.74 mg TAN/L at pH 7. 
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Appendix J.  Unused Acute Studies Potentially Influential for Freshwater Ammonia Criteria Development. 

Appendix J.  Unused Acute Studies Potentially Influential for Freshwater Ammonia Criteria Development 

Reference: Organism: 

Reported or Normalized Acute 
Value Expressed as Total 
Ammonia (mg TAN/L) at pH=7 
and 20°C, Where Applicable Rationale for Omission: 

Abdalla, A.A.F. and C.D. McNabb. 1999. Acute and 
sublethal growth effects of unionized ammonia to Nile 
tilapia Oreochromis niloticus. In: Nitrogen production 
and excretion in fish. Randall D.J. and D.D. Mackinlay 
(Eds.), Department of Fisheries and Oceans, Vancouver, 
BC, Canada and Towson University, Baltimore, MD. 
pp. 35-48. 

Oreochromis niloticus Normalized LC50 = 87.0 

Species is a resident, non-North American 
"invasive" species known to cause or likely to cause 
economic or environmental harm (see ISAC 2006).  
Because the species is in the Family Centrarchidae 
which is well represented in the current acute 
criteria dataset, it has been intentionally excluded 
from further consideration and calculation of an 
acute criterion. 

Alonso, A. and J.A. Camargo. 2011. The freshwater 
planarian Polycelis felina as a sensitive species to assess 
the long-term toxicity of ammonia. Chemosphere 84: 
533-537. 

Polycelis felina Normalized 96 h LC50 = 25.72 Species not resident in North America. 

Ankley, G.T., M.K. Schubauer-Berigan and P.D. 
Monson. 1995. Influence of pH and hardness on toxicity 
of ammonia to the amphipod Hyalella azteca. Can. J. 
Fish. Aquat. Sci. 52(10): 2078-2083. 

Hyalella azteca 

Normalized 96 h LC50s: 
Softwater (Lake Superior) - 
25.51 (pH 6.50) 
47.35 (pH 7.49) 
233.4 (pH 8.21) 
Hardwater (Reconstituted-ASTM) - 
232.8 (pH 6.55) 
337.6 (pH 7.41) 
545.5 (pH 8.45) 

Ankley et al. conducted several static-renewal acute 
tests with H. azteca to determine the effect of pH 
and hardness on the toxicity of ammonia.  For the 
hardness evaluation, Ankley chose three waters for 
testing, soft water (SW; unaltered lake Superior 
water), moderately hard water (MW; hardened Lake 
Superior water), and hard water (HW; hard 
reconstituted water).  At the time, Ankley et al. 
focused only on hardness in the test waters, but the 
ion ratios in these three waters were not consistent.  
Of the three water types, only the moderately hard 
water (MW) that Ankley used is suitable for testing 
and culturing amphipods (see Appendix A for 
results).  The SW was not suitable for testing this 
species because the sodium concentration was too 
low.  Similarly, the reconstituted HW was not 
suitable because the bromide was too low. Bold 
values indicate LC50s below the cutoff of 93 mg 
TAN/L for unused, potentially influential acute 
values.  
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Appendix J.  Unused Acute Studies Potentially Influential for Freshwater Ammonia Criteria Development 

Reference: Organism: 

Reported or Normalized Acute 
Value Expressed as Total 
Ammonia (mg TAN/L) at pH=7 
and 20°C, Where Applicable Rationale for Omission: 

Augspurger, T., A.E. Keller, M.C. Black, W.G. Cope 
and F.J. Dwyer. 2003. Water quality guidance for 
protection of freshwater mussels (Unionidae) from 
ammonia exposure. Environ. Toxicol. Chem. 22(11): 
2569-2575. 

Medionidus conradicus Normalized 48 h LC50 = 27.56 48-hr glochidia test.  Secondary data from Keller 
2000 

Babu, T.R., P. Surendranath and K.V. Ramana Rao. 
1987. Comparative evaluation of DDT and fenvalerate 
toxicity on Penaeus indicus (H. Milne Edwards).   
Mahasagar 20(4): 249-253. 

Daphnia magna 

Reported LC50s: 
60 (25 h), 
32 (50 h),  
20 (100 h) 

pH not reported – LC50s could not be normalized.   

Belanger, S.E., D.S. Cherry, J.L. Farris, K.G. 
Sappington and J.J. Cairns. 1991. Sensitivity of the 
Asiatic clam to various biocidal control agents. J. Am. 
Water Works Assoc. 83(10): 79-87. 

Corbicula fluminea 

Normalized LC50s: 
23.55 (4.1 d) 
64.99 (4.2 d) 

Species is a resident, non-North American 
"invasive" species known to cause or likely to cause 
economic or environmental harm (see ISAC 2006).  
This species is the target of current eradication and 
control programs in various states, and because this 
Phylum (Mollusca) is well represented in the current 
acute criteria dataset, this species has been 
intentionally excluded from further consideration 
and calculation of an acute criterion. 

Dehedin, A., C. Piscart and P. Marmonier. 2012. 
Seasonal variations of the effect of temperature on lethal 
and sublethal toxicities of ammonia for three common 
freshwater shredders. Chemopshere In press.  

Gammarus pulex 

Normalized 96h LC50s: 
36.98  
49.31 
49.31 
69.40 

Species not resident in North America.  Control 
mortality less than 15%. 

Gammarus roeselii 

Normalized 96 h LC50s: 
2.466 
24.66 
36.98 
46.27 
46.27 
55.31 
55.31 
57.84 

Species not resident in North America.  Control 
mortality less than 15%. 
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Appendix J.  Unused Acute Studies Potentially Influential for Freshwater Ammonia Criteria Development 

Reference: Organism: 

Reported or Normalized Acute 
Value Expressed as Total 
Ammonia (mg TAN/L) at pH=7 
and 20°C, Where Applicable Rationale for Omission: 

Dowden, B.F. and H.J. Bennett. 1965. Toxicity of 
selected chemicals to certain animals. J. Water Pollut. 
Control Fed. 37(9): 1308-1316. 

Daphnia magna 

Reported LC50s: 
202 (24 h),  
423 (25 h),  
161 (48 h),  
433 (50 h),  
67 (72 h),  
50 (96 h),  
202, 139 (100 h) 

pH not reported – LC50s could not be normalized. 

Lymnaea sp. 

Reported LC50s: 
241 (24 h),  
173 (48 h),  
73 (72 h),  
70 (96 h) 

pH not reported – LC50s could not be normalized. 

Ewell, W.S., J.W. Gorsuch, R.O. Kringle, K.A. 
Robillard and R.C. Spiegel. 1986. Simultaneous 
evaluation of the acute effects of chemicals on seven 
aquatic species. Environ. Toxicol. Chem. 5(9): 831-840. 

Daphnia magna 

Reported LC50 in paper = >100; 
Reported LC50 in ECOTOX = >20 
Normalized LC50 = 36.29 

Insufficient controls; pH that varied from 6.5-8.5 
during the exposure. LC50 based on a 96 h (non-
standard) test duration.  

Fairchild, J.F., A. Allert, J. Mizzi, R. Reisenburg and B. 
Waddell. 1999. Determination of a safe level of 
ammonia that is protective of juvenile Colorado 
pikeminnow in the upper Colorado River, Utah. Final 
Report.1998 Quick Response Program. U.S. Fish and 
Wildlife Service, Region 2 (Salt Lake City Office). 

Pimephales promelas Normalized LC50 = 60.12 72-hour test in well water 

Hazel, R.H., C.E. Burkhead and D.G. Huggins. 1982. 
Development of water quality criteria for ammonia and 
total residual chlorine for the protection of aquatic life in 
two Johnson County, Kansas Streams. In: J.G. Pearson, 
R.B. Foster, and W.E. Bishop (Eds.), Proc. Annu. Symp. 
Aq. Tox., ASTM STP 766, Philadelphia, PA: 381-388. 

Etheostoma spectabile 
Normalized 96 h LC50s = 83.74, 
71.12 

Same data as in Hazel (1979) – see E. spectabile in 
Appendix A.  

Hecnar, S.J. 1995. Acute and chronic toxicity of 
ammonium nitrate fertilizer to amphibians from 
Southern Ontario. Environ. Toxicol. Chem. 14(12): 
2131-2137.  

Pseudacris triseriata 

Reported values: 
4-d LC50 = 17 
4-d NOEC = 5,  
4-d LOEC = 45 

Formulation - ammonium nitrate fertilizer 
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Appendix J.  Unused Acute Studies Potentially Influential for Freshwater Ammonia Criteria Development 

Reference: Organism: 

Reported or Normalized Acute 
Value Expressed as Total 
Ammonia (mg TAN/L) at pH=7 
and 20°C, Where Applicable Rationale for Omission: 

Hickey, C.W. and M.L. Vickers. 1994. Toxicity of 
ammonia to nine native New Zealand freshwater 
invertebrate species. Arch. Environ. Contam. Toxicol. 
26(3): 292-298. 

Potamopyrgus 

antipodarum 

Normalized 96 h LC50s: 
33.14 
29.79 
38.93 
36.27 

Species is a resident, non-North American 
"invasive" species known to cause or likely to cause 
economic or environmental harm (see ISAC 2006).  
This species is the target of current eradication and 
control programs in various states, and because this 
Phylum (Mollusca) is well represented in the current 
acute criteria dataset, this species has been 
intentionally excluded from further consideration 
and calculation of an acute criterion. 

Horne, F.R. and S. McIntosh. 1979. Factors influencing 
distribution of mussels in the Blanco River of Central 
Texas. Nautilus 94(4): 119-133. 

Cyrtonaias tampicoensis Normalized LC50 = 26.75 LC50 based on a 7-d (non-standard) test duration. 
Toxolasma texasensis Normalized LC50 = 26.75 LC50 based on a 7-d (non-standard) test duration. 
Corbicula manilensis Normalized LC50 = 26.75 LC50 based on a 7-d (non-standard) test duration. 

Jofre, M.B., and W.H. Karasov. 1999. Direct effect of 
ammonia on three species of North American anuran 
amphibians. Environ.Toxicol.Chem. 18(8): 1806-1812. 

Bufo americanus Normalized 96 h LC50 = 62.85 
Non-standard acute endpoint based on hatch 
success/ deformity.UIA calculated using Thurston et 
al. (1979) EPA-600/3-79-091 from measured values 

Rana clamitans Normalized 96 h LC50 = 40.80 
Non-standard acute endpoint based on hatch 
success/ deformity.UIA calculated using Thurston et 
al. (1979) EPA-600/3-79-091 from measured values 

Jofre, M.B., M.L. Rosenshield and W.H. Karasov. 2000. 
Effects of PCB 126 and ammonia, alone and in 
combination, on green frog (Rana clamitans) and 
leopard frog (R. pipiens) hatching success, development, 
and metamorphosis. J. Iowa Acad. Sci. 107(3): 113-122. 

Rana clamitans Normalized 96 h LC50 = 49.56 
Non-standard acute endpoint based on hatch 
success/ deformity. pH not reported; assume same as 
Jofre and Karasov 1999. 

Kaniewska-Prus, M. 1982. The Effect of ammonia, 
chlorine, and chloramine toxicity on the mortality of 
Daphnia magna Straus. Pol. Arch. Hydrobiol. 29(3/4): 
607-624. 

Daphnia magna Normalized LC50 = 1.980 LC50 based on a 24-h (non-standard) test duration. 

Meyer, J.S. and J.A. Hansen. 2002. Subchronic toxicity 
of low dissolved oxygen concentrations, elevated pH, 
and elevated ammonia concentrations to Lost River 
suckers. Trans. Amer. Fish. Soc. 131: 656-666. 

Deltistes luxatus 
Normalized 48 h LC50: 
78.23 

The pH for this test was reported as 9.5, which is 
outside of the acceptable pH range of (6.0-9.0) these 
criteria were meant to apply. 

Morgan, W.S.G. 1979. Fish locomotor behavior patterns 
as a monitoring tool. J. Water Pollut. Control. Fed. 
51(3): 580-589. 

Micropterus salmoides Normalized EC50 = 5.010 
Acute toxicity evaluated electronically based on 
activity. Exposure was only 24-h (non-standard) in 
test duration.  Concentrations were nominal. 

Morgan, W.S.G. 1976. Fishing for toxicity:  Biological 
automonitor for continuous water quality control. Effl. 
Water Treat. J. 16(9): 471-475. 

Micropterus salmoides Normalized EC50 = 5.010 
Added nominal concentrations equivalent to 48-h 
LC50 from previous literature values, then monitored 
opercular rhythm activity for 24 h. 
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Appendix J.  Unused Acute Studies Potentially Influential for Freshwater Ammonia Criteria Development 

Reference: Organism: 

Reported or Normalized Acute 
Value Expressed as Total 
Ammonia (mg TAN/L) at pH=7 
and 20°C, Where Applicable Rationale for Omission: 

Morgan, W.S.G. and P.C. Kuhn. 1974. A method to 
monitor the effects of toxicants upon breathing rate of 
largemouth bass (Micropterus salmoides Lacepede). 
Water Res. 8(1): 67-77  

Micropterus salmoides 

Lacepede 

Normalized EC50s: 
110.3 (11 h),  
31.32 (22 h),  
110.3 (23 h),  
1.556 (44 h) 

Similar to Morgan (1976).  This is not an actual 
toxicity test.  Rather, it is a test of a monitoring 
system that relates nominal LC50 concentrations 
(based on literature values), to breathing rate 
monitored over 24 h. 

Morgan, W.S.G. 1978. The use of fish as a biological 
sensor for toxic comparison in potable water. Prog. 
Water Tech. 10: 395-398.  

Micropterus salmoides Normalized LC50 = 9.091 

Similar to other Morgan studies listed in this table 
where nominal ammonia concentrations based on 
literature LC50 concentrations are added to tanks and 
breathing rate and activity level are monitored 
electronically for 24 h. 

Passell, H.D., C.N. Dahm and E.J. Bedrick. 2007. 
Ammonia modeling for assessing potential toxicity to 
fish species in the Rio Grande, 1989-2002. Ecol. Appl. 
17(7): 2087-2099. 

Hybognathus amarus 

Secondary data; reported LC50 from 
Buhl 2002 = 1.01 mg/L unionized 
ammonia-N 

In this study the frequency of acute ammonia 
exceedances were modeled by relating discharge, 
pH, temperature, and stream ammonia 
concentrations to literature LC50 values. 

Scheller, J.L. 1997. The effect of dieoffs of Asian clams 
(Corbicula fluminea) on native freshwater mussels 
(Unionidae). Virginia Polytechnic Institute and State 
University, Blacksburg, VA. 

Corbicula fluminea 

Normalized LC50s: 
6.498 (96 h) 
11.57 (96 h) 
14.62 (96 h) 

Species is a resident, non-North American 
"invasive" species known to cause or likely to cause 
economic or environmental harm (see ISAC 2006).  
This species is the target of current eradication and 
control programs in various states, and because this 
Phylum (Mollusca) is well represented in the current 
acute criteria dataset, this species has been 
intentionally excluded from further consideration 
and calculation of an acute criterion. 

Pimephales promelas Normalized LC50 = 38.46 Non-standard (48 h) test duration. 
Watton, A.J. and H.A. Hawkes. 1984. The acute toxicity 
of ammonia and copper to the gastropod Potamopyrgus 

jenkinsi (Smith). Environ. Pollut. Ser. A 36: 17-29. 
Potamopyrgus jenkinsi 

Normalized EC50s: 
40.31 and 42.06 (48 h),  
27.60 and 27.17 (96 h) 

Species not resident in North America. 
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Appendix J.  Unused Acute Studies Potentially Influential for Freshwater Ammonia Criteria Development 

Reference: Organism: 

Reported or Normalized Acute 
Value Expressed as Total 
Ammonia (mg TAN/L) at pH=7 
and 20°C, Where Applicable Rationale for Omission: 

Whiteman, F.W., G.T. Ankley, M.D. Kahl, D.M. Rau 
and M.D. Balcer.  1996.  Evaluation of interstitial water 
as a route of exposure for ammonia in sediment tests 
with benthic macroinvertebrates. Environ. Toxicol. 
Chem. 15(5): 794-801. 

Hyalella azteca 

Normalized 96 h LC50s: 
10.27 (Lake Superior water) 
11.06 (sediment test) 
72.67 (sediment test) 

Tests were fed.  The results from the two sediment 
tests were not used because sediment toxicity tests 
using pore water measurements likely underestimate 
the toxicity of ammonia in a water-only exposure, 
i.e., test animals could have been exposed to the 
higher interstitial ammonia concentrations during 
the exposurea. The 96 h LC50 for H. azteca from 
water-only exposure to Lake Superior water was not 
used from this study because the sodium 
concentration in this dilution water is too low for 
maintaining adequate animal health – see also the 
results in this appendix from Ankley et al. (1995) 
above.    

a For the same reason the sediment tests reported by Whiteman et al. (1996) for H. azteca were unused for criteria derivation, results from the sediment tests from Besser et al. 
(1998) were also not used. The normalized 96 h LC50s for H. azteca from the Besser et al. (1998) sediment tests were 120.5 and 321.4 mg TAN/L at pH 6.69 and 7.56, 
respectively.  Two other LC50s generated for H. azteca which are also not used for criteria derivation (due to the insufficient amount of detail provided) include values of 251.5 and 
262.7 mg TAN/L from Sarda (1994). Because these latter values exceed 93 mg TAN/L, they are considered non-influential data for the purpose of criteria derivation. 
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Appendix K.  Unused Chronic Studies Potentially Influential for Freshwater Ammonia Criteria Development. 
 

Appendix K.  Unused Chronic Studies Potentially Influential for Freshwater Ammonia Criteria Development 

Reference: Organism: 

Reported or Normalized Chronic Value 
Expressed as Total Ammonia (mg 
TAN/L) at pH=7 and 20°C, Where 
Applicable Rationale for Omission: 

El-Shafai, S.A., F.A. El-Gohary, F.A. Nasr, N.P. 
Vander Steen and H.J. Gijzen. 2004. Chronic 
ammonia toxicity to duckweed-fed tilapia 
(Oreochromis niloticus). Aquacult. 232(1-4): 117-
127. 

Oreochromis 

niloticus 
Normalized Chronic value = 6.881 (75 d) 

Test was a 35-day juvenile test; not a true fish ELS 
test. Species is also a resident, non-North American 
"invasive" species known to cause or likely to cause 
economic or environmental harm (see ISAC 2006). 

DeGraeve, G.M., W.D. Palmer, E.L. Moore, J.J. 
Coyle and P.L. Markham. 1987. The effect of 
temperature on the acute and chronic toxicity of 
unionized ammonia to fathead minnows and channel 
catfish. Battelle, Columbus, OH. 

Ictalurus punctatus Normalized 30-day NOEC = 0.5628 

Per the 1999 update, this 30-day test with juvenile 
catfish encountered some problems that precluded 
effective use of these data. For example, some of 
the test organisms were treated with acriflavine up 
to two days prior to the beginning of the test. In 
addition, the mean measured DO concentration was 
below 5.5 mg/L and below 60 percent of saturation 
in some of the treatments. 

Hecnar, S.J. 1995. Acute and chronic toxicity of 
ammonium nitrate fertilizer to amphibians from 
Southern Ontario. Environ. Toxicol. Chem. 14(12): 
2131-2137.  

Pseudacris 

triseriata 

Reported values: 
100-d NOEC = 2.5, 
100-d LOEC = 10 

Formulation - ammonium nitrate fertilizer. 

Hermanutz, R.O., S.F. Hedtke, J.W. Arthur, R.W. 
Andrew and K.N. Allen. 1987. Ammonia effects on 
macroinvertebrates and fish in outdoor experimental 
streams. Environ. Pollut. 47: 249-283. 

Ictalurus punctatus Normalized NOEC = 4.369 

Survival and growth of juvenile channel catfish 
were evaluated via exposure to ammonia in 
experimental streams. Three separate tests lasted 
from 36 to 177 days and were started with 
individuals whose average weights ranged from 6 
to 19 g. Average temperatures in the three tests 
were 17 to 21°C. Both of the longer tests showed 
monotonic, substantial reductions in biomass; these 
results are in reasonable agreement with the results 
of the laboratory tests. However, juveniles might 
not be as sensitive to ammonia toxicity as early life 
stages are. These results are not included because 
they are from a field study where ammonia 
concentrations were highly variable. 

Sander vitreus Normalized NOEC = 4.182 Omitted for the same reasons as was Ictalurus 

punctatus. 

Exhibit 34



 

178 

 

Appendix K.  Unused Chronic Studies Potentially Influential for Freshwater Ammonia Criteria Development 

Reference: Organism: 

Reported or Normalized Chronic Value 
Expressed as Total Ammonia (mg 
TAN/L) at pH=7 and 20°C, Where 
Applicable Rationale for Omission: 

Hickey, C.W., L.A. Golding, M.I. Martin and G.F. 
Croker. 1999. Chronic toxicity of ammonia to New 
Zealand freshwater invertebrates: A mesocosm 
study. Arch. Environ. Contam. Toxicol. 37:338-351. 

Deleatidium sp. 
(Ephemeroptera) 

Normalized 29-day EC25 (survival) = 
3.844 

Species not resident in North America. These 
results are not included because they are from a 
field study where ammonia concentrations were 
highly variable. 

Rice, S.D. and J.E. Bailey. 1980. Survival, size, and 
emergence of pink salmon, Oncorhynchus 

gorbuscha, alevins after short- and long-term 
exposures to ammonia. Fish. Bull. 78(3):641-648. 

Oncorhynchus 

gorbuscha 
Normalized 61-d NOEC = 5.859 

Per the 1999 update, the only chronic test began 
sometime after hatch and ended when the alevins 
emerged (i.e., at the beginning of swim-up); 
therefore the test did not include effects of 
ammonia on the growth and survival of fry after 
feeding started. In addition, no information was 
given concerning survival to the end of the test in 
the control or any other treatment. This test did not 
provide data concerning survival and is not an ELS 
test because it began after hatch. 

Schulter, M. and J. Groeneweg. 1985. The inhibition 
by ammonia of population growth of the rotifer, 
Brachionus rubens, in continuous culture. 
Aquaculture 46: 215-220. 

Brachionus rubens Normalized 7-d NOEC = 3.000 
Species is not resident in North America. Generally 
a marine Rotifera.  Undescribed culture medium. 
NOEC based on population growth of cultures. 

Smith, C.E. 1972. Effects of metabolic products on 
the quality of rainbow trout. Am. Fish. Trout News 
17:7-8. 

Oncorhynchus 

mykiss 
Normalized 84-d NOEC = 2.304 

This test did not provide data concerning survival 
and is not an ELS test because it began after hatch.  
The authors reported that as long as the DO 
concentration was maintained at 5 mg/L or greater, 
growth of young rainbow trout was not 
significantly reduced until average total ammonia 
concentrations reached 1.6 mg TAN/L at test pH 
and temperature (7.75 and 10°C, respectively). 

Zischke, J.A. and J.W. Arthur.  1987. Effects of 
elevated ammonia levels on the fingernail clam, 
Musculium transversum, in outdoor experimental 
streams. Arch. Environ. Contam. Toxicol. 16(2): 
225-231. 

Musculium 

transversum 
Normalized LOEC = 6.933 (survival) 

This was a flow-through, measured mesocosm 
experiment performed in the field.  The test 
concentrations varied during the length of the 
experiment. 
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Appendix L.  Unused (Non-Influential) Acute and Chronic Studies for Freshwater 
Ammonia Criteria Development – Screened Out Studies with Code List. 
(appears separately at end of appendix) 

 
Appendix L.  Unused (Non-influential) Acute and Chronic Studies for Freshwater Ammonia Criteria Development 

Citation 

ECOTOX or 
Other 

Ref. No 
Rejection 
Code(s) Comment(s) 

Academy of Natural Sciences. 1960. The sensitivity of 
aquatic life to certain chemicals commonly found in 
industrial wastes. Final Report No. RG-3965 (C2R1). U.S. 
Public Health Service Grant, Academy of Natural 
Sciences, Philadelphia, PA. 5683 AF  
Alabaster, J.S., D.G. Shurben and G. Knowles. 1979. The 
effect of dissolved oxygen and salinity on the toxicity of 
ammonia to smolts of salmon, Salmo salar L. J. Fish 
Biol.15(6): 705-712 (Personal Communication Used). 406 Dur - 1d  
Alabaster, J.S., D.G. Shurben and M.J. Mallett. 1983. The 
acute lethal toxicity of mixtures of cyanide and ammonia to 
smolts of salmon, Salmo salar L. at low concentrations of 
dissolved oxygen. J. Fish Biol. 22: 215-222. 10252 Dur - 1d  
Alam, M., T.L. Frankel and M. Alam. 2006. Gill ATPase 
activities of silver perch, Bidyanus bidyanus (Mitchell), and 
golden perch, Macquaria ambigua (Richardson):  Effects of 
environmental salt and ammonia. Aquaculture 251(1): 118-
133.  84839 NonRes  
Allan, I.R.H., D.W.M. Herbert and J.S. Alabaster. 1958. A 
field and laboratory investigation of fish in a sewage 
effluent. Minist. Agric. Fish. Food, Fish. Invest. Ser. 1. 6(2): 
76. 10316 AF, Det  
Alonso, A. and J.A. Camargo. 2003. Short-term toxicity to 
ammonia, nitrite, and nitrate to the aquatic snail 
Potamopyrgus antipodarum (Hydrobiidae, Mollusca). Bull. 
Environ. Contam. Toxicol. 70: 1006-1012  INV  
Alonso, A. and J.A. Camargo. 2006. Ammonia toxicity to 
the freshwater invertebrates Polycelis felina (Planariidae, 
Turbellaria) and Echinogammarus echinosetosus 
(Gammaridae, Crustacea). Fresenius Environ. Bull. 
15(12b): 1578-1583.  NonRes  
Arillo, A., B. Uva and M. Vallarino. 1981. Renin activity in 
rainbow trout (Salmo gairdneri Rich.) and effects of 
environmental ammonia. Comp. Biochem. Physiol. A 
68(3): 307-311. 5704 Dur - 2d  
Armstrong, D.A. 1978. Toxicity and metabolism of nitrogen 
compounds: Effects on survival, growth and 
osmoregulation of the prawn, Macrobrachium rosenbergii. 
Ph.D. Thesis, University of California, Davis, CA. (Personal 
Communication Used). 5620 Dur - 1d  
Bailey, H.C., C. DiGiorgio, K. Kroll, J.L. Miller, D.E. Hinton 
and G. Starrett. 1996. Development of procedures for 
identifying pesticide toxicity in ambient waters:  
Carbofuran, diazinon, chlorpyrifos. Environ. Toxicol. Chem. 
15(6): 837-845. 16844 AF  
Ball, I.R. 1967. The relative susceptibilities of some 
species of fresh-water fish to poisons - I. Ammonia. Water 
Res. 1(11/12): 767-775. 10000 Dur  
Banerjee, S. and S. Bhattacharya. 1994. Histopathology of 
kidney of Channa punctatus exposed to chronic nonlethal 
level of elsan, mercury, and ammonia. Ecotoxicol. Environ. 
Saf. 29(3): 265-275. 13750 

NonRes, Eff, 
UEndp  
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Appendix L.  Unused (Non-influential) Acute and Chronic Studies for Freshwater Ammonia Criteria Development 

Citation 

ECOTOX or 
Other 

Ref. No 
Rejection 
Code(s) Comment(s) 

Banerjee, S. and S. Bhattacharya. 1995. Histopathological 
changes induced by chronic nonlethal levels of elsan, 
mercury, and ammonia in the small intestine of Channa 
punctatus (Bloch). Ecotoxicol. Environ. Saf. 31(1): 62-68. 15256 

NonRes, Eff, 
UEndp  

Banerjee, S. and S. Bhattacharya. 1997. Histopathological 
changes induced by chronic nonlethal levels of elsan, 
mercury and ammonia in the liver of Channa punctatus 
(Bloch). J. Environ. Biol. 18(2): 141-148. 18229 

NonRes, Eff, 
UEndp  

Banerjee, T.K. and V.I. Paul. 1993. Estimation of acute 
toxicity of ammonium sulphate to the fresh water catfish, 
Heteropneustes fossilis II. A histopathological analysis of 
the epidermis. Biomed. Environ. Sci. 6(1): 45-58. 13480 NonRes, UEndp  
Batley, G.E. and S.L. Simpson. 2009. Development of 
guidelines for ammonia in estuarine and marine water 
systems. Mar. Pollut. Bull. 58(10): 1472-1476.  Dilut Salt water 
Bergerhouse, D.L. 1989. Lethal effects of elevated pH and 
ammonia on early life stages of several sportfish species. 
Ph.D. Thesis, Southern Illinois University, Carbondale, IL. 3822 UEndp, Dur - 8h  
Bergerhouse, D.L. 1992. Lethal effects of elevated pH and 
ammonia on early life stages of walleye. N. Am. J. Fish. 
Manage. 12(2): 356-366. 6903 UEndp, Dur - 8h  
Bergerhouse, D.L. 1993. Lethal effects of elevated pH and 
ammonia on early life stages of hybrid striped bass. J. 
Appl. Aquacult. 2(3/4): 81-100. 4290 UEndp, Dur - 8h  
Besser, J.M., W.G. Brumbaugh, A.L. Allert, B.C. Poulton, 
C.J. Schmitt and C.G. Ingersoll. 2009. Ecological impacts 
of lead mining on Ozark streams: Toxicity of sediment and 
pore water. Ecotoxicol. Environ. Saf. 72(2): 516-526.    Tox  
Bhattacharya, T., S. Bhattacharya, A.K. Ray and S. Dey. 
1989. Influence of industrial pollutants on thyroid function 
in Channa punctatus (Bloch). Indian J. Exp. Biol. 27(1): 65-
68. 3106 

NonRes, AF, 
UEndp, Dur - 1d  

Biswas, J.K., D. Sarkar, P. Chakraborty, J.N. Bhakta and 
B.B. Jana. 2006. Density dependent ambient ammonium 
as the key factor for optimization of stocking density of 
common carp in small holding tanks. Aquaculture 261(3): 
952-959.   

No Dose, 
VarExp 

Only 1 exposure concentration 
(naturally increased over time) 

Blanco S., S. Romo, M. Fernandez-Alaez and E. Becares. 
2008. Response of epiphytic algae to nutrient loading and 
fish density in a shallow lake: A mesocosm experiment. 
Hydrobiologia 600(1): 65-76.   Tox Mesocosm; no ammonia 
Boone, M.D., R.D. Semlitsch, E.E. Little and M.C. Doyle. 
2007. Multiple stressors in amphibian communities: Effects 
of chemical contamination, bullfrogs, and fish. Ecol. Appl. 
17(1): 291-301.   Tox  
Braun, M.H., S.L. Steele and S.F. Perry. 2009. The 
responses of zebrafish (Danio rerio) to high external 
ammonia and urea transporter inhibition: Nitrogen 
excretion and expression of rhesus glycoproteins and urea 
transporter proteins. J. Exp. Biol. 212(pt. 23): 3846-3856.  NonRes  
Brun, F.G., I. Olive, E.J. Malta, J.J. Vergara, I. Hernandez 
and J.L. Perez-Llorens. 2008. Increased vulnerability of 
Zostera noltii to stress caused by low light and elevated 
ammonium levels under phosphate deficiency. Mar. Ecol. 
Prog. Ser. 365: 67-75.   Tox  
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Appendix L.  Unused (Non-influential) Acute and Chronic Studies for Freshwater Ammonia Criteria Development 

Citation 

ECOTOX or 
Other 

Ref. No 
Rejection 
Code(s) Comment(s) 

Buikema, A.L., Jr., J. Cairns, Jr. and G.W. Sullivan. 1974. 
Evaluation of Philodina acuticornis (Rotifera) as bioassay 
organisms for heavy metals. Water Resour. Bull. 10(4): 
648-661. 2019 Dur  
Burrows, R.E. 1964. Effects of accumulated excretory 
products on hatchery-reared salmonids. Res. Rep. No. 66. 
U.S. Fish Wildl. Serv., Washington, DC. 10002 Uenpd  
Cairns, J., Jr. and A. Scheier. 1959. The relationship of 
bluegill sunfish body size to tolerance for some common 
chemicals. Proc. 13th Ind. Waste Conf., Purdue Univ. Eng. 
Bull. 96: 243-252. 930 AF  
Cairns, J., Jr., B.R. Niederlehner and J.R. Pratt. 1990. 
Evaluation of joint toxicity of chlorine and ammonia to 
aquatic communities. Aquat. Toxicol. 16(2): 87-100. 3207 Ace, No Org  
Camargo, J.A. and I. Alonso. 2006. Ecological and 
toxicological effects of inorganic nitrogen pollution in 
aquatic ecosystems: A global assessment. Environ. 
Internat. 32(6): 831-849.   Sec  
Cao, T., P. Xie, L. Ni, M. Zhang and J. Xu. Carbon and 
nitrogen metabolism of an eutrophication tolerative 
macrophyte, Potamogeton crispus, under NH4+ stress and 
low light availability. Environ. Exper. Bot. In Press, 
Corrected Proof.   No Dose Only 1 exposure concentration 
Carey, R.O., K.W. Migliaccio and M.T. Brown.  2011.  
Nutrient discharges to Biscayne Bay, Florida: Trends, 
loads, and a pollutant index. Sci. Total. Environ. 409(3): 
530-539.  No Dose Fate 
Carr, R.S., J.M. Biedenbach and M. Nipper. 2006. 
Influence of potentially confounding factors on sea urchin 
porewater toxicity tests. Arch. Environ. Contam. Toxicol. 
51(4): 573-579.   Tox  
Centeno, M.D.F., G. Persoone and M.P. Goyvaerts. 1995. 
Cyst-based toxicity tests.  IX. The potential of 
Thamnocephalus platyurus as test species in comparison 
with Streptocephalus proboscideus (Crustacea:  
Branchiopoda:  Anostraca). Environ. Toxicol. Water Qual. 
10(4): 275-282. 14017 AF, Dur - 1d  
Chetty, A.N. and K. Indira. 1994. Alterations in the tissue 
lipid profiles of Lamellidens marginalis under ambient 
ammonia stress. Bull. Environ. Contam. Toxicol. 53(5): 
693-698. 13744 

NonRes, Dur - 
2d Freshwater bivalve mollusk 

Colt, J.E. 1978. The effects of ammonia on the growth of 
channel catfish, Ictalurus punctatus. Ph.D. Thesis, Univ. of 
California, Davis, CA. 59792 UChron, Sec 

Data also published in Colt and 
Tchobanoglous (1978) 

Corpron, K.E. and D.A. Armstrong. 1983. Removal of 
nitrogen by an aquatic plant, Elodea densa, in recirculating 
macrobrachium culture systems. Aquaculture 32(3/4): 347-
360. 15323 UEndp, Con Plant 
Craig, G.R. 1983. Interlaboratory fish toxicity test 
comparison - Ammonia. Environ. Protection Service, 
Quality Protection Section, Water Resour. Branch, 
Canada. 10259 AF  
Cucchiari, E., F. Guerrini, A. Penna, C. Totti and R. 
Pistocchi. 2008. Effect of salinity, temperature, organic and 
inorganic nutrients on growth of cultured Fibrocapsa 
japonica (Raphidophyceae) from the northern Adriatic Sea. 
Harmful Algae 7(4): 405-414.   Tox  
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Da Silva, J.M., J. Coimbra and J.M. Wilson. 2009. 
Ammonia sensitivity of the glass eel (Anguilla anguilla L.): 
Salinity dependence and the role of a branchial 
sodium/potassium adenosine triphosphatase. Environ. 
Toxicol. Chem. 28(1): 141-147.  NonRes  
Dabrowska, H. and H. Sikora. 1986. Acute toxicity of 
ammonia to common carp (Cyprinus carpio L.). Pol. Arch. 
Hydrobiol. 33(1): 121-128. 12711 Dur - 2d  
Danecker, E. 1964. The jauche poisoning of fish - An 
ammonia poisoning. Osterreichs Fischerei. 3/4: 55-68 
(ENG TRANSL). 10305 AF, UEndp, Dur  
Daniels, S.M., M.G. Evans , C.T. Agnew and T.E.H. Allott. 
2012. Ammonium release from a blanket peatland into 
headwater stream systems. Environ. Pollut. 163(0): 261-
272.  No Dose Fate 
Daoust, P.Y. and H.W. Ferguson. 1984. The pathology of 
chronic ammonia toxicity in rainbow trout, Salmo gairdneri 
Richardson. J. Fish Dis. 7: 199-205. 10217 UEndp, Eff  
Dayeh, V.R., K. Schirmer and N.C. Bols. 2009. Ammonia-
containing industrial effluents, lethal to rainbow trout, 
induce vacuolization and neutral red uptake in the rainbow 
trout gill cell line, RTgill-W1.  Altern. Lab. Anim. 37(1): 77-
87.  In Vit  
De Moor, I.J. 1984. The toxic concentration of free 
ammonia to Brachionus calyciflorus Pallas, a rotifer pest 
species found in high rate algal ponds (HRAP'S). J. Limnol. 
Soc. South Afr. 10(2): 33-36. 5433 UEndp  
Dendene, M.A., T. Rolland, M. Tremolieres and R. 
Carbiener. 1993. Effect of ammonium ions on the net 
photosynthesis of three species of elodea. Aquat. Bot. 
46(3/4): 301-315. 4268 UEndp Plant 
Dey, S. and S. Bhattacharya. 1989. Ovarian damage to 
Channa punctatus after chronic exposure to low 
concentrations of elsan, mercury, and ammonia. 
Ecotoxicol. Environ. Saf. 17(2): 247-257. 446 AF, Dur - 2d  
DeYoe H.R., E.J. Buskey and F.J. Jochem. 2007. 
Physiological responses of Aureoumbra lagunensis and 
Synechococcus sp. to nitrogen addition in a mesocosm 
experiment. Harmful Algae 6(1): 48-55.   No Dose Only one exposure concentration 
Dhanasiri, A.K., V. Kiron, J.M. Fernandes, O. Bergh and 
M.D. Powell.  Novel application of nitrifying bacterial 
consortia to ease ammonia toxicity in ornamental fish 
transport units: Trials with zebrafish. J. Appl. Microbiol. 
111(2): 278-292.  UEndp  
Diamond, J.M., S.J. Klaine and J.B. Butcher. 2006. 
Implications of pulsed chemical exposures for aquatic life 
criteria and wastewater permit limits. Environ. Sci. Technol. 
40(16): 5132-5138.  102216 

No Dose, Dur, 
VarExp Only 2 exposure concentrations 

dos Miron, D., B. Moraes, A.G. Becker, M. Crestani, R. 
Spanevello, V.L. Loro and B. Baldisserotto. 2008. 
Ammonia and pH effects on some metabolic parameters 
and gill histology of silver catfish, Rhamdia quelen 
(Heptapteridae). Aquaculture 277(3-4): 192-196.   NonRes  
Dowden, B.F. and H.J. Bennett. 1965. Toxicity of selected 
chemicals to certain animals. J. Water Pollut. Control Fed. 
37(9): 1308-1316. 915 AF  
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Dowden, B.F. 1961. Cumulative toxicities of some 
inorganic salts to Daphnia magna as determined by 
median tolerance limits. Proc. LA. Acad. Sci. 23: 77-85. 2465 AF  
Drath, M., N. Kloft, A. Batschauer, K. Marin, J. Novak and 
K. Forchhammer. 2008. Ammonia triggers photodamage of 
photosystem II in the cyanobacterium Synechocystis sp. 
strain Pcc 6803. Plant Physiol. 147(1): 206-215.   No Dose 

Only 1 or 2 exposure 
concentrations at a specific pH 

D'Silva, C. and X.N. Verlencar. 1976. Relative toxicity of 
two ammonium compounds found in the waste of fertilizer 
plants. Mahasagar 9(1/2): 41-44. 6084 Dur - 2d  
Egea-Serrano, A., M. Tejedo and M. Torralva. 2008. 
Analysis of the avoidance of nitrogen fertilizers in the water 
column by juvenile Iberian water frog, Pelophylax perezi 
(Seoane, 1885), in laboratory conditions. Bull. Environ. 
Contam. Toxicol. 80(2): 178-183.  103070 

NonRes, Tox, 
No Dose Only one exposure concentration 

Fairchild II, E.J. 1954. Effects of lowered oxygen tension 
on the susceptibility of Daphnia magna to certain inorganic 
salts. Ph.D. Thesis, Louisiana State Univ., LA. 134 p.  Dilut, Dur, AF  
Fairchild II, E.J. 1955. Low dissolved oxygen: Effect upon 
the toxicity of certain inorganic salts to the aquatic 
invertebrate Daphnia magna. In: Proc. 4th Ann. Water 
Symp., March 1955, Baton Rouge, LA, Eng. Expt. Stat. 
Bull. 51: 95-102.  115940 Dilut, Dur, AF  
Fang, J.K.H., R.S.S. Wu, A.K.Y. Chan, C.K.M. Yip and 
P.K.S. Shin. 2008. Influences of ammonia-nitrogen and 
dissolved oxygen on lysosomal integrity in green-lipped 
mussel Perna viridis: Laboratory evaluation and field 
validation in Victoria Harbour, Hong Kong. Mar. Pollut. Bull. 
56(12): 2052-2058.   No Dose Only one exposure concentration 
Fedorov, K.Y. and Z.V. Smirnova. 1978. Dynamics of 
ammonia accumulation and its effect on the development 
of the pink salmon, Oncorhynchus gorbuscha, in closed 
circuit incubation systems. Vopr. Ikhtiol. 19(2): 320-328. 5478 UEndp  
Flagg, R.M. and L.W. Hinck. 1978. Influence of ammonia 
on aeromonad susceptibility in channel catfish. Proc. Annu. 
Conf. Southeast. Assoc. Fish Wildl. Agencies 32: 415-419. 10317 UEndp  
Flis, J. 1963. Anatomicohistopathological changes induced 
in carp (Cyprinus carpio L.) by ammonia water. Part 1. 
Effects of toxic concentrations. Zmiany. Acta Hydrobiol. 
10(1/2): 205-224. 10005 UEndp, Dur - 1d  
Foss, A., A.K. Imsland, B. Roth, E. Schram and S.O. 
Stefansson. 2007. Interactive effects of oxygen saturation 
and ammonia on growth and blood physiology in juvenile 
turbot. Aquaculture 271(1-4): 244-251.  No Dose Only 2 exposure concentrations 
Foss, A., A.K. Imsland, B. Roth, E. Schram and S.O. 
Stefansson. 2009. Effects of chronic and periodic exposure 
to ammonia on growth and blood physiology in juvenile 
turbot (Scophthalmus maximus). Aquaculture 296(1/2): 45-
50.  NonRes  
Ge, F., Y. Xu, R. Zhu, F. Yu, M. Zhu and M. Wong. 2010. 
Joint action of binary mixtures of cetyltrimethyl ammonium 
chloride and aromatic hydrocarbons on Chlorella vulgaris.  
Ecotoxicol. Environ. Saf. 73(7): 1689-1695.  Tox  
Gohar, H.A.F. and H. El-Gindy. 1961. Tolerance of vector 
snails of bilharziasis and fascioliasis to some chemicals. 
Proc. Egypt. Acad. Sci. 16: 37-48. 115940 NonRes  
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Golding, C., R. Krassoi and E. Baker. 2006. The 
development and application of a marine Toxicity 
Identification Evaluation (TIE) protocol for use with an 
Australian bivalve. Australas. J. Ecotoxicol. 12(1): 37-44.  108468 Tox, No Dose Only one exposure concentration 
Goncalves, A.F., I. Pascoa, J.V. Neves, J. Coimbra, M.M. 
Vijayan, P. Rodrigues and J.M Wilson. 2012. The inhibitory 
effect of environmental ammonia on Danio rerio LPS 
induced acute phase response. Dev. Comp. Immunol. 
36(2): 279-288.  NonRes  
Griffis-Kyle, K.L. and M.E. Ritchie. 2007. Amphibian 
survival, growth and development in response to mineral 
nitrogen exposure and predator cues in the field: An 
experimental approach. Oecologia 152(4): 633-42.   Tox  
Gyore, K. and J. Olah. 1980. Ammonia tolerance of Moina 
rectirostris Leydig (Cladocera). Aquacult. Hung. (Szarvas) 
2: 50-54. 5708 Dur - 1d  
Hanna, T.D. 1992. The effect of oxygen supplementation 
on the toxicity of ammonia (NH3) in rainbow trout 
Oncorhynchus mykiss (Richardson). M.S. Thesis, Montana 
State Univ., Bozeman, MT. 7823 UEndp, Dur  
Harader, R.R.J. and G.H. Allen. 1983. Ammonia toxicity to 
Chinook salmon Parr: Reduction in saline water. Trans. 
Am. Fish. Soc. 112(6): 834-837. 10510 Dur - 1d  
Healey, F.P. 1977. Ammonium and urea uptake by some 
freshwater algae. Can. J. Bot. 55(1): 61-69. 7486 AF, Uendp Plant 
Hedtke, J.L. and L.A. Norris. 1980. Effect of ammonium 
chloride on predatory consumption rates of brook trout 
(Salvelinus fontinalis) on juvenile Chinook salmon 
(Oncorhynchus tshawytscha) I. Bull. Environ. Contam. 
Toxicol. 24(1): 81-89. 6216 UEndp, Eff  
Hemens, J. 1966. The toxicity of ammonia solutions to the 
mosquito fish (Gambusia affinis Baird & Girard). J. Proc. 
Inst. Sewage Purif. 3: 265-271. 10152 Dur - 17h  
Henderson, C., Q.H. Pickering and A.E. Lemke. 1961. The 
effect of some organic cyanides (nitriles) on fish. Proc. 
15th Ind. Waste Conf., Eng. Bull. Purdue Univ., Ser. 
No.106, 65(2): 120-130. 923 Tox; AF  
Herbert, D.W.M. and D.S. Shurben. 1963. A preliminary 
study of the effect of physical activity on the resistance of 
rainbow trout (Salmo gairdnerii Richardson) to two 
poisons. Ann. Appl. Biol. 52: 321-326. 8005 Dur - 1d  
Herbert, D.W.M. and D.S. Shurben. 1964. The toxicity to 
fish of mixtures of poisons I. Salts of ammonia and zinc. 
Ann. Appl. Biol. 53: 33-41. 8006 Dur - 2d  
Herbert, D.W.M. and D.S. Shurben. 1965. The 
susceptibility of salmonid fish to poisons under estuarine 
conditions – II. Ammonium chloride. Int. J. Air Water Pollut. 
9(1/2): 89-91. 10318 Dur - 1d  
Herbert, D.W.M. and J.M. Vandyke. 1964. The toxicity to 
fish of mixtures of poisons.  II. Copper-ammonia and zinc-
phenol mixtures. Ann. Appl. Biol. 53(3): 415-421. 10193 Tox; Dur - 2d  
Hernandez, C., M. Martin, G. Bodega, I. Suarez, J. Perez 
and B. Fernandez. 1999. Response of carp central 
nervous system to hyperammonemic conditions: An 
immunocytochemical study of glutamine synthetase (GS), 
glial fibrillary acidic protein (GFAP) and 70 kDa heat-shock 
protein (HSP70). Aquat. Toxicol. 45(2/3): 195-207. 19920 UEndp, Eff  
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Hiatt, R.W., J.J. Naughton and D.C. Matthews. 1953. 
Effects of chemicals on a schooling fish, Kulia 
sandvicensis. Biol. Bull. 104: 28-44.  NonRes  
Holland, G.A., J.E. Lasater, E.D. Neumann and W.E. 
Eldridge. 1960. Toxic effects of organic and inorganic 
pollutants on young salmon and trout. Res. Bull. No. 5. 
State of Washington Dept. Fish., Seattle, WA. 14397 Dur - 3d  
Hong, M., L. Chen, X. Sun, S. Gu, L. Zhang and Y. Chen. 
2007. Metabolic and immune responses in Chinese mitten-
handed crab (Eriocheir sinensis) juveniles exposed to 
elevated ambient ammonia. Comp. Biochem. Physiol. C 
145(3): 363-369.   INV, Det 

Dilution water not described; 
Prior exposure? 

Hued, A.C., M.N. Caruso, D.A. Wunderlin and M.A. Bistoni. 
2006.  Field and in vitro evaluation of ammonia toxicity on 
native fish species of the central region of Argentina. Bull. 
Environ. Contam. Toxicol. 76(6): 984-991.  NonRes  
Hurlimann, J. and F. Schanz. 1993. The effects of artificial 
ammonium enhancement on riverine periphytic diatom 
communities. Aquat. Sci. 55(1): 40-64. 4134 No Org Periphytic community 
Ingersoll, C. 2004. Memo summarizing ammonia toxicity 
data for freshwater mussels generated by the USGS 
Columbia Environmental Research Center in 2003 and 
2004. Memorandum, USGS Columbia Environmental 
Research Center, Columbia, MO, 13 p.  Sec  
Ingersoll, C.G., N.E. Kemble, J.L. Kunz, W.G. Brumbaugh, 
D.D. MacDonald and D. Smorong. 2009. Toxicity of 
sediment cores collected from the Astabula River in 
Northeastern Ohio, USA, to the amphipod Hyalella azteca. 
Arch. Environ. Contam. Toxicol. 57(2): 315-329.  SedExp  
Inman, R.C. 1974. Acute toxicity of Phos-Check (trade 
name) 202 and diammonium phosphate to fathead 
minnows. U.S. NTIS AD/A-006122. Environ. Health Lab., 
Kelly Air Force Base, TX. 6010 Tox  
Ip, Y.K., A.S.L. Tay, K.H. Lee and S.F. Chew. 2004. 
Strategies for surviving high concentrations of 
environmental ammonia in the swamp eel Monopterus 
albus. Physiol. Biochem. Zool.  77: 390-405.  INV  
Ip, Y.K., S.M.L. Lee, W.P. Wong and S.F. Chew. 2008. 
Mechanisms of and defense against acute ammonia 
toxicity in the aquatic Chinese soft-shelled turtle, 
Pelodiscus sinensis. Aquat. Toxicol. 86(2): 185-196.    

NonRes, 
RouExp Injected 

Ishio, S. 1965. Behavior of fish exposed to toxic 
substances. In: Advances in Water Pollution Research. 
Jaag, O. (Ed.). Pergamon Press, NY. pp.19-40. 14092 

AF, Dur - 6h, 
UEndp, No Org  

James, R., K. Sampath and M. Narayanan. 1993. Effect of 
sublethal concentrations of ammonia on food intake and 
growth in Mystus vittatus. J. Environ. Biol. 14(3): 243-248. 8994 

NonRes, AF, 
UEndp  

Jampeetong, A. and H. Brix. Effects of NH4+ concentration 
on growth, morphology and NH4+ uptake kinetics of 
Salvinia natans. Ecol. Engineer. In Press, Corrected Proof.   VarExp 

Concentration increased over 
time 

Jampeetong, A., H. Brix and S. Kantawanichkul. 2012. 
Response of Salvinia cucullata to high NH4(+) 
concentrations at laboratory scales. Ecotoxicol. Environ. 
Saf. 79: 69-74.  NonRes, Con  
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Jampeetong, A., H. Brix and S. Kantawanichkul. 2012. 
Effects of inorganic nitrogen forms on growth, morphology, 
nitrogen uptake capacity and nutrient allocation of four 
tropical aquatic macrophytes (Salvinia cucullata, Ipomoea 
aquatica, Cyperus involucratus and Vetiveria zizanioides). 
Aquatic Botany 97(1): 10-16.   

NonRes, No 
Dose Plant 

Jensen, R.A. 1978. A simplified bioassay using finfish for 
estimating potential spill damage. In: Proc. Control of 
Hazardous Material Spills. Rockville, MD. pp. 104-108. 5773 AF, Dur - 1d  
Jha, B.K. and B.S. Jha. 1995. Urea and ammonium sulfate 
induced changes in the stomach of the fish 
Heteropneustes fossilis. Environ. Ecol. 13(1): 179-181. 17562 

NonRes, AF, 
UEndp  

Joy, K.P. 1977. Ammonium sulphate as a thyroid inhibitor 
in the freshwater teleost Clarias batrachus (L.). Curr. Sci. 
46(19): 671-673. 7513 

NonRes, AF, 
UEndp  

Kawabata, Z., T. Yoshida and H. Nakagawa. 1997. Effect 
of ammonia on the survival of Zacco platypus (Temminck 
and Schlegel) at each developmental stage. Environ. 
Pollut. 95(2): 213-218. 17963 

NonRes, UEndp, 
Dur  

Khatami, S.H., D. Pascoe and M.A. Learner. 1998. The 
acute toxicity of phenol and unionized ammonia, 
separately and together, to the ephemeropteran Baetis 
rhodani (Pictet). Environ. Pollut. 99: 379-387. 19651 

NonRes, Dur - 
1d  

Kim, J.K., G.P. Kraemer, C.D. Neefus, I.K. Chung and C. 
Yarish. 2007. Effects of temperature and ammonium on 
growth, pigment production and nitrogen uptake by four 
species of porphyra (Bangiales, Rhodophyta) native to the 
New England Coast. J. App. Phycol. 19(5): 431-440.   UEndp  Plant 
Kirk, R.S. and J.W. Lewis. 1993. An evaluation of pollutant 
induced changes in the gills of rainbow trout using 
scanning electron microscopy. Environ. Technol. 14(6): 
577-585. 4931 UEndp, Dur  
Knepp, G.L. and G.F. Arkin. 1973. Ammonia toxicity levels 
and nitrate tolerance of channel catfish. Prog. Fish Cult. 
35(4): 221-224. 8606 Dur - 7d, Form  
Konnerup, D. and H. Brix. 2010. Nitrogen nutrition of 
Canna indica: Effects of ammonium versus nitrate on 
growth, biomass allocation, photosynthesis, nitrate 
reductase activity and N uptake rates. Aquatic Botany 
92(2): 142-148.  NonRes Plant 
Krainara, T. 1988. Effects of ammonia on walking catfish, 
Clarias batrachus (Linnaeus). Abstr. M.S. Thesis, Faculty 
of Fisheries, Kasetsart University, Bangkok, Thailand 13:6. 17533 NonRes, AF  
Kulkarni, K.M. and S.V. Kamath. 1980. The metabolic 
response of Paratelphusa jacquemontii to some pollutants. 
Geobios 7(2): 70-73 (Author Communication Used). 5036 

NonRes, AF, 
UEndp, Dur  

Kwok, K.W.H., K.M. Y Leung, G.S.G. Lui, V.K.H. Chu, P.K. 
S. Lam, D. Morritt, L. Maltby, T.C.M. Brock, P.J. Van den 
Brink, M.S.J. Warne and M. Crane. 2007. Comparison of 
tropical and temperate freshwater animal species‘ acute 
sensitivities to chemical: Implications for deriving safe 
extrapolation factors. Integr. Environ. Assess. Manag. 3(1): 
49-67.  Sec  
Lang, T., G. Peters, R. Hoffmann and E. Meyer. 1987. 
Experimental investigations on the toxicity of ammonia: 
Effects on ventilation frequency, growth, epidermal mucous 
cells, and gill structure of rainbow trout. Dis. Aquat. Org. 3: 
159-165. 4106 UEndp  
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Larson J.H., P.C. Frost and G.A. Lamberti. 2008. Variable 
toxicity of ionic liquid-forming chemicals to Lemna minor 
and the influence of dissolved organic matter. Environ. 
Toxicol. Chem. 27(3): 676-681.  Tox Plant 
Lay, J.P., A. Peither, I. Juttner and K. Weiss. 1993. In situ 
pond mesocosms for ecotoxicological long-term studies. 
Chemosphere 26(6): 1137-1150. 7048 No Org  
Lazorchak, J.M. and M.E. Smith. 2007. Rainbow trout 
(Oncorhynchus mykiss) and brook trout (Salvelinus 
fontinalis) 7-day survival and growth test method.  Arch. 
Environ. Contam. Toxicol. 53(3): 397-405.  100026 Det, AF 

7-day tests (S,U) with ammonia 
chloride; pH not reported 

Lee, D.R. 1976. Development of an invertebrate bioassay 
to screen petroleum refinery effluents discharged into 
freshwater. Ph.D. Thesis, Virginia Polytechnic Inst. and 
State University, Blacksburg, VA. 3402 Det 

This thesis appears to provide 
appropriate 48 h LC50 data for D. 
pulex, but details are lacking. 

Leung, J., M. Kumar, P. Glatz and K. Kind. 2011. Impacts 
of unionized ammonia in digested piggery effluent on 
reproductive performance and longevity of Daphnia 
carinata and Moina australiensis. 310: 401-406.  NonRes, Efflu  
Lewis, J.W., A.N. Kay and N.S. Hanna. 1995. Responses 
of electric fish (family Mormyridae) to inorganic nutrients 
and tributyltin oxide. Chemosphere 31(7): 3753-3769. 16156 

NonRes, UEndp, 
Dur  

Li, W.E.I., Z. Zhang and E. Jeppesen. 2008. The response 
of Vallisneria spinulosa (Hydrocharitaceae) to different 
loadings of ammonia and nitrate at moderate phosphorus 
concentration: A mesocosm approach. Freshw. Biol. 
53(11): 2321-2330.   Tox Plant 
Linton, T.K., I.J. Morgan, P.J. Walsh and C.M. Wood. 
1998. Chronic exposure of rainbow trout (Oncorhynchus 
mykiss) to simulated climate warming and sublethal 
ammonia: A year-long study of their appetite. Can. J. Fish. 
Aquat. Sci. 55(3): 576-586. 19144 No Dose Only one exposure concentration 
Litav, M. and Y. Lehrer. 1978. The effects of ammonium in 
water on Potamogeton lucens. Aquat. Bot. 5(2): 127-138. 7093 AF, UEndp, Dur Plant 
Lloyd, R. and D.W.M. Herbert. 1960. The influence of 
carbon dioxide on the toxicity of unionized ammonia to 
rainbow trout (Salmo gairdnerii Richardson). Ann. Appl. 
Biol. 48(2): 399-404. 10018 Dur - 8h  
Lloyd, R. and L.D. Orr. 1969. The diuretic response by 
rainbow trout to sublethal concentrations of ammonia. 
Water Res. 3(5): 335-344. 10019 

Eff, UEndp, Dur - 
1d  

Loong, A.M., J.Y.L. Tan, W.P. Wong, S.F. Chew and Y.K. 
Ip. 2007. Defense against environmental ammonia toxicity 
in the African lungfish, Protopterus aethiopicus:  Bimodal 
breathing, skin ammonia permeability and urea synthesis. 
Aquat. Toxicol. 85(1): 76-86.   

NonRes, No 
Dose Only one exposure concentration 

Loon, A.M., Y.R. Chng, S.F. Chew, W.P. Wong and Y.K. 
Ip. 2012. Molecular characterization and MRNA expression 
of carbamoyl phosphate synthetase III in the liver of the 
African lungish, Protopterus annectens, during aestivation 
of exposure to ammonia. J. Comp. Physiol. B. 182(3): 367-
379.  NonRes  
Loppes, R. 1970. Growth inhibition by NH4+ ions in 
arginine-requiring mutants of Chlamydomonas reinhardi. 
Mol. Gen. Genet. 109(3): 233-240. 9619 AF, UEndp, Dur Plant 
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Magalhaes Bastos, J.A. 1954. Importance of ammonia as 
an ichthyotoxic substance. (Importancia da amonia como 
substacia ictiotoxica.). No.159, Serv. Piscicultura, Publ. 
Ser. 1-C, Dep. Nacl. Onbras Contra Secas, Ministerio 
Viacao E Onbras Publicas, Brazil. pp. 115-132. 10302 UEndp, Dur  
Malacea, I. 1966. Studies on the acclimation of fish to high 
concentrations of toxic substances. Arch. Hydrobiol. 65(1): 
74-95 (GER) (ENG TRANSL). 10020 Dur  
Manissery, J.K. and M.N. Madhyastha. 1993. 
Hematological and histopathological effect of ammonia at 
sublethal levels on fingerlings of common carp Cyprinus 
carpio. Sci. Total Environ. (Suppl .): 913-920. 4314 Eff, UEndp  
McDonald, S.F., S.J. Hamilton, K.J. Buhl and J.F. 
Heisinger. 1997. Acute toxicity of fire-retardant and foam-
suppressant chemicals to Hyalella azteca (Saussure). 
Environ. Toxicol. Chem. 16(7): 1370-1376. 18102 Tox  
McIntyre, M., M. Davis and A. Shawl. 2006. The effects of 
ammonia on the development, survival and metamorphic 
success of Strombus gigas veligers. 98th Annu. Meet. Natl. 
Shellfish. Assoc., Monterery, CA (ABS).   Det Abstract only 
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Mosier, A.R. 1978. Inhibition of photosynthesis and 
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Muturi E.J., B.G. Jacob, J. Shililu and R. Novak. 2007. 
Laboratory studies on the effect of inorganic fertilizers on 
survival and development of immature Culex 
quinquefasciatus (Diptera: Culicidae). J Vector Borne Dis. 
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Anabaena cylindrica. Arch. Microbiol. 114(3): 225-229. 7605 UEndp, Dur Plant 
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Manuzzi, M. Pirini and A.R. Borgatti. 2008. Response of 
Na+-dependent ATPase activities to the contaminant 
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and young of the common trout, Salmo trutta var. fario. 
Zool. Listy 14(1): 47-54. 10307 UEndp, Dur  
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fertilizer treatment. Ecotoxicol. Environ. Saf. 13(2): 185-
190. 12684 

NonRes, AF, 
UEndp, Dur  

Ram, R.N. and S.K. Singh. 1988. Long-term effect of 
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Suski, C.D., J. D. Kieffer, S.S. Killen and B.L. Tufts. 2007. 
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Tabata, K. 1962. Toxicity of ammonia to aquatic animals 
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Taylor, J.E. 1973. Water quality and bioassay study from 
Crawford National Fish Hatchery. Trans. Nebr. Acad. Sci. 
2: 176-181. 2531 UEndp, Dur - 2d  
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chemical ecology of Biomphalaria glabrata: The effects of 
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151(2): 386-397. 15962 
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Tng, Y.Y., S.F. Chew, N.L. Wee, F.K. Wong, W.P. Wong, 
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Physiol. 311(9): 676-688.  INV  
Tomasso, J.R., C.A. Goudie, B.A. Simco and K.B. Davis. 
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Twitchen, I.D. and F.B. Eddy. 1994. Sublethal effects of 
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Substantial loss of ammonia; 
Plant 
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Comp. Biochem. Physiol. C 83(1): 155-159. 11744 
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blood respiratory. Aquat. Toxicol. 41(4): 325-342. 19154 Eff, UEndp  

Exhibit 34



 

195 

 

Appendix L.  Unused (Non-influential) Acute and Chronic Studies for Freshwater Ammonia Criteria Development 

Citation 

ECOTOX or 
Other 

Ref. No 
Rejection 
Code(s) Comment(s) 

Vijayavel, K., E.F. Rani, C. Anbuselvam and M.P. 
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monocrotophos and ammonium chloride on the freshwater 
fish Oreochromis mossambicus with reference to 
lactate/pyruvate ratio. Pestic. Biochem. Physiol. 86(3): 
157-161. 108153 Det, AF 

Detail (pH, temp, etc. not 
reported) 

Wallen, I.E., W.C. Greer and R. Lasater. 1957. Toxicity to 
Gambusia affinis of certain pure chemicals in turbid waters. 
Sewage Ind. Wastes 29(6): 695-711. 508 Dur, Con, UEndp  
Wang, C., S.H. Zhang, P.F. Wang, J. Hou, W. Li, and W.J. 
Zhang. 2008. Metabolic adaptations to ammonia-induced 
oxidative stress in leaves of the submerged macrophyte 
Vallisneria natans (Lour.) Hara. Aquat. Toxicol. 87(2): 88-
98.   NonRes  
Ward, S., T.O.M. Augspurger, F.J. Dwyer, C. Kane and 
C.G. Ingersoll. 2007. Risk assessment of water quality in 
three North Carolina, USA, streams supporting federally 
endangered freshwater mussels (Unionidae). Environ. 
Toxicol. Chem. 26(10): 2075-2085.    Tox  
Ward, D.J., V. Perez-Landa, D.A. Spadaro, S.L. Simpson 
and D.F. Jolley. 2011. An assessment of three harpacticoid 
copepod species for use in ecotoxicological testing. Arch. 
Environ. Contam. Toxicol. 61(3): 414-425.  NonRes  
Water Pollution Research Board. 1961. Effects of pollution 
on fish: Toxicity of gas liquors. In: Water pollution research 
1960, Water Pollution Research Board, Dep. of Scientific 
and Industrial Research, H.M. Stationery Office, London, 
UK. pp. 76-81. 2514 UEndp, Dur  
Water Pollution Research Board. 1968. Effects of pollution 
on fish: Chronic toxicity of ammonia to rainbow trout. In: 
Water pollution research 1967, Water Pollution Research 
Board, Dep. of Scientific and Industrial Research, H.M. 
Stationery Office, London, UK. pp. 56-65. 10185 

AF, Dur - 2d, 
UEndp  

Watt, P.J. and R.S. Oldham. 1995. The effect of 
ammonium nitrate on the feeding and development of 
larvae of the smooth newt, Triturus vulgaris (L.), and on the 
behaviour of its food. Freshw. Biol. 33(2): 319-324. 14883 UEndp  
Wee, N.L.J., Y.Y.M. Tng, H.T. Cheng, S.M.L. Lee, S.F. 
Chew and Y.K. Ip. 2007. Ammonia toxicity and tolerance in 
the brain of the African sharptooth catfish, Clarias 
gariepinus. Aquat. Toxicol. 82(3): 204-213.   

NonRes, No 
Dose Only 2 exposure concentrations 

Weiss, L.A. and E. Zaniboni-Filho. 2009. Survival of diploid 
and triploid Rhamdia quelen juveniles in different ammonia 
concentrations. Aquaculture 298(1-2): 153-156.  NonRes  
Wells, M.M. 1915. The reactions an resistance of fishes in 
their natural environment to salts. J. Exp. Zool. 19(3): 243-
283.  Det, No Dose  
Wickins, J.F. 1976. The tolerance of warm-water prawns to 
recirculated water. Aquaculture 9(1): 19-37. 2320 AF, UEndp, Dur  
Wilkie, M.P., M.E. Pamenter, S. Duquette, H. Dhiyebi, N. 
Sangha, G. Skelton, M.D. Smith and L.T. Buck. 2011. The 
relationship between NMDA receptor function and the high 
ammonia tolerance of anoxia-tolerant goldfish. J. Exp. Biol. 
214(24): 4107-4120.  Eff, UEndp  
Williams, J.E. Jr. 1948. The toxicity of some inorganic salts 
to game fish. M.S. Thesis, Louisiana State University, 
Baton Rouge, LA, 71 p.  No Org  
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Appendix L.  Unused (Non-influential) Acute and Chronic Studies for Freshwater Ammonia Criteria Development 

Citation 

ECOTOX or 
Other 

Ref. No 
Rejection 
Code(s) Comment(s) 

Woltering, D.M., J.L. Hedtke and L.J. Weber. 1978. 
Predator-prey interactions of fishes under the influence of 
ammonia. Trans. Am. Fish. Soc. 107(3): 500-504. 7218 UEndp, Dur  
Xu, Q. and R.S. Oldham. 1997. Lethal and sublethal 
effects of nitrogen fertilizer ammonium nitrate on common 
toad (Bufo bufo) tadpoles. Arch. Environ. Contam. Toxicol. 
32(3): 298-303. 17840 AF, UEndp, Dur  
Zhang, L. and C.M. Wood. 2009. Ammonia as a stimulant 
to ventilation in rainbow trout Oncorhynchus mykiss. 
Respir. Physiol. Neurobiol. 168(3): 261-271.  RouExp  
Zhang, L.J., G.G. Ying, F. Chen, J.L. Zhao, L. Wang and 
Y.X. Fang. 2012. Development and application of whole-
sediment toxicity test using immobilized freshwater 
microalgae Pseudokirchneriella subcapitata. Environ. 
Toxicol. Chem. 31(2): 377-386.  SedExp Plant 
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Corresponding Code List 
ABIOTIC FACTOR 
(AF) 

Studies where one or both of the two abiotic factors (pH and temperature) important for ammonia criteria 
derivation are not reported. 

ACELLULAR 
(Ace) Studies of acellular organisms (protozoa) and yeast. 

BACTERIA 
(Bact) Studies describing only the results on bacteria. 

BIOMARKER 
(Biom) 

Studies reporting results for a biomarker having no reported association with a biologically significant 
adverse effect (survival, growth, or reproduction of an individual or population) and an exposure dose (or 
concentration). 

CONTROL 
(Con) 

Studies where control mortality is insufficient or unsatisfactory, i.e., where survival is less than 90% in 
acute tests or 80% in chronic tests; or where no control is used. 

DETAIL 
(Det) Insufficient detail regarding test methodology or statistical analysis. 

DURATION 
(Dur) 

Laboratory and field studies where duration of exposure is inappropriate (e.g., too short) for the type of 
test (i.e., acute or chronic), or was not reported or could not be easily estimated. 

EFFLUENT  
(Efflu) 

Studies reporting only effects of effluent, sewage, or polluted runoff where individual pollutants are not 
measured. 

EFFECT 
(Eff) 

Studies where the biologically significant adverse effect was not survival, growth, or reproduction of an 
individual or population. 

ENDPOINT 
(UEndp) 

Studies reported in ECOTOX where an endpoint (LC50, EC50, NOEC, LOEC, MATC, EC20, etc.) was 
not provided, where none of the concentrations tested in a chronic test were deleterious (no LOEC); or 
where all concentrations tested in a chronic test caused a statistically significant adverse effect (no 
NOEC). 

FIELD 
(Field) 

Chronic, long-term studies conducted in a field setting (stream segment, pond, etc.) where source/dilution 
water is not characterized for other possible contaminants. 

FORMULATION 
(Form) 

Studies where the chemical is a primary ingredient in a commercial formulation, e.g., biocide, fertilizer, 
etc. 

INVASIVE [Harmful] 
(INV) 

Defined in this document as a species that is non-native to the ecosystem under consideration and 
whose introduction causes or is likely to cause economic or environmental harm or harm to human health 
(see ISAC 2006). 

IN VITRO 
(In Vit) 

In vitro studies, including only exposure of the chemical to cell cultures and excised tissues and not 
related to whole organism toxicity. 

LETHAL TIME 
(LT) 

Laboratory studies reporting only lethal time to mortality, except under special conditions (no other 
applicable information is available for species pivotal in making a finding). 

NO DOSE or CONC 
(No Dose or Conc) 

Studies with too few concentrations to establish a dose-response, or no usable dose or concentration 
reported in either primary or sister article(s), except under special conditions (no other applicable 
information is available for species pivotal in making a finding). 

NOMINAL 
(Nom) Chronic studies where test concentrations were not measured. 

NON-RESIDENT 
(NonRes) 

Species that are not resident to North America, or where there is no reported evidence of their 
reproducing naturally in North America. 

NO ORGANISM 
(No Org) 

Laboratory and field studies where no one organism is studied (e.g., periphyton community) or where no 
scientific/common name is given in either a primary or sister article(s).  

PURITY 
(Pur) Studies where the chemical purity of the toxicant was less than 80% pure (active ingredient). 

ROUTE OF EXPOSURE 
(RouExp) Dietary or un-natural exposure routes for aquatic chemicals, e.g., injection, spray, inhalation. 

Secondary 
(Sec) Non-original data first reported elsewhere. 

Sediment Exposure 
(SedExp) Sediment-based toxicity test and method. 

TOXICANT 
(Tox) 

Inappropriate form of toxicant used or none identified in a laboratory or field study. Note: Inappropriate 
form includes mixtures. 

UNACCEPTABLE CHRONIC 
(UChron) 

Chronic studies which were not based on flow-through exposures (exception for cladocerans and other 
small, planktonic organisms where test water is continuously renewed), where test concentrations were 
not measured, or when the chronic test did not include the appropriate test duration for the organism and 
life-stage tested. 
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UNUSUAL DILUTION 
WATER 
(Dilut) 

Laboratory or field studies where the dilution water contained unusual amounts or ratios of inorganic ions 
or was without addition of appropriate salts (i.e., distilled or de-ionized water). 

VARIABLE EXPOSURE 
(VarExp) Excessive variability in contaminant concentrations during the exposure period. 

WATER QUALITY 
(WatQual) 

Studies where the measured test pH is below 6 or greater than 9, where dissolved oxygen was less than 
40% saturation for any length of time, or where total or dissolved organic carbon is greater than 5 mg/L. 
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Appendix M.  1999 Re-examination of Temperature Dependence of Ammonia Toxicity. 
 

 This section presents the temperature analysis published in the 1998 Update, followed by 

the re-analysis performed for the 1999 Update and reproduced here as background information.  

Figure and table numbers are preceded by an ‘M’ in this appendix, in order to distinguish them 

from tables and figures in the main document. 

 

1998 Analysis of Temperature-Dependence 

 The 1984/1985 ammonia criteria document identified temperature as an important factor 

affecting the toxicity of ammonia.  When expressed in terms of unionized ammonia, the acute 

toxicity of ammonia was reported in the criteria document to be inversely related to temperature 

for several species of fish, whereas limited data on acute ammonia toxicity to invertebrates 

showed no significant temperature dependence.  No direct data were available concerning the 

temperature dependence of chronic toxicity.  It was noted, however, that the differences between 

chronic values for salmonid fish species tested at low temperatures and chronic values for 

warmwater fish species tested at higher temperatures paralleled differences in acute toxicity 

known to be caused by temperature.  

 In the 1984/1985 criteria document, an average temperature relationship observed for fish 

was used to adjust fish acute toxicity data to a common temperature (20°C) for derivation of the 

CMC for unionized ammonia; this same relationship was used to extrapolate this CMC to other 

temperatures.  (Invertebrate toxicity data were not adjusted, but invertebrates were sufficiently 

resistant to ammonia that adjustment of invertebrate data was not important in the derivation of 

the CMC.)  This temperature relationship for fish resulted in the unionized ammonia CMC being 

higher at warm temperatures than at cold temperatures.  Additionally, because of concerns about 

the validity of extrapolating the temperature relationship to high temperatures, the unionized 

ammonia CMC was "capped" to be no higher than its value at a temperature, called TCAP, near 

the upper end of the temperature range of the acute toxicity data available for warmwater and 
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coldwater fishes.  Similarly, the CCC was capped at a temperature near the upper end of the 

temperature range of the available chronic toxicity data. 

 Although the unionized ammonia criterion is lower at low temperatures, this does not 

result in more restrictive permit limits for ammonia because the ratio of ammonium ion to 

unionized ammonia increases at low temperatures, resulting in the total ammonia criterion being 

essentially constant at temperatures below TCAP.  In practice, however, the criterion at low 

temperatures can be more limiting for dischargers than the criterion at high temperatures because 

biological treatment of ammonia is more difficult at low temperatures.  Above TCAP, the 

constant unionized ammonia criterion results in the total ammonia criterion becoming 

progressively lower with increasing temperature, which can also result in restrictive discharge 

limitations. 

 Because more data are available at moderate temperatures than at lower and higher 

temperatures, the ammonia criterion is most uncertain for circumstances when compliance can 

be most difficult, either because of the low total ammonia criterion at high temperatures or 

because of treatment difficulties at low temperatures.  This section examines the data used in the 

1984/1985 criteria document and newer data to determine (1) whether the use of TCAPs should 

be continued and (2) whether a lower unionized criterion at low temperature is warranted.  Data 

used include those analyzed by Erickson (1985), which are shown in Figure 2 of the 1984/1985 

document, and more recent data reported by Arthur et al. (1987), DeGraeve et al. (1987), Nimmo 

et al. (1989), and Knoph (1992). 

 

Data not used include those reported by the following: 

1. Bianchini et al. (1996) conducted acute tests at 12 and 25°C, but one test was in fresh 

water, whereas the other was in salt water. 

2. Diamond et al. (1993) conducted acute and chronic toxicity tests on ammonia at 12 and 

20°C using several vertebrate and invertebrate species.  When expressed in terms of 

unionized ammonia, they reported that vertebrates (i.e., fishes and amphibians) were 

more sensitive to ammonia at 12°C than at 20°C, whereas invertebrates were either less 
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sensitive or no more sensitive at 12°C, compatible with the relationships used in the 

1984/1985 criteria document.  However, such factors as dilution water and test duration 

varied between tests at different temperatures and possibly confounded the results (see 

Appendix 1 of the 1999 update), raising doubts about the temperature comparisons for 

the vertebrates and invertebrates. 

 

 Arthur et al. (1987) measured the acute toxicity of ammonia to several fish and 

invertebrate species at ambient temperature during different seasons of the year.  For three of the 

five fish species (rainbow trout, channel catfish, and white sucker), the relationship of toxicity to 

temperature was similar to that used in the 1984/1985 criteria document.  When expressed in 

terms of unionized ammonia, no clear relationship existed between temperature and toxicity for 

the other fish species (fathead minnow and walleye).  This result for the fathead minnow is 

different from those of three other studies (Reinbold and Pescitelli 1982b; Thurston et al. 1983; 

DeGraeve et al. 1987) reporting a significant effect of temperature on the acute toxicity of 

unionized ammonia to the fathead minnow.  For five invertebrate species, each tested over a 

temperature range of at least 10°C, there was no consistent relationship between temperature and 

unionized ammonia toxicity.  An initial report of these results (West 1985) was the basis for no 

temperature adjustment being used for invertebrate data in the 1984/1985 criteria document.  

Further analysis of the Arthur (1987) data is discussed later. 

 DeGraeve et al. (1987) studied the effect of temperature (from 6 to 30°C) on the toxicity 

of ammonia to juvenile fathead minnows and channel catfish using acute (4-day) and chronic 

(30-day) ammonia exposures.  As shown for both fish species in Figure M.1, log(96-hr unionized 

ammonia LC50) versus temperature was linear within the reported uncertainty in the LC50s; the 

slopes were similar to those reported in the 1984/1985 criteria document.  Problems with the 

channel catfish chronic tests precluded effective use of those data and the highest tested 

ammonia concentrations in the fathead minnow chronic tests at 15 and 20°C did not cause 

sufficient mortality to be useful.  However, sufficient mortality did occur in the fathead minnow 

chronic tests at 6, 10, 25, and 30°C.  Based on regression analysis of survival versus log 

Exhibit 34



 

202 

 

concentration (discussed in more detail in the section concerning the CCC below), 30-day LC20s 

for unionized ammonia were 0.11, 0.18, 0.48, and 0.44 mg N/L at 6, 10, 25, and 30°C, 

respectively.  This temperature dependence (Figure M.1) is similar to that for acute toxicity and 

that used in the 1984/1985 criteria document.  The actual effect of temperature on these 30-day 

LC20s is probably somewhat greater, because test pH decreased with increasing temperature. 

 Nimmo et al. (1989) conducted acute toxicity tests on ammonia at 6 and 20°C in a well 

water using Johnny darters and in a river water using both Johnny darters and juvenile fathead 

minnows.  In all three sets of tests, LC50s expressed in terms of unionized ammonia were 

significantly higher at the warmer temperature, by factors ranging from 3.5 to 6.2. 

 Knoph (1992) conducted acute toxicity tests at temperatures ranging from 2 to 17°C 

using Atlantic salmon parr, one series of tests at pH≈6.0 and the other at pH≈6.4.  In both series 

of tests, LC50s expressed in terms of unionized ammonia increased substantially with 

temperature. 

 Even with these additional data, the shape of the temperature relationship is not 

completely resolved, especially for chronic toxicity.  Nevertheless, the acute data for fishes 

overwhelmingly indicate that ammonia toxicity, expressed in terms of unionized ammonia, 

decreases with increasing temperature.  

Exhibit 34



 

203 

 

Figure M.1.  The Effect of Temperature on Ammonia Toxicity in Terms of Unionized Ammonia (DeGraeve et al. 1987). 
Symbols denote LC50s or LC20s and 95% confidence limits and lines denote linear regressions of log LC versus temperature. 
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 Most importantly, the data of DeGraeve et al. (1987) show (Figure M.1) that (a) a linear 

relationship of log unionized ammonia LC50 versus temperature applies within the reported 

uncertainty in the LC50s over the range of 6 to 30°C and (b) temperature effects on long-term 

mortality are similar to those on acute mortality.  For invertebrates, acute toxicity data suggest 

that ammonia toxicity, when expressed in terms of unionized ammonia, does not decrease, and 

possibly even increases, with increasing temperature.  Quantifying and adjusting data for this 

relationship is not necessary because even at warm temperatures invertebrates are generally more 

resistant to acute ammonia toxicity than fishes and thus their precise sensitivities are of limited 

importance to the criterion.  At low temperatures, they are even more resistant relative to fishes 

and thus their precise sensitivity is even less important to the criterion. 

 

Based on this information, the two issues raised above were resolved as follows: 

1. TCAPs will not be used in the ammonia criterion.  This does not mean that the notion of 

high temperature exacerbating ammonia toxicity is wrong; rather, it reflects the fact that 

such an effect is not evident in the available data, which cover a wide temperature range. 

2. A CMC, if it were expressed as unionized ammonia (rather than total ammonia, used in 

this document) would continue to be lower at lower temperatures, consistent with the 

observed temperature dependence of ammonia toxicity to the most sensitive species, i.e., 

fishes. Although it is possible that the temperature relationship differs among fish species 

and that using the same relationship for all fish species introduces some uncertainty, 

specifying a relationship for each fish species is not possible with current data and would 

also introduce considerable uncertainty.  

 

 Therefore, for a criterion expressed in terms of unionized ammonia, available data 

support the continued use of a generic temperature relationship similar to that in the 1984/1985 

ammonia criteria document, but without TCAPs.
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Figure M.2.  The Effect of Temperature on Acute Ammonia Toxicity in Terms of Total Ammonia Nitrogen. 
Symbols denote LC50s, solid lines denote regressions for individual datasets, and dotted lines denote pooled regressions over all 
datasets. 
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Figure M.3.  The Effect of Temperature on pH-Adjusted Acute Ammonia Toxicity in Terms of Total Ammonia Nitrogen. 
LC50s are adjusted to the mean pH of the dataset based on the pooled relationship of acute toxicity to pH.  Symbols denote LC50s, solid 
lines denote regressions for individual datasets, and dotted lines denote pooled regression over all datasets 
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 This raised a new issue, however, because the criterion expressed in terms of total 

ammonia is nearly constant over all tested temperatures, and the small effect of temperature on 

the total ammonia criterion in the 1984/1985 criteria document is largely an artifact of 

conducting regression analyses in terms of unionized ammonia and is not indicative of any 

established, significant trend.  It was thought that the expression and implementation of the 

ammonia criterion might have been simplified if temperature were dropped as a modifying 

factor, which might have been possible if ammonia toxicity is expressed in terms of total 

ammonia.  Furthermore, permit limits and compliance are usually expressed in terms of total 

ammonia nitrogen, and so expressing the criterion in terms of total ammonia nitrogen would 

simplify its implementation by eliminating conversions to and from unionized ammonia.  

Because of such benefits and because there are no compelling scientific or practical reasons for 

expressing the criterion in terms of unionized ammonia, the freshwater toxicity data concerning 

temperature dependence were reanalyzed in terms of total ammonia nitrogen. 

 The data analyzed are from the studies included in the 1984/1985 ammonia criteria 

document and the studies of DeGraeve et al. (1987), Nimmo et al. (1989), and Knoph (1992).  

All analyses were conducted in terms of total ammonia nitrogen, either as reported by the authors 

or as converted by us from reported values for unionized ammonia, pH, and temperature using 

the speciation relationship of Emerson et al. (1975).  The data are presented in Figure M.2 and 

show considerable diversity, with some datasets showing decreasing toxicity with increasing 

temperature, some showing increasing toxicity, and some showing virtually no change.  There 

are even differences among studies using the same test species.  However, in no case is the effect 

of temperature particularly large, being no more than a factor of 1.5 over the range of any 

dataset, except for the Johnny darter data of Nimmo et al. (1989).  In some studies, test pH was 

correlated with test temperature.  To reduce the confounding effect of pH, the total ammonia 

LC50 was adjusted to the mean pH of the data for the study using the pH relationship discussed in 

the next section of this appendix.  These adjusted data are shown in Figure M.3 and also show 

neither large effects nor any clear consistency among or within species or studies.  
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 For each dataset containing at least three data points, a linear regression of log LC50 

versus temperature was conducted (Draper and Smith 1981) and the resulting regression lines are 

plotted as solid lines in Figures M.2 and M.3.  These regressions are significant at the 0.05 level 

for only one dataset (the unadjusted fathead minnow data of Thurston et al. 1983); for this 

dataset, however, the regression is not significant when the data are adjusted for the fact that pH 

values were lower in the low-temperature tests than in the high-temperature tests.  Slopes from 

regression analyses of datasets in Figure M.3 range from -0.015 to 0.013, compared to a range 

from 0.015 to 0.054 when expressed in terms of unionized ammonia (Erickson 1985).  This 

narrower range of slopes in terms of total ammonia nitrogen also argues for use of total 

ammonia, rather than unionized ammonia, because there is less uncertainty associated with the 

generic relationship.  For datasets with just two points, Figures M.2 and M.3 also show the 

slopes for comparative purposes.  Based on the typical uncertainty of LC50s, these slopes also 

would not be expected to be significant, except perhaps for the Johnny darter data of Nimmo et 

al. (1989). 

 A multiple least-squares linear regression (Draper and Smith 1981) using all datasets 

(with a common slope for all datasets and separate intercept for each dataset) was conducted, 

both with and without pH adjustment.  The results of these pooled analyses are plotted as dotted 

lines in Figures M.2 and M.3 to show that the residual errors for the common regression line 

compared to the individual regression lines are not large relative to the typical uncertainty of 

LC50s.  To better show the overall fit of the common regression line, the data are also plotted 

together in Figure M.4 by dividing each point by the regression estimate of the LC50 at 20°C for 

its dataset.  This normalization is done strictly for data display purposes because it allows all of 

the datasets to be overlaid without changing their temperature dependence, so that the overall 

scatter around the common regression line can be better examined.  The data show no obvious 

trend, with the best-fit slope explaining only 1% of the sum of squares around the means for the 

pH-adjusted data and 0% for the unadjusted data.  The one available chronic dataset (DeGraeve 

et al. 1987) also shows no significant temperature effect when expressed in terms of total 
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ammonia nitrogen (Figure M.5) and adjusted for pH differences among the tests.  (These tests 

and the calculation of the LC20s are discussed in detail later.) 

 Based on the small magnitude and the variability of the effect of temperature on total 

ammonia acute and chronic toxicity values for fish, the 1998 Update did not include temperature 

as a modifying factor for a total ammonia criterion.  For invertebrates, it should be noted that the 

1998 Update’s assumption that temperature had no effect on the toxicity of total ammonia differs 

from the 1984/1985 criteria document’s assumption that temperature has no effect on the toxicity 

of unionized ammonia.  This inconsistency is resolved during the 1999 re-examination of data, to 

be discussed shortly, by incorporating a relationship between temperature and total ammonia 

toxicity to invertebrates.  That relationship, however, does not affect the (1999 update) CMC 

because invertebrates are not among the acutely sensitive taxa.   
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Figure M.4.  The Effect of Temperature on Normalized Acute Ammonia Toxicity in Terms of Total Ammonia Nitrogen. 
Data were normalized by dividing measured LC50s by regression estimates of LC50s at 20°C for individual datasets for Figure M.2 
(top plot) and Figure M.3 (bottom plot). 
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Figure M.5.  The Effect of Temperature on Chronic Ammonia Lethality to Fathead Minnows in Terms of Total Ammonia 
Nitrogen (DeGraeve et al. 1987). 
Symbols denote LC20s and 95% confidence limits and lines denote linear regressions of log LC versus temperature.  Figure on left is 
for estimated LC50s at test pH and figure on right is for LC50s adjusted to pH=7.5 based on pooled relationship of chronic toxicity to 
pH. 
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 The amount of uncertainty in this approach to the CMC can be demonstrated to be small 

by considering how the criterion would differ if total ammonia toxicity was adjusted based on 

the slopes in various datasets.  Because the bulk of the toxicity data used in the derivation of the 

criterion is within a few degrees of 20°C, the temperature relationship used has very little effect 

on the criterion near this temperature, but rather has the greatest effect on the criterion at much 

higher or lower temperatures.  If the average slope for the pH-adjusted acute data from Figure 

M.4 is used, the total ammonia CMC at 5°C would be only about 6% higher than at 20°C.  The 

smallest and largest slopes from the acute regressions for individual species in Figure M.3 would 

produce a range from 40% lower to 68% higher at 5°C than at 20°C, but this greatly overstates 

the uncertainty because effects on a CMC derived from many datasets should not be near these 

extremes. 

 

1999 Re-examination of Temperature Dependence – Acute Toxicity 

 The previous section, reproduced with relatively few changes from the 1998 Update, 

included an analysis of available data on the temperature dependence of acute ammonia toxicity 

to fish.  These data (in Figures M.2, M.3, and M.4) consisted of 20 different data sets drawn from 

11 different studies and included nine different species, four of these species being in more than 

one study.  Data from Arthur et al. (1987) were not used in the 1998 analysis because those 

authors reported concerns about factors confounding temperature in their data set.  Linear 

regression analysis of log LC50 (total ammonia basis) versus temperature was conducted on each 

data set, both with and without correcting for pH as a confounding factor.  No consistent trend 

with temperature was observed and only one data set showed a slope different than zero at the 

0.05 level of statistical significance.  Therefore, a pooled linear regression analysis was 

conducted across all data to derive an average slope, which was very close to zero and also not 

statistically significant.  On the basis of this analysis, the 1998 Update did not include any 

temperature dependence for criteria to protect fish from acute ammonia toxicity.  

 In response to public comment (U.S. EPA, 1999), the 1998 analysis was re-examined.  

This re-examination indicated that it is appropriate to handle the temperature dependencies of 

fish and invertebrates separately.  For invertebrates, the inclusion of the Arthur et al. (1987) data 

in the regression analysis yields a change in the temperature dependency that is ultimately 

reflected in the difference between the 1999 CCC and the 1998 CCC.   
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 In the 1998 Update, EPA did not use the Arthur et al. (1987) data because of those 

authors concerns that other variable factors in their tests, conducted during different seasons, 

might have had a potential to confound their results.  In re-examining their data in response to 

comments, however, EPA found that most of the fish data from Arthur et al. showed behavior 

similar to that from numerous other investigators: that is, little relationship with temperature 

when expressed as total ammonia.  Consequently, it was concluded that the other variable factors 

were unlikely to be confounding the results. 

 For fish, although the temperature dependency is unchanged from 1998, additional 

documentation is provided here, primarily because the apparent difference between fish acute 

and chronic temperature dependencies is now used in the projection of the invertebrate chronic 

temperature dependency.   

 First presented here will be more details on the regression analyses of the individual data 

sets conducted for the Update, plus similar analyses of the data of Arthur et al.  A linear 

regression was conducted on each data set using the equation: 

 

log(LC50T)  =  log(LC5020)  + S   (T- 20) 

 

where LC50T is the total ammonia LC50 at temperature T, S is the slope of log LC50 versus 

temperature, and LC5020 is the estimated total ammonia LC50 at 20°C.  For completeness, this 

effort included data sets with just two points, although the regression analysis then provides a 

perfect fit and has no residual error, so that confidence limits, significance levels, etc. cannot be 

evaluated using normal methods.  In such cases, the mean squared error (MSE) of data around 

the regression was assumed to be equal to the weighted mean residual MSE for the larger data 

sets, so that approximate significance levels could be determined. 

 

Fish acute data: 

 Table M.1 presents the results of the regression analysis for each data set, with data 

adjusted to pH=8 based on the average pH relationship used in the 1998 and 1999 Updates.  

Plots of these relationships (except for Arthur et al. 1987) are in Figure M.3 in the previous 

section. 
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 Of the 24 entries in Table M.1, nearly half (11) have very small slopes of between -0.006 

and +0.006, a range which corresponds to a factor of 1.3 change or less in LC50 for a 20°C 

temperature change and is less than normal data variability.  Of these 11, five have positive 

slopes and six have negative slopes.  Of the 13 entries with steeper slopes, five have positive 

slopes and eight have negative slopes.  Among the data sets used in the Update, only two of the 

regressions are statistically significant at the 0.05 level, one with a negative slope and one with a 

positive slope, although two other sets (for fathead minnows from DeGraeve et al. 1987 and 

Reinbold and Pescitelli 1982b) are close to being significant.  (The level of significance for the 

Johnny darter data set differs from what was reported in the previous section because it consists 

of two different sets which were analyzed separately in the 1998 analysis, but combined here 

because they were not significantly different.)  Of the five data sets from Arthur et al. (1987), 

only one is significant at the 0.05 level.  For species with more than one entry, slopes vary 

considerably.  This general lack of statistical significance and consistency precludes any reliable 

assessments based on these individual analyses.   

 The 1998 Update therefore conducted a pooled regression analysis to determine whether 

the combined acute toxicity data sets indicated any significant average trends with temperature.  

Table M.2 summarizes the mean trends determined in various pooled analyses.  The first entry is 

the pooled analysis conducted for the 1998 Update, which included all the data in Table M.1 

above except the fish data of Arthur et al. (1987).  The slope from this pooled analysis was very 

small (-0.0023), and was not statistically significant despite the large number of data.  The 

second entry adds the fish data of Arthur et al.; it does result in a statistically significant trend.  

The mean slope (-0.0058) is still small, but does amount to a 23% decrease in LC50 per 20°C 

increase in temperature.  However, this slope is heavily influenced by two points with high 

residual (>3σ) deviations.  One of these points is a test at 3.4°C by Arthur et al. (1987) with 

fathead minnows, which showed much greater effects of low temperature than other studies with 

the same species.  The other point is for a test at 22.6°C by Arthur et al. (1987) with walleye, 

which showed very high sensitivity and was part of a set of three tests which used fish from 

different sources, potentially confounding the temperature effects.  Without these two data, the 

regression has an even lower slope and is not significant at the 0.05 level (third entry in Table 

M.2).  Overall, these analyses of the fish acute data suggest a weak overall trend of higher LC50s 
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at low temperatures, with a logLC50 versus temperature slope in the -0.002 to -0.006 range, but 

of questionable statistical significance. 

 

Table M.1.  Results of Regression Analysis of logLC50 (mg/L total ammonia nitrogen) 
Versus Temperature (°C) for Individual Data Sets on the Temperature Dependence of 
Acute Ammonia Toxicity. 
Table M.1 

Reference/ 
Species 

Slope 
(95% CL) 

logLC5020 
(95% CL) 

Residual SD 
(r2) 

FREGR 
(α) 

Thurston et al. (1983) 
Fathead Minnow 

-0.0014 
(-0.013,+0.013) 

1.641 
(1.582,1.700) 

0.112 
(<1%) 

0.06 
(0.81) 

Thurston and Russo (1983) 
Rainbow Trout 

+0.0059 
(-0.017,+0.029) 

1.350 
(1.204,1.495) 

0.121 
(2%) 

0.30 
(0.59) 

Cary (1976) 
Channel Catfish 

+0.0028 
(-0.008,+0.013) 

1.676 
(1.593,1.758) 

0.093 
(2%) 

0.32 
(0.58) 

Colt and Tchobanoglous (1976) 
Channel Catfish 

+0.0004 
(-0.037,+0.038) 

1.604 
(1.350,1.858) 

0.016 
(2%) 

0.02 
(0.91) 

Ministry of Technology (1967) 
Rainbow Trout 

+0.0008 
(-0.018,+0.019) 

1.231 
(1.010,1.452) 

0.051 
(1%) 

0.03 
(0.88) 

Roseboom and Richey (1977) 
Bluegill Sunfish 

+0.024 
(-0.025,+0.073) 

1.089 
(0.803,1.375) 

- 0.95 
(0.33) 

Roseboom and Richey (1977) 
Channel Catfish 

+0.020 
(-0.029,+0.069) 

1.482 
(1.196,1.768) 

- 0.68 
(0.41) 

Roseboom and Richey (1977) 
Largemouth Bass 

-0.0029 
(-0.040,+0.034) 

1.237 
(0.972,1.502) 

- 0.02 
(0.88) 

Reinbold and Pescitelli (1982b) 
Rainbow Trout 

-0.0088 
(-0.028,+0.010) 

1.396 
(1.159,1.632) 

0.088 
(29%) 

1.63 
(0.27) 

Reinbold and Pescitelli (1982b) 
Bluegill Sunfish 

-0.0004 
(-0.027,+0.026) 

1.370 
(1.059,1.681) 

0.128 
(0%) 

0.00 
(0.96) 

Reinbold and Pescitelli (1982b) 
Fathead Minnow 

-0.0153 
(-0.031,+0.009) 

1.429 
(1.243,1.615) 

0.076 
(89%) 

16.6 
(0.06) 

Hazel et al. (1971) 
Striped Bass 

-0.0163 
(-0.057,+0.025) 

1.274 
(1.105,1.443) 

0.076 
(60%) 

2.93 
(0.23) 

Hazel et al. (1971) 
Three-Spined Stickleback 

-0.0106 
(-0.053,+0.032) 

1.390 
(1.214,1.567) 

0.081 
(36%) 

1.14 
(0.40) 

DeGraeve et al. (1987) 
Fathead Minnow 

-0.0052 
(-0.012,+0.002) 

1.617 
(1.563,1.670) 

0.061 
(36%) 

3.33 
(0.12) 

DeGraeve et al. (1987) 
Channel Catfish 

-0.0088 
(-0.016,-0.002) 

1.648 
(1.595,1.701) 

0.061 
(62%) 

9.76 
(0.02) 

Knopf (1992) 
Atlantic Salmon 

-0.0035 
(-0.027,+0.020) 

1.715 
(1.406,2.025) 

0.097 
(7%) 

0.22 
(0.067) 

Knopf (1992) 
Atlantic Salmon 

+0.0163 
(-0.075,+0.108) 

1.636 
(0.405,2.866) 

0.054 
(84%) 

5.18 
(0.26) 

Nimmo et al. (1989) 
Johnny Darter 

+0.021 
(+0.000,+0.043) 

1.463 
(1.248,1.678) 

0.072 
(90%) 

18.1 
(0.05) 

Nimmo et al. (1989) 
Fathead Minnow 

+0.0070 
(-0.014,+0.028) 

1.568 
(1.353,1.782) 

- 0.42 
(0.52) 

Arthur et al. (1987) 
Fathead Minnow 

-0.032 
(-0.059,-0.004) 

1.762 
(1.493,2.030) 

0.105 
(92%) 

24.8 
(0.04) 
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Table M.1 
Reference/ 

Species 
Slope 

(95% CL) 
logLC5020 
(95% CL) 

Residual SD 
(r2) 

FREGR 
(α) 

Arthur et al. (1987) 
Rainbow Trout 

-0.0100 
(-0.053,+0.033) 

1.348 
(0.937,1.758) 

0.158 
(16%) 

0.56 
(0.51) 

Arthur et al. (1987) 
Channel Catfish 

-0.0058 
(-0.038,+0.027) 

1.558 
(1.230,1.886) 

0.030 
(84%) 

5.15 
(0.26) 

Arthur et al. (1987) 
White Sucker 

+0.0007 
(-0.23,+0.25) 

1.902 
(1.657,2.147) 

0.048 
(1%) 

0.01 
(0.92) 

Arthur et al. (1987) 
Walleye 

-0.038 
(-0.327,+0.250) 

1.216 
(-1.911,4.343) 

0.306 
(74%) 

2.84 
(0.34) 

 

 

Table M.2.  Results of Regression Analysis of log LC50 (mg/L total ammonia nitrogen) 
Versus Temperature (°C) for Pooled Data Sets on the Temperature Dependence of Acute 
Ammonia Toxicity to Fish. 

Data Sets Pooled Slope 
(95% CL) 

Residual SD 
(r2) 

FREGR 
(α) 

All Data excluding Arthur et al. -0.0023 
(-0.0057,+0.0011) 

0.105 
(2%) 

1.79 
(0.18) 

All Data including Arthur et al. -0.0058 
(-0.0094,-0.0022) 

0.122 
(8%) 

10.3 
(<0.01) 

All Data including Arthur et al. except  "Outliers" -0.0030 
(-0.0063,+0.0002)) 

0.105 
(3%) 

3.52 
(0.06) 

Fathead Minnow excluding Arthur et al 
 

-0.0063 
(-0.0122,-0.0005) 

0.106 
(11%) 

4.76 
(0.04) 

Fathead Minnow including Arthur et al. 
 

-0.0105 
(-0.0169,-0.0049) 

0.120 
(25%) 

13.4 
(<0.01) 

Fathead Minnow including Arthur et al. excl "Outlier" 
 

-0.0073 
(-0.0129,-0.0017) 

0.106 
(15%) 

6.85 
(0.01) 

Rainbow Trout excluding Arthur et al. 
 

-0.0013 
(0.0122,+0.0096) 

0.109 
(<1%) 

0.06 
(0.80) 

Rainbow Trout including Arthur et al. 
 

-0.0034 
(-0.0133,+0.0064) 

0.115 
(2%) 

0.51 
(0.48) 

Channel Catfish excluding Arthur et al. 
 

-0.0030 
(-0.0091,+0.0031) 

0.088 
(4%) 

1.05 
(0.32) 

Channel Catfish including Arthur et al. 
 

-0.0034 
(-0.088,+0.021) 

0.085 
(6%) 

1.64 
0.21) 

Bluegill Sunfish 
 

+0.0006 
(-0.0172,+0.0184) 

0.120 
(<1%) 

0.01 
(0.92) 
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 It is also useful to consider separately the overall trends for different fish species.  Table 

M.1 includes multiple studies with fathead minnows, rainbow trout, channel catfish, and bluegill 

sunfish.  Table M.2 includes the results of pooled analyses for each of these species, both with 

and without data from Arthur et al. (1987).  For rainbow trout, bluegill, and channel catfish, the 

regressions were not statistically significant.  The bluegill data indicated virtually no temperature 

effect, whereas weak trends similar to the pooled analyses over all data sets were suggested in 

the channel catfish data (slope = -0.0030 without and -0.0034 with Arthur et al. data) and 

rainbow trout data (slope = -0.0014 without and -0.0034 with Arthur et al. data).  For fathead 

minnow, the pooled analyses were statistically significant and stronger, with slopes ranging from 

-0.0063 to -0.0105 depending on the treatment of data from Arthur et al.  Such slopes for fathead 

minnow would result in moderate effects over a broad temperature range:  a 20°C decrease in 

temperature would result in a 33% to 62% increase in LC50.  However, this species is not 

sensitive enough that this would affect the acute criterion values.  For the species used in the 

acute criterion calculations, no temperature correction for acute toxicity is appropriate due to the 

lack of any significant trend over all data sets. 

 

Invertebrate acute data: 

 Unlike fish, available acute toxicity data for invertebrates indicates that their acute 

sensitivity to ammonia decreases substantially with decreasing temperature.  The 1998 Update 

noted this temperature dependence, but did not present any analysis of it because tested 

invertebrates were sufficiently tolerant to acute ammonia exposures that this dependence would 

not affect the acute ammonia criterion.  The 1998 Update also noted that this temperature 

dependence should be a consideration in setting low temperature chronic criterion, but did not 

provide any specific analysis regarding this.  This section will provide an analysis of available 

information on the temperature-dependence of invertebrate acute ammonia toxicity, to be used 

later for estimating the temperature-dependence of chronic ammonia toxicity. 

 Arthur et al. (1987) provide the only available data on the temperature dependence of 

acute ammonia toxicity to invertebrates.  As noted earlier, these toxicity tests did not specifically 

test temperature effects, but rather were seasonal tests in which various chemical characteristics 

of the tests water varied as well as temperature.  Test organisms were whatever were available in 

outdoor experimental streams at the time of the test, so the size, life stage, and condition of the 
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organisms also varied.  The authors of this study expressed some doubt as to how much of the 

effects they observed were actually due to temperature.  However, for invertebrates, they did 

observe strong correlations of total ammonia toxicity with temperature.  Confounding factors 

might contribute somewhat to this correlation, but temperature is still likely the primary 

underlying cause.  If other factors were largely responsible for the apparent effects of 

temperature, it would be expected that strong correlations with temperature would also be 

evident in their fish data.  However, as discussed above, the fish data usually showed much 

weaker effects of temperature, similar to other studies with fewer confounding factors. 

 These invertebrate acute data were analyzed using the same regression model and 

techniques as discussed above for fish.  The study of Arthur et al. (1987) included data sets for 

nine invertebrate species, but two of these sets were not included in the analysis because they 

consisted of two tests at temperatures only 3°C apart.  For the other species, the number of tests 

ranged from 2 to 6, with temperature ranges of from 9°C to 21°C.  Table M.1 summarizes the 

regression results for the data sets of each species and for pooled analyses conducted on (a) all 

seven species, and (b) three species that had more than two tests and a temperature range of at 

least 15°C.  All data were corrected to pH 8 based on the average acute pH relationship 

(described later).  All species show substantially greater tolerance to ammonia at lower 

temperatures, and in most cases the significance level of the regression is better than 0.05.  (As 

for the analysis of the fish data, when there were just two tests for a species, the significance 

level for the individual analysis is based on the MSE from the pooled analysis.)  The slope of log 

LC50 versus temperature does not vary widely, ranging from -0.028 to -0.046 and being -0.036 

for both pooled analyses.  Figure M.6 provides plots of this data and the regression lines 

comparable to those for fish previously shown in Figures M.3 and M.4. 

 Again, because invertebrates are not among the species acutely sensitive to ammonia (in 

the 1999 update), the invertebrate acute temperature slope does not affect the formulation of the 

acute criterion.  It will be used subsequently, however, in formulating the invertebrate chronic 

temperature slope, which ultimately will affect the formulation of the chronic criterion. 
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1999 Re-examination of Temperature Dependence – Chronic Toxicity 

Fish chronic data 

 As in the 1998 Update, the only available data on the temperature dependence of chronic 

ammonia toxicity are from the study by DeGraeve et al. (1987) on survival of juvenile fathead 

minnows during 30-day exposures to ammonia at temperatures ranging from 6°C to 30°C.  In 

contrast to acute toxicity, which for fathead minnows showed sensitivity to be slightly reduced at 

low temperatures, this data on chronic toxicity suggested greater sensitivity at low temperatures.  

However, this trend was small, at least once the confounding effect of pH was corrected for, and 

not statistically significant.  Based on this analysis, the 1998 Update treated effect concentrations 

for chronic ammonia toxicity to fish as it did for acute toxicity:  as being invariant with 

temperature.  However, the 1998 Update also noted that, if seasonal variations in temperature 

cause a shift in what endpoints the criterion should be based on, the chronic criterion could have 

a seasonal temperature dependence even if effect concentrations for specific chronic endpoints 

do not vary with temperature (This is discussed in the 1999 AQWC document under the section 

named Seasonality of Chronic Toxicity Endpoints). 

 This section will provide more details regarding the analysis of the chronic toxicity data 

from DeGraeve et al. (1987), and a comparison of its temperature dependence to that of acute 

toxicity in the same study.  Figure M.5 showed the temperature dependence of acute and chronic 

effect concentrations from this study. 

 An important issue in this analysis is the confounding effect of pH on the apparent effect 

of temperature, because pH increased with decreasing temperature in these chronic exposures.  

To examine what the effect of temperature is, the effect concentrations should be adjusted to a 

common pH using an equation that accounts for the effect of pH.  A critical question then is what 

pH equation to use, because no study exists for the effect of pH on this particular chronic 

endpoint (juvenile 30-day survival), or on the interaction of pH and temperature effects.  The 

1998 Update used the pH relationship derived for the chronic criterion.  Of the pH relationships 

available, that one is probably most appropriate, but entails some uncertainty.  To evaluate how 

conclusions about temperature effects will vary if the true pH relationship is different, this 

analysis will also use the pH relationship for acute toxicity to fathead minnows from Thurston et 

al. (1983).  This relationship likely represents an extreme possibility; i.e., it assumes that chronic 
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toxicity pH relationships are the same acute ones, contrary to what is indicated by available 

chronic studies. 

Exhibit 34



 

221 

 

Figure M.6.  Temperature Dependence of Acute Ammonia Toxicity to Invertebrate 
Organisms from Arthur et al. (1987). 
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 Using the pooled chronic pH relationship (presented later in this document), slope=0.010, 

significance=0.13, and r2=0.76.  Using the fathead minnow acute pH relationship, slope=0.0053, 

significance=0.32, and r2=0.45.  In neither case is the regression statistically significant at the 5 

percent level, due to the amount and variability of the data.  Nevertheless, it should be noted that, 

in both cases, the chronic data show an upward trend with temperature, in contrast to that 

observed for acute toxicity.  Even under the extreme assumption that these data have a pH 

relationship similar to acute toxicity, the slope is 0.005, and is twice this under the assumption 

that these data follow the chronic pH relationship.  Thus, even if fathead minnows show 

increased acute tolerance to ammonia at low temperatures, a similar assumption for chronic 

toxicity is contraindicated. 

 The difference between acute and chronic temperature relationships can be better 

assessed by looking at acute-chronic ratios.  Figure M.7 shows the temperature dependence of 

the ratio of the acute LC50 to the chronic LC20.  The chronic LC20s used for the ACRs were 

normalized via the above two alternative pH relationships, while the acute LC50s were 

normalized only using the acute pH relationship.  The results show that for either pH 

normalization alternative, the ACRs are substantially higher at lower temperatures than at higher 

temperatures.  If the chronic data are pH-normalized using the chronic pH relationship, the 

regression is significant at the 0.05 level, with a slope of -0.0155.  If normalized using the acute 

pH relationship, the slope is less (-0.0110), but even with this extreme assumption, there is only a 

13 percent probability that the regression slope arose by chance. 

 It is not surprising that acute-chronic ratios are higher at low temperature.  Temperature 

can affect toxicity in a variety of ways, one of which is simply to slow down responses.  This is 

evident in some reports on the effect of temperature on ammonia toxicity.  For example, for the 

rainbow trout data from Ministry of Technology (1967), there was little effect of temperature on 

total ammonia LC50s at 96 hours, but at shorter durations LC50s increased with decreasing 

temperature.  The overall impact on the temperature dependence of LC50s and ACRs will depend 

on the duration of the acute toxicity test and on the speed of action of acute ammonia toxicity in 

the species of concern.  However, temperature is likely to affect ammonia toxicity in multiple 

ways, some of which would alter acute and chronic toxicity similarly.  Nonetheless, to some 

degree the ratio of effect concentrations at different durations is expected to increase at lower 
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temperatures.  This expectation, as well as the empirical evidence, argues against the direct 

application of acute temperature relationships to chronic toxicity. 

 

Figure M.7.  Temperature-Dependence of Ammonia ACRs for Fathead Minnows. 
(The choice of reference condition, pH=8 here versus pH=7.5 in Figure M.5, has no effect on 
slope or significance.) 
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Figure 1.  Temperature Dependence of Acute Ammonia Toxicity 
to Invertebrate Organisms from Arthur et al. (1987).

(Solid line denotes species slope; Dotted line denotes pooled slope)

Figure 1.  Temperature Dependence of Acute Ammonia Toxicity 
to Invertebrate Organisms from Arthur et al. (1987).

(Solid line denotes species slope; Dotted line denotes pooled slope)

Temperature-dependence of ammonia acute:chronic ratios for fathead minnows 

 
 

Invertebrate chronic projections 

 No data are available on the effect of temperature on chronic ammonia toxicity to 

invertebrates.  Because invertebrates are much more acutely tolerant at low temperatures than at 

high temperatures, it is likely that their chronic toxicity would also show some temperature 

dependence.  However, as discussed above, there is reason to expect acute and chronic toxicity to 

vary somewhat differently with temperature, with acute-chronic ratios increasing at low 

temperature, especially for organisms for which acute ammonia toxicity is not especially fast, 

which is the case for invertebrates (Thurston et al. 1984b).  The observed trend in the fathead 

minnow ACRs provides support for this expectation. 

 The critical question then becomes, how much of the acute temperature slope for 

invertebrates should be assumed to apply to chronic toxicity?  If this slope is predominantly due 
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to temperature-induced delays of acute toxicity, chronic toxicity might have very little slope.  If 

this slope is not at all due to such delays, then all the slope should be applied to chronic toxicity. 

 One option for an objective mathematical prediction of the invertebrate chronic slope is 

to assume that the difference between acute and chronic slopes will be the same for fish and 

invertebrates, potentially implying that the effect of temperature on the kinetics of toxicity is 

roughly the same for fish and invertebrates.  In this case the invertebrate chronic slope would be 

the difference between -0.036, the average invertebrate acute slope, and -0.016, the observed 

slope for fish acute-chronic ratios.  This would yield an invertebrate chronic slope of -0.020.  

This correction still applies most of the acute slope to chronic toxicity, but recognizes that the 

chronic slope should probably be less steep. 

 It is recognized that few data are available to define the Figure M.7 fish ACR slope, and 

that the assumption the invertebrate ACR slope would equal the fish ACR slope is quite 

uncertain despite having some theoretical underpinning in the kinetics of toxicity.  Consequently 

a second option is to equate the invertebrate chronic slope to the invertebrate acute slope (-0.036) 

minus one-half the fish ACR slope (-0.016/2).  This splits the difference between no correction 

and full correction for the fish ACR slope, resulting in an invertebrate chronic slope of -0.028. 

 A third, related option is suggested from the appearance of data in the last two plots in 

Figure M.6, plots of “All Species” and “Physa, Crangonyx, Musculium”.  These plots suggest a 

steeper invertebrate acute slope at higher temperatures than at very low temperature.  At greater 

than 10°C, these data also comfortably fit a slope of -0.044.  If such a slope were used to fit those 

data, however, a concentration plateau would need to be imposed between 5 and 10°C to avoid 

over-estimating the acute effect concentrations measured near 5°C.  If the invertebrate chronic 

slope is obtained by subtracting the full value of the fish ACR slope (-0.016), this would yield 

the same invertebrate chronic slope, -0.028, as the option in the previous paragraph.  In this case, 

however, concentrations would be capped between 5 and 10°C in order to reflect the implied 

attenuation of slope at low temperature relative to higher temperatures. 

 EPA selected this third option, a compromise between the first two options, for defining 

the invertebrate chronic temperature slope in formulating the CCC, discussed later.  This 

provides a good fit to the available information. 
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Appendix N.  Site-Specific Criteria for Ammonia. 
 

Recalculation Procedure for Site-specific Criteria Derivation 

The water quality standards (WQS) regulation at 40 CFR § 131.11(b)(1)(ii) provides 

states with the opportunity to adopt water quality criteria that are “…modified to reflect site-

specific conditions.”  As with any criteria, site-specific criteria must be based on a sound 

scientific rationale in order to protect the designated use and are subject to review and approval 

or disapproval by EPA. 

The recalculation procedure for site-specific criteria derivation is intended to allow site-

specific criteria that differ from national criteria recommendations (i.e., concentrations that are 

higher or lower than national recommendations) where there are demonstrated differences in 

sensitivity between the aquatic species that occur at the site and those that were used to derive 

the national criteria recommendations.  The national dataset may contain aquatic species that are 

sensitive to a particular pollutant, but these or comparably sensitive species might not occur at 

the site (e.g., freshwater mussels are included in the national ammonia dataset but may not be 

present at a particular site).  On the other hand, a species that is critical at the site might be 

sensitive to the pollutant and require site-specific criteria that are lower than the national 

recommended criteria.  

In the case of ammonia, where a state demonstrates that mussels are not present on a site-

specific basis, the recalculation procedure may be used to remove the mussel species from the 

national criteria dataset to better represent the species present at the site.  For example, many of 

the commonly occurring freshwater bivalves (e.g., pea clam) are more closely related to the non-

unionid fingernail clam Musculium (which is the fourth most sensitive genus in the national 

dataset for the chronic criterion) than to the unionid mussels Lampsilis and Villosa (which are the 

two most sensitive genera in the national dataset for the chronic criterion).  At sites where all 

bivalves present are more closely related to Musculium than to Lampsilis and Villosa (i.e., where 

unionid mussels are not present at the site), the recalculation procedure may be used to remove 

Lampsilis and Villosa from the dataset because they would not be representative of the species 

present at the site.  With removal of Lampsilis and Villosa from the national dataset, the 

recalculation procedure could result in criteria (and associated water quality-based effluent limits 

(WQBELs) based on such criteria) with higher concentrations than EPA’s recommendations but 
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that are still protective of the designated use.  The retention of Musculium in the dataset would 

represent the other non-unionid bivalves present at the site, so the non-unionid bivalves would 

still be protected if Lampsilis and Villosa were removed from the chronic dataset.  However, at 

sites where both unionid and non-unionid bivalves are present, all three bivalves in the national 

chronic dataset (i.e., Lampsilis, Villosa, and Musculium) would be retained because they would 

represent the species present at the site.  The recalculation procedure describes how to compare 

the taxonomy of species present at the site with the taxonomy of species in the national dataset.  

The number of tested genera (N) in the criteria calculations must be updated where 

genera such as Lampsilis and Villosa are removed from the dataset.  For example, if only the two 

unionid mussels are removed from the dataset for the national chronic ammonia criterion, N 

would be reduced from 16 genera in the national dataset to 14 genera in the site-specific dataset, 

and this would affect the site-specific criteria values. 

Freshwater snails represent another sensitive freshwater species group for which acute 

and chronic toxicity data exist and are used in criteria derivation.  Because freshwater snails tend 

to be more ubiquitous in the environment, however, the existing data for these animals are not 

likely to be deleted from the datasets in a criteria recalculation.  

As with any criteria, states choosing to utilize the recalculation procedure should ensure 

that their site-specific criteria “…provide for the attainment and maintenance of the water quality 

standards of downstream waters.” 40 CFR § 131.10(b).  In addition, states should consider how 

they will demonstrate that mussels are not present at the site before selecting this approach.  For 

additional information on the recalculation procedure, see EPA’s Water Quality Standards 

Handbook at http://www.epa.gov/wqshandbook. 

 

Acute Criterion Magnitude Recalculation for Ammonia 

Unionid Mussels Present and Oncorhynchus species Absent 

Where Oncorhynchus species are absent, EPA does not lower its acute criteria for 

ammonia below the 5th percentile in order to protect the commercially and recreationally 

important adult rainbow trout, but instead, retains all tested species in the Order Salmoniformes 

as tested surrogate species representing untested freshwater fish resident in the U.S. from another 

Order.  The lowest GMAV for a freshwater fish (vertebrate species) is 51.93 mg TAN/L for 

Prosopium (Table 3).  Therefore, in this case, the CMC equals the lower of: a) 0.7249 times the 
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temperature adjusted lowest invertebrate GMAV (e.g., 17 mg TAN/L at pH 7.0 and 20º C), or (b) 

0.7249 times the lowest freshwater fish GMAV (e.g., 38 mg TAN/L at pH 7.0), according to the 

following temperature relationship: 

 

              (                    (    )) 

 

Thus, the CMC increases with decreasing temperature as a result of increased invertebrate 

insensitivity until it reaches a plateau of 37.65 mg TAN/L at 10.2°C and below (51.93 mg 

TAN/L x 0.7249), where the most sensitive taxa switches to the temperature invariant fish genus 

Prosopium (Tables 5b and N.1; see also Oncorhynchus absent line in Figure 5a).  Note: while the 

mountain whitefish (Prosopium williamsoni) is a species in the same family as Oncorhynchus sp. 

(i.e., Family: Salmonidae), it is also an appropriately sensitive surrogate species amongst all 

freshwater fish in the Class Actinopterygii.  

 

The CMC where Oncorhynchus sp. are absent extrapolated across both temperature and 

pH is as follows: 

 

             (
      

            
 

      

            
)     (                    (    )) 

 

When a threatened or endangered species occurs at a site and sufficient data indicate that it is 

sensitive at 1-hour average concentrations below the CMC, it is appropriate to consider deriving 

a site-specific criterion.  It should be noted that the dataset used to derive these new ammonia 

criteria included some threatened or endangered species, none of which were the most sensitive 

of the species tested.  Extrapolated values across a range of temperatures and pH values are 

presented in Table N.1. 

 

Unionid Mussels Absent and Oncorhynchus spp. Present 

If a state can demonstrate that unionid mussels are not present at a site, a site-specific 

criteria can be calculated for waters with mussels absent.  It is important to recognize that for 

site-specific criteria derived where unionid mussels are absent, the commercially and 
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recreationally important adult rainbow trout (Oncorhynchus mykiss) is the most acutely sensitive 

species.  Thus, when Oncorhynchus spp. are present, the acute criterion cannot exceed 24 mg 

TAN/L (the SMAV for adult rainbow trout 48.21 mg TAN/L divided by two – see also Acute 

Criterion Calculation section in this document).   

At pH 7, the temperature relationship is expressed as follows: 

 

       (      (              (    ))) 

 

Where 24.10 mg TAN/L is one half the SMAV of 48.21 mg TAN/L for adult rainbow trout, and 

45.05 is 0.7249 (the CMC divided by the lowest GMAV in the complete acute dataset) 

multiplied by 62.15 mg TAN/L, the GMAV of the temperature dependent pebblesnail 

(Fluminicola sp.), the most sensitive non-mussel invertebrate (Table N.2). 

At temperatures 0 - 27.5°C, the CMC with mussels absent and Oncorhynchus spp. 

present is 24.10 mg TAN/L, because adult rainbow trout remain the most sensitive species group 

in this temperature range.  At temperatures greater than 27.5°C, however, the GMAV for 

Fluminicola species (62.15 mg TAN/L) becomes the most sensitive GMAV because 

invertebrates are increasingly more acutely-sensitive to ammonia as temperature increases, and 

thus, the CMC equals that of the mussels absent, Oncorhynchus sp. absent temperature 

relationship (Figure N.1).  Consistent with the approach followed with the unionid mussels 

present, Oncorhynchus species absent CMC calculation in the Acute Criterion Calculations 

section of this document, the site-specific criteria should 1) retains all tested species in the Order 

Salmoniformes as tested surrogate species representing untested freshwater fish resident in the 

U.S. from another Order; and 2) maintains the SSD relationship from the complete acute dataset 

(i.e., CMC is equal to the lowest GMAV times 0.7249).  

The CMC, where mussels are absent and Oncorhynchus spp. are present, extrapolated 

across both temperature and pH is as follows (extrapolated values provided Table N.3): 
 

       ((
     

            
 

  

            
)  (       (

      

            
 

      

            
)

               (    ))) 
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Unionid Mussels Absent and Oncorhynchus spp. Absent 

If both unionid mussels and Oncorhynchus spp. are absent, the CMC calculated using the 

Guidelines algorithm is 30.25 mg TAN/L at pH 7 and 20°C and is based on the four most 

sensitive GMAVs in the following rank order: mountain whitefish, Lost River sucker, 

pebblesnail, and golden shiner (see Table N.2).  The ratio of the mussels absent and 

Oncorhynchus spp. absent CMC to the most sensitive GMAV (i.e., mountain whitefish; 

Prosopium sp.) is 0.5825, or 30.25 mg TAN/L divided by 51.93 mg TAN/L.  However, this 

would result in a more protective criterion than when Oncorhynchus spp. are absent but mussels 

are present (see Acute Criterion Calculations).  Because the unionid mussels absent and 

Oncorhynchus spp. absent CMC cannot be more protective than the unionid mussels present and 

Oncorhynchus spp. absent CMC, the CMC to lowest GMAV ratio of 0.7249 from the complete 

acute dataset is multiplied by 51.93 mg TAN/L for Prosopium sp., the lowest GMAV in the 

unionid mussels absent dataset, resulting in a calculated CMC of 37.65 mg TAN/L at pH 7 and 

20°C.  This is equivalent to the maximum plateau CMC when mussels are present and 

Oncorhynchus spp. are absent at temperatures of 10.2°C and below (compare in Figures 5a and 

N.1). 

 

At pH 7, the temperature relationship is expressed as follows: 

 

               (      (              (    ))) 

 

At temperatures between 0-22.1°C the CMC with unionid mussels and Oncorhynchus 

spp. absent is 37.65 mg TAN/L.  At temperatures greater than 22.1°C, the temperature dependent 

pebblesnail (Fluminicola sp.) becomes the most sensitive GMAV, and the CMC decreases with 

increasing temperature (Figure N.1). 

The CMC, where both unionid mussels and Oncorhynchus spp. are absent, extrapolated 

across both temperature and pH is as follows (extrapolated values provided Table N.4): 

 

             (
      

            
 

      

            
)       (      (                (    ))) 
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A summary of the acute criterion recalculations for all four mussel and Salmonid present and 

absent combinations at pH 7 and 20°C is included in Table N.5. 

 

Chronic Criterion Magnitude Recalculation for Ammonia  

Unionid Mussels Absent, Early Life Stage (ELS) Protection Necessary 

When unionid mussels are present, the CCC is the same regardless of whether early life 

stages (ELS) of fish genera require protection.  This is because unionid mussels represent the two 

most sensitive genera in the chronic dataset, and at pH 7, the CCC at the invertebrate temperature 

plateau of 7°C is 4.363 mg TAN/L, which is lower than the GMCV for Lepomis, the most 

sensitive fish genera, multiplied by the CCC to lowest GMCV ratio (or 6.920 mg TAN/L x 

0.8876 = 6.142 mg TAN/L – see Chronic Criterion Calculations for additional details). 

When unionid mussels are absent and fish ELS require protection, however, the CCC is 

6.508 mg TAN/L at pH 7 and 20°C (Tables N.6, N.7).  The lowest GMCV is 6.920 mg TAN/L 

for the temperature invariant vertebrate genus Lepomis, and the most sensitive invertebrate 

GMCV is 7.547 mg TAN/L for Musculium (Table N.6).  The ratio of the CCC to the most 

sensitive GMCV (Lepomis sp.) when unionid mussels are absent is 0.9405, or 6.508 mg TAN/L 

divided by 6.920 mg TAN/L.  At pH 7 and 20°C, the CCC when mussels are absent and ELS 

protection is required is expressed as follows: 

 

              (      (              (    ))) 

 

This function remains constant at a CCC equal to 6.508 mg TAN/L at 0-21.3°C because 

the most sensitive GMCV is for the temperature invariant genera Lepomis (Figure N.2; Table 

N.6).  At temperatures greater than 21.3°C, the GMCV for the invertebrate Musculium (i.e., 

7.547 mg TAN/L) becomes the most sensitive, and the CCC decreases with increasing 

temperature (Figure N.2).   

When unionid mussels are absent and ELS protection is required, the thirty-day average 

concentration of ammonia nitrogen (in mg TAN/L) does not exceed, more than once every three 

years on the average, the CCC calculated using the following equation: 
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           (
      

            
 

      

            
)     (      (              (    ))) 

Recalculated chronic criterion concentrations for the mussels absent, fish ELS protection 

necessary scenario across a range of temperatures and pH values are provided in Table N.8. 

 

Unionid Mussels Absent, Early Life Stage (ELS) Protection Not Necessary  

One approach for setting a chronic criterion for mussels absent and fish ELS absent is to 

modify the criterion for mussels absent and fish ELS present.  The four most sensitive genera for 

the criterion to be modified are Lepomis (ELS), Musculium, Fluminicola, and Pimephales (ELS), 

which had yielded a criterion of 6.508 mg TAN/L at pH 7.0 and 20º C, or 0.9405 x the lowest 

GMCV (Lepomis).  Since the Lepomis GMCV, 6.920 mg TAN/L, is based on ELS sensitivity, 

consider that with ELS absent this value would increase to its juvenile and adult GMCV of 21.3 

mg TAN/L (from U.S. EPA 1999, page 75 GMCVs, translated from pH 8 to pH 7).  In this case, 

Musculium, with GMCV 7.547 mg TAN/L, would now be the most sensitive genus in the 

dataset, such that at pH 7 and 20ºC the criterion could be calculated as 0.9405 x 7.547 = 7.098 

mg TAN/L.  Because Musculium remains the most sensitive genus throughout the full range of 

temperatures, the criterion follows the invertebrate temperature relationship, increasing with 

decreasing temperature until it reaches its maximum at the built-in 7ºC plateau, which is 16.41 

mg TAN/L at pH 7, fully protective of the lowest juvenile-adult fish GMCV, that for Lepomis, 

21.3 mg TAN/L shown above. 

 

Mussels absent ELS protection not required at pH 7 

           (              (      (   ))) 

 

Overall 

 

           (
      

            
 

      

            
)  (              (      (   ))) 

 

Recalculated chronic criterion concentrations for the mussels absent, fish ELS protection not 

required scenario across a range of temperatures and pH values are provided in Table N.9. A 
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summary of the chronic criterion recalculations for all four mussel and fish ELS present and 

absent combinations at pH 7 and 20°C is included in Table N.7.
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Table N.1.  Temperature and pH-Dependent Values of the CMC (Acute Criterion Magnitude) – Unionid Mussels Present, 
Oncorhynchus Absent. 

 Temperature (°C)     
pH 0-10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

6.5 51 48 44 41 37 34 32 29 27 25 23 21 19 18 16 15 14 13 12 11 9.9 
6.6 49 46 42 39 36 33 30 28 26 24 22 20 18 17 16 14 13 12 11 10 9.5 
6.7 46 44 40 37 34 31 29 27 24 22 21 19 18 16 15 14 13 12 11 9.8 9.0 
6.8 44 41 38 35 32 30 27 25 23 21 20 18 17 15 14 13 12 11 10 9.2 8.5 
6.9 41 38 35 32 30 28 25 23 21 20 18 17 15 14 13 12 11 10 9.4 8.6 7.9 
7.0 38 35 33 30 28 25 23 21 20 18 17 15 14 13 12 11 10 9.4 8.6 7.9 7.3 
7.1 34 32 30 27 25 23 21 20 18 17 15 14 13 12 11 10 9.3 8.5 7.9 7.2 6.7 
7.2 31 29 27 25 23 21 19 18 16 15 14 13 12 11 9.8 9.1 8.3 7.7 7.1 6.5 6.0 
7.3 27 26 24 22 20 18 17 16 14 13 12 11 10 9.5 8.7 8.0 7.4 6.8 6.3 5.8 5.3 
7.4 24 22 21 19 18 16 15 14 13 12 11 9.8 9.0 8.3 7.7 7.0 6.5 6.0 5.5 5.1 4.7 
7.5 21 19 18 17 15 14 13 12 11 10 9.2 8.5 7.8 7.2 6.6 6.1 5.6 5.2 4.8 4.4 4.0 
7.6 18 17 15 14 13 12 11 10 9.3 8.6 7.9 7.3 6.7 6.2 5.7 5.2 4.8 4.4 4.1 3.8 3.5 
7.7 15 14 13 12 11 10 9.3 8.6 7.9 7.3 6.7 6.2 5.7 5.2 4.8 4.4 4.1 3.8 3.5 3.2 2.9 
7.8 13 12 11 10 9.3 8.5 7.9 7.2 6.7 6.1 5.6 5.2 4.8 4.4 4.0 3.7 3.4 3.2 2.9 2.7 2.5 
7.9 11 9.9 9.1 8.4 7.7 7.1 6.6 3.0 5.6 5.1 4.7 4.3 4.0 3.7 3.4 3.1 2.9 2.6 2.4 2.2 2.1 
8.0 8.8 8.2 7.6 7.0 6.4 5.9 5.4 5.0 4.6 4.2 3.9 3.6 3.3 3.0 2.8 2.6 2.4 2.2 2.0 1.9 1.7 
8.1 7.2 6.8 6.3 5.8 5.3 4.9 4.5 4.1 3.8 3.5 3.2 3.0 2.7 2.5 2.3 2.1 2.0 1.8 1.7 1.5 1.4 
8.2 6.0 5.6 5.2 4.8 4.4 4.0 3.7 3.4 3.1 2.9 2.7 2.4 2.3 2.1 1.9 1.8 1.6 1.5 1.4 1.3 1.2 
8.3 4.9 4.6 4.3 3.9 3.6 3.3 3.1 2.8 2.6 2.4 2.2 2.0 1.9 1.7 1.6 1.4 1.3 1.2 1.1 1.0 0.96 
8.4 4.1 3.8 3.5 3.2 3.0 2.7 2.5 2.3 2.1 2.0 1.8 1.7 1.5 1.4 1.3 1.2 1.1 1.0 0.93 0.86 0.79 
8.5 3.3 3.1 2.9 2.7 2.4 2.3 2.1 1.9 1.8 1.6 1.5 1.4 1.3 1.2 1.1 0.98 0.90 0.83 0.77 0.71 0.65 
8.6 2.8 2.6 2.4 2.2 2.0 1.9 1.7 1.6 1.5 1.3 1.2 1.1 1.0 0.96 0.88 0.81 0.75 0.69 0.63 0.58 0.54 
8.7 2.3 2.2 2.0 1.8 1.7 1.6 1.4 1.3 1.2 1.1 1.0 0.94 0.87 0.80 0.74 0.68 0.62 0.57 0.53 0.49 0.45 
8.8 1.9 1.8 1.7 1.5 1.4 1.3 1.2 1.1 1.0 0.93 0.86 0.79 0.73 0.67 0.62 0.57 0.52 0.48 0.44 0.41 0.37 
8.9 1.6 1.5 1.4 1.3 1.2 1.1 1.0 0.93 0.85 0.79 0.72 0.67 0.61 0.56 0.52 0.48 0.44 0.40 0.37 0.34 0.32 
9.0 1.4 1.3 1.2 1.1 1.0 0.93 0.86 0.79 0.73 0.67 0.62 0.57 0.52 0.48 0.44 0.41 0.37 0.34 0.32 0.29 0.27 
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Table N.2.  Acute Data Without Mussels: Comparison of the Four Taxa Used to Calculate the FAV and CMC in the 1999 
AWQC and this Updated 2013 AWQC Excluding Data for Freshwater Unionid Mussels. 
1999 Draft Update Acute Criterion (CMC) Magnitude (Salmonids 
[Oncorhynchus spp.] present) 

2013 Final Acute Criterion (CMC) Magnitude excluding 
Mussels (Salmonids [Oncorhynchus spp.] absent) 

 
 
 
Species 

GMAV 
pH 8.0, 
T=25°C 

(mg TAN/L) 

GMAV 
pH 7.0, 
T=20°C 

(mg TAN/L) 

 
 
 
Species 

GMAV 
pH 7.0, 
T=20°C 

(mg TAN/L) 
Oncorhynchus sp. (salmonids), includes: O. 

aquabonita, O. clarkii, O. gorbuscha, O. 

kisutch*, O. mykiss*, and O. tshawytscha* 

21.95 99.15 Golden shiner,  
Notemigonus crysoleucas 

63.02 

Orangethroat darter,  
Etheostoma spectabile 

17.96 74.25 Pebblesnail,  
Fluminicola sp. 

62.15 

Golden shiner,  
Notemigonus crysoleucas 

14.67 63.02 Lost River sucker,  
Deltistes luxatus* 

56.62 

Mountain whitefish,  
Prosopium williamsoni 

12.11 51.93 Mountain whitefish,  
Prosopium williamsoni  

51.93 
 

FAV 11.23 48.21 FAV 76 
CMC 5.6 24 CMC 38** 

*Federally-listed as endangered or threatened species  
**CMC Excluding mussels, with Oncorhynchus present is 24 mg TAN/L to protect the recreationally and commercially important species Rainbow Trout.  When 
Oncorhynchus is absent, the CMC is based on the mountain whitefish and is calculated by the ratio of the CMC to the lowest GMAV in the complete acute dataset (0.7249) 
times the lowest GMAV in the dataset excluding mussels (51.93 mg TAN/L for mountain whitefish) which results in a CMC of 37.65 mg TAN/L at pH 7 and 20°C. 
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Table N.3.  Temperature and pH-Dependent Values of the CMC (Acute Criterion Magnitude) – Unionid Mussels Absent and 
Oncorhynchus Present. 

 Temperature (°C) 
pH 0-14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
6.5 33 33 33 33 33 33 33 33 33 33 33 33 33 33 31 29 27 
6.6 31 31 31 31 31 31 31 31 31 31 31 31 31 31 30 28 26 
6.7 30 30 30 30 30 30 30 30 30 30 30 30 30 30 29 26 24 
6.8 28 28 28 28 28 28 28 28 28 28 28 28 28 28 27 25 23 
6.9 26 26 26 26 26 26 26 26 26 26 26 26 26 26 25 23 21 
7.0 24 24 24 24 24 24 24 24 24 24 24 24 24 24 23 21 20 
7.1 22 22 22 22 22 22 22 22 22 22 22 22 22 22 21 19 18 
7.2 20 20 20 20 20 20 20 20 20 20 20 20 20 20 19 17 16 
7.3 18 18 18 18 18 18 18 18 18 18 18 18 18 18 17 16 14 
7.4 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 14 13 
7.5 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 12 11 
7.6 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 10 9.3 
7.7 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.3 8.6 7.9 
7.8 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 7.8 7.2 6.6 
7.9 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.5 6.0 5.5 
8.0 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.4 5.0 4.6 
8.1 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.5 4.1 3.8 
8.2 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.7 3.4 3.1 
8.3 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.0 2.8 2.6 
8.4 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.5 2.3 2.1 
8.5 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 1.9 1.8 
8.6 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.7 1.6 1.4 
8.7 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.4 1.3 1.2 
8.8 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.1 1.0 
8.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.92 0.85 
9.0 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.85 0.78 0.72 
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Table N.4.  Temperature and pH-Dependent Values of the CMC (Acute Criterion Magnitude) – Unionid Mussels Absent and 
Oncorhynchus Absent. 

 Temperature (°C) 
pH 0-14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
6.5 51 51 51 51 51 51 51 51 51 48 44 40 37 34 31 29 27 
6.6 49 49 49 49 49 49 49 49 49 46 42 39 36 33 30 28 26 
6.7 46 46 46 46 46 46 46 46 46 43 40 37 34 31 29 26 24 
6.8 44 44 44 44 44 44 44 44 44 41 38 35 32 29 27 25 23 
6.9 41 41 41 41 41 41 41 41 41 38 35 32 30 27 25 23 21 
7.0 38 38 38 38 38 38 38 38 38 35 32 30 27 25 23 21 20 
7.1 34 34 34 34 34 34 34 34 34 32 29 27 25 23 21 19 18 
7.2 31 31 31 31 31 31 31 31 31 29 26 24 22 21 19 17 16 
7.3 27 27 27 27 27 27 27 27 27 26 23 22 20 18 17 16 14 
7.4 24 24 24 24 24 24 24 24 24 22 21 19 17 16 15 14 13 
7.5 21 21 21 21 21 21 21 21 21 19 18 16 15 14 13 12 11 
7.6 18 18 18 18 18 18 18 18 18 17 15 14 13 12 11 10 9.3 
7.7 15 15 15 15 15 15 15 15 15 14 13 12 11 10 9.3 8.6 7.9 
7.8 13 13 13 13 13 13 13 13 13 12 11 10 9.2 8.5 7.8 7.2 6.6 
7.9 11 11 11 11 11 11 11 11 11 9.9 9.1 8.4 7.7 7.1 6.5 6.0 5.5 
8.0 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.2 7.5 6.9 6.4 5.9 5.4 5.0 4.6 
8.1 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 6.8 6.2 5.7 5.3 4.9 4.5 4.1 3.8 
8.2 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.6 5.1 4.7 4.4 4.0 3.7 3.4 3.1 
8.3 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.6 4.2 3.9 3.6 3.3 3.0 2.8 2.6 
8.4 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 3.8 3.4 3.2 3.0 2.7 2.5 2.3 2.1 
8.5 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.1 2.9 2.6 2.4 2.2 2.1 1.9 1.8 
8.6 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.6 2.4 2.2 2.0 1.9 1.7 1.6 1.4 
8.7 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.2 2.0 1.8 1.7 1.5 1.4 1.3 1.2 
8.8 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.8 1.7 1.5 1.4 1.3 1.2 1.1 1.0 
8.9 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.5 1.4 1.3 1.2 1.1 1.0 0.92 0.85 
9.0 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.3 1.2 1.1 1.0 0.93 0.85 0.78 0.72 
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Table N.5.  2013 Acute Criterion Recalculations for Site-specific Criteria. 
Acute Criterion Duration 

(1 hr average) 
at pH 7 and 20°C 

(mg TAN/L) 

Acute Criterion Magnitude 
(CMC)  

Oncorhynchus spp.  
(Rainbow Trout) Present 

Acute Criterion Magnitude 
(CMC)  

Oncorhynchus spp.  
(Rainbow Trout) Absent 

 
Mussels Present 

 
17 17 

 
Mussels Absent 

 
24 38 

Frequency:  Criteria values not to be exceeded more than once in three years. 

 

Table N.6.  Chronic Dataset Without Mussels: Comparison of the Four Taxa used to 
Calculate the CCC in the 1999 AWQC and this Updated 2013 AWQC Excluding Data for 
Freshwater Unionid Mussels. 

1999 Draft Update Chronic Criterion (CCC) Magnitude  2013 Final Chronic Criterion (CCC) 
Magnitude excluding mussels  

Species 

GMCV 
pH 8.0, 
T=25°C 

(mg TAN/L) 

GMCV 
pH 7.0, 
T=20°C 

(mg TAN/L) Species 

GMCV 
pH 7.0, 
T=20°C 

(mg TAN/L) 
Fathead minnow, 
Pimephales promelas 3.09 7.503 Fathead minnow, 

Pimephales promelas 9.187 

Lepomis sp. 
(Centrarchidae), includes: 
Bluegill sunfish, L. 

macrochirus, and Green 
sunfish, L. cyanellus 

2.85 6.92 Pebblesnail, 
Fluminicola sp. 7.828 

Long fingernailclam, 
Musculium transversum <2.26 7.547 Long fingernailclam, 

Musculium transversum 7.547 

Amphipod, 
Hyalella azteca 

<1.45 4.865 

Lepomis sp. 
(Centrarchidae), includes: 
Bluegill, L. macrochirus and 
Green sunfish, L. cyanellus 

6.920 

CCC 1.2 4.5* CCC 6.5 
*Based on data renormalized to pH 7.0 and T 20°C 
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Table N.7.  Chronic Criterion Recalculations for Site-Specific Criteria. 
Chronic Criterion Duration 

(30-day average) 
at pH 7 and 20°C 

(mg TAN/L) 

Chronic Criterion 
Magnitude (CCC)  
Fish ELS Present 

Chronic Criterion 
Magnitude (CCC) 
 Fish ELS Absent 

 
Mussels Present 

 
1.9 1.9 

 
Mussels Absent 

 
6.5 7.1 

Not to exceed 2.5 times the CCC as a 4-day average within the 30-day averaging period. 

Frequency: Criteria values not to be exceeded more than once in three years. 
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Table N.8.  Temperature and pH-Dependent Values of the CCC (Chronic Criterion Magnitude) – Mussels Absent and Early 
Life Stage (ELS) Protection Necessary. 

 Temperature (°C) 

pH 0-14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
6.5 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.0 6.6 6.2 5.8 5.4 5.1 4.8 4.5 4.2 
6.6 7.2 7.2 7.2 7.2 7.2 7.2 7.2 7.2 6.9 6.5 6.1 5.7 5.4 5.0 4.7 4.4 4.1 
6.7 7.1 7.1 7.1 7.1 7.1 7.1 7.1 7.1 6.8 6.4 6.0 5.6 5.3 4.9 4.6 4.3 4.1 
6.8 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.6 6.2 5.8 5.5 5.1 4.8 4.5 4.2 4.0 
6.9 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.5 6.1 5.7 5.3 5.0 4.7 4.4 4.1 3.9 
7.0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.2 5.8 5.5 5.1 4.8 4.5 4.2 4.0 3.7 
7.1 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.0 5.6 5.3 4.9 4.6 4.3 4.1 3.8 3.6 
7.2 5.9 5.9 5.9 5.9 5.9 5.9 5.9 5.9 5.7 5.3 5.0 4.7 4.4 4.1 3.9 3.6 3.4 
7.3 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.4 5.0 4.7 4.4 4.1 3.9 3.6 3.4 3.2 
7.4 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.0 4.7 4.4 4.1 3.9 3.6 3.4 3.2 3.0 
7.5 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.6 4.3 4.1 3.8 3.6 3.3 3.1 2.9 2.8 
7.6 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.2 3.9 3.7 3.5 3.2 3.0 2.9 2.7 2.5 
7.7 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.8 3.5 3.3 3.1 2.9 2.7 2.6 2.4 2.3 
7.8 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.4 3.2 3.0 2.8 2.6 2.4 2.3 2.1 2.0 
7.9 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.0 2.8 2.6 2.4 2.3 2.1 2.0 1.9 1.8 
8.0 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.6 2.4 2.3 2.1 2.0 1.9 1.7 1.6 1.5 
8.1 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.2 2.1 1.9 1.8 1.7 1.6 1.5 1.4 1.3 
8.2 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 
8.3 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.6 1.5 1.4 1.3 1.2 1.2 1.1 1.0 0.96 
8.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.3 1.2 1.1 1.1 0.99 0.93 0.87 0.81 
8.5 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.1 1.0 0.95 0.89 0.83 0.78 0.73 0.69 
8.6 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.97 0.91 0.85 0.80 0.75 0.70 0.66 0.62 0.58 
8.7 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.82 0.77 0.72 0.68 0.64 0.60 0.56 0.52 0.49 
8.8 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.70 0.65 0.61 0.58 0.54 0.51 0.47 0.44 0.42 
8.9 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.60 0.56 0.52 0.49 0.46 0.43 0.41 0.38 0.36 
9.0 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.51 0.48 0.45 0.42 0.40 0.37 0.35 0.33 0.31 
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Table N.9.  Temperature and pH-Dependent Values of the CCC (Chronic Criterion Magnitude) – Mussels Absent and Early 
Life Stage (ELS) Protection not Necessary. 
 Temperature (°C)      
pH 0-7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

6.5 19 17 16 15 14 13 13 12 11 10 9.7 9.1 8.5 8.0 7.5 7.0 6.6 6.2 5.8 5.4 5.1 4.8 4.5 4.2 

6.6 18 17 16 15 14 13 12 12 11 10 9.6 9.0 8.4 7.9 7.4 6.9 6.5 6.1 5.7 5.4 5.0 4.7 4.4 4.1 

6.7 18 17 16 15 14 13 12 11 11 10 9.4 8.8 8.3 7.7 7.3 6.8 6.4 6.0 5.6 5.3 4.9 4.6 4.3 4.1 

6.8 17 16 15 14 14 13 12 11 10 9.8 9.2 8.6 8.1 7.6 7.1 6.7 6.2 5.8 5.5 5.1 4.8 4.5 4.2 4.0 

6.9 17 16 15 14 13 12 12 11 10 9.5 8.9 8.4 7.8 7.4 6.9 6.5 6.1 5.7 5.3 5.0 4.7 4.4 4.1 3.9 

7.0 16 15 14 14 13 12 11 10 9.8 9.2 8.6 8.1 7.6 7.1 6.7 6.2 5.9 5.5 5.1 4.8 4.5 4.2 4.0 3.7 

7.1 16 15 14 13 12 11 11 10 9.4 8.8 8.3 7.7 7.3 6.8 6.4 6.0 5.6 5.3 4.9 4.6 4.3 4.1 3.8 3.6 

7.2 15 14 13 12 12 11 10 9.5 9.0 8.4 7.9 7.4 6.9 6.5 6.1 5.7 5.3 5.0 4.7 4.4 4.1 3.9 3.6 3.4 

7.3 14 13 12 12 11 10 9.6 9.0 8.4 7.9 7.4 6.9 6.5 6.1 5.7 5.4 5.0 4.7 4.4 4.1 3.9 3.6 3.4 3.2 

7.4 13 12 12 11 10 9.5 9.0 8.4 7.9 7.4 6.9 6.5 6.1 5.7 5.3 5.0 4.7 4.4 4.1 3.9 3.6 3.4 3.2 3.0 

7.5 12 11 11 10 9.4 8.8 8.2 7.7 7.2 6.8 6.4 6.0 5.6 5.2 4.9 4.6 4.3 4.1 3.8 3.6 3.3 3.1 2.9 2.8 

7.6 11 10 10 9.1 8.5 8.0 7.5 7.0 6.6 6.2 5.8 5.4 5.1 4.8 4.5 4.2 3.9 3.7 3.5 3.2 3.0 2.9 2.7 2.5 

7.7 9.9 9.3 8.7 8.1 7.7 7.2 6.8 6.3 5.9 5.6 5.2 4.9 4.6 4.3 4.0 3.8 3.5 3.3 3.1 2.9 2.7 2.6 2.4 2.3 

7.8 8.8 8.3 7.8 7.3 6.8 6.4 6.0 5.6 5.3 5.0 4.6 4.4 4.1 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.3 2.1 2.0 

7.9 7.8 7.3 6.8 6.4 6.0 5.6 5.3 5.0 4.6 4.4 4.1 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.3 2.1 2.0 1.9 1.8 

8.0 6.8 6.3 6.0 5.6 5.2 4.9 4.6 4.3 4.0 3.8 3.6 3.3 3.1 2.9 2.7 2.6 2.4 2.3 2.1 2.0 1.9 1.7 1.6 1.5 

8.1 5.8 5.5 5.1 4.8 4.5 4.2 4.0 3.7 3.5 3.3 3.1 2.9 2.7 2.5 2.4 2.2 2.1 2.0 1.8 1.7 1.6 1.5 1.4 1.3 

8.2 5.0 4.7 4.4 4.1 3.9 3.6 3.4 3.2 3.0 2.8 2.6 2.5 2.3 2.2 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 

8.3 4.2 4.0 3.7 3.5 3.3 3.1 2.9 2.7 2.5 2.4 2.2 2.1 2.0 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.2 1.1 1.0 0.96 

8.4 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.3 2.1 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.1 0.99 0.92 0.87 0.81 

8.5 3.0 2.8 2.7 2.5 2.3 2.2 2.1 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.2 1.1 1.0 0.95 0.89 0.83

3 

0.78 0.73 0.69 

8.6 2.6 2.4 2.2 2.1 2.0 1.9 1.7 1.6 1.5 1.4 1.3 1.3 1.2 1.1 1.0 0.97 0.91 0.85 0.80 0.75 0.70 0.66 0.62 0.58 

8.7 2.2 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.1 1.0 0.93 0.88 0.82 0.77 0.72 0.68 0.63 0.60 0.56 0.52 0.49 

8.8 1.8 1.7 1.6 1.5 1.4 1.3 1.3 1.2 1.1 1.0 0.96 0.90 0.85 0.79 0.74 0.70 0.65 0.61 0.58 0.54 0.51 0.47 0.44 0.42 

8.9 1.6 1.5 1.4 1.3 1.2 1.1 1.1 1.0 0.94 0.88 0.82 0.77 0.72 0.68 0.64 0.60 0.56 0.52 0.49 0.46 0.43 0.40 0.38 0.36 

9.0 1.4 1.3 1.2 1.1 1.0 0.98 0.92 0.86

6 

0.81 0.76 0.71 0.66 0.62 0.58 0.55 0.51 0.48 0.45 0.42 0.40 0.37 0.35 0.33 0.31 
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Figure N.1.  Comparison of the 2013 CMC Extrapolated Across a Temperature Gradient 
at pH 7 Accounting for the Presence or Absence of Unionid Mussels and the Presence or 
Absence of Oncorhynchus. 
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Figure N.2.  Comparison of the 2013 CCC Extrapolated Across a Temperature Gradient at 
pH 7 Accounting for the Presence or Absence of Mussels and/or the Need for Early Life 
Stage (ELS) Protection of Fish Species. 
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EPA-Expo-Box (A Toolbox for Exposure Assessors)

Aquatic Biota

Fate and Transport

Physicochemical/Environmental Factors

Organic v. Inorganic and PBTs

Models

Fate and transport processes “link” the release of contaminants at a source with the resultant environmental concentrations to which receptors can be exposed. When a

contaminant is released from a source, it is subject to TRANSPORT and TRANSFORMATION in the environment. Compounds can also transfer from an environmental medium to biota,

a process referred to as bioconcentration or bioaccumulation.

Migration Process Examples Relevant to Aquatic Media

Transport Dispersion of a contaminant throughout a surface water body (transport within a medium)

Deposition and resuspension of a contaminant between surface water and sediment (transport between

media)

Transformation Organic breakdown or biodegradation of a compound into other compounds or elements by sediment-

dwelling organisms (chemical change)

Organic metals that dissolve in water (physical change)

Transfer – Environment to Biota Fish exposed to chemicals in the water column. Exposure could occur via direct uptake from water

through gills.

Fish exposed to chemicals in sediment. Exposure could occur by indirect food chain uptake.

For additional information related to the environmental fate and transport of chemical contaminants in water and sediment, refer to the Water and Sediment Module of the Media

Tool Set.

Bioconcentration refers to direct transfers of the chemical from the surrounding environmental medium into the animal—it does not account for uptake by ingestion. For a fish,

bioconcentration of a substance in the water includes direct uptake from water through its gills. Bioaccumulation is the uptake of a substance through ingestion of

contaminated plants or animals (i.e., indirect food chain uptake). In many cases, the term bioaccumulation is used as a general term to refer to the uptake of a substance from

an environmental medium through both direct and indirect routes. Some chemical pollutants can bioaccumulate in fatty tissues or bind to muscle tissue of fish and shellfish.

Even very low concentrations of these pollutants in the water or sediment can result in fish or shellfish tissue concentrations high enough to pose health risks to consumers.

Bioaccumulated contaminants might be transferred up the food chain—a process referred to as trophic-level transfer or biomagnification (see figure

on right). Consider a simplified fish food web; omnivorous and carnivorous fish would accumulate more of a contaminant through their diet than

planktivorous fish due to the transfer of chemicals up the food chain (i.e., through consumption of other contaminated animals). This has implications

for humans who tend to eat fish that are higher in the food web.

In natural environments, the ratio of the chemical concentration in an animal to the chemical concentration in its environment (through all routes,

including food chain transfers) generally is referred to as a bioaccumulation factor, or BAF. A BAF relates the concentration of a contaminant in fish

tissue to the amount of chemical to which the fish is exposed through ingestion of food as well as through direct contact. A bioconcentration factor

(BCF) can be measured, but must be evaluated under controlled situations to avoid indirect uptake through the food chain since it is the ratio of

chemical concentration in the animal to chemical concentration in the water only. A biota-sediment accumulation factor, or BSAF, is analogous to a

BAF; it is an empirical partitioning ratio relating concentration in sediment to the concentration in an aquatic organism, including benthic organisms and

higher trophic level fish. U.S. EPA Biota-Sediment Accumulation Factor Data is a resource that contains approximately 20,000 biota-sediment

accumulation factors (BSAFs) from 20 locations, mostly Superfund sites, for nonionic organic chemicals and pesticides; fresh, tidal, and marine

ecosystems are included in the data.

In general, chemicals with BAFs or BCFs greater than or equal to 1,000 (equivalent to K
ow

 of 4.2) are considered high concerns for bioaccumulation;

chemicals with values below 250 are deemed as low concerns and the rest are classified as medium concerns. BAFs/BCFs greater than 5,000

(equivalent to K
ow

 of 5.0) indicate chemicals that are of high risk concern (U.S. EPA, 2010, 2000a)).

Physicochemical/Environmental Factors

The environmental fate of a chemical contaminant in water will be dictated by its chemical and physical properties and its propensity for biotic and abiotic transformation. A

summary of key physicochemical factors that are likely to affect partitioning and fate of chemical contaminants in aquatic media is provided below.

http://epa.gov/risk/expobox/media/biota-ft.htm
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Key Physicochemical Factors that Could Affect Partitioning

and Fate in Aquatic Media

Physicochemical Property Definition How Does This Property Affect Partitioning and Fate in Aquatic Media?

Half-life Time required for one-half of the

original mass of the chemical to

be degraded, transformed, or

destroyed in a particular

medium.

Values can provide an indication of persistence in sediment, surface water, or biota. For the same

chemical across different media, half-lives can vary by orders of magnitude. For the purpose of defining

chemicals that are persistent, EPA sets half-life criterion of > 2 months for water and sediment.

Chemicals with a half-life of > 6 months are considered a “high risk concern” (U.S. EPA, 2010)

EPA’s GCSOLAR is a program that computes half-lives of pollutants in the aquatic environment.

Vapor pressure Indication of how likely it is that a

compound will evaporate or

convert from the liquid phase to

the gaseous phase

The higher a chemical’s vapor pressure, the more likely that it will be found in the gas phase (and move

out of water).

Henry’s law constant (K
H

) Ratio of vapor pressure to water

solubility; provides an index of

partitioning for a compound

between atmospheric and

aqueous phases

Higher values of K
H
 are associated with compounds that preferentially partition to air rather than to

water.

Water solubility Measure of the maximum

amount of a chemical that will

dissolve in pure water

Compounds with high solubility are likely to be mobile in water and are less likely to sorb to sediment or

suspended particles in water or to bioaccumulate, and they are usually biodegradable.

Lipophilicity Ability of a chemical to dissolve

in fats, oils, lipids

The higher a chemical’s lipophilicity, the greater its potential to bioaccumulate in aquatic organisms

(plant or animal).

Octanol/water partition

coefficient (K
ow

)

Partitioning of organic chemicals

between octanol (a nonaqueous,

nonpolar solvent and reasonable

surrogate for lipids, fat) and

water

Higher K
ow

 indicates that more of the chemical partitions into octanol (and an affinity for lipids); a lower

K
ow

 value typically correlates with a higher water solubility and suggests the compound partitions

preferentially to water. The K
ow

 is correlated with the potential for a chemical to bioaccumulate in

organisms. BAFs/BCFs of 1000 and 5000 are equivalent to log K
ow

 values of 4.2 and 5, respectively

(U.S. EPA, 2010).

Solid/water distribution

ratio (K
d
)

Ratio of the sorbed concentration

(to suspended particles in water,

sediment) to the concentration of

the chemical dissolved in the

aqueous solution 

Indicates a compound’s potential to bind to sediment. Partitioning behavior will depend on the

components of the solid matrix, the physical complexities of the solid matrix, and other factors. As a

result, K
d
 is highly variable across different environments.

Organic carbon/water partition

coefficient (K
oc

)

Ratio of chemical sorbed to

organic carbon (component of

suspended particles and

sediment) to the chemical

concentration dissolved in the

surrounding water

For suspended or benthic sediments that have very low organic carbon, the amount of sorbed organic

chemical will also be low (and dissolved concentration in water will be relatively high) and vice versa.

Characteristics of the aquatic environment—including surface water flow rate, temperature, and pH, as well as meteorological factors such as sunlight and precipitation—can

also impact fate and transport. For example, water solubility is a pH- and temperature-dependent parameter. In general, as temperature increases, the solubility of given solid

increases. In contrast, the solubility of a gas generally decreases with increasing temperature. Acidic (low pH) conditions in surface water tend to increase the solubility of metal

salts that might otherwise precipitate out of solution. So, acidic conditions can lead to higher dissolved concentrations of some metals, sometimes resulting in more toxic

conditions for organisms living in the water.

Organic vs. Inorganic and PBTs

Organic compounds that enter water can be transformed in two ways—by abiotic or biotic processes. During abiotic processes, compounds chemically react and degrade in

the environment through reactions initiated or assisted by exposure to light, water, or oxygen. During biotic processes (biodegradation), breakdown of the chemical occurs by

a biotic organism, such as bacteria. The reaction or degradation products can themselves be contaminants of concern. (See the Other Organics Module of the Chemical

Classes Tool Set for more information and resources for assessing exposure to organic compounds.)

Inorganic compounds also undergo transformation reactions, including some that are similar to the chemical and biological reactions that involve organic compounds—for

example, reactions with light, water, or oxygen. However, inorganic compounds cannot be broken down beyond the metal or other species that is the basis of the

compound—that is, they cannot be “completely” degraded. (See the Inorganics and Fibers Module of the Chemical Classes Tool Set for more information and resources for

assessing exposure to inorganic compounds.)

Changes in speciation and complexation reactions are important for inorganics. These can result from reduction/oxidation reactions (redox reactions) that change the valence of

the inorganic species and can affect the solubility, mobility, or other characteristics of the substance. Precipitation and dissolution of inorganic compounds in water are also

important processes that directly affect the subsequent fate and transport of metal salts and other compounds.

Persistent, bioaccumulative, and toxic (PBT) contaminants are chemicals (organic or inorganic) that are persistent in the environment, bioaccumulate in food chains, and

are toxic, posing risks to aquatic systems and human consumers of aquatic biota. For the purpose of defining chemicals that are persistent, EPA sets a biodegradation half-life

criterion of >2 months for water and sediment. Chemicals with a half-life of >6 months in water and sediment are considered a "high risk concern." Contaminants with a K
ow
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value that is ≥4.2 are considered to have high bioaccumulation potential. Toxic chemicals are those that are associated with a range of adverse human health effects, including

effects on the nervous system, reproductive and developmental problems, cancer, and genetic impacts. They also have the potential to pose a risk via food chain toxicity. EPA

priority PBTs include polychlorinated biphenyls (PCBs), dioxins, various pesticides (e.g., aldrin, dieldrin, chlordane, DDT, hexachlorobenzene, mirex, toxaphene), mercury, and

alkyl-lead. Profiles of priority PBTs are available here: http://www.epa.gov/pbt/pubs/cheminfo.htm.

PCBs, dioxins, and many pesticides are semivolatile organic compounds meaning they have slow volatilization rates from the solids (e.g., sediments) or liquids (e.g.,

water) that contain them. They have low solubility in water and exist mostly sorbed to particles (i.e., sediment, suspended materials in water).

EPA has identified PCBs as an important chemical risk concern from fish consumption because they are so resistant to breakdown in the environment, and exposure can result

in severe health effects in humans. PCBs build up in fish to levels hundreds of thousands of times higher than the levels in water (http://www.epa.gov/pbt/pubs/pcbs.htm). The

Other Organics Module of the Chemical Classes Tool Set provides information and resources on assessing exposure to PCBs.

In general, very low levels of dioxins are found in water. In aquatic systems, dioxins undergo sedimentation and burial in aquatic sediments where degradation then occurs at a

very slow rate. Dioxins are very persistent and highly lipophilic, so they have great potential to bioaccumulate in aquatic organisms. They can also biomagnify up through the

food chain. The Other Organics Module of the Chemical Classes Tool Set provides information and resources on assessing exposure to dioxins.

Like PCBs and dioxins, some pesticides are very resistant to breakdown and biomagnify up through the food chain. For example, it can take more than 15 years for DDT to

break down in the environment. DDT breakdown products—DDD and DDE—DDE and DDD—are also PBT pollutants. Many of the PBT pesticides such as DDT, dieldrin,

chlordane, hexachlorobenzene, and mirex are banned from use in the United States (since the 1970s or 1980s), but due their persistence are still lingering in the environment.

See the Pesticides Module of the Chemical Classes Tool Set for more information and resources on assessing exposure to pesticides.

Burning coal leads to emissions of elemental mercury and divalent mercury. Divalent mercury can deposit to surface water, where it can be transformed to methyl mercury

(MeHg) by anaerobic microbes. This chemical transformation is of particular concern because MeHg readily bioaccumulates in fish (unlike divalent mercury), and MeHg is a

potent neurotoxin in humans. MeHg builds up more in some types of fish and shellfish than others, depending on what the fish eat, which is why the levels in species vary.

MeHg accumulates in the muscle tissue of the fillet and cannot be removed by trimming fat from the fish or cooking it, adding to the potential for exposure. EPA provides

information related to the fate and transport of mercury in aquatic environments in Volume III of its 1997 Mercury Study Report to Congress. The Inorganics and Fibers Module

of the Chemical Classes Tool Set provides information and resources on assessing exposure to mercury.

Inorganic lead may bioconcentrate in some aquatic biota, particularly benthic organisms such as bottom feeding fish and shellfish like mussels. Biomagnification of inorganic

lead is not believed to be significant in aquatic organisms; however, alkyl-lead compounds might significantly accumulate in both fish and shellfish. Alkyl-lead accumulates in

"soft tissues" particularly the liver, kidneys, muscles, and brain. The Inorganics and Fibers Module of the Chemical Classes Tool Set provides information and resources on

assessing exposure to lead.

Models

Environmental models can help to inform the fate and transport and the environmental concentration components of exposure assessment. Monitoring data can be used with

environmental fate and transport models to better characterize exposure concentrations for aquatic media. When measured concentrations are not available, models can be

used to estimate media concentrations and potential exposure concentrations in lieu of environmental data.

A bioaccumulation model can be used to predict fish tissue concentrations as a simple linear product of food or media concentrations and a bioaccumulation factor. A

bioenergetics model is a type of bioaccumulation model that accounts for the exchange of chemical mass between multiple levels of a food web (i.e., biomagnification). Models

that may be useful in estimating uptake and bioaccumulation of chemicals in aquatic biota are described below.

   - Information sources   - Data sources   - Models

Tool

Type

Tools Description

Agency for Toxic Substances and Disease Registry

(ATSDR). Toxicological Profiles for Hazardous Substances

ATSDR has prepared approximately 300 toxicological profiles for hazardous substances found at

National Priorities List (NPL) sites and other federal sites. Chemical names may be searched using the

A to Z list on the ATSDR Toxic Substances Portal. Each Toxicological Profile contains a review of key

studies and other data characterizing the exposure-related health effects and pertinent characteristics

and processes that affect human exposures. Sections include other relevant information on releases to

the environment, environmental fate, levels monitored in the environment, potential exposures, and

analytical methods.

U.S. EPA. AQUATOX Model This tool is a simulation model that links water quality with aquatic life. It predicts the fate of various

pollutants, such as nutrients and organic chemicals, and their effects on the ecosystem, including fish,

invertebrates, and aquatic plants.

U.S. EPA. Bioaccumulation and Aquatic System Simulator

(BASS)

Maintained by EPA’s EPA Center for Exposure Assessment Modeling (CEAM), BASS is a food chain

model that simulates population and bioaccumulation dynamics of fish communities. It simulates

toxicokinetic, physiological, and ecological processes of fish.

U.S. EPA. Food and Gill Exchange of Toxic Substances

(FGETS)

Maintained by EPA’s EPA Center for Exposure Assessment Modeling (CEAM), FGETS is a food chain

model that predicts chemical concentrations in fish whole body over time, considering the biological

attributes of the fish and the physicochemical properties of the chemical.

U.S. EPA. (2009). Guidance for Reporting on the

Environmental Fate and Transport of the Stressors of

Concern in Problem Formulations

This document developed by EPA’s Office of Pesticides provides information on estimating chemical

and physical properties of chemicals and other environmental fate properties including sorption,

degradation, dissipation, and bioconcentration that are relevant to characterizing environmental fate

and transport.
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U.S. EPA. Multimedia Models This site provides links to five multimedia models maintained by CEAM designed to quantify the

movement and concentration of contaminants traveling through groundwater, surface water, and food

chain media: Multimedia, Multi-pathway, Multi-receptor Exposure and Risk Assessment (3MRA)

system; MINTEQA2 equilibrium speciation model; Multimedia Contaminant Fate, Transport, and

Exposure Model (MMSOILS); Multimedia Exposure Assessment Model (MULTIMED); and Watershed

Health Assessment Tools Investigating Fisheries (WHATIF) software.

U.S. EPA. Spreadsheet-based Ecological Risk Assessment

for the Fate of Mercury (SERAFM)

SERAFM is a process-based, steady-state modeling system that predicts speciated mercury

concentrations (Hg0, HgII, MeHg, HgT) in water (filtered and unfiltered) and sediments, and total

mercury concentrations in fish tissue.

U.S. EPA. Total Risk Integrated Methodology (TRIM) –

TRIM.FaTE

The TRIM.FaTE model estimates movement and transformation of pollutants over time. Outputs

provide exposure estimates for environmental and human receptors that can be used in other models.

U.S. EPA. Watershed Health Assessment Tools

Investigating Fisheries (WHATIF) Models

WHATIF is a software package that integrates a number of calculators, tools, and models for assessing

the health of watersheds and streams focusing on fish communities in the Mid-Atlantic Highland region.
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RESPONSE TO COMMENTS
DARIGOLD INC.

A draft National Pollutant Discharge Elimination System (NPDES) permit for Darigold
Inc. was issued for Public Notice on June 11, 1999.  The Public Notice initiated a 30-day public
comment period expiring on July 12, 1999.  The Environmental Protection Agency (EPA)
received written comments from Darigold dated July 6, 1999 and from the City of Boise dated
July 12, 1999.  The original Fact Sheet provided during the Public Notice period will not be
modified to reflect any changes made to the permit resulting from public comments.  The
following is a summary of the substantive comments related to the draft permit and EPA’s
response.

1. Comment: The standard industrial classification (SIC) codes should be 2022- Natural
Cheese; and 2023- Condensed and Dry Dairy Products in the Fact Sheet.

Response: The SIC codes will be corrected in the Permits Compliance System (PCS)
database.

2. Comment: On July 1, 1999 the well water at the Darigold plant was measured at 66EF
(18.9EC).  The well water has been recorded, in the past, near 70EF during warm summer
weather.  The limits in the draft permit would not allow the direct discharge of water from
the wells. 

Response: Although the technology-based effluent guidelines consider cost when they are
established, Section 301(b)(1)(C) of the Clean Water Act (CWA) requires that limits be
established in permits necessary to meet water quality standards by July 1, 1977.  The
State water quality standards that apply to Darigold’s discharge have been approved as
being protective of cold water biota.  The cold water biota beneficial use is different than
that of groundwater.

3. Comment: Refrigerating the waste stream is cost prohibitive and discharge to the City of
Caldwell is not an option.  The only economical treatment method is the use of a cooling
tower.  Our engineers report that the discharge stream can be cooled within 10EF of the
wet bulb temperature.  The Ashrae Handbook indicates that a wet bulb temperature of
68EF be used for design purposes in Boise Idaho.  Therefore the cooling tower could
expect to consistently cool discharge streams to 78EF.  A mixing zone might allow higher
temperatures consistent with the cooling tower’s capabilities.

Response:  A mixing zone for temperature is not permissible in this case because the
stretch of the Boise River where Darigold discharges is listed on the Idaho Section 303(d)
list for temperature (as well as nutrients, sediment and bacteria).  Idaho’s mixing zone
policy (IDAPA 16.01.02.060.b) does not allow a mixing zone if it causes unreasonable
interference with or danger to existing beneficial uses.  Therefore, the state could not
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certify further thermal impairment of the Boise River.

4. Comment: Because the pH in the permit is higher than accustomed to in our Washington
State permits, we request a mixing zone for Darigold’s pH limit.

Response: The latest NPDES application for Darigold was dated May 27, 1999.  This
application indicated a minimum effluent daily pH value of 7.8 standard units and a
maximum of 8.7 standard units based on 15 samples.  Further review of available
Discharge Monitoring Reports confirms that the facility can comply with the draft permit
range of from 6.5 to 9.5 standard units.  Therefore a pH mixing zone is not required.

5. Comment: Darigold was not aware of the biochemical oxygen demand (BOD) levels in
its effluent prior to the May 1999 testing EPA requested because the previous permit did
not include limits or monitoring for the pollutant.  Therefore, Darigold requests a 5 year
compliance schedule to determine the source and develop a solution to meet the draft
permit limits.

Response: EPA recognizes that some additional time may be required to comply with the
new BOD permit limit.  However, because the Boise River is impaired (i.e. 303(d) listed)
for nutrients it is also necessary to limit the discharge of BOD as soon as possible. 
Therefore, a one year compliance schedule has been placed in the permit consistent with
Idaho’s standards at IDAPA 16.01.02.400.03 and the state’s draft certification.

6. Comment: EPA did not consider Section 401 of Idaho’s water quality standards, 
specifically IDAPA 16.01.02.401.03.a, which allows a one degree Celsius (EC) increase. 

Response: Section 401 of the State’s standard can be applied to point sources “unless
more stringent limitations are necessary to meet the applicable requirements of Sections
200 through 300...”  In this case, more stringent temperature limitations do apply under
IDAPA 16.01.02.250.02.c for the protection of cold water biota.  Cold water biota is a
designated use classification for the Boise River where Darigold discharges.  Section 401
also applies to the receiving water outside of the mixing zone.  In Darigold’s case, a
mixing zone is not available because the River has been listed on the Idaho 303(d) list for
temperature.

7. Comment: The Lower Boise TMDL (IDEQ, 1998) concludes that non-anthropogenic
inputs (climate and elevation) are responsible for observed exceedences of the
temperature water quality standard and that regulatory solutions should be applied. 
Darigold, IDEQ, and EPA may want to consider a variance or the use or development of
site specific criteria.

Response:  The EPA can not suggest what actions facilities should take in order to
comply with water quality standards or NPDES permit limits.  A variance and/or site
specific criteria are options that can be requested of IDEQ by the permittees.  If either of
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these options are pursued, they should be reported in the yearly compliance schedule
reporting that is associated with the five year temperature compliance schedule.

8. Comment: The fact sheet incorrectly concludes that no dilution or mixing zone is
available.  The state standards found at IDAPA 16.01.02.401 and IDAPA 16.01.02.060
address dilution.

Response:  As explained in response number three, the Boise River is listed under
Section 303(d) of the Clean Water Act as violating the state’s temperature criterion
therefore dilution is not available.  The mixing zone policy found at IDAPA 16.01.02.060
requires that discharges not cause unreasonable interference with existing beneficial uses. 
Because the beneficial use of the Boise River is already at risk for temperature, any
increased thermal loading above that required of the beneficial use criteria would be
inappropriate.

9. Comment: The permit should be revised and resubmitted to the Idaho Division of
Environmental Quality (IDEQ) for 401 certification.

Response: After EPA incorporated a one year BOD compliance schedule the draft final
permit was sent to IDEQ for final 401 certification.
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